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ABSTRACT

This study presents the development of various scenarios for energy planning for the transportation 
sector. The case study in this paper is the transportation system in the Yogyakarta Province of 
Indonesia. The transportation sector has the highest energy demand of all the other sectors in this 
province. Therefore, this sector is a significant contributor to greenhouse gas emissions. Four 
scenarios were developed, business as usual, mode change, fuel switch and efficient vehicle. The 
business as usual scenario is the reference scenario. Also, a scenario, called the mitigation 
scenario, which combines the mode change, fuel switch and efficient vehicle scenarios was also 
developed. An analysis of the energy demand projections and greenhouse gas emissions, in the 
form of CO2, NOx, and CH4, was conducted and the contribution of the aforementioned scenarios 
to low-carbon energy planning for the transportation sector was analyzed.

Long-range energy alternative planning software was utilized to simulate the scenarios. The 
efficient vehicle scenario resulted in the highest reduction in energy demand. At the end of the 
projection period, this scenario reduced energy demand for the transportation sector by 15.82% 
compared to the reference scenario. The mitigation scenario reduced energy demand by 20.45% 
compared to the reference scenario in 2050. By implementing an efficient vehicle scenario, global 
warming potential can be reduced by 15.80%. The implementation of the mitigation scenario 
reduced global warming potential by 24.76% compared to the reference scenario.

1. Introduction

Yogyakarta is a province of Indonesia with high 
economic growth compared to other provinces. The 
growth in the gross domestic product (GDP) in 
Yogyakarta Province from 2011 to 2017 is about 5.0% 
[1]. This indicates the consistent economic growth that 
led to high urbanization and improved income per 
capita. Additionally, the growth of the population in 
Yogyakarta Province from 2010 to 2016 was about 
1.18% which is considered a high growth rate in the 
population in Indonesia [2]. The combined factors of 
GDP and population growth also led to an increase in 

energy demand. Based on the regional energy outlook of 
Yogyakarta Province, the overall energy demand from 
this sector in 2015 was 34.02 PJ and this will continue 
to increase to 44.26 PJ in 2025. It has been predicted that 
over the period from 2015 to 2025, the energy demand 
in the transportation sector is 57.85% [3]. Furthermore, 
the transportation sector is the most significant 
contributor to greenhouse gas (GHG) emissions. A more 
complex problem arise because all energy is imported 
from outside of the province. Moreover, the fuel source 
is not available in the province. The only energy sources 
are in the form of renewable energy such as solar, wind, 
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and biomass. The renewable energy source currently is 
not optimized to supply the energy need of the province.

The techno-economy approach was used in energy 
planning for the transportation sector using a case study 
on the transportation system in Iran in [4]. This study 
analyzed several scenarios compared to the reference 
energy system which substitutes railway technology, 
passenger vehicle technology, freight vehicle technology 
and uses compressed natural gas (CNG) for light and 
heavy trucks. These scenarios were implemented in the 
Energy Flow Optimization Model. This study showed 
that energy consumption could be reduced by 14%. 
Electric vehicles can play a greater role in reducing the 
GHG emissions caused by the transportation system [5]. 
This study showed that vehicle owners gain many 
benefits by driving electric vehicles.

The relationship between energy intensity and energy 
demand in the transportation sector is discussed in [6]. 
This study used a decomposition method of the 
Logarithmic-mean Divisia Index Method (LMDI) and 
showed that energy intensity plays a dominant role in the 
reduction of energy demand for the transportation 
sector. The LMDI method was also used to analyze 
carbon dioxide in the passenger and freight transport 
sector in China [7]. Based on this study, freight 
transportation increase in carbon dioxide emission 
reflecting the efficient way to reduce overall GHG 
emission in the transportation system. 

A reduction in energy demand leads to a reduction in 
GHG emissions. The reduction in GHG emissions in the 
transportation system of Korea was analysed in [8]. The 
study considered five policies by which to reduce GHG 
emissions, these being: improved fuel efficiency, green 
car distribution, competitive green car distribution, 
public transportation shift, and modal shift reinforce-
ment. By implementing these scenarios, energy demand 
reduced by 25.5% and GHG emissions were reduced by 
21.6%. However, this study showed that the national 
level target could not be reached by reducing the GHG 
emissions produced by the transportation sector.

 A reduction in energy demand and GHG emissions in 
the transportation sector was achieved by the 
implementation of a fuel mix policy in [9]. This study 
competed for three objective variables which are energy 
consumption, fuel subsidy, and CO2 emissions. 
Implementing a retirement program for old vehicles was 
the most significant factor in reducing energy consumption 
and CO2 emissions. This study found that the use of 
CNG in the transportation system had a less significant 

impact on the reduction of fuel consumption and CO2 
emissions. Decarbonizing the transportation system of 
Sweden was reported in [10]. Two scenarios were 
developed in this study which are a high percentage of 
electric vehicles and a high percentage of biofuels. The 
results showed that the lowest annual system costs 
were obtained by a high share of electric vehicles. The 
work in [11] investigated the decarbonization of the 
power and transportation sector in a residential area of 
Austin, Texas . The development of energy-related 
policies in the transportation sector was published in 
[12]. The relationship between variables and energy 
intensity was identified using document coding; then a 
fuzzy cognitive map was implemented to analyze the 
variables’ impact on climate change. This study 
suggested that climate change policies should be 
implemented in the Turkish transportation system to 
reduce GHG emissions.

In addition to GHG emissions, particulate matter 
(PM2,5) is one of the pollutants emitted by the 
transportation sector that must be considered. Policy 
development regarding the reduction of PM2,5 and CO2 

emissions was reported in [13] in relation to India’s 
transportation system. The results of this study can be 
used by Indian policymakers to quantify targets to 
reduce emissions generated by the transportation sector. 
Comprehensive policy developments to mitigate the 
GHG emissions from the transportation sector in Korea’s 
transportation sector were published in [14] using a 
bottom-up energy model. This study found that the 
adaptation of new technology in the transportation 
sector could reduce GHG emissions by 30%. Four 
options for the energy strategy in the transportation 
sector were provided by this study. The possibility of a 
significant reduction in GHG emissions from the 
transportation sector was simulated in [15] based on 
modeling using a case study in New Mexico. An energy-
efficient strategy was proposed in an energy strategy for 
the transportation sector to reduce energy demand and 
GHG emissions in [16]. The potential for energy 
efficiency in the transportation sector is very regional-
dependent. Each province in China has different 
characteristics that resulted in different energy 
management policies being implemented in the 
transportation sector.

The contribution of this research is as follows:
1.	 This research proposes an analytical procedure 

to develop energy-related scenarios for the 
transportation sector,
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which will have the most significant impact on energy 
efficiency and the reduction of GHG emissions [22]. 
Moreover, LEAP facilitates the design of environmental-
related scenarios [23]. The analysis of scenarios is 
considered the main feature of LEAP.

Driver variables such as gross domestic product 
(GDP), population, number of households, economic 
structure, and transportation modes are entered into 
LEAP as key assumptions. Based on a specific data 
point, energy demand by sector can be forecasted based 
on the developed scenarios. The activity level of each 
sector or subsector, the energy production of the 
transformation sector, and the primary energy production 
rate are the main parameters of the LEAP model. The 
environmental impact of the energy sector is calculated 
by LEAP based on Tier 1 GHG emission factors of the 
global warming potential (GWP) of the fifth report of 
the inter-governmental panel on climate change (IPCC). 
GWP potential was implemented as a technology and 
environmental database (TED) inside the LEAP software 
to calculate the GHG emissions as air pollution. The 
results of calculating the emissions can be analyzed 
based on sector or subsector and fuel type. Each energy 
consumption and production has its own related TED of 
default emission factor based on IPCC to estimate and 
calculate the environmental impact of the energy sector.

To forecast energy demand, the LEAP demand 
module can be designed based on the available data set. 
There is no specific structure of the demand module. 
LEAP provides high flexibility to allow users to design 
energy demand by sector or subsector, technological 
energy used, or energy purpose. LEAP provides four 
methods to analyse energy demand: final energy 
intensity, useful energy, the analysis of the stock, and 
transport analysis.

2.2. Analytical procedure, data, and data sources
Energy consumption in the transportation sector in this 
study is evaluated in two steps. In the first step, two 
parameters of total transportation activity and the 
intensity of energy are calculated. Total transportation 
activity is represented as travel demand. Equation (1) 
calculates travel demand (TDi,t) in passenger-km or 
ton-km. Vi,t is the overall number of vehicles in category 
i, AVTi,t is the average annual vehicle travelled of each 
vehicle category i in kilometers, and VORi,t is the 
occupancy rate of each vehicle category i in passenger 
kilometers per vehicle kilometer. t is the year index used 
in the LEAP. Vi,t is dependent on population and GDP 

2.	 Energy intensity and transportation activities are 
the primary variables to develop scenarios,

3.	 A bottom-up model is used in this research  
with the implementation of a real case in the 
transportation sector.

The work is based on the research of determination of 
energy intensity that will be used to predict the energy 
demand of transportation sector. The data of energy 
intensity, especially for transportation sector, is not 
available regionally. The case study of this research is a 
very small province compare to another province in 
Indonesia. It is a good start and may be replicated by 
another province. GHG analysis was also conducted in 
this paper. Business as Usual (BAU) scenario is applied 
to predict the energy demand and GHG emission based 
on existing state. Four alternative scenarios introduced 
energy saving to decrease GHG emission. This paper 
supports regional government effort to develop new 
energy strategy based on GHG intensity reduction.

2. Research methodology

Two kinds of energy models, top-down and bottom-up, 
can be used to investigate the potential of reducing an 
energy system’s GHG emissions. The energy system 
includes the overall process from primary energy 
processing to final energy demand. The economic 
perspective is used in top-down models whereas the 
bottom-up model uses a systematic perspective to 
conduct energy system analysis. In combination with 
bottom-up models, energy technologies and energy 
sources can be selected by implementing optimization 
models to meet demands at minimum cost. In this study, 
Long-range Energy Alternative Planning (LEAP) 
software is utilized. LEAP, as an energy analysis tool, 
was developed by the Stockholm Environment Institute 
(SEI) [17].

2.1. LEAP model
The concept of LEAP is that users can use quantitative 
data on existing and projected demand [18]. LEAP is 
considered a good accounting framework of the energy 
demand-supply model. LEAP provides easy-to-use tools 
to input data sets and has been promoted in many studies 
[19]–[21]. In relation to GHG emissions, LEAP has the 
advantage of allowing users to design an energy forecast 
structure based on demand and supply data and is able 
to compare many different scenarios. The comparison 
provided by LEAP assists in the identification of policies 
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Data collection is an essential part of modeling to 
obtain a reliable model that can be accurately 
implemented. However, collecting complete and reliable 
data for all parameters and variables in LEAP is a 
challenging task due to a lack of integrated statistical 
data in Indonesia. Therefore, the data needed for LEAP 
modeling have been collected from several data sources. 
Data on driver variables such as GDP, population, and 
the number of registered vehicles was collected from the 
National Statistics Council of Indonesia. Data related to 
primary energy supply was collected from PERTAMINA, 
a national oil company in Indonesia. Electricity data was 
provided by PLN, a national electricity company in 
Indonesia.

Figure 1 illustrates the GDP and the GDP growth in 
Yogyakarta Province in Indonesia, showing the 
fluctuations in the growth of the GDP. In this model, the 
value of the GDP is a constant price based on the 2010 
value. In 2017, the GDP of Yogyakarta Province was to 
"6.15 Billion USD. Population data is another drive 
variable that was collected from the National Statistics 
Council This data is shown in Figure 2. It can be seen 
that the growth in the population in Yogyakarta province 

growth for passengers and cargo, respectively. The 
relation of Vi,t and the growth of GDP and the growth of 
the population is described in (2) and (3) for passengers 
and cargo, respectively. ∆G and ∆P is the growth in GDP 
and the growth in the population respectively. ei is  
the elasticity of each model of transportation to the 
growth of GDP and the growth of the population, 
respectively.

The energy intensity (EIi,j,t) of the transportation 
sector is calculated by (4). In this equation, FEi,j,t is the 
fuel economy for each fuel type j and each vehicle 
category i in vehicle kilometers per litre. This equation 
is also applied in each year t.

The second step is to calculate the energy demand of 
the transportation sector (EDi,t) by implementing 
equation (5). GHG emissions are calculated by equation 
(6) where EFj,k,t is the emission factor of pollutant type  
k for fuel category j in year t.

(pass-km or ton-km) ∑i,t i,t i,t i,t
i

TD = V AVT VOR

,( 1) (1 )−= + ∆ ∗i,t i t iV V G e

,( 1) (1 )−= + ∆ ∗i,t i t iV V P e (3)

(2)

(1)

, , i,t
, ,,

1(litre/pass-km or litre/ton-km)i j t
i j ti j

EI VOR
FE

= ∑
(4)

(litre) ∑i,t i,t i, j,t
i, j

EI = TD EI (5)

2 , , ,(CO Eq) ∑∑∑t i t j k t
i k j

Emission = ED EF (6)
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Figure 1: GDP and GDP growth in Yogyakarta Province. (source: National Statistics Council)
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by the Ministry of Energy and Mineral Resources in 
Indonesia. Similar data sources were used to develop 
Table 2.

The transportation sector activity in Yogyakarta 
Province is represented as travel demand per passenger. 
This activity is projected from 2015 to 2050 based on the 
master plan for national energy demand in Indonesia. 
The transportation activity projections are based on the 
population and GDP projections. Linear regression was 

decreased by 1.11% in 2017. The population of 
Yogyakarta Province in 2017 was 3,762,214.

The total number of registered vehicles in Yogyakarta 
Province is shown in Table 1 and Table 2 shows the 
road and non-road transportation activities. The 
number of the registered vehicles has been taken from 
the National Statistics Council which is annually 
updated. Other variables in Table 1 have been extracted 
from the national survey of the transportation sector 
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Figure 2: Population and population growth in Yogyakarta Province

Table 1: Total number of registered vehicles and related variables [24]

Types of Vehicle
Fuel Share 

(%) Total Registered Vehicles
Mileage

(km) Load Factor
Fuel Economy

(km/l)

Passenger Car 374,118 20,100 1.8
- Gasoline 94.30 11.0
- Diesel 0.70 14.0
- BioDiesel 5.00 14.0
Bus 48,713 31,000 42.0
- Diesel 95.00 6.0
- BioDiesel 5.00 6.0
Truck 158,994 31,000 8.3
- Diesel 93.00 5.0
- BioDiesel 7.00 5.0
Motor Cycle 3,438,740 8,000 1.3
- Gasoline 100.00 35.0
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and the population are also used in the other scenarios. 
The composition of used fuel and transportation mode 
remains the same along the projection period.

3.2. Mode change (MC)
The MC scenario is developed to show the impact of 
transportation mode change on the projected energy 
consumption and GHG emissions. The interpolation 
method is used in the mode change scenario. The mode 
change is interpolated from the transportation activity 
per mode from 2015 to 2025 and 2050. The percentage 
of mode change in 2025 and 2050 is based on the targets 
of the National Energy Policy of Indonesia. The complete 
mode change is presented in Table 3.

3.3 Fuel switch (FS)
In 2015, oil-based fuel and a small part of biodiesel are 
used in the transportation sector. New fuels such as 
electricity, natural gas, biogasoline, and biojet oil are 
introduced in the FS scenario. The assumption of the 
switch between each fuel type in this scenario is 
presented in Table 4. As it was stated earlier in the 
introduction, Yogyakarta Province has no installed 
power plant. All electricity need must be supplied from 
outside of the region. The emission relate to the use of 
electricity will be emitted in the outside of the province. 
Therefore, the emission factor of 0.86 kg CO2/kWh has 
been added to this scenario [26]. This emission factor is 
2015 value of the interconnection system of Java-
Madura-Bali. The electricity system of Yogyakarta 
Province is within this interconnection system.

3.4. Efficient vehicle (EV)
The EV scenario is based on the use of the new 
transportation engine technology which is more efficient 
in terms of fuel consumption. This scenario is 

implemented in the LEAP to project the population and 
GDP of Yogyakarta Province. Based on this projection, 
the number of registered vehicles can be calculated 
based on (2) and (3) after which the travel demand in (1) 
can be projected. The activity of the transportation 
sector is used as the baseline scenario to which all the 
other scenarios refer. The annual vehicle travel is 
assumed to be constant for all scenarios along the 
projection period.

The types of fuel used in the transportation sector 
are mainly gasoline and diesel. Data on the GHG 
emissions caused by this fuel came from the database 
of the IPCC default factor of emissions for the 
transportation sector. The GHG investigated in this 
study are CO2, CH4, and NOx. The emission factors of 
these gases are integrated into LEAP as TED. The 
global warming potential (GWP) unit (ton CO2 
equivalent) of these gases is used to express a similar 
impact on the environment [25].

3. Scenario development

This study considers the following four scenarios: 
business as usual, mode change, fuel switch, and 
efficient vehicle. The following sections briefly explain 
the development of each scenario.

3.1. Business as usual (BAU)
The BAU scenario reflects the projection of the future 
condition based on the current situation. This scenario is 
the reference scenario. In this scenario, the projection is 
based on the currently implemented policies. Therefore, 
the projection of energy consumption and transportation 
activity is determined in light of the current trends and 
policies. The growth of GDP and the population is based 
on the projection of the National Statistics Council, as 
shown in Figure. 3. Projections of the growth of GDP 

Table 2: Activities of the non-road transportation sector [24]

Types of Modes
Fuel Share

% Activity Unit

Passenger Train 831.40 Million Pass-km

- Diesel 100.00
Cargo Train 127.56 Million Ton-km
- Diesel 100.00
Passenger Airplane 986.77 Million Pass-km
- Avgas 0.03
- Jet Oil 99.97
Cargo Airplane 94.92 Million Ton-km
- Jet Oil 100.00



International Journal of Sustainable Energy Planning and Management Vol. 19 2019	 35

Lilies Setiartiti and Rahmat Adiprasetya Al Hasibi

 
 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

2015 2020 2025 2030 2035 2040 2045 2050

Pe
rc

en
t

 

GDP Growth Population Growth

Figure 3: Projections of GDP and population growth

Table 3: Mode change scenario
Mode Change Unit 2025 2050
Passenger Car to Bus % from 2015 activity 2.14 7.50
Passenger Car to Train % from 2015 activity 2.14 7.50
Truck to Cargo Train % from 2015 activity 4.29 15.00
Motor Cycle to Bus % from 2015 activity 2.14 7.50
Motor Cycle to Train % from 2015 activity 2.14 7.50

Table 4: Fuel switch scenario

Fuel Share (percent)

Fuel Types 2015 2025 2050
Electricity – 1.13 2.74
Natural Gas – 3.06 6.10
Gasoline 72.47 37.03 –
Jet Oil 9.36 9.16 –
Kerosene – – –
Diesel 15.86 2.95 –
Avgas 0.003 0.003 0.003
Biodiesel 2.30 16.50 20.43
Biogasoline – 27.31 40.84
Biojet oil – 2.88 29.90
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Figure 6, and Figure 7 for the BAU, MC, FS, and EV 
scenarios, respectively. The energy demand for the 
transportation sector in 2015 was 27.33 PJ. In the BAU 
scenario, the energy demand linearly increases with an 
average growth of 2.40% annually. Compared to the 
energy demand in 2015, the energy demand in 2050 
increases by 129.34% to 62.69 PJ. The trend in the 
energy demand projection in the BAU scenario as the 
result of the continuation scenario with no other 
intervention of energy-related policy. 

A reduction in energy demand can be achieved by the 
implementation of the MC scenario. The projected 
energy demand for the transportation sector in the MC 
scenario is presented in Figure 5. Compared to the 
results for the BAU scenario, the energy demand in 2050 
is 7.62% lower. In this scenario, energy demand in 2025 
is 57.91 PJ. Figure 5 also shows that the MC scenario 
produces the same pattern for fuel types as the BAU 
scenario.

The implementation of the FS scenario results in 
different projections of energy demand. This scenario 
considers all the possibilities of new fuel technology that 
can be implemented in the transportation sector. The 
energy demand projections in this scenario are presented 
in Figure 6 and are the result of using different 
compositions of fuel types. Compared to the BAU 
scenario, the total amount of energy consumption in the 
FS scenario is 59.01 PJ, which is only 5.87% lower than 
the BAU scenario. Gasoline is no longer the dominant 

implemented in LEAP by reducing the energy intensity 
of each fuel type that is used in each transportation 
mode. As energy intensity reflects the use of fuel per 
passenger-km, a reduction in energy intensity is directly 
represented a more efficient transportation engine. The 
reduction in energy intensity is assumed to be 18% lower 
at the end of the projection period compared to the based 
year. The 18% reduction of energy intensity is based on 
the use of more advance vehicle technology [27].

3.5. GHG mitigation (MIT)
The MIT scenario is a combination of the MC, FS, and 
EV scenarios and is used to analyze its impact on energy 
demand and GHG emissions. 

4. Results and discussion

This section briefly discusses the results of the simulation 
of the LEAP model. The discussion is divided into two 
parts. The first part discusses the projection of energy 
demand in the transportation sector. GHG emissions that 
are caused by the fuel used in the transportation sector 
are discussed in the second part. Each pollutant that 
contributes to global warming is briefly explained.

4.1. The projection of energy demand
Based on the aforementioned scenarios, the projection 
of energy demand for the transportation sector in 
Yogyakarta Province is presented in Figure 4, Figure 5, 
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than the energy demand in the BAU scenario. However, 
the implementation of the EV scenario does not result in 
a different composition of fuel type for the transportation 
sector as oil-based fuel still dominates in this projection 
period. The projection of energy demand in the EV 
scenario is shown in Figure. 7.

The MC, FS, and EV scenarios are combined to form 
the MIT scenario. The energy demand projections in the 
MIT scenario are presented in Figure 8 which shows that 
a reduction in energy demand and a change in the pattern 

fuel over the projection period, rather, this fuel has been 
replaced by biogasoline which is mostly used in road 
transport. In 2050, the demand for biogasoline will reach 
24.10 PJ. Other bio-fuels used in the FS scenario are 
biodiesel and biojet oil, with the demand in 2050 being 
12.05 PJ and 17.64 PJ, respectively.

A more significant reduction in energy demand can 
be achieved by the implementation of the EV scenario 
which results in the energy demand for the transportation 
sector reducing to 52.77 PJ in 2050 which is 15.82% less 
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Table 5 details the reduction in energy demand for the 
transportation sector by scenario and the percentage of 
reduction compared to the BAU scenario, showing the 
potential to reduce energy demand in the transportation 
sector in Yogyakarta Province. The EV scenario achieves 
the highest reduction in energy demand along the 
projection period. In 2050, a reduction of 9.92 PJ is 
achieved by the EV scenario which is 15.82% lower than 
the BAU scenario. At the end of the projection period, 
the MC and FS scenarios reduce energy demand by 

of fuel type can be achieved simultaneously and results 
in a 20.45% reduction in energy demand compared to the 
BAU scenario. Energy demand for the transportation 
sector in 2050 is 49.87 PJ. Moreover, the use of oil-based 
fuel is reduced significantly. Biofuel starts to dominate 
the type of fuel used in the transportation sector in 2020. 
At the end of the projection period, the demand for 
biofuel is 31.44 PJ or 63.05% of the total fuel consumed 
in the MIT scenario. The oil-based fuel most used in 
2050 is jet oil for air transport at 14.24 PJ.
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and combine these gasses as GWP factor for all the 
scenarios.

4.2.1. �Carbone dioxide (non-biogenic) (CO2) emissions
The projected CO2 emissions from 2015 to 2050 are 
shown in Figure 9. In 2015, all scenarios emitted CO2 
gas of 1,918.07 thousand ton. In 2050, the CO2 
emissions in the BAU scenario reached 4,423.92 
thousand ton, which represents an annual growth rate 
of 2.42%. In contrast, the projected CO2 emissions 
produced by the MC, FS, and EV scenarios in 2050 are 
3,724.69 thousand ton, 3,982.92 thousand ton, and 
4,096.06 thousand ton, respectively. CO2 emissions in 
the MC, FS, and EV scenarios grow at an annual rate 
of 2.19%, 2.11%, and 1.91%, respectively. The 
projected CO2 emissions produced by the MIT scenario 
in 2050 are 3,329.49 thousand ton, which is an annual 
growth of 0.89% and is 24.74% lower than the BAU 
scenario.

4.2.2 Nitrogen oxide (NOx) emissions
The projected NOx emissions from 2015 to 2050 are 
presented in Figure 10. In 2015, all the scenarios emitted 
16.25 ton of NOx. In 2050, the volume of NOx emissions 
produced in the BAU scenario is 37.32 ton, with an 
annual growth rate of 2.40%. However, it is projected 
that in 2050, the MC, FS, and EV scenarios will emit 
34.50 ton, 29.12 ton, and 31.41 ton of NOx with an 
annual growth rate of 2.17%, 1.68%, and 1.90% 

7.62% and 5.87%, respectively. However, the MIT 
scenario has the greatest impact on the reduction in 
energy demand. For all the projections from 2015 to 
2050, the MIT scenario achieves a higher level of fuel 
reduction compared to the other scenarios. In 2050, the 
MIT scenario results in a reduction of 12.82 PJ which is 
20.45% less than the BAU scenario. 

In summary, the different scenarios reduce the 
projected energy demand and dependence on oil-based 
fuel in the transportation sector in Yogyakarta Province 
compared to the BAU scenario by varying amounts 
which is important as the transportation sector consumes 
the most fuel compared to all other sectors. It should be 
noted that the projection results for energy demand are 
exposed to several uncertainties due to certain 
assumptions in relation to some variables. As an example, 
the load factor of the vehicle is assumed to be constant 
and remains the same during the projection period. This 
might not be the situation as the load factor is likely to 
change as the population grows. However, for planning 
purposes, the projected energy demand gives a good 
overview of fuel consumption in the transportation 
sector in Yogyakarta Province and will enable policy 
makers to compare fuel usage in the different scenarios.

4.2. The projection of GHG emissions
CO2, NOx, and CH4 are the gasses emitted by the 
transportation sector which directly contribute to global 
warming. This section briefly explains each emitted gas 

Table 5: Comparison of the reduction in energy demand based on the BAU scenario

2015 2020 2025 2030 2035 2040 2045 2050

Business as Usual (PJ) 27.33 32.71 36.63 40.66 45.10 50.15 55.95 62.69

Fuel Switch (PJ) 27.33 32.34 35.71 39.30 43.26 47.76 52.95 59.01

    Reduction (PJ) 0.00 0.37 0.93 1.36 1.84 2.39 3.00 3.68

    Percentage of Reduction (%) 0.00 1.14 2.53 3.34 4.09 4.76 5.36 5.87

Efficient Vehicle (PJ) 27.33 31.97 34.97 37.89 41.01 44.46 48.35 52.77

    Reduction (PJ) 0.00 0.74 1.67 2.77 4.09 5.69 7.60 9.92

    Percentage of Reduction (%) 0.00 2.28 4.55 6.82 9.08 11.34 13.59 15.82

Mode Change (PJ) 27.33 32.26 35.64 39.03 42.78 47.07 52.06 57.91

    Reduction (PJ) 0.00 0.46 1.00 1.63 2.32 3.08 3.89 4.77

    Percentage of Reduction (%) 0.00 1.40 2.72 4.00 5.15 6.14 6.96 7.62

GHG Mitigation (PJ) 27.33 31.57 34.03 36.55 39.27 42.32 45.82 49.87

    Reduction (PJ) 0.00 1.14 2.60 4.11 5.83 7.82 10.13 12.82

    Percentage of Reduction (%) 0.00 3.50 7.11 10.10 12.93 15.60 18.11 20.45
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projected CH4 emissions in 2050 for the MC, FS, and 
EV scenarios are 173.73 ton, 164.96 ton, and 158.29 ton, 
with an annual growth rate of 2.17%, 2.02%, and 1.90%, 
respectively. However, the MIT scenario results in CH4 
emissions of 139.96 ton in 2050 which is 25.57% lower 
than the BAU scenario.

4.2.4. Global warming potential (GWP)
Global warming potential (GWP) reflects the combined 
impact of CO2, NOx, and CH4 emissions on the 
atmosphere. GWP is expressed in CO2 equivalent. The 
projection of GWP caused by CO2, NOx, and CH4 

respectively. The lowest emission of NOx is achieved by 
a combination of all scenarios. It is projected that the 
MIT scenario has the lowest NOx emissions in 2050 at 
24.71 ton which is 33.78% lower than the BAU scenario, 
having an annual growth rate of 1.21%. 

4.2.3. Methane (CH4) emissions
In 2015, all the scenarios emit 81.99 ton of CH4. The 
projected emission values of CH4 from 2015 to 2050 are 
presented in Figure 11. The annual growth rate of CH4 
emissions in the BAU scenario is 2.40%, resulting in 
projected CH4 emissions in 2050 of 188.05 ton. The 
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and MC scenarios. The highest reduction of NOx 
pollutants is achieved by the FS scenario, followed by 
the EV and MC scenarios. The EV scenario achieves the 
highest reduction of GWP. However, the MIT scenario 
achieves the lowest emissions for all pollutants and has 
the lowest GWP.

5. Conclusion

The transportation sector in Yogyakarta Province has the 
highest energy demand compared to all other economic 
sectors in this province. As a consequence, the 

gases under the different scenarios is presented in 
Figure 12. The total GWP produced by the BAU 
scenario in 2050 is 4,439.45 thousand ton CO2 
equivalent. The GWP for the MC, FS, and EV scenarios 
in 2050 is 4,110.42 thousand ton CO2 equivalent, 
3,995.58 thousand ton CO2 equivalent, and 3,737.76 
thousand ton CO2 equivalent, respectively. However, 
the GWP for the MIT scenario in 2050 is 3,340.24 
thousand ton CO2 equivalent, which is 24.76% lower 
than the BAU scenario.

In summary, the EV scenario achives the highest 
reduction in CO2 and CH4 emissions, followed by the FS 
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transportation sector is the foremost contributor to GHG 
pollutants. Therefore, it is critical that the transportation 
sector plays a primary role in reducing its energy 
demand and GHG emissions in Yogyakarta Province. 
This study presented the energy demand projections and 
the projected GHG emissions for the transportation 
sector of Yogyakarta Province from 2015 to 2050. Four 
scenarios and a combined scenario were implemented in 
the LEAP model to evaluate the various policies to 
reduce the projected energy demand and GHG emissions.

The projection results indicate that, without the 
intervention of new policies, the energy demand for the 
transportation sector in 2050 will be 2.29 times greater 
compared to the total energy demand in 2015. However, 
by implementing the MIT scenario, the projected energy 
demand for the transportation sector is reduced by 
20.45%. In relation to the other scenarios, the EV 
scenario achieves the highest reduction in energy demand 
of 15.82% compared to the BAU scenario, followed by 
the MC and FS scenarios. On the other hand, the MIT 
scenario significantly reduces GHG emissions, achieving 
a 24.76% reduction in GWP compared to the BAU 
scenario. 

The outcomes of this study may be useful for 
policymakers to analyze and compare energy-related 
policies for the transportation sector in Yogyakarta 
Province. All the developed scenarios reduce the demand 
for oil-based fuel. Therefore, in light of these results, 
policymakers should be able to propose an energy policy 
to achieve energy security for the region. Also, the 
results of this study can contribute to policy design 
relating to transportation mode changes, efficient 
vehicles, and biofuel production. Furthermore, these 
policies can also contribute to pollution control and 
GHG emission mitigation.

A technical engineering approach which focuses on 
the effect of the various scenarios in relation to energy 
demand and GHG emissions was applied in this study. 
Cost efficiency and cost-benefit analysis were not 
considered in this study. Therefore, this study can be 
extended in the future by including a cost analysis of the 
different scenarios compared to the reference scenario. 
An economic feasibility study which relates to biofuel 
production for the transportation sector can also be 
conducted based on the results of this study.
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