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Abstract: Transportation sector has been the largest energy consuming sector in Thailand, accounting 
for 38% of total final energy consumption. In order to reduce the energy consumption, the energy 
policies and measures would be implemented. This study aims at prediction of the number of vehicles 
in road transport sector from 2005 to 2020 and its implication on energy demands and emissions. A 
non-linear forecasting model derived from the gross domestic product and the number of annual 
registered cars. The energy consumption in the transport sector in the business as usual scenario is 
analyzed by an end-use model, namely “Long-range Energy Alternative Planning system” or LEAP 
model. In order to reduce the energy demands and emissions, the scenarios for long-range energy 
alternative planning in road transport are (1) fuel substitution such as policy on compressed natural gas 
(CNG), (2) promotion of new transport technology such as hybrid vehicles, and (3) improved fuel 
economy of the gasoline and diesel engines have been examined comparing to business as usual 
scenario. The results of the study have shown that, in 2020, the number of vehicles, the energy 
demands and the emissions in business as usual scenario in road transport would be increased to 42.6 
million vehicles, 34,386 ktoe and 146,877 thousand tons of CO2 equivalent, respectively. The CNG 
would be able to substitute for conventional fuel by 5.6% of total final energy demands and in 2020. 
The fuel economy improvement scenario has the highest potential to reduce the energy demand in road 
transport, accounting for 5.7% of total final energy demands. 
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Introduction 
 
Transportation is one of the major economic sectors in energy consumption. For Thailand, this sector 
has been the largest energy consuming sector. It accounted for about 38% of the total energy 
consumption and about 80% of this sector was used in the road transport in 2004. During 2000 – 2004, 
the energy consumption in the transport sector in Thailand increased from 18,022 ktoe to 22,907 ktoe 
[1]. Annual growth rate of the energy consumption was 6.8%, whereas the Gross Domestic Product 
(GDP) was only 5.6% in the same period [2]. The elasticity of total energy demand in the same period 
was accounted for 1.4:1. However, the Ministry of Energy set a target of the elasticity of total energy 
demand to be 1:1 in 2008. One of the energy policies and measures to achieve the energy elasticity 
target is to promote alternative energy sources and increase energy efficiency in the transport sector.  
 
In the analysis, the land transport in Thailand is classified into two main modes: passenger and freight 
transports. The types of vehicles stock in each transport mode have been determined. In road transport, 
the fuel economies of the transport technology are assumed for formulation of energy consumption in 
the baseline or business as usual (BAU) scenario.  
 
The energy consumption in the transport sector in the BAU is analyzed by using an end-use model, 
called “Long-range Energy Alternative Planning system” or LEAP model. The LEAP model has been 
developed by the Stockholm Environment Institute (SEI), Boston centre and used to evaluate energy 
development policies in many countries [3].  
 
This study aims at projection of energy demands and emissions in road transportation sector and 
analyzing the potential of scenarios of energy saving and substitution of the energy demands, and 
emissions reduction. The current energy situation is created in the starting year, 2005, and the BAU 
scenario is developed assuming a contribution of current trends. The planning period of the study is 
2005-2020. The scenarios for long-range energy alternative planning in the transport sector are 1) fuel 
substitution such as policy on CNG, 2) new transport technology such as hybrid vehicles, and 3) 
improved fuel economy of the gasoline and diesel engines. Results of the analyses are presented in 
terms of energy use in transportation and potential of energy savings in each scenario.  
 
Methodology 
 
In order to forecast the energy demands and the emissions and to analyze the potential of scenarios for 
saving energy demands and reducing emissions, this study can be divided into two parts; the first part 
is the prediction of vehicle ownership. This part predicts the number of vehicles in each type from 
2005 to 2020 by using the econometric analysis. The second part is the energy demands and the 
emissions forecasting  
 
The concept of this study is the end-use analysis, by which the energy demands can be calculated from 
the products of two factors: the levels of the activity and the energy intensity. The level of the activity 
depends on socio-economic and the transportation factors, such as GDP, the number of vehicles, and 
the vehicle kilometers traveling. The level of the energy intensity depends on the energy efficiency of 
the vehicles such as fuel economy. The emissions of the vehicles can be calculated from the product of 
the energy demands and the emission factors, which depends on the technology of vehicles and the 
fuel types.  
 
In order to examine the energy demands and the emissions in the concept of end-use analysis, this 
study employed the Long-range Energy Alternatives Planning (LEAP) model developed by the 
Stockholm Environmental Institute (SEI). This computer software contains the useful data for the 
calculation of the energy demands and the emissions such as the Technology and Environment  
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Database (TED), which is used to estimate the emissions from the energy utilization in different 
activities or sectors, i.e. transport sector. 

 
Fig .1 Example of tree structure in the energy demand module of LEAP model 

 
The data used in this study are the numbers of registered vehicles obtained from Department of Land 
Transport (DLT) [4], and the number of population and GDP at the constant price obtained from 
National Economic and Social Development Board (NESDB) [2]. The framework for the calculation 
of the energy demands and the emissions are presented as follows. 
 
Energy demand 
The energy demand of the vehicle by fuel types is formulated as a function of the numbers of cars, the 
average vehicle kilometer mtraveling, the proportion of fuel types, and the fuel economy of cars. 
Therefore, total energy consumption of vehicle can be calculated by the following equation: 
 

 
 

where EDi represents the energy demand of fuel type i (ktoe), NV is the number of vehicles (vehicle), 
VKT is the average vehicle kilometer traveling (kilometer), PVi is the proportion of vehicle by fuel 
type i, FEi is the fuel economy of fuel type i (liter/vehiclekilometer). The variables in equation (1) can 
be calculated as follows.  
 
Level of activity 
The activity levels of transportation can be represented by the number of vehicles and travel demand of 
vehicles which depend on population and GDP. The numbers of cars can be predicted from the car 
ownership model [5]. The growth of the car ownership is normally related to the growth of GDP. In 
this study, car ownership per capita can be estimated by using the following equation 
 

 
 
 
where NV is the numbers of cars (vehicle), GDP is the gross domestic product at the 1988 constant 
prices (million baht), T is a time trend (T= 1 in 1989), POP is the population (person) and a, b and t 
denoted the coefficients in the model. The travel demand of the vehicle is an average distances that the 
vehicle has traveled in one year. It can be defined as the vehicle kilometer traveling (kilometer per 
year). The average distance travel of a sedan car used in this study is obtained from the study of 
Chanchaona, et al. [6], as shown in Table 2 
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Table 1 Average distance traveling of vehicles [7]  
 

 
 
Normally, the types of fuel used in the road transport are classified into four main groups: gasoline, 
diesel, liquefied petroleum gas (LPG), and compressed natural gas (CNG). The proportions of fuel 
used in vehicles are shown in Table 3. 
 
Table 2 Fuel economy of the conventional vehicles by fuel typs  
 

 
Note a data from [4], b data from [6]  
 
 
Fuel economy 
Fuel economy is the average fuel consumption of a vehicle per vehicle-distance travel (liter/vehicle-
kilometer). The fuel economy of vehicles is also obtained from the study of Chanchaona, et al and the 
estimation from this study, as shown in Table 3. 
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Table 3 Fuel economy of vehicle by fuel types [6] 

 

 
Note * Estimated by authors  
 
Emission of vehicles 
The emission of vehicle is the product of each type of the energy demand of the vehicles and their 
emission factors. It can be calculated as follows: 

 
where EMij is the amount of the emission of substance j from fuel type i (kg CO2 equivalent), EDi is 
the energy demand of fuel type I (ktoe) which will be obtained from equation (1), EFij is the emission 
factors of substance j from fuel type i (kg/TJ), GWPi is the emission conversion factors of substance j 
(kg CO2 equivalent/kg of substance), and ECF is an energy conversion factors (TJ/ktoe).  
 
To estimate the environmental emissions of the energy consumption, the emission factors in this study 
are obtained from the Technology Environmental Database (TED). The considered emissions are the 
green house gases (GHGs), such as carbon dioxide (CO2), nitrous dioxide (N2O), and methane (CH4). 
The emission factors in the TED module in LEAP are presented in the Table 4. 
 
Table 4 Emissions factors used in the estimation [3]  
 

 
 
Global warming is an impact affecting the environment on the global scale. Normally, the quantities of 
GHGs can not be expressed or compared on a mass basis alone because of the differences in the 
properties and nature of gases. The Intergovernmental Panel on Climate Change (IPCC) presents 
global warming potentials (GWPs) for each individual GHG. The global warming potentials for each 
GHG are presented in Table 5.  
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Table 5 Global warming potential [8]  
 

 
 
Scenarios 
In order to analyze the potential of alternative scenarios to reduce the energy demands and the 
emissions in road transport, this study predicted the energy demands and the emissions of vehicle in 
road transport from 2005 to 2020 in the business as usual (BAU) scenario as the based case. For the 
alternative scenarios, it is assumed that in the future natural gas vehicle (NGV), hybrid cars and 
improved fuel economy of vehicle will be implemented. 
 
Business as usual (BAU) scenario 
In the BAU scenario, the number of vehicles is forecasted based on GDP. The based year is 2005. The 
travel demand can be calculated from the number of vehicles, average distance travel, as presented in 
Table 1, and the average fuel economy of each vehicle type, as presented in Table 3. In this scenario, 
the present efficiency of vehicle and the pattern of energy utilization of vehicleare unchanged from 
2005 to 2020. The ongoing projects are not implemented and the environmental emissions are 
evaluated by using TED in the LEAP model. 
 
Natural gas vehicle (NGV) scenario 
In recent years, the Thai government tries to promote and implement the utilization of compressed 
natural gas (CNG) in the road transport. The CNG can be used in spark ignition (SI) engine, gasoline 
engine, and compress ignition (CI) engine, diesel engine. The CNG equipments are installed in the SI 
engine called bi-fuel engine and installed in the CI engine called diesel dual fuel (DDF) engine. In 
2003, the PTT Public Co, Ltd., created the project of NGV in road transport vehicles in Bangkok 
Metropolitan area. In this project, the PTT is providing and supported the initial cost of CNG 
conversion equipment for vehicle which applied for the project. In this study, the NGV scenario 
considers the substitution of bi-fuel engine for SI engine such as sedan car, urban taxi, and substitution 
the CNG dedicated engine for CI engine such as fixed route buses, van and pickup in the Bangkok 
Metropolitan area. The penetration rate of NGV from 2005 to 2020 follows the 2005 plan of the PTT. 
 
Hybrid car (HYB) scenario 
A hybrid car is a new technology of passenger cars, which is the most efficient used-energy vehicle in 
road transportation. It presents the significant reduction of the fuel consumption and the emissions 
comparing to the conventional vehicles in the similar sizes of the vehicle. Nowadays, the hybrid car is 
used in several advanced countries, such as in the United Stated, the European Union, and Japan, 
particularly in urban areas, in order to reduce the emissions. In the hybrid cars scenario, we assumed 
that the hybrid cars will be substituted for the new conventional sedan with a market penetration rate 
of 15% of new sedan saturated in 2015. The period of the scenario starts from 2005 to 2020. The fuel 
economy of hybrid vehicle is 4.6954 liter gasoline/vehicle-100 kilometer [9]. 
 
Fuel economy improvement (FEI) scenario 
The fuel economy is one of the important factors to reduce the energy demands and the emissions in 
road transport. Therefore, many countries, such as United Stated and Japan, used the fuel economy 
standards as the mechanisms in the energy conservation plan. There are three main methods for 
determining vehicle fuel economy standard. The first is a minimum standard value system, which all of  
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vehicles covered by this system should exceed standard values. The second is an average standard 
value system, which the average values of all vehicles covered by this system should exceed standard 
values. The third is called a maximum standard value system. Under this system, targets are set based 
on the value of the most energy-efficient vehicle in the market at the time of the value setting process. 
Currently, the most popular minimum standard value system in the world is the minimum energy 
efficiency standard, such as in U.S.  
 
In this study, we assumed that Thai government will implement the minimum fuel economy standard 
programme to reduce energy demands and emissions. With this programme, the fuel economy of sedan 
and pickup should exceed the minimum fuel economy standard, as shown in Table 6. 
 
Table 6 Fuel economy of new sedans and pickups in FEI scenario [9]  
 

 
 
Results and Discussion  
 
Business as usual scenario 
From the forecasting models, the prediction presents that the number of vehicles increases from 27.0 
million vehicles in 2005, to 30.8 million vehicles in 2010, to 36.4 million vehicles in 2015 and to 42.6 
million vehicles in 2020 accounting for 3.5% annual growth rate, as presented in Table 7. 
 
Table 7 Number of vehicles from the forecasting models in the BAU scenario  
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In BAU scenario, for the energy demands, the prediction result presents that the total energy demand 
of road transport in the BAU scenario increases from 20,776 ktoe in 2005 to 34,386 ktoe in 2020, 
accounting for 3.4 % annual growth rate over 15 years. For the environmental impact, CO2 emissions 
and others GHG emissions in terms of CO2 equivalent (CO2 eq) would increase from 80,147 thousand 
tons of CO2 eq in 2005 to 146,876 thousand tons of CO2 eq in 2020, as shown in Table 8. 
 
Table 8 Energy demands and emissions of vehicles in the BAU scenario  
 

 
 
Alternative scenarios 
According to PTT plan, the prediction from the models presented the energy demands in NGV 
scenario would increase from 20,776 ktoe in 2005, to 34,365 ktoe in 2020. For the emissions, the 
prediction shows that the emissions of vehicles would be increased from 80,147 thousand tons of CO2 
eq in 2005 to 125,588 thousand tons of CO2 eq in 2020, as illustrated in Table 9. From the results, the 
prediction show that the conventional transport fuel (gasoline, diesel and LPG) could be substituted by 
an alternative domestic fuel (CNG) by 1,032 ktoe in 2010, 1,894 ktoe in 2015 and 1,900 ktoe in 2020 
in NGV scenario, accounting for 4.2%, 6.5% and 5.5%, respectively. For the environmental impact, 
the emissions could be reduced by 19.7% in 2010, 20.4% in 2015 and 14.5% in 2020 in the NGV 
scenario. 
 
Table 9 Comparison of energy demands and emissions between BAU scenario and NGV scenario  
 

 
 

The energy demands and the emissions of all scenarios are shown in Table 10. The hybrid car scenario 
would be able to reduce energy demand of vehicle in road transport accounting for 0.4%, 0.8% and 
1.0% comparing to the BAU scenario in 2010, 2015 and 2020, respectively; whereas, the fuel 
economy improvement scenario would be able to reduce energy demand accounting for 0.6%, 3.5% 
and 5.7% in 2010, 2015 and 2020, respectively.  
 
For the emissions, the prediction presented that the hybrid car scenario, would be able to reduce the 
emission, accounting for 0.4%, 0.8% and 0.9% in 2010, 2015 and 2020, respectively. The fuel 
economy improvement scenario would be able to reduce the emissions of vehicle, compared to the 
BAU scenario, accounting for 0.4%, 2.5% and 4.0% in 2010, 2015 and 2020, respectively    
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Table 10 Comparison of energy demands and emissions in the BAU scenarios  
 

 
 
Conclusion 
 
By using the forecasting models, this study examined the number of vehicles, the energy demands and 
the emissions in road transport in Thailand from 2005 to 2020. The results presented that the number 
of vehicles in road transport is 27.0 million vehicles in 2005 and increases to 42.6 million vehicles in 
2020, accounting for 3.5% annual growth rate. Due to the increasing of the vehicles in road transport, 
the energy demands will increase from 20,776 ktoe in 2005 to 34,386 ktoe in 2020, accounting for 
3.4% annual growth rate. The emission in terms of CO2 equivalent in the transport sector would 
increase from 80.1 million tons of C O2 eq in 2005 to 146.9 million tons of C O2 eq in 2020.  
 
Based on the scenario analysis, the prediction models presented that, in the NGV scenario, CNG could 
be substituted for conventional fuel by 1,032 ktoe in 2010, 1,894 ktoe in 2015 and 1,900 ktoe in 2020. 
The emissions in this scenario would increase from 84.15 million tons of C O2 eq in 2005 to 125.7 
million tons of C O2 eq in 2020. In comparison to the BAU scenario, this scenario could be reducing 
the emissions by 19.7% in 2010, 20.4% in 2015 and 14.5% in 2020.  
 
In addition, in the hybrid scenario, energy demand would increase from 20,776 ktoe in 2005 to 34,053 
ktoe in 2020, accounting for 3.3% average annual growth rate and the emissions will increase from 
80.1 million tons of C O2 eq in 2005 to 145.5 million tons of C O2 eq in 202. This scenario could 
reduce energy demands by 0.4%, 0.8% and 1.0% in 2010, 2015 and 2020, respectively, and could 
reduce C O2emissions by 0.4%, 0.8% and 0.9% in 2010, 2015 and 2020, respectively.  
 
In the fuel economy improvement scenario, energy demand would increase from 20,776 ktoe in 2005 
to 32,425 ktoe in 2020, accounting for 3.0% average annual growth rate. The emissions in this 
scenario are 80.1 million tons of C O2 eq in 2005 and 141.0 million tons of C O2eq in 2020. This 
scenario could reduce energy demands by 0.6%, 3.5% and 5.7 % in 2010, 2015 and 2020, respectively, 
and could reduce C O2 emissions by 0.4%, 2.5% and 4.0% in 2010, 2015 and 2020, respectively.  
 
Thus, the FEI scenario has the highest potential to reduce energy demand in road transport, accounting 
for 5.7% in 2020, whereas, the NGV scenario has the highest potential to reduce the C O2 emissions, 
accounting for 20.3% in 2015 and 14.4% in 2020.  
 
According to the results of this study, therefore, the fuel economy improvement scenario has the 
highest potential strategies to reduce the energy demands comparing to the hybrid car scenario. 
However, to reduce the emissions and to substitute the conventional fuel with domestic energy 
sources, the NGV scenario should be implemented. 
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