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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 138 (2017) 393–398

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 2017 International Conference on Alternative Energy in 
 Developing Countries and Emerging Economies.
10.1016/j.egypro.2017.10.178

10.1016/j.egypro.2017.10.178 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 2017 International Conference on Alternative Energy in 
 Developing Countries and Emerging Economies.

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of 2017 AEDCEE.  

2017 International Conference on Alternative Energy in Developing Countries and Emerging Economies 
2017 AEDCEE, 25-26 May 2017, Bangkok, Thailand 

Impact of Transportation Restructuring on Thailand Energy Outlook 
Suthee Traivivatanaa,

0F*, Weerin Wangjiranirana, Siripha Junlakarn, Niphon Wansopharkb 
aEnergy Research Institute, Chulalongkorn University, Bangkok, 10330, Thailand 

bDepartment of Mechanical Engineering, Chulalongkorn University, Bangkok, 10330, Thailand  

Abstract 

The objective of this study is to explore the impact of the transportation restructuring via three possible energy scenarios; the 
reference scenario (REF), the undone scenario, and the achievement scenario. The REF scenario was developed based on the 
previous policy targets (up to the year 2012) with systematic planning and implementation. In the second scenario, the projection 
was demonstrated under the condition that the policy targets are delay or unsuccessful. Lastly, the achievement scenario was also 
analyzed under the condition that all policy targets and new policies suggested by the authors are achieved. An energy accounting 
model named Long-range Energy Alternative Planning system or LEAP [1] is used to demonstrate an analysis of Thailand’s 
energy situation and its forecasts from 2013 to 2035, based on 2012 database as the reference year. The analysis was accumulated 
from various types of fuel and energy supplies, incorporating the trend of energy development in Thailand based on information 
available from several reliable sources, including national and international research studies. In the REF scenario, the electricity 
consumption in all sectors expands largely, imported or purchased electricity from the neighboring countries will gradually 
increase. The transport and the industrial sectors remain to be most energy-intensive users. The energy efficiency improvement in 
the transport sector will reduce 34% in final energy demand between the Achievement Scenario and Undone Scenario. The 
national policy directs on three aspects; 1) demand side management, 2) transportation infrastructure, and 3) automotive 
technology and renewable energy. The results clearly indicate that the greenhouse gas emission can be reduced. Two most 
effective mitigation options are the demand side management and the transportation infrastructure development. 
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1. Introduction 

This paper consists of an analysis of Thailand’s current (year 2012) energy situation and its forecasts (year 2013 to 
2035). The analysis was accumulated from various types of fuel and energy supplies, such as power, petroleum, coal 
and renewable energy, incorporating the trend of energy development in Thailand. The outlook was constructed in 
2013, based on 2012 database, as the reference year. The energy position targets and the energy development plans 
for different sectors proposed in this study, thus, were also derived on the same basis. In this research, three main 
energy scenarios are the core of discussion; the reference scenario (REF), the undone scenario, and the achievement 
scenario. The REF scenario was developed based on the previous policy targets with systematic planning and 
implementation. In the second scenario, the projection was demonstrated under the condition that the policy targets 
are delay or unsuccessful. Lastly, the achievement scenario was also analyzed under the condition that all policy 
targets and new policies suggested by the authors are achieved. 

2. Thailand energy outlook 

Thailand energy outlook is a forecast of Thailand’s energy situation based on the directions of the current (year 
2012) national economic and social development plans. In this section, the situation of Thailand’s energy supply and 
demand is projected to the year 2035, building a picture of the country’s “Energy Scenario”. Major assumptions that 
are incorporated into the scenario analysis are 1) GDP at 4% per year mainly driven by industrial and commercial 
sectors, 2) oil price stable at 125 USD per barrel in 2035, 3) the population size would reach a level of 67 million 
people in 2035, 4) completion of the mass transit systems; Bangkok Metropolitan area, double-track railways, and 
the nation-wide Mass Rapid Transit system by 2035, 5) national energy efficiency and renewable energy targets 
achieved, 6) commercial operation of the new and replacing utilities as provided by PDP rev.3, and 6) Oil and gas 
reserve to reach the 2P level. 

2.1. Primary energy demand and Final energy demand 

An increasing trend of the total primary energy demand for all fuels that lasts into the year 2035 is shown in Fig. 
1a. The oil and gas remain to be the main sources of energy. It can be observed that a small growth in the oil 
demand is realized, similar to the gas demand (Fig. 1b). The transport and the industrial sectors remain to be most 
energy-intensive users (Fig. 2). The main fuels used in these sectors are petroleum products, significantly with 
growing shares of biofuels and natural gas. In the industrial sector, all fuels are predicted to grow dramatically in 
demand. However, the rate of growth of the oil products is not as significant. This is because the fuel switching 
measure is predicted to be implemented, as a countermeasure to mitigate the impacts of the oil price fluctuation. The 
demand growth in the residential sector is also a minimum, following the declining rate of population and household 
size growth. The traditional fuels, such as charcoal and wood, continue to be replaced with LPG and electricity. In 
the agricultural sector, the majority of consumption is derived from diesel fuel for agricultural machinery.  

 
Fig. 1. Reference Scenario’s (a) primary energy demand forecast; (b) primary energy demand classified by types of fuel; 

(c) final energy consumption classified by sectors. 
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2.2. Energy supply, energy reserves, and greenhouse gas emissions 

From the projection (Fig. 2a), the local demand of energy will continue to rely mainly on the energy imports. 
Especially for crude oil, it is interesting to note that by the year 2022, 100% of the domestic consumption of crude 
oil will have to be supplied from aboard. The proportion of natural gas imports is not as severe, presently at 20% of 
the total supply, because of the available indigenous sources. However, the future trend shows that the scale of 
natural gas imports will remarkably expand. From the forecast, the proportion of the imported natural gas will reach 
a level of 80% of the total primary energy supply by the year 2035. Moreover, not only the primary energy, but 
Thailand also requires an import of the secondary forms of energy, e.g. electricity and oil products. The imported or 
purchased electricity from the neighboring countries will gradually expand. The percentage of the imported energy 
in the primary energy demand in Thailand will increase from 48.3% at present to 82.3% by the year 2035. 
Greenhouse gas emissions generated from energy-related activities are forecasted to increase, particularly in the 
transport and the power sectors as shown in Figure 2b. 

   
Fig. 2. (a) Net energy imports of different types of fuel; 

(b) Greenhouse gas emissions from the energy production and consumption activities 

3. An outlook of sustainable development in transportation 

An improvement in the energy efficiency and the promotion of renewable energy for transportation are the only 
promising solutions to a sustainable development in the transport sector. Based on this rational, Thailand’s mega-
projects have been proposed to expand the public transportation infrastructure and improve the intermodal transport 
thoroughly. In addition to, a number of energy countermeasures have been constructed under the national energy 
efficiency and renewable energy promotion plans. The future of the transport sector is subject to progress of these 
measures. Several factors can be identified to have impacts on the future energy position of the transport sector. 
Three possible scenarios of the transport sector energy outlook can be predicted. First, the reference scenario (REF) 
which based on the directions of the current (year 2012) national economic and social development plans as shown 
in the previous section. The other two scenarios are the possible pictures of the best and worst cases. These two 
scenarios target on five major transport policies which are; 

1) Fuel economy policy: using EIA guideline [2] to predict the fuel economy for cars and trucks, under the 
assumption that Thailand is 5 years lack and has to use double of the time to improve to the same level as 
the EIA guideline. 

2) Transportation’s infrastructure policy: based on the three major connections; a) Mass Rapid Transit (MRT) 
network in Bangkok Metropolitan, b) Double-track railway construction, and c) Hi-speed railway. 

3) Speed increasing policy: the study from the OTP [3], JAMA [4], and IEA [5] show the relationship between 
GHGs emission and the average of vehicle’s speed, for low speed, the engine efficiency is varied to the 
vehicle’s speed, in the other hand, the higher speed has more emissions due to the fuel consumption for 
high speed. Thus, the better management for the traffic will increase the average of vehicle’s speed.  

4) Age limit policy: based on the study of Canadian Vehicle Survey [6], the older vehicle consumes more fuel 
than the newer one. Therefore, the age limit will help reducing the excess fuel consumption. 

5) Fuel substitution policy: rely on the AEDP (2012-2022, 2013 Edition) [7]. 
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