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Overview

Thailand is the second largest economy among the countries in the Association of South East Asian Nations (ASEAN) (IMF, 2008). The country is also the second largest emitter of CO2 in the ASEAN region. The CO2 intensity of the country in 2003 was nearly 3 times that of the OECD as a whole. With the economy growing at over 5% per annum and increasing urbanization, the CO2 emission in the country is expected to grow significantly in the future. Thailand is heavily dependent on imported energy in that it accounts for about 55% of the total primary energy supply in the country in year 2005 (DEDE, 2006). Effects of GHG reduction policy options on the development of a low carbon economy and energy security of the country over the longer run is very important.

In the present study, we analyze the energy system development and associated greenhouse gas emission from Thailand and we examine the prospects for CO2 reduction from the Thai economy during two post Kyoto Periods of 2013-2030 and 2013-2050 under a reference case and two different carbon tax scenarios using a bottom up cost minimizing energy system model based on the framework of Asia-Pacific Integrated Assessment Model (AIM/Enduse). The model includes different energy resource and technology options to meet the energy services demand during the planning horizon of 2000-2050. In order to provide a broad range  of options for GHG mitigation in the country, the model includes emerging technology options such as carbon capture and storage (CCS) along with clean coal technologies (such as IGCC, PFBC), fuel cells and hybrid vehicles besides conventional technology options in different sectors. It also includes biofuels as an energy resource option in the transport sector and the nuclear technology option for power generation.  

Methodology

The Thai economy is divided into five main sectors, namely, agriculture, commercial, industrial, residential and transport. The passenger transportation is further divided into road, rail, air and water transport. All trading enterprises, hotels, restaurants, financial and telecommunication establishments are included in the commercial sector. The residential sector has been divided into urban and rural categories. Altogether 292 existing and candidate technology options are considered in the study for meeting end-use service demands. The future projections of service demands in agriculture, commercial, industrial and freight transport sectors are based on sub-sectoral value added, while the projection of service demands in residential sector is based on number of households and appliance ownership per household. The service demand for passenger transport is projected based on projected values of GDP per capita and population. The sectoral and sub-sectoral value added is extended till 2050 based on the available data (TDRI, 2004; UN, 2006). The model is based on linear programming and comprises an objective function to minimize total energy system cost year by year subject to a number of constraints including those on service demand, energy resource availability, existing device stock, maximum allowable quantity of devices and emissions (Kainuma et al. (2003)).

Two carbon tax scenarios are considered in the study. They are: 

· Use of carbon tax at the constant rate of US $ 100/tC from 2013 to 2050 all other things remaining the same as in the base case (hereafter, “CT100 scenario”).

· Use of carbon tax at the constant rate of US $ 200/tC from 2013 to 2050 all other things remaining the same as in the base case (hereafter, “CT200 scenario”).

Results
The total cumulative CO2 emission reduction during the planning horizon would be 2% under CT100 and 7% under CT200 as compared to the base case emission. During 2013-2030, there would be CO2 emission reduction of 3% under CT100 and 9% under CT200, whereas, during 2013-2050, the corresponding figures would be 2% and 7% respectively. 
With the carbon tax, the share of coal in cumulative TPES during 2013-2030 is found to decrease from 28% in the base case to 26% and 20% in CT100 and CT200 scenarios respectively. However, during 2013-2050, the share of coal would not be affected by carbon tax in CT100, whereas the share would decrease from 29% in the base case to 24% in CT200. The share of natural gas would increase from 18% in the base case to 19% and 24% in CT100 and CT200 respectively during 2013-2030. During 2013-2050, the share of natural gas would decrease from 17% in the base case to 15% in CT100 while it would increase to 19% in CT200.

The power sector would account for over 94% and 60% of total CO2 emission reduction during 2013-2030 and 2013-2050 respectively under CT100. Under CT200, the contribution of the power sector in total CO2 emission reduction would be 70% during 2013-2030 and 60% during 2013-2050. The study shows that in the carbon tax scenarios, the share of electricity production based on natural gas based combined cycle power generation technology during the planning horizon would increase from 14% in the base case to 15% in CT100 and 25% in CT200. Under the carbon tax, CCS based power generation would be also cost effective. The shares of CCS based power generation technologies would reach to 1% and 2% in CT100 and CT200 scenarios respectively whereas there would be no such power generation in the base case. The share of power generation from coal fired IGCC and PFBC plants would decrease from 26% in the base case to 24% and 17% in CT100 and CT200 respectively. 

Conclusions

There would be a 7 fold increase in CO2 emission in the base case during the planning horizon. Three sectors i.e., transport, industry and power together account for over 92% of the total CO2 emission in 2000 and 95% by 2050. With the introduction of carbon tax, there would be a shift in energy mix from coal to natural gas in the power sector. In the industrial sector, the carbon tax of US$100/tC is not found to have a significant effect on fuel mix. At the higher tax rate of US$200/tC, the share of coal use in the sector would decrease while that of natural gas would increase. In the transport sector, the shares of Gasohol (90% gasoline) and Biodiesel (90% diesel) would increase significantly, whereas the shares of gasoline and diesel use would decrease. 
The power sector would play the major role in CO2 emission reduction followed by the transport and industrial sectors under the carbon taxes considered. Most of the CO2 emission reduction (over 60%) would come from the power sector. This is mainly due to the adoption of natural gas based combined cycle and CCS technologies. The analysis shows that biomass and other renewable energy technologies would not play a significant role in Thailand in CO2 reduction under these carbon tax scenarios. 
The results of the study also show that if Thailand is to pursue a development path towards a low carbon society, CCS and nuclear technologies are the major options to be adopted for power generation in the country
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