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ABSTRACT 

Prmnpted by the concerns about the poor performance of the Thai electricity industry, the 

Thai government initiated, in the year 1992, a process of reform of the electricity industry. 

The reform, argued its proponents, would improve industry performance and provide 

economy-wide benefits. A comprehensive analysis developed in this research- employing a 

combination of analytical methodologies, including historical analysis, Data Envelopment 

Analysis (DEA), input-output analysis, and inferential analysis - has demonstrated that 

electricity reform has largely failed to achieve its objectives. For example, electricity reform 

has neither noticeably improved industry performance nor provided any appreciable benefits 

to the wider economy. This is because the reform program has tended to focus almost 

exclusively on industry privatization; the accompanying structural and regulatory changes 

have been limited to the extent that they support privatization. Further, it appears that only 

financial dimension of reform has received attention and that other dimensions (i.e. , social 

and environmental) have largely been ignored. This narrow focus, this research argues, has 

its roots in several internal and external developments and influences, for example, pressures 

from the international financial institutions, major economic crises, political factors , 

institutions, and other interests. This narrowly-focused reform program, therefore, could not 

produce desirable outcomes as was expected. 

This research identifies some remedies that might be needed in order to improve the efficacy 

of the present reform program. For this purpose, three alternative reform models (PDP, IPP, 

and GE) are proposed and their consequences analyzed, through the application of DEA and 

input-output analysis, for the period 2010-2020. These analyses suggest that the GE 

scenario, which promotes Small Power Producers (SPPs) generating electricity from 

renewable sources and envisages import of hydroelectricity from the neighbouring countries, 

would be an attractive option for Thailand. This is due mainly to its ability to provide a 

balanced redress for energy, environmental, economic, social, and industry performance 

objectives. Whether or not such redress will eventuate will however depend -· to a large 

extent - on the efficacy of the 'new' institutional arrangements including industry structure, 

ownership and regulation. This argument is based on the premise that the existing 

institutional arrangements are deficient and hence unsuitable to provide a balanced redress 

referred to above. 

Against this backdrop, this research proposes a n1odified reform approach for the Thai 

electricity industry. The key features of the proposed reform approach include a fi.Jll 
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unbundling of the generation and transmission functions of Electricity Generating Authority 

of Thailand (EGAT), allowing the Independent Power Producers (IPPs) to also establish 

small-scale power plants, promoting increased participation by SPPs and Very Small Power 

Producers (VSPPs), disaggregating the Provincial Electricity Authority (PEA) into four 

regional distributors, and ensuring transparency and autonomy of the regulatory body. This 

research also proposes some strategies that could be adopted in order to overcome the 

challenges that are likely to emerge when the proposed reform model is implemented. The 

proposed reform approach, this research contends, will provide a robust pathway to meet the 

future electricity needs of Thailand. This is due to the fact that it accords with the economic, 

environmental, social, and political realities in Thailand. Further, it is contended that this 

research has made a valuable contribution in terms of developing policy insights that should 

provide a sound basis for furthering the reform of the Thai electricity industry - an issue of 

immense contemporary policy significance for Thailand. 
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CHAPTER! 

INTRODUCTION 

1.1 Background 

Electricity is one of the most vital ingredients for social and economic well being of 

humanity. Due to its versatility, convenience, and relative ease of transport, it makes 

possible several goods and services that people associate with contemporary life. In 

addition, according to Hansen (1998, cited in APERC, 2000), 'industrial production is 

becoming increasingly dependent on electricity intensive technologies so that electricity 

demand tracks GDP growth more closely'. Consequently, electricity demand expansion 

is both the cause and effect of economic growth. Countries around the World, including 

Thailand, have long recognized the importance of electricity, and hence given a high 

priority to the electricity sector. For example, in 2003, the total expenditure on electricity 

sector in Thailand was 8.7 per cent of GDP - highest as compared with other public 

sectors - 3.9, 2.0, 0.5, and 0.2 per cent, respectively, for transportation, 

telecomtnunication, water and sanitation, and other urban (World Bank, 2005). 

Electricity was introduced in Thailand in the year 1884. In the early years, the private 

sector was primarily responsible for all electricity supply services. In 1912, the state 

authorities started to participate in supplying electricity to the public. In the following 

years, the Thai electricity supply industry was operated jointly by regional state 

generating authorities and the private sector. In the 1950s, international aid agencies and 

other interests began to participate in the Thai economic policy development and 

developmental programmes. Pace-setter for such participation was the World Bank's 

advisory mission in 1957. The Bank recommended the setting up of a central planning 

agency to analyze the nation's economy, and to draw up plans for its development. 

Furthermore, in order to receive concessionary financing from the Bank, the Thai 

government was encouraged to form state-owned electricity utilities (Greacen and 

Greacen, 2004). Following the World Bank's recommendations, three organizations, 

namely, the Electricity Generating Authority of Thailand (EGAT), the Metropolitan 

Electricity Authority (MEA), and the Provincial Electricity Authority (PEA), were 
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established over the period 1958-1968. The new industry structure was essentially 

vertically integrated; for example, EGAT was the sole agency responsible for generation 

and transmission of electricity to the entire nation. The distribution and retail service 

functions were the responsibility of MEA (in the metropolitan area) and PEA (in the 

provincial cities and the countryside). 

Advice and concessionary loans from the World Bank have continuously contributed to 

investments in the Thai electricity sector. During the period 1967-1971, there was a 

rapid expansion of electricity system in order to keep pace with the economic growth. 

Much of this expansion was, however, financed by borrowings. Consequently, Thai 

utilities built up substantial debt, with the energy sector accounting for over 46 per cent 

of all foreign loans between 1967 and 1971 (Greacen and Greacen, 2004). Such 

borrowings however enabled the country to meet its growing electricity demand (World 

Bank, 1985). Further, the electricity tariffs were kept at or below the cost of electricity 

generation. This deferred the costs into the future and reinforced a culture of reliance on 

foreign aid (Ryder, 1999). In addition, because of heavy reliance on imported oil, the 

Thai economy suffered severely from the oil crises of the 1970s. Inevitably, Thai 

electricity utilities were faced with a substantial debt as a consequence of these crises. 

These crises also pushed Thailand to take out Structural Adjustment Loans (SALs) from 

the World Bank with the conditionality that included increasing energy prices and 

itnplementing tneasures to privatize state-owned enterprises (World Bank, 1985). 

However, this first effort to privatize utilities was met with fierce opposition from labour 

unions of state electric utilities and, hence, the privatization of state utilities was put on 

hold until the early 1990s. The continuing pressures from the international agencies 

coming in line with the rapid rise of electricity demand created a situation which 

arguably saw private investment as the best alternative. This coincided with the entry of 

surplus of private capital searching for investments with high rates of return and led the 

initiation of IPP (Independent Power Producer) program. 

The Thai government initiated a process of reform of the electricity industry in 1992. 

The first stage of reform resulted in the introduction of Independent Power Producer 

(IPP) and Small Power Producer (SPP) programs, and a partial privatization of some of 

EGAT's thermal power plants (NEPO, 2000a). These programs were viewed by many as 

indicators of success of electricity reform program because there was a strong interest 
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from both domestic and foreign investors, and 10,555 MW of new capacity was added 

over the period 1995-2008 (EPPO, 2009). As a consequence of this, the government 

proposed to undertake further reform the electricity industry. However, this proposal was 

strongly opposed by the electric utilities. 

Despite such opposition, the pressures to further reform the electricity industry 

continued. These pressures were created by several internal and external forces. One 

major force was the advocates of reform, especially, multilateral agencies, international 

financial institutions and international energy consulting firms. They argued that the 

electricity industry in Thailand was inefficient. The industry was overstaffed, poorly 

managed, and inefficiently operated. Such inefficiency, it was further argued, was due to 

the structural arrangements and state ownership of the industry (Sharma, 2005). The 

Asian financial crisis in 1997/1998 was also a major catalyst for electricity reform. The 

sharp reduction in electricity demand, combining with an appreciable depreciation of the 

Thai currency, pushed the electric utilities into a precarious financial situation. This 

came in parallel with the IMF loan conditions, emphasising the privatization of the 

utilities. 

In 1998, the Master Plan for State Enterprise Sector Reform, which covered four main 

economic sectors including the energy sector, was approved (NEPO, 1999). This reform 

program envisaged a market orientation for the electricity industry, by introducing 

competition in electricity supply and providing a choice to customers to select their 

service provider. This market-oriented reform, it was argued, would attract foreign 

investment, improve the performance of the industry and contribute to enhancing overall 

economic prosperity (NEPO, 1998). 

The proposal for a market-oriented reform prompted the undertaking of several studies 

about its pros and cons, for example, Sirasoontorn (2007), Chirarattananon and 

Nirukkanaporn (2006), Woo (2005), Sirasoontom (2005), Shrestha et al. (2004), Palettu 

(2004), ESMAP (2003), and Ryder (1999). Additionally, foreign and local institutions 

(namely, BCG, 2003; KEMA, 2002; AIT, 2002; Arthur Andersen, 2000) undertook 

studies on the ESI restructuring model and privatization of the state electric utilities. 

These studies proposed several reforn1 models including a price-based power pool, New 

Electricity Supply Arrangement (NESA), partial liberalization, cost-based power pool, 
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transitional model to net pool, Electricity Relation Committee's (ERC) model, and 

enhanced single buyer model.
1 

The proposed reform models, argued some, were inappropriate due mainly to a lack of 

serious considerations on various dimensions of reform. For instance: 

'The studies on ESI model and restructuring undertaken by consulting firms hired by 

policy makers and players in industry, particularly EGAT, are appreciably biased away 

from considering the public benefits aspects' Sirasoontom (2005). 

'As a result of the accelerated work schedule, the token consultation process failed to 

include input from civic groups and small consumer representatives. The tight time table 

also meant that key decisions on each key issue were very limited, despite their long-

lasting economic and environmental implications .. .Industry observers complained that 

the BCG study team merely followed the government/EGAT's guidelines for reform 

without sufficient analysis, and that BCG had been hired to justify a forgone conclusion 

about EGAT's future' (Palettu, 2004). 

'Since NEPO 's proposals were too narrowly focused too soon on a standard model, 

their relevance was diminished. The roadmap may have been too sketchy on the ways to 

accommodate social constraints' (ESMAP, 2003). 

Several other research studies (for example, Greacen and Greacen, 2004; ESMAP, 2003; 

Sirasoontom, 2004; Ryder, 1999) also expressed concerns that there is a lack of rigorous 

consideration of wider impacts of the electricity reform. A few examples are provided as 

follows. 

'In case like Thailand, the desirability of liberalisation is not self-evident; it is 

important, therefore, to demonstrate its relevance, put social issues to rest, and tweak 

the model to adapt it to local priorities' (ESMAP, 2003). 

'On-and-off implementation of the privatization plan is based on political reasons and 

demands from interest groups. An attempt to rigorously evaluate the privatization 

program, from an economic and academic perspective before implementing it to ensure 

1 
More details on these refonn models are provided in Chapter 2 and Appendix I. 
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that the maximum social net benefit is achieved, has not been successfully fulfilled' 

(Sirasoontom, 2004). 

'While the future remains uncertain, in the near term it appears that "privatization of 

benefits and socialisation of costs and risks" remains the key defining feature of 

electricity reform in Thailand' (Greacen and Greacen, 2004). 

A deeper review of the studies on the proposed reform models as noted above suggests 

that these studies suffer from the following weaknesses. 

1. With an attempt to apply the market model to the Thai electricity industry, these 

studies focused solely on the economic dimension of electricity reform. Other 

dimensions (i.e. social and environmental) of reform were accordingly integrated 

into the economic dimension. There is a lack of serious analysis on other 

dimensions of reform even though there is a broad consensus on the importance 

of these dimensions. The emphasis only on economic dimension is short sighted 

and could lead to an underestimation of the real challenges confronting the Thai 

electricity industry. 

11. These studies drew their intellectual imprimatur from other country experiences 

- mainly developed countries which have nothing in common with Thailand. The 

NESA, for instance, is similar to the New Electricity Trading Arrangements 

(NET A) adopted by the UK since 2001 and the ERC model is analogous to the 

ESI structure of Taiwan (Chirarattananon and Nirukkanapom, 2006). A belief in 

the success of electricity reform from other countries and in the replicability of 

such success for Thailand appears to be unjustified. The economic, political, 

social, and cultural backgrounds of those countries are significantly different 

frmn Thailand. 

iii. Their recommendations, therefore, were narrow and largely inapplicable for 

Thailand. For example, power pool model was recommended without taking into 

account the current situation and structure in Thailand. It is unsuitable for 

Thailand to adopt this model when one considers the specific features of the Thai 

electricity industry, for example, cross subsidy and long-term Power Purchase 

Agreements (PPAs). 



6 

To reform the electricity industry without real understanding about its various facets 

could cause serious damage for the industry itself, the Thai economy and the entire 

society. In case of the industry, the damages could include: price volatility, lack of 

investment for electricity expansion to meet the growing demand, insecurity and 

unreliability in electricity system, high system losses, low quality of service, high 

pollution, changing the utilities from public monopolies into private monopolies and so 

on. The damage from the electricity industry would subsequently affect other sectors in 

the Thai economy and society because, as noted earlier, the electricity is one major 

ingredient for producing goods and services. The California Power Crisis is the good 

case in point to illustrate a potential for such damage. In Thailand, the reform program 

appears now to have stalled with an unclear direction on how to proceed. Before the 

reform program starts moving in yet another direction, there is a need to carry out a 

comprehensive research on the various facets of electricity reform. This could contribute 

to reducing future mistakes. 

1.2 Research objectives 

Against the above background, the ma1n objective of this research is to develop a 

comprehensive analysis of the various facets of electricity reforms in Thailand and to 

recommend a reform path that would best meet the future electricity needs of Thailand. 

In order to achieve this, this research proposes the following specific objectives: 

• To review the historical evolution of the Thai electricity industry with a view to 

gain insights into: i) the nature of the changes that have taken place in its 

structure, ownership and regulatory arrangements, and ii) the underlying reasons 

behind the changes with a particular focus on the rationale behind contemporary 

electricity reform; 

• To exa1nine the performance of Thai electricity supply industry over the period 

1980-2006 with a view to delineate factors that have influenced such 

performance and, in particular, to determine how reforms introduced since 1992 

have impacted this performance; 

• To assess the economy-wide itnpacts of electricity reform with a v1ew to 

understand how refonns have affected the wider economy; 
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• To identify the disparities between expectations from ESI reform and its actual 

outcomes (in relation to the performance of the industry and the wider economy) 

and the reasons for such disparity; 

• To analyze how the efficacy of the Thai electricity reform could be improved; 

• To recommend a reform path that would best meet the future electricity needs of 

Thailand. 

1.3 Research methodology 

In accordance with the multidisciplinary nature of this research, a combination of 

methodologies is employed to address various research objectives. Figure 1.1 provides a 

broad overview of the methodological framework employed in this research. While the 

key aspects of this framework are discussed in this section, a detailed description of 

specific methodologies is provided in the corresponding chapters of this thesis. 

1.3.1 Rationale for electricity reform 

The first objective of this research is to review the historical evolution of the Thai 

electricity industry with the aim of analyzing the forces that have influenced and shaped 

the industry. This review enables one to gain insights into the nature of the changes that 

have taken place in the industry 's organizations and institutions as well as the 

underlying reasons behind the changes with a particular focus on the rationale behind 

contemporary electricity reform. 

The historical review of the Thai electricity industry, in this research, is partitioned into 

five time periods -the early years (1884-1949), the industry consolidation (1950-1979), 

the foundation for privatization (1980-1989), the first steps towards electricity refonn 

(1990-1997), and a proposal for a market-oriented reform (1998-2008). Each time 

periods signifies significant changes in the industry's organizations and institutions. The 

'organization' is defined in this research in terms of its structure, ownership, and 

regulation whereas the ' institution' is described by its economic, social, and political 

contexts. This could shed some light on the forces that have shaped the industry and, in 

particular, provide an understanding about the reasons behind electricity reforms in 

Thailand. 
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Figure 1.1 Research framework 

Overall Objectives Specific Objectives Methodologies Expected Outcomes 

Review of the historical evolution Influencing forces that have ...... Historical Analysis .. ~ ~ of the Thai electricity industry ... .. shaped the industry 

~ 
Examine the performance of the 

f..--+ Data Envelopment .. Performance of the industry J---. Thai electricity industry Analysis (DEA) .. 

Assess the economy-wide impacts Economy-wide impacts of H Input- Output Analysis .. ~ 4 of electricity reform .. electricity reform 

1----------------~------------------------------.. IdentifY the disparities between 
Disparities between the expected H ~ expectations from ESI reform and Inferential Analysis ... and actual outcomes ~ 

its actual outcomes 
Develop a comprehensive analysis 
of the various facets of electricity f-- Scenario Analysis .. Alternative reform models ---, 
reform in Thailand I 

I 
I 

J ~---------------------~----------------------------------
I 

Analyze how the efficacy of the I 

Likely impacts on the industry I Data Envelopment 
~ :---. ... -+ Thai electricity reform could be Analysis (DEA) 

... performance I 

improved I 
I 
I Likely impacts on the wider I 

Input- Output AnaJysis ... ~ ·- ... economy 

l Recommend a reform path that 
4 would best meet the future ...... Policy Analysis ... Suitable model I ... .. 

electricity needs of Thailand 

J 



9 

1.3.2 Performance of the electricity industry 

The second objective of this research is to provide a comprehensive analysis on the 

industry performance and the influence of reform on such performance. It analyses the 

performance of the Thai electricity industry - at an aggregate level as well as for each 

segment of the industry (i.e. generation, transmission, and distribution) - for the period 

1980-2006. Such an analysis, this research contends, would enable an assessment to be 

made of the veracity of the argument that electricity reform will improve the 

performance of the industry. Further, it could provide deeper insights into the workings 

of the industry and assist with the identification of areas where such an improvement in 

performance might indeed be possible. 

In order to achieve this objective, this research adopts the Data Envelopment Analysis 

(DEA) for examining the performance of the industry as well as analyzing the impacts 

of reform on the industry performance over the period 1980-2006. The application of 

this method, however, raises a challenge in terms of its data requirements. Since DEA is 

a frontier methodology, it requires cross-section or panel data to evaluate performance. 

Due to the fact that the Thai electricity industry is essentially a unified single entity, the 

application of DEA requires access to comparable data on electricity industries of other 

countries in order to construct panel data. In order to overcome this challenge, time-

series data are transformed into cross-section data and the perfom1ance of a unified 

single electricity industry is compared against itself (see Section 3.5.2 in Chapter 3). 

1.3.3 Economy-wide impacts of electricity reform 

The third objective is to assess the econotny-wide itnpacts of the Thai electricity reforms 

with a view to understand how reforms have impacted the wider economy. The 

economy-wide impacts, in the context of this research, include energy, environmental, 

economic and social. These impacts are assessed with the assistance of an input-output 

model that is developed specifically in this research. Input-output analysis is widely 

used tool that recognizes the interdependencies between various economic sectors and 

hence is appropriate for examining the relationship between electricity and the wider 

economy. 

In this research, six yearly national input-output (I-0) tables (1985, 1990, 1995, 1998, 

2000, and 2005) are used to assess the economy-wide itnpacts of electricity reforms 
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because it covers two main periods in the development of the Thai electricity industry, 

namely, pre-reform and post-reform periods. The pre-reform period, in the context of 

this research, is the period prior to the introduction of IPP and SPP programs which were 

introduced in years beginning with 1992. Such segregation of time periods will therefore 

enable an analysis of the economy-wide impacts of the IPPs and SPPs, and subsequent 

development in the Thai electricity industry. In addition, the I-0 table consisting of 180 

sectors is aggregated into 24 sectors. This aggregation is based on sectors' energy 

intensiveness, in view of the energy focus of this research. To further apply the n1odified 

I-0 table for economy-wide impact analysis, the electricity sector is disaggregated into 

eight sub-sectors, based on producers' group (i.e. IPP, SPP, and EGAT) and the 

electricity generation technologies employed by them. This enables the examination of 

the economy-wide impacts of these private power producers and the state power 

generating utility (EGAT). 

1.3.4 Disparity between the expected and actual outcomes of electricity reform 

The fourth objective is to identify the disparities between the expectations from 

electricity reform and its actual outcomes in relation to the performance of the electricity 

industry and wider econon1y. This identification enables the understanding of the 

reasons behind the disparities. Such disparities are identified with the assistance of 

inferential analysis. The application of this method involves: 

1. quantifying the expected and actual outcomes of electricity reform in terms of 

certain indicators corresponding to the industry performance and the wider 

economy? These quantified indicators include the productivity and efficiency of 

the industry, level of private investn1ent, cost of electricity production, electricity 

retail tariffs, employment, and consumer choice; and 

11. comparing the expectations from electricity reform and its actual outcomes in 

regard to these indicators. 

The dynamic nature of industry's organizational and institutional environment 

(previously analyzed in the first objective), together with the above application provides 

the understanding about the reasons for such disparities. 

2 
Some of the indicators are obtained from the analysis of objective 2 and 3. 
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1.3.5 Efficacy of electricity reform 

The analysis carried out in objective 4 would show how unrealistic the reform's 

expectations are as well as provide an explanation of why these expectations are 

unrealistic. This raise a question: what remedies are needed in order to improve the 

efficacy of the present reform program? This research, therefore, proposes alternative 

models with a view to identify such remedies. The alternative models, in this research, 

are identified by employing key policy scenario assumptions. In order to specify key 

policy assumptions, this research reviews the specific features of the Thai electricity 

industry. These features include the constraints of the existing industry structure, the 

government's prospective energy policies, the electricity system planning (i.e. 

Thailand's Power Development Plan), and the current situation of the industry in terms 

of generating capacity, electricity production, fuel mix, and environmental pollution. 

For the purpose of assessing the likely impacts of the alternative models, this research 

etnploys the input-output analysis and DEA. The input-output analysis is used for 

analyzing the economy-wide impacts of alternative models whereas the impacts on the 

industry perfon11ance are examined with the assistance of the DEA. In this research, the 

alternative models are assessed in terms of their impacts on the industry performance 

and the wider economy for the period 2010-2020. The assessment of these impacts 

could help recommend a reform model that applicable to Thailand. 

1.3.6 A new reform path 

The sixth objective is to recon1mend a reform path that would best meet the electricity 

needs of Thailand. The recotnmendation of the reforn1 approach is based on the insights 

gained from the analyses carried out from the previous objectives and the review of the 

Thai existing and prospective policy development. The reform path recommended in this 

research, therefore, accords with the country's realities and priorities for strengthening 

the present reform program. 

1.4 Scope of this research 

This research considers the electricity industry reform in Thailand - a developing 

country which the electricity industry has undergone reform in its structure, ownership, 

and regulation since 1992. The focus of this research is the entire Thai electricity supply 

industry. The structure of the Thai electricity industry comprises: 
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1. the Electricity Generating Authority of Thailand (EGAT) - a state-owned 

enterprise responsible for generation and transmission functions; 

11. the Independent Power Producers (IPPs ), Small Power Producers (SPPs) and 

Very Small Power Producers (VSPPs) who own private generating plants and 

sell electricity to the electric utilities; 

iii. the Metropolitan Electricity Authority (MEA) and the Provincial Electricity 

Authority (PEA) - state-owned enterprises responsible for distribution and retail 

service functions in metropolitan and provincial areas respectively; and 

iv. the Energy Regulatory Commission (ERC) - a regulatory agency responsible 

for the regulation of the energy sector including electricity and gas. 

The time scale for analysis, in this research, varies for each specific objective because 

the decision about time period is based on data availability and other related 

considerations. For example, historical evolution of the Thai electricity industry is 

carried out from the time of the introduction of electricity in Thailand (1880s) to the 

present time. This time period allows the understanding of the dynan1ics of electricity in 

Thailand since its introduction. The analysis of the performance of the electrici ty 

industry and the impacts of reform on such performance focuses on the period 1980-

2006 because of data considerations. The economy-wide i1npacts are, however, limited 

to a shorter tilne period, i.e. 1985-2005. The time period for the assessment of the likely 

impacts of the alten1ative models in this research is 2010 to 2020. 

1.5 Data considerations 

This research requires a broad range of data including history and performance of the 

Thai electricity industry, economy and environment. The aforementioned data are 

available in the form of historical data (electric utilities history, economic, and political 

background), national input-output table, macroeconomic data, and time-series data of 

electricity industry. The data on historical events of the Thai electricity industry and the 

institutional environment in the context of economic, social and political background 

was collected from the electric utilities and EPPO library, Ministry of Energy (MOE) 

and the relevant literature including research papers and publications, books, and journal 
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articles. The inputs and outputs of various segments of the Thai electricity industry (for 

example, electricity generation, installed capacity, network capacity, fuel consumption, 

and labour) were obtained from various EGAT, MEA, and PEA annual reports and 

supplemented by various Electric Power in Thailand reports, annually published by the 

Department of Alternative Energy Development and Efficiency (DEDE). The 

information on energy is available from various energy reports by the DEDE and also 

from the International Energy Agency (lEA) online database. In addition, the 

prospective policies and various energy and electricity development plans were obtained 

from the MOE, EPPO, EGAT, and DEDE. 

The macroeconomic data was collected from the Office of National Economic and 

Social Development Board (NESDB), the Bank of Thailand (BOT), the National 

Statistical Office (NSO). These data include the national input-output tables, Gross 

Domestic Product (GDP), Consumer Price Index (CPI), sectoral employment. The C02 

and S02 emissions are estimated on the basis of the Revised 1996 IPCC Guidelines for 

National Greenhouse Gas Inventories. Additional information was obtained from the 

website of various international organizations such as the World Bank, the Asian 

Development Bank (ADB), and the Asia Pacific Economic Co-operation (APEC). 

1.6 Significance of this research 

This research provides a comprehensive analysis of the Thai electricity industry 

including the historical evolution of the industry, the examination of the performance of 

the electricity industry, the assessment of the in1pacts of electricity reforn1 on the 

industry performance and the wider economy, and the analysis of how the efficacy of the 

Thai electricity reform could be improved. In order to achieve this, this research employs 

a multidisciplinary methodology to analyze multidimensional aspects of the electricity 

industry. It shows how multiple disciplines (for example, energy, economic, social 

science and political science) could be combined to analyze policy issues. It also 

suggests a way to analyze complex issues in an integrated way. 

The study provides a methodological framework for a rigorous analysis of the 

performance of the electricity industry and the in1pacts of reform on the industry 

performance and wider economy. It also demonstrates a novel application for using 

input-output tables for policy analyses. 
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This research provides useful insights for policy analysis and policy refinement. It also 

establishes potentially valuable data sets for the analyses of other energy planning and 

policy issues. The analytical framework in this research could be used to not only 

analyze electricity reform but also other infrastructure reforms in Thailand and 

elsewhere such as water, energy, and transport. 

Policy makers will get better understanding of the reform issues in the electricity 

industry from various perspectives and be able to develop practical policy responses to 

further reform the electricity industry. The economy-wide impacts of electricity reform 

are analyzed for the first time and this analysis is a new research for electricity industry 

reform in Thailand. For example, input-output technical coefficients of energy and 

electricity sectors which require extensive data from various resources are created for the 

first time in this research. It can be further used and made new contributions for energy 

planning and policy issues. 

1.7 Organization of this thesis 

This thesis comprises eight chapters. 

Chapter 2 reviews historical evolution of the Thai electricity industry. This chapter 

provides detailed description of the historical evolution of the industry from the 

beginning of electrification to the present, with special emphasis on organizational and 

institutional changes in the electricity industry. For each time period, analysis is carried 

out to delineate the influence of social, political, and other factors on shaping the 

electricity's organizations and institutions. The discussion on the rationale behind 

electricity reforms in Thailand is also provided. 

Chapter 3 provides a comprehensive analysis on the performance of the Thai electricity 

industry and the influence of reform on such perforn1ance. It analyses the performance 

of the Thai electricity industry - at an aggregate level as well as for each segment of the 

industry (i.e. generation, transmission, and distribution) -for the period 1980-2006. 

Chapter 4 assesses the economy-wide impacts of electricity reform in Thailand over the 

period 1985-2005 . The economy-wide impacts, in the context of this research, include 

energy, environmental, economic and social. 
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Chapter 5 identifies the disparity between the expectations from electricity reform and 

its actual outcomes in relation to the performance of the industry and the wider 

economy. This identification will enable the understanding about reasons behind the 

disparity and - by implication - provide a basis for identifying the remedies (i.e. 

modifications to the existing reform program) that might be needed in order to reduce 

such disparities. 

Chapter 6 analyses how the efficacy of the Thai electricity reform could be improved. 

This research proposes the alternative reform models with a view to recommend the 

alternative that could help improve the efficacy of the present reform program. For the 

purpose of recomn1ending the alternative, this research assesses the likely impacts of the 

alternative models on the industry performance and the wider economy for the period 

2010-2020. This could help recommend a reform model that applicable to the Thai 

electricity industry. 

Chapter 7 demonstrates how insights gained from analyses in the previous chapters 

could be used to recommend the reform pathway that accords with the country's realities 

and priorities is proposed in this chapter. 

Chapter 8 provides the summary of the tnain findings of this thesis, the key policy 

in1plication, litnitations of this research and recommendation for future research. 
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CHAPTER2 

EVOLUTION OF THE ELECTRICITY INDUSTRY IN THAILAND 

2.1 Introduction 

The Electricity Supply Industry (ESI) in Thailand has undergone organizational and 

institutional changes since its establishment in the 1880s. These changes have been 

associated with technological advancements, scarcity of natural resources, 

environmental policy, new economic ideologies, economic developments, 

macroeconomic crises and institutional revolution. The pace and shape of such changes, 

however, have intensified significantly in the last fifteen years. The first stage of these 

changes resulted in the introduction of Independent Power Producer (IPP) and Small 

Power Producer (SPP) programs. This was followed by, in the mid-to-late 1990s, a 

proposal to introduce market-oriented reform. This chapter provides an in depth 

description of the Thai electricity industry with the aitn to analyze the nature of the 

changes and, specifically, the underlying reasons behind these changes. This analysis 

enables one to gain understanding of the relationship between the factors that have 

influenced the past, continue to influence the present, and are likely to be influential in 

the future. This could shed some lights on the forces that have shaped the industry and 

develop an understanding about the rationale for electricity reform in Thailand. 

This chapter is organized as follows. Section 2.2 provides a historical review of the Thai 

electricity industry from the beginning of electrification to the present. In this chapter, 

the history of Thai electricity industry is partitioned into five time periods. It starts with 

the early years (1884-1949), through the industry consolidation (1950-1979), to the 

foundation for privatization (1980-1989), the first steps towards electricity reform 

(1990-1997) and finally a proposal for a market-oriented reform (1998-2008). Each 

time period signifies significant changes in the industry's organizations and institutions. 

The 'organization' is defined in this research in terms of its structure, ownership, and 

regulation whereas the 'institution' is described by its economic, social and political 

contexts. A discussion on the rationale behind electricity reforms in Thailand is provided 

in Section 2.3. In the end of this chapter, Section 2.4 provides sun1mary and conclusions. 
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2.2 Historical Evolution of the Thai Electricity Industry 

This section provides a detailed description of the historical evolution of the Thai 

electricity industry for five periods, with special emphasis on organizational and 

institutional changes in the electricity industry. For each time period, analysis is carried 

out to delineate the influence of social, political and other factors on shaping the 

electricity industry's organizations and institutions, and to explain the reasons behind 

electricity reforms in Thailand (see Section 2.3). Beginning with the early years, when 

the electricity was introduced in Thailand; followed by the industry consolidation, the 

period which coincide with the setting up of national economic planning system and the 

establishment of the state-electric utilities - EGAT, MEA & PEA; the third period 

discusses the internal and external factors of the industry that influenced the further 

development of the industry and laid the foundations for its privatization; while the 

fourth period describes the background of the first step of electricity reform; and finally 

the fifth period arises in the context of a market-oriented reform. 

2.2.1 The Early Years (1884-1959) 

Electricity was introduced in Thailand during the reign of King Chulalongkorn, in 1884, 

by Filed Marshal Chao Phraya Surasakdi Montri, after his diplomatic mission to Europe. 

He first financed, with proceeds from the sale of his inherited land, for 14,400 baht, the 

purchase of two electric generators and accessories from Britain in order to electrify 

army building. When news spread to King Ran1a V, the general was requested to light up 

the Royal Grand Palace in Bangkok. The palace was electrified for the first time on His 

Majesty's Birthday, September 20, 1884. Subsequently, the homes of the Royal Family 

were electrified (Chullakesa, 1992). In 1887, a Danish company gained a concession to 

run an electric trolley from Bang Kaw Laem to the Royal Palace. The company then 

expanded into generation of electricity for lighting and set up a permanent generation 

system using wood fuel (PEA, 2000). In early years, electricity was relatively more 

expensive than other sources of energy and was considered a luxury. Therefore, it was 

available only to the wealthiest of fatnilies - as an expensive substitute for lamp oil, and 

to power household fans (PEA, 2000) . 

In 1897, a Danish con1pany sold its concession to an American company - Bangkok 

Electricity Light Syndicate - with a contract that the company had to supply lighting 

system for all streets and goven1ment buildings. However, the firm operated at a loss and 
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later transferred its concession to a Danish company - Siam Electricity Co., Ltd. The 

company's office was located at Wat Lieb which later became the head-office of the 

Metropolitan Electricity Authority (MEA). The company's power plant at Wat Lieb was 

of thermal power type, comprising six steam turbo generators with capacities ranging 

from 1,250 KW to 6,000 KW. The total generating capacity of the plant was 22,000 

KW. 

In order to accomplish the vision of King Rama V to spread the city's growth to the 

north, the Electrical Division of the Public Works Department was established in 1912. 

In the same year, this authority installed a power plant at Sam Sen with 25,500 KW 

capacity, in order to supply power to facilitate the construction of a filtering plant for 

Sam Sen Water Works and also to distribute surplus power to the public in the northern 

suburbs of Bangkok. Since then, electricity in the metropolis has been firmly established, 

with Wat Lieb power plant of Siatn Electricity Co., Ltd supplying power for the southern 

areas of Bangkok and the state run Sam Sen power plant covering the northern areas of 

the metropolis (EGAT, 2004). 

For provincial areas, the goven1ment first set up the municipal electric works and 

distributed power supply in Ratchaburi provjnce in 1927 and in Nakhon Pathom 

province 1n 1929. Subsequently, the establishment of the municipal electric works 

appeared in several provinces, for example, in Phuket, Chonburi, Chiang Mai and 

Phitsanulok (EGAT, 2001). In the early stages, private sector was allowed concessions 

in power production. 

Rural electrification efforts began when government set up a rural electricity division in 

the Interior Department that built power generating system in the town centre ofNakhon 

Phanom on the Laos border (Greacen, 2004). The system began generating electricity in 

1930. Most of the power plants in those days were small-sized diesel generators and 

operated only during the night time, thus providing uneven service. Therefore, in order 

to standardize the power industry in provincial areas, the government established, in 

1954, the Provincial Electricity Organization, which, in 1960, became the Provincial 

Electricity Authority (PEA), responsible for power distribution in all parts of the country 

except the n1etropolitan areas (Chummee, 1998). 
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At the end of the Second World War in 1945, the country faced severe electricity 

shortages as several power plants in the metropolis and other provinces were badly 

damaged by bombs. Firewood, paddy husk and oil used as fuels for power generation 

became scarce and expensive. Besides, the demand for electricity also began to rise after 

the Second World War (EGAT, 2001). The government put all efforts to relieve the 

energy crisis; studies and plans were carried out to explore and develop alternative 

indigenous energy sources. As a result of this , the government installed additional power 

plants at Lumpini, Kloynamthai, Bangkorleam and Thonburi with a total capacity of 67 

MW. In provincial areas, small municipal electric works were set up in several provinces 

and these authorities in some provinces also took over private electricity companies such 

as in N akhon Ratchasrima, Lam Pang, Khon Kean and Ubon Ratchathanee provinces. 

Further, the government established and reorganized the energy institutions, including 

the establishment of Bangkok Electric Work and the transfer of Siam Electricity Co., 

Ltd, in 1950, to be under control of Bangkok Electric Work when the concession of the 

company ended. In 1957, the Yanhee Electricity Authority (YEA) was formed and tnade 

responsible for providing power supply to 36 central and northern provinces. In the 

following year, the government established the MEA by tnerging Bangkok Electric 

Works and the Electrical Division of the Public Works Department. This authority was, 

in the initial stages, made responsible for the generation and distribution of electricity in 

the Bangkok Metropolis and three nearby provinces. In 1961, its function of generating 

power was transferred to YEA. Since then, MEA has been responsible only for the 

power distribution in the metropolitan areas. 

With the ain1 to develop indigenous fuel sources, the government also set up, in 1960, 

the Lignite Authority (LA), responsible for the production and distribution of lignite, its 

by-products and energy from lignite-fired power stations. For tnore efficient power 

supply in north-eastern provinces, the North-East Electricity Authority (NEEA) was 

established in 1962. In 1968, the YEA, LA and NEEA were merged to form the 

Electricity Generating Authority of Thailand (EGAT), a state-owned enterprise under the 

office of the Prime Minister. 

During this period, there were no common standards for electricity systems - especially 

the extent to which electricity would be generated in large power plants or by small 
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decentralized systems. The structure of the industry was fragmented. There was 

decentralized control of the regional/individual power plant. Further, the ownership of 

the industry was diverse; there were over 200 separate small cooperative, municipal or 

privately owned utilities (Greacen, 2004). It was unclear what form institutional 

aiTangements the Thai electricity industry should take, administratively or technically. 

The electricity distribution was uneven and the electricity price which depended on the 

concessionaire was diverse- ranging from 1.50 to 3.00 Baht per unit (EGAT, 2001). 

2.2.2 Industry Consolidation (1950-1979) 

In this period, international agencies and aid programmes began to exert considerable 

influence on the Thai economic policy and development programmes. International aid 

was particularly significant in such areas as training (including military), education, 

health, transpoti, power generation, public administration, telecommunications and 

agriculture (Dixon, 1999, p. 70). An event with unusual significance for subsequent Thai 

economic history was a World Bank advisory mission in 1957 (Warr, 1993). The 

1nission aimed to study the economic situation of the country and to provide 

recommendations for the establishment of a national economic planning system. 

According to IBRD (1959, cited in Warr, 1993), ' The report of this mission influenced 

Thai economic policy in two important ways: First, the report recommended a 

fundamental shift in the nature of public sector involvement in the economy-- away from 

direct production, via the extensive and highly inefficient public enterprise sector that 

existed at that time, and towards concentration on investment in the public infrastructure 

required for economic development (roads, ports, electricity supply, telecommunications 

and so forth) . Second, the report recommended a change in the government 's method of 

promoting private sector investment. ' 

The World Bank, in its report, argued that the Thai government agencies worked without 

a guiding vision and thus state initiatives were uncoordinated and ineffective (Unger, 

1998). The Bank, therefore, recommended the setting up of a central planning agency to 

make a continuing study of the nation's econon1y, and to draw up plans for its 

development. On the advice of the World Bank, the National Economic Development 

Board (NEDB) - a key entity with implications for the economy and polity - was 

established in 1959. In 1972, its nan1e was changed to the National Economic and Social 

Development Board (NESDB), with a view to emphasize the importance of social 
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development in the development process. Following the establishment of NESDB, 

several developmental institutions, notably the Board of Investment, the Budget Bureau 

and the Office of Fiscal Policy, were set up during 1959-60 (Dixon, 1999, p. 79). These 

institutions were headed by a small number of western trained technocrats who came to 

play major roles in the Kingdom's developmental policy (Muscat, 1994, cited in Dixon, 

1999). 

NESDB was responsible for preparing five-year development plans for the country. 

These plans have guided the transformation of Thailand from an agricultural to an 

industrial economy. The underlying philosophy of economic planning in Thailand was a 

commitment to a market economy. The First Development Plan (1961-1965) was 

essentially a public expenditure program. The principal objective was to encourage 

economic growth in the private sector through the provision of basic infrastructure 

facilities in transport, communications, power, social and public services, and agriculture 

(Warr, 1993). This plan initiated the modem era of development. The government 

shifted its role from dominating the economy through public investment to becoming a 

facilitator of private companies by providing fundamental infrastructure. Due to limited 

domestic savings, foreign borrowings by both the public and the private sectors were 

brought in to fill the gap. Trade deficits and government budget deficits were common 

phenomena in Thailand during those years. Ingram (1971, p. 305) notes that (Thailand 

has received a significant amount of external assistance in the form of foreign grants 

and loans since 1950 ... The World Bank has been the larger lender, followed by the 

United States and West Germany. These figures represent the gross amount of new 

loans,· repayment has been allowed for. In December 1969, external debt outstanding 

amounted to $300 million, which implies that about $200 million had been repaid. Loan 

funds have been used mainly for power, irrigation, port development, and 

transportation. During the period 19 5 0-1968, foreign grant and loans amounted to 

about $1,000 million, or 21 billion baht.' 

On the advice of, and concessionary financing from, the US AID and the World Bank, 

work began on a number of large generation projects (Greacen and Greacen, 2004). 

Bhumibol was one of the first of numerous World Bank loans to EGAT for building 

large-scale dams and power plants (Rich, 1994). Apart from hydro electric dams, several 

thermal (lignite, coal) power plants in the North, Central and South were installed in the 
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early 1960s (Greacen, 2004). In order to receive concessionary financing from the World 

Bank, Thailand was encouraged to form state-owned electricity companies (Greacen and 

Greacen, 2004). For example, EGAT is largely a World Bank creation; in fact, back in 

the late 1950s, the Bank insisted that the Thai government create an autonomous, 

independent power agency, which later became EGAT, as a condition for future power 

loans (Rich, 1994). The Bank was not only directly responsible for EGAT' s formation, it 

was EGA T 's main source of external financing, and thus exercised an important 

influence in its operation. 

In 1968, the Office of the Prime Minister issued the Electricity Generating Authority of 

Thailand Act, which established the EGAT by merging several regional state-owned 

generating authorities. EGAT was formed to exercise unified control over Thailand's 

main power stations (Bhumibol Dam and several lignite plants in the north and south), 

and control previously decentralized regional/individual power plants (Foran, 2006). By 

then, the Thai Ministry of Interior had enacted the Metropolitan Electricity Authority 

Act and the Provincial Electricity Authority Act, which in effect established the MEA in 

1958 and PEA in 1960. A structure of the Thai electricity industry was essentially 

vertically integrated; for example, EGAT was the sole agency responsible for generation 

and transmission of electricity to the entire nation. The distribution and retail service 

functions were the responsibility of MEA (in Bangkok, Nonthaburi and Samutprakarn) 

and PEA (in the provincial cities and the countryside). 

By 1981, over 50 per cent of Thai population had access to electricity (Greacen and 

Greacen, 2004). In Thailand, electricity was essential for industrialization and it also 

played an important role in national ideology, symbolizing a new type of social compact 

between the state and the citizen. According to Williams and Dubash (2004), 'In 

propaganda and popular consciousness alike, images of a society with universal and 

affordable electricity became important tropes of state-led development,· the conjoining 

of the electrification enterprise to the majesty of the state can be seen in the expression 

of Thai peasants -fay laung, the King electricity'. The role of electricity in powering 

Thailand's industrialization and the rapid expansion of the organizations involved made 

the three power utilities very strong politically. By the 1970s, these three power utilities 

were effectively self-regulating with the exception of basic financial requirements set by 

the Ministry of Finance (World Bank, 1995). 
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As noted above, the three power utilities were strong politically. It is, however, 

interesting to note that the most powerful player in the electricity industry is EGA T. This 

is partly because of its location within the government structure. According to Smith 

(2003): 

(Instead of EGAT being attached to an energy, development, or industry ministry, 

EGAT is directly under the Office of Prime Minister. EGAT absorbed the loin's 

share of development funds of the country is the largest public enterprise and is 

regarded by politicians as a vehicle for patronage in appointments and awarding 

contracts ... The size of EGAT in staff numbers, their dispersion throughout 

Thailand and the power the staff hold in providing electric power give them a 

political advantage no other public enterprise holds in Thailand ... EGAT employees 

are very well organized and regularly contest the decisions of the Prime Minister 

of the day and, minister in charge of EGAT and the EGAT board. Undoubtedly, 

any Prime Minister must tread warily when dealing with EGAT's well-organized 

employees, since they have the power to cut off the electricity' 

Further, EGAT has played a major role in central planning for economic development. 

Ryder (1997) cited that 'Following the first national economic and social development 

plan in 1961, EGAT has prepared an infrastructure investment plan every five years for 

approved by the Minister of Finance and the NESDB, based on the assumption that 

power supply expansion was both a cause and effect of economic growth.' Not only has 

EGAT involved in the economic development planning, but EGAT's political power has 

enabled it to control the privatization policy. For instance, EGAT employees have been 

rather vocal in their opposition to the privatization of state electric utilities. The recent 

cancellation of the electricity privatization program was attributed by many to the 

opposition by EGAT union. 

The multiplicity of the institutional regime for electricity as noted above posed some co-

ordination problems. For instance, the responsibility for tariffs, capital project proposals, 

annual financial performance, and requests for government equity and loans was shared 

by several agencies including the Committee for Power Policy and Development, the 

Budget Bureau, the Tariff Rate Committee, NESDB, Ministry of Finance (World Bank, 

1985). Often, there were conflicts and none of the agencies had the overall policy 
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responsibility. Decisions were typically made by a consensus of all the agenc1es, 

including the three state electric utilities . 

2.2.3 The foundation for privatization (1980-1989) 

During this period, several internal and external factors influenced the further 

development of the industry and laid the foundations for its privatization. These factors 

include high public sector debt in the electricity industry due to the oil price shocks of 

the 1970s; decreasing public and international donor funds for electricity as the 

country's planners adopted neo-liberal policies that emphasized reduced public sector; 

rapid economic expansion which subsequently resulted in rapid electricity system 

expansion; and institutional revolution. 

The Oil Price Shocks of the 1970s 

During the period of the Second Plan ( 1967-1971 ), there was a rapid expansion of the 

electricity system. Much of this expansion was financed by borrowings. Consequently, 

Thai utilities built up high debt with the energy sector accounting for over 46 per cent of 

all foreign loans between 1967 and 1971 (Greacen and Greacen, 2004). In fact, 

borrowing had been a key factor in the sector's strategy to meet the growing den1ands of 

the Thai economy (World Bank, 1985). But the charged tariff was generally lower than 

the cost of electricity generation. Since a national uniform tariff was adopted to enable 

the expansion of electrification to the rural areas where customers were mainly in the 

lower tariff groups, a cross subsidy from MEA to PEA was required with a mechanism 

which EGAT charged PEA a lower tariff for bulk power purchase (World Bank, 1985). 

The lower tariff was designed to compensate for the higher costs of rural electrification. 

Furthermore, because of heavy reliance on imported oil, the Thai economy suffered 

severely from the two oil price shocks of the 1970s. It is noteworthy to discuss in detail 

about the gove1nment's policy in response to these two crises. Thailand's policy 

reactions for the first and second oil shock were very different. After the first oil shock, 

the government attempted to alleviate the impact of energy price increase by introducing 

energy subsidies, which kept the domestic cost of energy below World prices, and public 

expenditure had been sharply reduced (Krongkaew, 1995). This policy, however, created 

consequential problem for the Thai economy which was addressed through structural 

3 Government pricing policies have imposed a uniform electricity tariff structure throughout the country, 
with urban electricity consumers effectively subsidized rural conswners. 
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adjustment in the 1980s. Jansen (1997, p. 133) expressed that 'The policy reaction to the 

external shocks of the early 1970s was very much a shock reaction to unanticipated 

external shocks, and with the benefit of hindsight, it can be said to have been an over-

reaction. The increase in import price (particularly oil) had been accompanied by an 

increase in prices of Thai exports, and the international recession that followed the first 

oil shock was mild and short-lived. Hence, the adverse impact of the external shocks on 

the Thai economy was probably less than the adverse impact of the contractionary 

policies.' 

The policy response to the second oil crisis was rather weak. Unlike in the first oil crisis, 

this time public spending increased significantly and a substantial fiscal deficit emerged, 

which was increasingly financed by external borrowing (Krongkaew, 1995). The rapid 

rise in World interest rates, which started in 1979, raised extensively the public sector 

imbalance because exten1al debts were rapidly rising and the debt service burden had 

increased. This pushed Thailand to a much weaker position and then was unable to 

mitigate the impact of oil increase. According to Jansen (1997, pp. 133-34): 

'The main policy problem in these years was the large public sector 

deficit ... Government expenditure and state enterprise investment remained at high 

level throughout the period 1980-85 ... The only bright spot was the improvement of 

the financial performance of the state enterprise. The domestic oil prices were 

progressively raised to bring them more or less in line with the international 

prices, the electricity price was increased by 17 per cent in October 1980 and 16 

per cent in January 1981 ... This was designed to correct serious price distortion 

and to encourage energy conservation, as well as to increase the state enterprises' 

income and saving. ' 

As a consequence of these two oil crises, Thai utilities were faced with a substantial 

debt. Especially between 1978 and 1981, Thailand's oil import bill tripled, sparking a 

debt crisis in which goven1ment debt peaked at 39 per cent of GDP (Pongphichit and 

Baker, 1998). This crisis forced Thailand to undertake a comprehensive economic 

adjustment program. Thailand took recourse to the IMF and the World Bank to agree on 

a structural adjustment program and obtain Structural Adjustment Loans (SAL). 

Thailand received support from the IMF in the form of Stand-by Agreements in 1981, 
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1982 and 1985, and from the World Bank through SALs in 1982 and 1983 (Jansen, 

1997). The 1981 Stand-by Agreement with the IMF aimed at reducing the public sector 

deficit and to restore international competitiveness (Jansen, 1997). During 1982-1983, 

Thailand took out Structural Adjustment Loans (SALs) from the World Bank with the 

conditionality that included increasing energy prices and implementing measures to 

privatize state-owned enterprises to reduce their colossal debt. However, this first effort 

to privatize utilities and liberalize electricity tariff was met with fierce opposition from 

labour unions of state electric utilities and independent academics, and finally defeated 

(Greacen and Greacen, 2004). 

Emergence of neo-liberal policies 

In the 1980s, there was a world-wide re-emergence of the neo-liberal ideology. In fact, 

the principles of free trade and capitalism have been the main guiding rules for economic 

development and social well-being in the western economies since the 18th century 

(Fathollahzadeh, 2006). Marx's criticism of capitalism, however, led to the downfall of 

this ideology. After the Second World War, the Keynesian macroeconomic policy, 

which believes that fiscal policy and government intervention are required to promote 

economic growth and to reduce unemployment, was adopted in both developed and 

developing countries (Sirasoontorn, 2004). The Keynesian policy was very influential in 

the World economy until the 1970s. The 1970s oil crises expressed itself in the form of 

high inflation and this occurred at the time when the World economy was experiencing 

recessionary business cycles with high unemployment (Fathollahzadeh, 2006). It was 

argued by the neo-classical economists that the Keynesian policy could not lead the 

economy out of the simultaneous probletns of unemployment and inflation 

(Sirasoontom, 2004). This gave rise to the re-emergence of the neo-liberal policy. 

Deregulation, privatization and free trade moved into the mainstream of political 

thought. Criticism of the Keynesian policies and championing of free markets moved 

rapidly from a few academic citadels and conservative think tanks into concrete policy 

under the Regan and Thatcher administration (Williams and Dubash, 2004). The 

ideology of reducing the role and intervention of government and relying on the market 

mechanism has subsequently been widely adopted. The economic policies influenced by 

neo-liberalisn1 were also adopted by the tnajor international organizations including the 

Word Bank and the IMF (Sirasoontom, 2004). 
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The role of international financial institutions was transformed as a consequence of these 

policies. Traditionally, they had supported the expansion of generation capacity through 

large-scale projects as discussed earlier. Under the new policies, they shifted their 

traditional emphasis on economic and social goals from assisting country in its 

infrastructure development to an emphasis on increasing efficiency, expanding the role 

of private investment and changing the way government managed electricity industry. 

As a result of this, there was a decrease in support funds -previously provided with low 

interest rates and long repayment periods - from these financial institutions. These 

external donors began to make their lending conditional to the government opening up 

its electricity market to private ownership and competition. As noted above, Structural 

Adjustment Loans (SALs) was one example of the conditional loans from the external 

donors. Economy-wide liberalization was coordinated through the vehicle of Structural 

Adjustn1ent Loans (SALs) (Williams and Dubash, 2004). 

Rapid Economic Expansion 

In contrast to the first half of the 1980s, there was a rapid and unexpected econon1ic 

growth during the period 1987- 92. Between 1985 and 1994, Thailand had been one of 

the fastest growing economies in South-East Asia; its GDP grew at an annual rate of 9.5 

per cent (IEA, 1997). This growth pri1narily resulted from a boom in manufactured 

exports and the n1assive inflow of private foreign investment (Krongkaew, 1995 p. 163). 

The industrial boom period was observed by Siamwalla (1997, p. 15): 

'Thailand received two unexpected bonuses from the rest of the world. The first 

was the sharp drop in petroleum prices in the beginning of 1986. The second was 

the reversal of the trend in exchange rates with the dollar beginning to depreciate. 

The government then made a critical decision, setting the stage for the boom that 

followed: it decided to tamper with the basket of currencies that determined the 

value of the baht, and increased the share of the dollar in that basket from about a 

half to 90 per cent. The baht consequently went down in value with the dollar. The 

consequence was a boom of unprecedented proportions. Thailand experienced 

double-digit growth rates in three consecutive years beginning in 1987. ' 

During this boom period, the annual electricity demand in Thailand increased at the rate 

of over 10 per cent. This rapid growth was brought about by a high rate of urbanization, 

an aggressive electrification program, a swift expansion in the service and 
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manufacturing industries and a favourable pricing policy which made electricity use 

more economic than other fuels. This substantially increased demand and caused power 

shortages. According to Krongkaew (1995, p. 163), 'By late 1989, it had become clear 

that bottlenecks were fast emerging and the economy was in danger of overheating. Lack 

of adequate transportation, port capacity, and electricity and water supply were 

becoming more and more apparent. ' Consequently, the Energy Planning and Policy 

Office (EPPO) (formerly the National Energy Policy Office of Thailand (NEPO), 

allowed EGAT to sign several Power Purchase Agreements (PPAs) with Independent 

Power Producers (IPPs) with contract terms ranging from 1 to 25 years (NEPO, 2000a). 

In order to attract private investment with ensuring healthy profits and low risk to 

investors, the government provided generous terms for the PP A. The PP As were 

typically structured as ' take-or-pay' contracts which guaranteed IPPs a minimum 

purchase, whether the electricity was used or not. 

Institutional Revolution 

In this period (1980-1989), the government was in transition from military dictatorships 

towards democracy. Before 1973, the central bureaucracy worked under the control of 

military rule. A catalytic pro-democracy student uprising in 1973 led to the en1ergence 

of a new breed of Thai political figures. Thai politics entered to a new phase. Especially 

during the Tinsulanonda government (1980- 1988), the democratization process in 

Thailand was gradually enhanced by restoring den1ocratic institutions and maintaining a 

balance between the political differences of the military, the bureaucrats, and the 

politicians (Sulistiyanto, 2002, p. 54). Economic interests, and the political parties 

associated with them, became more powerful as the economy developed. ADB (1999) 

noted that 'The three player game between the monarchy, bureaucracy and military 

became a four player game, as business interests played an increasingly important role 

in the House of Representatives. New dynamics- such as the media, student protests and 

the growth of civil society - were also growing factors in political and administrative 

life'. The rise of the politician with a business background in the parliament was, at that 

time, very impressive. Table 2.1 represents an increasing trend of business-oriented 

politicians in the Tinsulanonda's cabinet during 1980-88. This trend can1e in line with 

the emergence of neo-liberal policies and established the foundations for privatization. 
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Table 2.1: A number of business-oriented politicians in the Tinsulanonda's cabinet 

Cabinet From To business-oriented Total Per cent 
politicians 

Tinsulanonda I Mar/80 Jan/81 17 37 45 
Tinsulanonda II Jan/81 Dec/81 12 40 30 
Tinsulanonda III Dec/81 April/83 17 41 42 
Tinsulanonda IV May/83 Aug/86 21 44 48 
Tinsulanonda V Aug/86 April/88 21 44 48 

Source: Laotamata (1992 cited in Sulistayanto, 2002), p. 54 

2.2.4 The first step of electricity reform (1990-1997) 

Even though the first attempt to privatize the Thai electricity industry was not 

successful, domestic and international forces that supported privatization remained 

strong in the 1990s. This led to the formation of the National Energy Policy Office 

(NEPO) and the rise of IPP program. The formation of NEPO was described by Greacen 

and Greacen (2004) as: (Business-friendly prime ministers Prem (1980-88), Chatchai 

(1988-91), Anand (1991-92) and Chuan (1992-94) empowered pro-market reformers 

within the Thai civil service. Foremost among these in the energy sector was Dr. 

Piyasvasti Amranand, an ambitious neo classical economist with a PhD from the 

London School of Economics. In 1986, Piyasvasti became director of a new 

bureaucracy, the NEPO. NEPO was formed as secretariat to the newly formed National 

Energy Policy Council (NEPC), which serves as a direct line to the Prime Minister's 

Office on energy issues. ' 

The creation of NEPO was viewed as the first effort, after the establishment of EGAT, 

MEA and PEA, to reorganize the institutions involving in the electricity sector. As noted 

in Section 2.22, several government agencies were previously involved in the electricity 

sector in tenns of policy responsibility. The rise ofNEPO was intended to transfer all the 

policy responsibility to one entity (i.e. NEPO). Woo (2005) expressed that 'At the core 

of the institutional structure lies the Energy Policy and Planning Office (EPPO) -

formerly the National Energy Policy Office (NEPO) ... EPPO, the implementation arm of 

the National Energy Policy Council (which is chaired by the Prime Minister and 

represents the final authority on energy strategy in the country), is responsible for all 

policies relating to supply-demand forecasts, tariff structure, privatization and IPPs. It 

is expected that, if the privatization of EGAT goes through, EPPO (or a successor 

named under a still being discussed Electricity Act) will take over EGAT's remaining 
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planning and quasi-regulatory functions and become the independent regulator of this 

sector. ' Starting in the early 1990s, NEPO embarked on an ambitious electricity 

restructuring effort, the first stage of which was the introduction of Independent Power 

Producers (IPPs), to be followed by full competition in generation, and eventually retail 

competition (Greacen and Greacen, 2004). 

There were also pressures from the external donors. By the early 1990s, international 

financial institutions sent strong signals that they would no longer be able to provide the 

financing to expand electricity capacity in developing countries at projected rates 

(Williams and Dubash, 2004). In order to meet electricity demand, developing countries 

would have to tum to private sector. During this period, these exten1al donor agencies 

increased pressures to privatize, for instance, by creating barriers to accessing loans for 

electricity sector. For example, in 1993, the World Bank put in place a new electricity 

sector lending policy. This policy enunciated new conditions for obtaining loans from 

the World Bank. These conditions included the establishment of regulatory regime, 

commercialization and corporatization of the electricity sector, foreign ownership 

allowance, and encouragement of private investment (World Bank, 1993, pp. 55-76). 

The continuing pressures from the international financial agencies coming in parallel 

with the rapid rise of electricity demand created a situation which arguably saw private 

investment as the best alten1ative. This coincided with the entry of a surplus of private 

capital searching for investments with high rate of returns and led the initiation of the 

IPP program. The reason for this entry was noted by Williams and Dubash (2004) as: 

'Electricity trans nationals saw great opportunities in developing countries, where rapid 

projected growth in electricity capacity contrasted favourably with flattening demand 

growth in the industrialized world, and high rates of return beckoned. ' Between 1985 

and 1995, foreign capital flooded into Thailand, rising ten-fold, with total external debt 

increasing to US$ 80 billion by 1995 (Greacen and Greacen, 2004). 

The Small Power Producer (SPP) and Independent Power Producer (IPP) programs 

appeared to be the first steps of electricity reform in Thailand. A brief chronology of ESI 

reform in Thailand is presented in Table 2.2 . Much of the focus of this reform was to 

facilitate private participation in electricity generation in order to mitigate immediate 

electricity shortages. Since 1992, the government has promoted a greater role for the 
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private sector in the power generation business, in the form of both SPPs and IPPs 

(NEPO, 2000a). The government also approved, in 1992, the establishment of the 

Electricity Generating Company (EGCO) - a subsidiary company of EGAT, and the 

Ratchaburi Electricity Holding Public Company Limited (RA TCH), in 2000. Capital 

raised by the private sector came from the sale of shares of EGCO and RA TCH. After 

the EGCO was established, the IPP program was launched in December 1994 (Woo, 

2005). This represented a significant transformation of the Thai electricity sector which 

was previously centrally planned and coordinated. The private sector was allowed to 

develop, construct and operate of power projects. The IPP program was designed for 

large-scale power plants. For smaller developments, the SPP program was established to 

support clean electricity that made efficient use of fuel or used domestic renewable 

energy sources (Greacen and Greacen, 2004). This program allowed the projects with 

capacity sales up to 90 MW. Under the Power Purchase Agreements (PP As), both SPPs 

and IPPs sell electricity from their generating plants to EGAT. 

Table 2.2: A brief chronology of ESI reform events in Thailand 

Reform Events Year 
-Electricity law mnendment 1992 
- Establishment of Electricity Generating Public Co Ltd. (EGCO) 

-Privatized EGCO- subsidiary company of EGAT 1994 

-IPPlaw 1996 

- EGAT privatization plan (Master Plan) 1998 

-Approval of the principle of establishment of an independent regulator 1999 

- Establishment of Ratchaburi Electricity Generating Co Ltd. ( RA TCH) 2000 
- Approval of Price-based power pool model 
- Approval of the draft Energy Supply Industry Act 

-Proposal for New Electricity Supply Arrangement (NESA) model by EPPO 2002 
- Proposal for Partial liberalization, Cost-based power pool, Transitional model to 

net pool and Electricity Relation Cmnmittee's (ERC) model by EGAT 

-Abandonment of Price-based power pool 2003 
-Approval ofEnhanced single buyer (ESB) model 

- Postponement of privatization 2004 

- Establishment of Electricity Regulatory Board (ERB) 2005 

- Resignation of regulatory cmnmittees in ERB 2006 
----

-Enactment of the Energy Industry Act B.E. 2550 2007 

- Establishment of Energy Regulatory Commission (ERC) 2008 

Sources: EPPO (2008), EPPO (2007a), Chirarattananon and Nirukkanapom (2006), Williams 
and Ghanadan (2005), and Sirasoontmn (2004) 
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As a result of IPP and SPP programs, the role of the private sector has been increasing. 

Figure 2.1 reveals that the proportion of electricity generated by EGAT has decreased 

from 89 per cent of the gross electricity generated in Thailand in 1995, to 46 per cent in 

2007. During the same period, the proportion of electricity generated by the private 

sector has increased from 11 per cent in 1995 to 54 per cent in 2007. The purported aim 

of this initiative was to reduce EGAT' s investment burden and bring down the overall 

power generation cost to levels that are lower than the generation cost in the public 

sector (NEPO, 2000a). 
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Figure 2.1: Electricity generation and purchase in Thailand 
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The IPP and SPP programs were judged as successful by the government on the ground 

that there was a strong interest from both domestic and foreign investors, and that 10,555 

MW of new capacity was added over the period 1995-2008 (EPPO, 2009). Against this 

backdrop, the government proposed to undertake further reform the electricity industry. 

In 1996, the government passed a resolution that would allow the separation of 

generation, transmission, and distribution businesses. However, this proposal was 

strongly opposed by the electric utilities . 

Apart from the IPP and SPP programs, another program that could reduce the investlnent 

burden of EGAT is purchasing electricity from neighbouring countries . The Thai 

government signed a Memorandun1 of Understanding (MOU) with the Lao PDR, the 
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Union of Myanmar and the People's Republic of China in 1993, 1997 and 1998, 

respectively (NEPO, 2000a) . Not only did Thailand have a positive experience in 

purchasing electricity from neighbouring countries, but it also has played active role in 

fostering peace, economic and social cooperation among the countries in the Greater 

Mekong Sub-region (GMS) and in A SEAN (AIT, 2002). For example, in terms of power 

generation and power exchange, Thailand has purchased power from Lao PDR under 

two projects: Nam Theun Hinboun and Houay Ho project which were commissioned in 

March 1998 and September 1999 respectively. According to Woo (2005), 'Over the last 

few years, EGAT has consistently purchased electricity equivalent to roughly 1.5-3% of 

its consumption from Laos and 2% of its consumption from Malaysia. ' As a member of 

GMS and ASEAN, Thailand has participated in attempts to develop regional electricity 

grids. These cooperative activities have provided benefits to Thailand and its neighbours. 

For instance, in terms of power exchange between Thailand and Lao PDR, Thailand has 

gained benefits of delaying investment in generation capacities required to meet the 

growing demand whereas Lao PDR has gained benefits from the sale of electricity 

reserve n1argin. Interconnection of electricity grids and power exchange are forms of 

energy integration. It could achieve economic and social benefits for the overall system 

such as supply stability, lower production cost and environmental benefits (AIT, 2002) . 

2.2.5 Proposal for market-oriented reform (1998-2008) 

Despite the fact that the IPP and SPP programs could tnitigate immediate power 

shortages, the pressures to further reform the electricity industry continued. The Asian 

financial crisis in 1997/98 was the main catalyst for accelerating the reform process. 

This crisis made deep impacts on the whole econotny of Thailand including the 

electricity sector. It resulted in economic slow-down and caused significant decline in 

electricity demand. This created a condition of excess capacity. The drop in electricity 

demand combining with an appreciable depreciation of Thai currency pushed the electric 

utilities into precarious financial situation. On 14 August 1997, the Minister of Finance 

and the govetnor of the Bank of Thailand (BOT) co-signed the first Letter of Intent 

(LOI) comrnitting Thailand to the economic adjustment package outlined by the IMF 

(Sirasoontom, 2004). According to the first LOI, the government agreed to accelerate 

privatization in key commercial and infrastructure sectors and to review and improve the 

legal framework for private sector participation, including preparation of a 

corporatization law. In the subsequent LOI, the government has restated its commitn1ent 
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to reform the state enterprise sector and has further defined its objectives with respect to 

reform program. The financial woes of the state utilities, coming in parallel with the new 

IMF loan conditions that emphasized privatization of the utilities, gave the impetus for 

accelerating the reform process. As a result of this, the government committed to new 

structural reforms including privatization of state-owned enterprises in conformance 

with the agreement for international financial loan and to improve liquidity in the 

electricity sector. According to NEPO (1999), 'The cabinet resolution of 1 September 

1998 gave consent to the Master Plan for State Enterprise Sector Reform, which will 

serve as a framework in determining the scope and direction of restructuring and 

privatization of four main economic sectors including the energy sector. ' 

As discussed earlier, the Asian financial crisis stimulated the electricity industry for 

further reform. The second step of electricity reform in Thailand appeared in the forn1 of 

the Master Plan 
4 

including restructuring and privatization of electricity sector. 

According to the Master Plan, 'privatization is defined as all measures that increase 

private sector participation in sectors where government enterprises presently operate. 

It includes divestiture of state owned enterprises or assets (ownership transfer), 

concession arrangements, joint ventures, management contracts, leasing outsourcing, 

contracting of services, deregulation which increases competition, creation of needed 

regulatory bodies, and introduction of new competitors. ' In order to ensure that the 

impletnentation of SOE reform and privatization have been carried out in a cohesive 

manner, the government established the State Enterprise Policy Commission (SEPC) to 

take responsibility of identifying and initiating divestiture of fast track enterprises, 

appointing privatization advisors, and preparing the Master Plan. 

As previously mentioned in Section 2.24, a significant program of private sector 

participation has already been undertaken in the Thai electricity industry, primarily 

based on extensive use of IPPs and facilitation of privately owned distributed generation 

facilities under the SPP program. The next stage of the industry transformation intended 

to build on the existing model by creating competitive markets across all elements of the 

industry. The main emphasis of the second step of electricity reform was to provide a 

4 The Master Plan provided guidelines, principles, and practices for increasing effective private sector 
participation in the economy and served as the basic blueprint for this refonn. The main underlying 
principle of this plan was to deregulate the industry wherever possible to increase competition. 
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market orientation to the electricity industry by introducing competition in electricity 

supply and providing choice to customers to select their electricity service providers. 

This reform, in the context of this research, is defined as the market reform. The 

observation of this market reform was well made by Sharma (2003): 

'The market reform was influenced by emergent global ideologies including: the 

increased globalization of the world economies created pressures to improve 

international competitiveness of individual economies; a view that domestic 

competitiveness is a prerequisite for improving international competitiveness; a 

belief that domestic competitiveness is best measured in terms of economic 

efficiency and that economic efficiency is synonymous with community welfare,· 

faith that economic efficiency is best enhanced by organizing and managing the 

economy according to the free market principles, largely dominated by the private 

sectors,· the argument that competition and choice are the corner stones of the 

market model and hence for maximizing economic efficiency.' 

The success of the implementation of market n1odel from several countries, for example 

United Kingdom, Australia, and New Zealand, encouraged Thailand to apply this model 

to the Thai electricity industry. In the case of Thailand, the tnarket-oriented reform vvas 

initiated with a belief that it would: (NEPO, 1998 & 1999) 

• reduce the investment burden of the government; 

• improve the economic efficiency of the industry, as measured by decreased costs 

of production and/or price of service; 

• in1prove quality of service, including enhancing consumer choice; 

• complete needed infrastructure investment projects; 

• reduce subsidies and loan guarantees to state electric utilities; 

• utilize the proceeds from the sale of state electric utilities for reinvestment in the 

economy and social sector; 

• improve and/or expand services; 

• create new employment opportunities; and 

• enhance government ability to invest in social and public services. 
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In view of the new institutional arrangements, following the creation of NEPO, the 

establishment of Ministry of Energy (MOE) marked a significant institutional change in 

the electricity industry. Sirasoontom (2004) noted that 'The Ministry of Energy (MOE) 

was set up in 2002 to unify more than 20 government agencies in the nine ministries and 

SOEs directly related to the energy planning policy, regulation and implementation. The 

MOE, established under the Parliament Act for reorganizing Ministries and Divisions, 

has the authority cover the procurement, development and management of energy in 

Thailand. ' As a consequence of this, NEPO was renamed to become the Energy Policy 

and Planning Office (EPPO) and its policy-influencing role was reduced considerably. 

Previously, EPPO directly reported to the Minister. Under new arrangements, it reports 

to the Energy Permanent Secretary (Greacen and Greacen, 2004). In addition, the state 

electricity utilities: EGAT (formerly under the Office of the Prime Minister), and MEA 

and PEA (formerly under the Ministry of Interior) were transferred to the MOE. 

The following discussion provides description of policies and plans relating to ESI 

restructuring and privatization since the Master Plan was approved in 1998. On 25 July 

2000, the Chuan Government approved the introduction of a price-based power pool 

model. This model was based on the recommendation of a study commissioned by 

NEPO; this study was conducted by a consortium of foreign management consulting 

firms consisting of National Economic Research Associates, Barker Dunn & Rossi, 

Cameron McKenna and Presko Shanwick, led by Arthur Anderson Co. Ltd. (NEPO, 

2000a). Greacen and Greacen (2004) noted that 'The studies' broad objective was to 

finalize the long-term structure of the electricity supply industry in Thailand. The work 

ultimately included detailed plans, codes, rules, processes and legislative instruments 

relating to the disposition of Thai utility assets, design of a competitive market and a 

regulatory authority to oversee the market.' According to this study, generation 

companies would offer competitive bids into a wholesale power pool, while the newly 

established Independent System Operator (ISO) would be responsible for merit order 

dispatch, regulated distribution companies would be responsible for power distribution 

within their areas, and retailing companies would compete in the retailing market. The 

independent regulator would regulate the natural monopoly (transmission and 

distribution sections) and also promote real competition in generation and retailing 

sections. EGAT, MEA and PEA were reco1nmended to be split into separate companies 

and privatized. 
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The change of government, from the Chaun to Thaksin in 2001, however delayed the 

implementation of this proposal (Sirasoontorn, 2005). This, argue some, was due to the 

following reasons. 

• The concerns expressed by EGAT officials and independent academics about the 

issues that could arise from the undertaking of the proposed reform program, 

namely, price volatility, system reliability and adequacy of supply, abuse of 

market power, environment and impact on unprofitable customers in rural areas. 

• The experience gained from the California power crisis and the implementation 

of the New Electricity Trading Arrangement to replace the power pool in the UK 

in 2001 and hence the merits of introducing a power pool in Thailand. 

• The opposition expressed by EGAT employees on the grounds that the power 

pool is a risky and expensive electricity trading system. Moreover, they were 

concerned about loss of job security and benefits, and loss of employment 

without adequate unemployment benefits. 

Another aspect wotih tnentioning is that the ideology that emphasized market forces was 

reversed during the tenure of Thaksin government. This also played a role in the 

downfall of the power pool model. According to Palettu (2004): 

'Thaksin ruled out the idea of creating a competitive market for electricity for fear 

that l(in a free market, foreigners come to take stakes in power plants and 

electricity prices soar )J. From his inauguration, Thaksin steered Thailand away 

from its long-held embrace of the free market and towards more self-reliance and 

less foreign participation in achieving economic growth ... With respect to state-

owned enterprises (SOEs), Thaksin viewed them not as inefficient dinosaurs 

needing to be broken up but rather as potentially powerful engines of the country, 

if owned and controlled by Thais. In Thaksin 's view, partial privatization of SOEs 

did not preclude their use as tools to achieve national aims such as expanding 

Thailand's economic influence in other countries and boosting the Stock Exchange 

a/Thailand (SET). ' 
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As a result of this, the government finally dropped this model and turned to emphasis on 

partial privatization of SOEs. According to Sirasoontorn (2004), 'Even though the 

implementation of the ESI reform plan was delayed, plans for preparing EGA T, MEA, 

and PEA to be corporatized and listed in the Stock Exchange were approved by the State 

Enterprise Policy Commission (SEPC) on 20 August 2002.' After the power pool model 

was dropped, the new Thaksin government called for further study on the most 

appropriate ESI model for Thailand. Several ESI models were proposed by both EPPO 

and EGAT. 5 In 2002, EPPO proposed the New Electricity Supply Arrangement (NESA) 

which is based on the New Electricity Trading Arrangement (NET A) of the UK. Under 

the NESA model, the electricity market is fully liberalized in both generating and 

retailing segments. Bilateral contracts are employed for electricity trading in the 

liberalized market. During the same time, EGAT proposed the multiple buyers/multiple 

sellers - Partial Liberalization (PL) model. In the proposed PL model, the electricity 

market is partially opened up to allow the large industrial users to purchase power 

directly frorn the generators. The proportion of the liberalized market does not exceed 30 

per cent of the total electricity demand. 

In addition, EGAT appointed two consultant teams to study and recomtnend a suitable 

reform structure. A cost-based power pool was proposed by Kema Consultants and Siam 

Con1mercial Banlc Under the cost-based power pool model, all restructuring process is 

similar to the recommendation of the price-based power pool. The difference is that 

generators bid at their marginal costs or actual or estimated variable production cost of 

supply instead of bidding at their willingness to supply. The other model, Transitional 

n1odel to New Pool, was recommended by the Asian Institute of Technology (AIT). In 

the Transitional model to New Pool model, there are two models recommended for the 

intennediate and long terms. Under the model for the intermediate term, competition is 

introduced in generation and separation of generation and transmission is recommended. 

A System Agent (SAGE) is formed from the remaining units (minus generation) of 

EGAT after all generating facilities have been separated. SAGE will separate into two 

bodies, one to operate the power balancing market only and one to operate as a regulated 

retailer to fulfil the remaining obligation of PP As. A modified form of IPP arrangement 

with special PP A is created. In the model for the long term, the proportion of electricity 

5 The structure and characteristic of these models are provided in Appendix I, pp. 250-255. 
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trading through bilateral contracts outside SAGE is expected to grow. SAGE is finally 

performing more of system balancing and less of electricity trading under PP A. 

In the midst of the study period, Electricity Relation Committee (ERC) - a joint 

management-labour union of EGAT, also proposed the model that claimed to be similar 

to the model intended to be used in Taiwan. Under the ERC's model, customers are 

divided into two groups, those in the captive market and those in the free market. 

Transmission access is opened to large industry customers. Negotiation would be used to 

terminate PPAs of IPPs and SPPs. All new private generators compete to sell in the 

competitive market. In the free market, there is no pool and no buying or selling 

mechanism is created. 

On 23 December 2002, the MOE, through EPPO, organized a seminar on ESI reform to 

brainstorm and discuss about the optimal ESI model by comparing the current structure 

with the models discussed above, particularly in relation to electricity system security, 

competition, tariff, regulation, quality of service and public share offering (EPPO, 2002, 

cited in Sirasoontom, 2004). The deliberations at the seminar were, however, unable to 

achieve a consensus on a specific model that would be acceptable to various interests. In 

fact, these deliberations suggested that there were stark differences of opinion on this 

matter. For exan1ple, EGAT, MEA and PEA argued for the retention of the monopoly 

a1Tangen1ents whereas the govemrnent supported an unbundled and privatized industry 

with the logic that such an arrangen1ent would attract capital investment and promote 

capital market development. The proponents of privatization often cited the example of 

privatization experience of the Petroleum Authority of Thailand (PTT), in 2001. Finally, 

the models proposed by both EPPO and EGAT were dropped by the Thaksin 

administration. 

Due to a reversal of the economic ideology by the Thaksin government as discussed 

above, an ESI model which was safe from foreign takeover and would place Thailand as 

a regional leader in the electricity areas came to the forefront. This resulted in the 

transformation of the objectives to reform the Thai electricity industry which formerly 

were set on increasing private-sector participation and competition to achieve efficiency. 

They then were replaced by ensuring national efficiency and competitiveness, and 

securing regional leadership and building a strong National Champion in the energy 

sector (Greacen and Greacen, 2004). With the aim of being a National Champion, 
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EGAT was necessarily required to be big in order to compete with multinational 

companies in developing energy projects in neighbouring countries. 

On 9 September 2003, the Cabinet approved the cancellation of the Cabinet resolution of 

25 July 2000 on the ESI reform and the establishment of power pool, and assigned the 

MOE to conduct further study on the ESI model. During this time, it appeared that the 

future direction for the ESI restructuring model was unclear, however, the Cabinet 

approved to corporatize the whole of EGAT as a public company under the 

Corporatization Law. After being tasked by the Cabinet on 9 Septen1ber 2003, MOE 

hired Boston Consulting Group (BCG) to conduct a study on strategies for the 

development of Thailand's energy sector and the power sector efficiency improvement 

program. This study includes studies on ESI model, the regulatory framework and the 

tariff mechanism for Thailand (BCG, 2003). 

The BCG proposed five alternative ESI structures: Full Competition (FC) model, 

Con1petitive Bilateral Contract (CBC) model, Partial Competition (PC) model, Enhanced 

Single Buyer (ESB) tnodel and Super National Chan1pion (SNC) model.6 The FC tnodel 

is similar to the power pool model which was previously studied and proposed by 

NEPO. The CBC model follows the NETA concept; however there are some features of 

the CBC model that are different from NETA. In the CBC model, EGAT's generation 

and transmission are not unbundled. Systen1 operator is not independent and is ring 

fenced within EGAT and there is no explicit bilateral contract market. The PC model is 

similar to the PL tnodel. Under the PC model, EGAT is anticipated to be account 

unbundled as it moves into the generation and transmission business. The ESB model is 

similar to the current model. In the ESB model, the entire whole sale energy is purchased 

by the single buyer. Under the SNC n1odel, EGAT, MEA and PEA are integrated into a 

holding company. 

In September 2003, a steering committee was formed to advance strategies for the 

development of Thailand's energy sector and power sector efficiency improvement 

program. This steering committee was chaired by the Energy Permanent Secretary, and 

included academics, political advisors, officials from Energy and Finance Ministries, and 

utilities (Palettu, 2004). The committee discussed the refom1 model proposed by the 

6 More details on these models are provided in Sirasoontom (2004) 



41 

Boston Consulting Group and agreed that the ESB model was the best alternative that 

should be adopted not only for ESI restructuring in the foreseeable future, but also to 

facilitate the process of corporatization and privatization (BCG, 2003, cited in 

Sirasoontorn, 2004). In December 2003, the Cabinet approved the new ESI structure and 

the establishment of a regulatory body, the Energy Commission of Thailand 

(Sirasoontom, 2005). The Energy Commission of Thailand was established and 

governed as an autonomous agency under Ministry of Energy. 

The success, as claimed by the government, of the Petroleum Authority of Thailand 

(PTT) privatization, in 2001, gave the impetus for accelerating the privatization of the 

state electric utilities. The Initial Public Offering (IPO) of EGAT, MEA and PEA were 

scheduled in the first, third, and fourth quarters of 2004, respectively. However, 

following renewed protests from EGA T and other labour unions, the Thaksin 

government decided, on 23 February 2004, to put the privatization of EGAT on hold 

indefinitely (Sirasoontorn, 2004). The EGAT labour union, being supported by the labour 

union of other SOEs, including MEA and PEA, the State Enterprises Labour Relations 

Confederation and the International Federation of Chemical, Energy, Mine and General's 

Workers union, clain1ed that the privatization of EGAT would lead to an increase in 

electricity bills and were worried that shares in EGAT would fall into the hands of 

powerful politicians or businessmen after being listed in the Stock Market (Sirasoontorn, 

2004). 

In early 2005, the Thaksin government was re-elected and the privatization program of 

state enterprises was revived. EGAT was the first public enterprise to be corporatized in 

April 2005, and it was scheduled to be listed on the Stock Exchange in October 2005. A 

group of NGOs and labour unions filed a petition with the Supreme Court a few days 

before the scheduled listing (The Nation, 2005). On 23 March 2006, the Supreme Court 

ended the move to privatize EGAT, by revoking two Royal Decrees that led to its 

corporatization in 2005. As a consequence of this verdict, EGAT remains a state 

enterprise and the plans for its stock market listing have been cancelled (Sirasoontorn, 

2007). 

With the view to provide effective regulation, the Thaksin governtnent established the 

interim regulator, namely, the Electricity Regulatory Board, on Decetnber 1, 2005 
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(EPPO, 2005b ), as a precursor for the establishment of a permanent regulatory authority 

under the Energy Industry Act. 

The September 2006 military coup put on hold further changes to the structure of the 

electricity industry. It is also resulted in the resignation of the interim regulators. In 

December 2007, the government enacted the Energy Industry Act (EIA) B.E. 2550 

(2007) which envisioned the establishment of an independent regulatory body, namely, 

Energy Regulatory Comrnission (EPPO, 2007a). The Energy Regulatory Commission 

(ERC) was established on 1 February 2008. This regulatory body is responsible for 

regulation of the energy sector including electricity and gas. This regulatory body is 

expected to help increase transparency, creditability and public participation in the 

energy sector decision-making. 

The current structure of the Thai electricity supply industry, as shown in Figure 2.2, is a 

kind of monopsony. Under this structure, EGAT is a single buyer. It is responsible for 

about 50 per cent of electricity generation and all of the transmission networks in 

Thailand. Under the IPP and SPP schemes, the IPPs are obliged to sell their entire output 

to EGAT. The SPPs, however, can sell to their electricity either to EGAT or to industrial 

custotners located next to the SPP plants. The MEA and PEA, which are responsible for 

electricity distribution, buy electricity fron1 EGAT. EGAT also sells a small portion of 

its electricity to some large customers directly connected to its transmission. A summary 

of historical evolution of the Thai electricity industry is provided in Table 2.3. 
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Figure 2.2: Current structure of the Thai electricity industry 



Organizational Structure 
Structure 

Ownership 

Regulation 

Institutional Environment 
(National & International) 
- Economic, Social & 

Political 

Table 2.3: Evolution of the Thai Electricity Supply Industry (ESI) 

1884-1949 

Fragmented structure: 
decentralized control of 
the regionaVindividual 
power plants 

Diverse Ownership: 200 
separate small 
cooperative, municipal or 
privately owned utilities 

No specific regulation 

World War I & II 
The rise of constitutional 
monarchy, 1932 

1950-1979 

Vertically integrated: 
centralized control and 
establishment of EGAT, 
MEA&PEA 

Public ownership: 3 state-
owned utilities 

Effectively centralized 
operation and planning by 
the 3 state utilities under 
the control of several 
government agencies 

Advisory mission of the 
World Bank, 1957 
Setting up of the central 
planning agency -
NESDB, 1959 
Initiative for the modern 
era of development - 151 

development plan 
The Oil Price Shocks of 
the 1970s 
Institutional revolution 

1980-1989 

Same structure 

Public Ownership 

Centralized operation and 
planning 

Undertaking of a 
comprehensive economic 
adjustment program 
Emergence of neo-liberal 
policies 
Rapid economic 
expans10n 

1990-1997 

Monopsony model: 
Competition in generation 
business 

Mix of public & private 
ownership: 3 state utilities 
(EGAT, MEA & PEA), 
IPPs & SPPs 

Electricity law 
amendment, 1992 
IPP law, 1994 

The 1991 military coup 
Formation of EPPO 
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1998-2008 

Same structure 

Mix of public & private 
ownership 

Proposal for a market-
oriented reform - the 
Master Plan 
Enactment of the Energy 
Industry Act B.E. 2550 
Establishment of Energy 
Regulatory Commission 

The East Asian financial 
crisis of 1997/98 
The California crisis, 2000 
The rise of Thai Rak Thai 
(TRT) political party 
Establishment of Ministry 
of Energy, 2002 
The September 19, 2006 
military coup 
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2.3 Rationale behind electricity reform 

Over the past fifteen years, the Thai electricity industry has undergone several changes, 

from state electric utilities to partial privatization (i.e. EGCO and RA TCH), to limited 

private participation in generation business (IPP and SPP programs), to a proposal for 

market-oriented reform and finally building EGAT as a 'National Champion'. This 

transformation, based on the historical review of the Thai electricity industry (Section 

2.2), has its roots in several internal and external developments, and influences. For 

example: 

• One maJor influence behind electricity reform was pressure from the 

international financial institutions such as the World Bank, International 

Monetary Fund (IMF) and Asian Development Bank (ADB). The role of these 

institutions was significant in promoting, strategizing and even compelling 

electricity reforms in Thailand. The Structural Adjustment Loans (SALs) 

program was marked as the first effort to privatize the state electric utilities. 

During 1982-1983, Thailand adopted the SALs from the World Bank, and this 

came with the conditionality that included implementing measures to privatize 

state-owned enterprises. Additionally, there was another attempt, by these 

external donors, to push for the private sector. Insufficient support fund for 

electricity was used to justify the argun1ent that private capital was the only 

option for financing electricity capacity expansion. Further pressure for 

electricity reform was created by the Asian financial crisis in 1997/98. This crisis 

gave another chance to the IMF to further press for the privatization of state 

electric utilities. The Letter of Intents (LOis) included the Thai government's 

commitment for new structural reform. In fact, it should be evident from the 

earlier discussion that the international financial agencies have continuously 

played an important role in shaping the Thai electricity industry since the 1960s. 

Especially the World Bank, its influential role has been increasing since the 

formation of EGAT. The Bank was not only the main source of external 

financing, it was also involved in providing advice on matters of planning and 

strategy, including the policies for electricity reform, through its working papers 

and reports. 
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• Another significant influence for electricity reform arose in the context of major 

economic crises, for example, the oil price shocks of the 1970s and the Asian 

financial crisis in 1997/98. As discussed above, these crises created opportunity 

for the international donor agencies to impose new funding conditions on 

developing countries; this resulted in economy-wide reforms - conditions 

outlined by the donor agencies. For example, market reforms under the Structural 

Adjustment Loans (SALs) and the Letter of Intent (LOis) by the World Bank and 

IMF respectively. More interestingly, the undertaking of electricity reform was 

included in both of these two programs. For instance, the LOI, which committed 

Thailand to the economic adjustment package, covered the corporatization and 

privatization of state electric utilities. 

• Domestic forces were also in1portant. The process of democratization led to the 

emergence of new liberal business leaders. Accordingly, the political ideology 

changed in favour of the market. Previously, the government considered 

electricity as vital ingredient for social and economic development of the 

citizens. Therefore, the government took all the responsibility for electricity 

proviSion. It resulted in the establishment of a vertically-integrated public 

monopoly structure for the electricity industry. Under the market-oriented 

political leadership, the government created a space for the private sector in 

electricity development. Besides, the economic crisis also created a political 

opportunity for the market-oriented government to implement its privatization 

policy. Privatization appeared to the government as a vehicle of attracting private 

capital flows to address fiscal crises. 

• It has been alleged by some that self-interest by the ruling elites was also a 

significant factor behind electricity privatization. Some of the business-oriented 

politicians with dual roles- as citizens' representatives and as executive directors 

of companies - played a part in promoting privatization of the industry. They 

stood to gain personally fron1 the transfer of public resources to the private 

sector. The example of this was given by Palettu (2004) in the case of PTT 

expenence: 
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'The PTT public offering was ridden with private deals. Though} the government 

initially targeted over 1 OOJ 000 first-time investors} there were reports that the 

majority of the shares for sale to retail investors had been reserved for 

politicians} banks J preferred clients} and journalists} leaving retail investors who 

stood in long lines to return home empty-handed. A nephew of Suriya 

JuengrungruangkitJ the Minister of Industry overseeing PTT and secretary 

general of Thai Rak Thai (TRT) party} was reported to have acquired 22 times 

the maximum amount of PTT shares distributed to retail investors.' 

2.4 Summary and conclusions 

The n1ain points of this chapter are summarized as follows : 

• In the early years (1884-1949), there were no common standards for electricity 

systems. The organizational structure of the Thai electricity industry was 

fragmented. The ownership of industry was diverse; there were over 200 small 

cooperative, municipal or privately-owned utilities. It was unclear what form 

institutional arrangen1ents the Thai electricity industry should take, 

administratively or technically. The electricity distribution was uneven. The 

electricity prices varied widely across regions and customers due to the absence 

of electricity tariff regulation. 

• During the industry consolidation period (1950-1979), international agencies 

began to play an influential role in the development of the Thai economy. The 

setting up of a central economic plan, as recommended by the World Bank, has 

n1ade significant contributions to initiating the modem era of developtnent in 

Thailand. This development resulted in the creation of a vertically integrated 

public electricity monopoly. In fact, this creation was influenced by several 

factors. One primary factor was the recommendation from the World Bank; such 

as industry structure, it is argued by some, was one of the conditions for future 

power loans. The viewpoint of the government that saw electrification as key 

vehicle of state-led development, in terms of its central role in promoting 

industrialization and raising living standards, also contributed to this creation. 

This point of view led the rapid expansion of the organizational structures of the 

three power utilities, and also made then1 politically powerful. 
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• In the foundation for privatization period (1980-1989), a mix of internal and 

external factors influenced the further development of the industry and laid the 

foundations for privatization. One major factor was high public sector debt for 

the electricity industry because of the oil price shocks of the 1970s. This led 

Thailand to undertake a comprehensive economic adjustment program including 

the privatization of the electricity industry. The other important factor was there-

emergence of neo-liberal policies which transformed the role of the international 

financial agencies. Under these policies, the agencies shifted their traditional 

emphasis on econon1ic and social goals from assisting country in its 

infrastructure development to an emphasis on increasing efficiency, expanding 

the role of private investment and changing the way the government managed its 

electricity industry. The rapid economic expansion which subsequently resulted 

in rapid electricity den1and was the other factor which gave the impetus for 

allowing private sector participation in electricity generation. Then, there was the 

emergence of market-oriented politicians who not only adopted the ideology of 

free market but saw privatization as a way of attracting private investment to 

help reduce financial debts. 

• One can also make an observation on the political power wielded by the state 

electric utilities that enabled them to control the privatization process. The period 

1980-1989 witnessed, for the first time, a fierce opposition from powerful 

electricity utilities to the privatization policy. Any plans for privatization 

accordingly engendered protests by these utilities. Such protests were often 

supported by other labour unions. This was a significant factor in the failure of 

the government to privatize the electricity industry. 

• During the period 1990-1997, the first steps of electricity reform in Thailand 

appeared in the form of the IPP and SPP programs. A rapid economic expansion 

during the 1980s created electricity capacity shortages. This coincided with the 

shift in policy of the external donor agencies that pushed Thailand to look for 

private investments in order to meet the sharp increase in electricity needs. This 

situation occurred at a tin1e when there was a surplus of private capital searching 

for investments with high rates of returns. This led to the rise of the IPP program. 
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This period saw an important transformation of the Thai electricity industry. The 

structure of the industry began a transition from a vertically-integrated monopoly 

towards a single buyer structure, allowing private sector participation in 

generation business. The rise of NEPO was an important change in the 

institutional evolution of the electricity industry. 

• In the period 1998-2008, pressures to further reform the industry continued 

despite the alleviation of electricity shortages by IPP and SPP programs. The 

Asian financial crisis of 1997/98 was the main catalyst for the introduction of 

market-oriented reform in Thailand. The market reform, as one part of economic 

adjustment program by IMF, demonstrates the continuously dominant role of the 

international agencies in influencing the adoption of market principle. The 

establishment of MOE, during the Thaksin government, led to a decrease in the 

influence of NEPO and this implicitly signaled to the external agencies that the 

free market principle would be no longer popular in Thailand. The idea of 

creating competitive market for electricity was replaced by building EGAT as a 

National Champion. The notions of choice and con1petition were therefore 

relegated to the background and increasing attention was focused instead on the 

privatization of the industry. 

The discussion in this chapter suggests that international capital and ideology, economic 

considerations, political factors , institutions, actors and their interests were significant 

factors that constitute the rationale for electricity reform in Thailand. The trajectory of 

the Thai electricity reform reflected complex interactions between these factors. These 

interactions, this research argues, resulted in the organizational and institutional changes 

in the industry. In short, one can surmise that the main rationale for reform - as argued 

by the proponents - revolve around the notion that such reform will improve the 

performance of the electricity industry and increase overall economic prosperity. This, in 

turn, raises the question: what is the veracity of these arguments? This question will be 

examined in this research in Chapter 3 and Chapter 4. In Chapter 3, a comprehensive 

analysis on the electricity industry performance and the influence of reform on such 

performance is provided. The economy-wide impacts of the Thai electricity reform are 

assessed in Chapter 4. 
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CHAPTER3 

PERFORMANCE OF THE THAI ELECTRICITY INDUSTRY 

3.1 Introduction 

As noted in Chapter 2, the Thai Electricity Supply Industry (ESI) has been undergoing 

reforms since 1992. The main argument for these reforms was that it would improve the 

performance of the electricity industry and contribute to enhancing the overall economic 

prosperity. This argument, however, appears not to have been based on any detailed 

analysis or public debate. It appears that it was presented just as an article of faith. A 

review of the electricity settings in Thailand since electricity reform proposals were 

made in the 1980s and 1990s (as noted in Chapter 2) suggests that several elements of 

the original proposals have been altered, others have been outrightly rejected, while 

others have stayed in a state of ambiguity. Consequently, the electricity industry of 

Thailand has, over the last fifteen years or so, followed a somewhat uncoordinated 

pathway to reform. For example, while the IPP and SPP programs have been rather 

successfully implemented, the functional unbundling of the industry has not been fully 

achieved as originally envisaged. And, the privatization of the industry - apparently, a 

prime element of the reform program - has failed to eventuate. In a similar vein, the 

institutional frameworks for the industry seem to have assumed a shape that looks 

significantly different to what was envisaged by the proponents of reform. 

What is rather interesting is the fact that in this uncoordinated, yet significant change in 

industry settings, the question of industry performance - the prime purported reason for 

initiating reform, has been relegated to the background. It also appears that there is 

cunently no comprehensive analysis of the performance of the Thai electricity industry, 

and equally importantly, of the impact of electricity reform on the performance of the 

electricity industry. Such an analysis, this research contends, would enable an 

assessment to be made of the veracity of the argument that electricity reform will 

improve the performance of the electricity industry. In addition, it could provide deeper 

insights into the workings of the industry and assist with the identification of areas 

where such an i1nprove1nent in perfonnance might indeed be possible. This chapter, 
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therefore, aims to provide a comprehensive analysis on the industry performance and the 

influence of reform on such performance. It analyses the performance of the Thai 

electricity industry - at an aggregate level as well as for each segment of the industry 

(i.e. generation, transmission and distribution) - for the period 1980-2006. 

This chapter is organized as follows . Section 3.2 provides a review of existing studies 

conducted to analyze the performance of the Thai electricity industry. A discussion on 

the methodologies available in the literature for measuring the performance of an 

electricity industry is provided in Section 3.3 . This section also introduces the method 

this research has selected to evaluate industry performance. Section 3.4 provides the 

specification of various models implemented in this research to examine the 

performance of the Thai electricity industry. Section 3.5 describes data and software 

considerations. In Section 3.6, the empirical results are analyzed. Section 3.7 presents 

the summary and conclusions of this chapter. 

3.2 Review of existing studies 

This section reviews literature on previous studies on the perfom1ance of the Thai 

electricity supply industry and cross country studies that are relevant to the Thai 

industry ' s performance by including data fro1n Thailand. A summary of the findings of 

the literature review is presented in the following sections. 

3.2.1 Previous studies on the performance of the Thai electricity supply industry 

The literahlre review provides a few studies undertaken to analyze the performance of 

the Thai electricity supply industry. Table 3.1 provides a summary of studies on the Thai 

electricity industry's performance. The studies include: 

Ruangrong (1992) 

The objective of this study was to analyze the prospects of improving the economic 

efficiency of electricity generation in Thailand by privatization. This study investigated 

the economic efficiency of generating activities of the Electricity Generating Authority 

of Thailand (EGAT) by employing a generalized cost function. An econometric model 

was applied to estimate and test the effects of cost distortion on input utilization and on 

productivity growth. A test of the existence of scale economies was also applied. The 

scope of this study was generation segment of the electricity industry which covered 14 

thermal and gas-turbine power plants of EGAT over the period 1973-1989. 
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Table 3.1: Summary of the studies on the Thai electricity industry's performance 

Authors Objective Efficiency Scope of Study Methodology Major Results 
Concept 

Ruangrong (1992) Analyze the prospects • Economic • 14 thermal and gas- • Generalized cost • EGA T performs as a cost minimizer and produces 
of improving the Efficiency turbine power plants of function output at an efficient level 
economic efficiency • Total Factor EGAT • Econometric • Productivity increased by around 1.15 per cent per 
of electricity Productivity • Period 1973--1989 model year during the study period 
generation in Thailand .. TFP growth indicated no remarkably difference in 
by privatization the productivity of EGAT and the private industrial 

firms. 
• There is no need to privatize EGAT and private 

I finns could be invited to bid for a new power plant 
to meet the growing demand. 

London Economics Measure the • Partial Factor • Disaggregated level: • Index number • For PFP, Mae Mob generating plant was the least 
(1997) productivity of the Productivity generation, (Partial Factor cost plant in terms of labour productivity (operating 

Thai electricity • Technical transmission and Productivity) expenditure per unit of energy generated). 
compames Efficiency distribution • Data envelopment • Also, Mae Mob thermal power plant of EGA T was 

• Period 1991- 1996 Analysis (DEA) on the frontier. 
• For the transmission sector, there was an 

improvement in efficiency ofEGAT. Despite this 
improvement, its productivity still remained below 
the frontier. 

• The efficiency comparison of MEA and PEA shows 
that both MEA and PEA performed efficiently. 

Sirasoontorn (2004) Analyze the technical • Technical • 14 thermal Thai power • Data envelopment • Thai power plants during the 1990s were more 
efficiency of the Efficiency plants for the period Analysis (DEA) technically efficient than Australian plants during 
electricity generation 1992- 2000 • Stochastic the 1980s. 
sector in Thailand • 13 Australian power Frontier Analysis • In terms of inter-country comparisons, at the firm 

plants for the period of (SFA) level, EGA T is one of the best performers. 
1981-1990 • Therefore, the proposition that EGAT should be 

• 34 electricity suppliers privatized due to poor performance in terms of 
from OECD and non- efficiency is not justified. 
OECD countries for the 
period 1994-1995 

-
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The study revealed that EGAT performs as a cost minimizer and produces output at an 

efficient level. It also suggested that a natural monopoly no longer persists in the 

industry; therefore, the promotion of competition in the electricity generating sector 

could not be faulted in terms of sacrificing economies of scale. The study also showed 

that the industry productivity increased by around 1.15 per cent per year during the study 

period. Further, there was no noticeable difference in productivities of EGAT and the 

private industrial firms. The study finally recommended that there is no need to privatize 

EGAT and private firms could be invited to bid for new power plants in order to meet 

the rapidly growing electricity demand. 

It should be noted that this study applied a cost function to measure efficiency; therefore 

it implicitly employed cost minimizing behaviour as the definition of efficiency (Fare et 

al., 1985). This assumption is unlikely to be valid when analyzing a public sector which, 

in this case, refers to the electricity industry. Further, this study focused extensively on 

the generation segment of the industry. 

London Economics (1997) 

London Econon1ics, hired by the National Energy Policy Office (NEPO), conducted a 

study on measuring the productivity of co1npanies operating in the Thai Electricity 

Supply Industry (ESI). This study measured the efficiency of generation, transmission 

and distribution segments of the industry, by employing a simple ratio analysis, followed 

by Data Envelopment Analysis (DEA). To measure the efficiency of the generation 

sector, the study applied the data, for the period 1991-1996, of 11 EGAT's power plants, 

one independent power producer, namely the Electricity Generating Public Company 

(EGCO), and 1 small power producer (the Cogeneration Public Company, COCO). This 

analysis employed 2 inputs, namely, installed capacity and operating expenditure, to 

produce one output (generated electricity). The efficiency measurement for the 

transmission sector was based on international comparison of transmission companies 

including EGAT (Thailand), National Grid Company (UK), Queensland Electricity 

Company (Australia) and TransGrid (Australia), over the period 1993-1994. For the 

distribution segment, this study compared the efficiencies of the two Thai distribution 

companies, namely MEA and PEA, over the period 1991-1996. 

The results showed that, in terms of labour productivity (operating expenditure per unit 

of generated electricity), Mae Moh was the least cost plant. For the DEA analysis, in the 
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case of generation sector, Mae Moh thermal power plant of EGAT was also on the 

frontier while other power plants experienced either positive or negative efficiency 

growth rates. For the transmission sector, there was an improvement in efficiency of 

EGAT over the period 1993-1994. Despite this improvement, the performance of the 

transmission segment of EGAT remained below that of the National Grid Company, 

Queensland Company and TransGrid. The results of the distribution sector revealed that 

both MEA and PEA were on the frontier. 

This study analyzed, for the first time, the efficiency of each segment of the Thai 

electricity supply industry including generation, transn1ission and distribution. It is, 

however, observed that this study ignored fuel input - a major input - while analyzing 

the productivity of the generation segment of the industry. Further, the relatively short 

time period of the analysis in this study could provide limited insights into the question 

of industry performance. 

Sirasoontorn (2004) 

This study analyzed the technical efficiency of the electricity generation sector In 

Thailand by employing a cmnbination of non-parametric and parametric approaches. 

This analysis was applied to examine the often cited justification for privatization, 

namely, that private ownership yields superior performance as compared with the state 

ownership. The study evaluated the technical efficiency of Thai power plants during the 

1990s and compared the performance of Thai power plants in the 1990s with the 

performance of Australian power plants in the 1980s. The study also employed the data 

of 1994 to compare the technical efficiency of EGAT with 34 electricity suppliers from 

both the Organization for Economic Co-operation and Development (OECD) and non-

OECD countries. In this study, the data for analyses consisted of data of Thai and 

Australian power plants and data of electricity suppliers in developed and developing 

countries. For the Thai power plants, the data covered all thermal power plants for the 

period 1992-2000. The data for the Australian power plants covered 13 Australian coal-

fired power plants for the period 1981-1990. For the inter-country comparisons, the data 

consisted of 34 electricity suppliers from both OECD and non-OECD countries, for the 

period 1994-1995. 

The study showed that the Thai power plants during the 1990s were more technically 

efficient than Australian plants during the 1980s. It further argued that under the public 
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ownership, the power plants from developing countries (in this case, Thailand) can 

perform better than those from developed countries, like Australia. Therefore, the level 

of country development is not an indicator of plant-level performance. For the inter-

country comparison, the study revealed that, at the firm level, EGA T is one of the best 

performers. As a result, the proposition that EGAT should be privatized due to poor 

performance in terms of efficiency is not justified. 

Even though this study provide a detailed analysis of the performance of EGAT, the 

scope of the study is narrow in terms of the time period for analysis as well as the spread 

of analysis (for example, generation, transmission and distribution). 

3.2.2 Cross country studies relevant to the analysis of Thai industry's performance 

Yunos and Hawdon (1997) 

This study evaluates the perfom1ance of the electricity sector in Malaysia by using an 

inter country comparison of productivity growth. The evaluation employed cross section 

data in 1987 to estimate the efficiencies of National Electricity Board (NEB) in 

comparison with the relative efficiency of 27 other electricity producers in various 

countries. The study also compared the technical efficiencies of NEB with EGAT, and 

the Central Electricity Generating Board (CEGB) in the United Kingdom, using time 

series data from 1975 to 1990. For both cases, this study e1nployed the DEA 

methodology, based on output augmentation to calculate the technical efficiency. 

The study showed that Malaysia, with an efficiency score of 70 per cent, ranked 18th out 

of 27 countries whereas Thailand ranked 14th with a technical efficiency score of 76 per 

cent. The study further suggested that EGAT has been more efficient than NEB, and that 

CEGB was the most efficient industry over the period 1975-1990. In terms of thermal 

efficiency, EGAT was operating at a higher efficiency level (average 36 per cent) as 

compared with 31.3 per cent for NEB. In terms of transmission and distribution losses, 

NEB was also slightly less efficient than EGAT. The study also concluded that changes 

in ownership do not in themselves lead to improvements in efficiency. Public companies 

performed at least as well as private con1panies in the sample considered in this study. 

Hawdon (1998) 

This study applied the Data Envelopment Analysis (DEA) to calculate the technical 

efficiency of the electricity industries of 82 developing countries, including Thailand, in 
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1988. The result showed that the efficiency in developing countries was found to be 

relatively low (69 per cent), with 78 per cent of the inefficiency identified as pure 

technical, and 22 per cent as scale inefficiency. For Thailand, the efficiency was 

relatively high- around 81 per cent. 

Meibodi (1998) 

This study compared the technical efficiency of the Iranian electricity industry and 26 

developing countries. The investigation employed the DEA and SF A approaches to 

estimate the technical efficiency, using panel data for the year 1987 and 1988. The study 

revealed that electricity industries in the sample of developing countries are only 77 per 

cent technically efficient Thailand was one of the most efficient electricity industries, 

with technical efficiency of 98 per cent. 

3.3 Performance analysis: methodological frameworks 

This section provides a description of the methodologies available In literature for 

analyzing the performance of electricity supply industries. The selection of a specific 

n1ethodology would vary across studies, depending on the objective of analysis, data 

availability and its quality, scope of the study, and specific features of the country's 

electricity and economic systems. A discussion on the methodologies for measuring 

perfonnance of the industry is provided in Section 3.3 .2. Prior to this, a clarification is 

provided (in Section 3.3 .1) on the nomenclature for perfonnance measurement. This will 

sharpen the focus for discussion in Section 3.3.2. 

3.3.1 Performance measurement 

A wide range of indicators (for example, technical and financial) can be used to measure 

the performance of an electricity industry. In the literature (e.g. Abbott, 2006; Estache et 

al., 2005; Giannakis et al., 2005; Lawrence, 2002), three main indicators, namely 

productivity, efficiency and service quality, are commonly used for this purpose. While 

there are some differences (and some inherent contradictions) in the definitions, in 

general, productivity of a firm is defined as a ratio of outputs that the firm produces to 

the inputs that it uses. On the other hand, efficiency is the extent to which the firm 

produces close to the technology frontier (Coelli et al., 2005). The service quality refers 

to the reliability and the adequacy of electricity supplied. According to Lawrence (2002), 

the quality of service could include the reliability of the supply available (determined by 

the number of interruptions suffered and the duration of interruptions), the technical 
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characteristics of the supply and their availability (voltage levels, frequency and 

harmonics) and customer service (timeliness, responsiveness of the supplier to requests 

for assistance). 

This research focuses primarily on productivity and efficiency, and excludes the 

attributes of service quality due to data unavailability and in view of the overall in 

(macro) focus of this research. Therefore, in this research, the term performance is used 

to designate the combination of productivity and efficiency. A further discussion on 

productivity and efficiency is as follows. 

The two commonly used productivity measures include Partial Factor Productivity (PFP) 

and Total Factor Productivity (TFP) (Cumbe, 2008). The PFP is a simple ratio measure, 

for exa1nple, labour productivity can be simply calculated as the ratio of electricity 

generation (GWh) and number of employees (persons). The PFP measures have an 

advantage of being easy to construct, requiring limited data, and being intuitively easy to 

interpret (Abbott, 2005). These productivity measures, however, could provide 

misleading indication of overall productivity when considered in isolation. For instance, 

a fim1 may raise the productivity with regard to one input at the expense of reducing the 

productivity of other inputs. A finn may substitute capital for labour input in the 

production process. Labour productivity, therefore, would tend to overstate the growth 

of TFP - aggregated productivity of labour, capital and other inputs. The TFP, however, 

is composite measure; it considers multiple inputs and multiple outputs . The TFP is the 

ratio of an aggregate output index to an aggregate input index and, hence, TFP growth is 

the difference between the growth of output and input indices. 

Regarding efficiency, Farell (1957, cited in Coelli et al., 1998), noted that efficiency of a 

firm consists of two components: i) technical efficiency, which is defined as the ability 

of a firm to obtain maximal output from a given set of inputs, and ii) allocative 

efficiency, which reflects the ability of a firm to use inputs in optimal proportions, given 

their respective prices and the production technology. The combination of these two 

efficiencies provides a 1neasure of economic efficiency. Figure 3.1 provides a summary 

of performance measures and methodologies. 



Figure 3.1: Summary of performance measures and methodologies 

Performance Measurement 

- Number of interruption 
-Voltage stability 

··-·-·-·- ·- ·-·-·- · -·-·-·~·- ·-· -· - ·-·-·-·-·-·- · --, ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·· 
Performance Methodology 

- Laspeyres Index 
- Paasche Index 
-Fisher Index 
-Tornqvist Index 

Sources: Various, including Coelli et al. (1998), Lawrence (2002), Fathollazadeh (2006), Mbogho (2007), Cumbe (2008) 
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Table 3.2: Summary of recent studies on performance measurement 

Authors Objective Performance Scope of Study Methodology Inputs Outputs 
I 

Measures 
Abbott (2006) Evaluate to what • TFP • Australian electricity • Axiom Approach - Installed Capacity (MW) - Amount of electricity 

I 

degree reforms have • Technical industry - DEA-like Malmquist - Network capacity (MY A) consumed (GWh) 
improved the Efficiency • Period 1969- 1990 TFP Index -Network Length (KM) 
productivity and -Energy used (TJ) 
efficiency -Number of employees 
performance of the 
industry 

Barros (2008) Estimate changes in • TFP • 25 hydro-electric • Axiom Approach - Capital (Euro) - Electricity Production 
total productivity of • Technical plants in Portugal - DEA-like Malmquist - Operational costs (Euro) (GWb) 
the hydro-electric Efficiency • Period 2001- 2004 TFP Index - Investment (Euro) -Capacity Utilization(%) 
generating plants of - Number of workers 
Portugal Electricity 
Company 

Chien , et al. Investigate the • TFP • Taiwan Power • Behavioural Approach -Installed capacity (MW) - Electricity generation 
(2007) performance of • Technical Company (TPC) -DEA - Production cost ($) (GWb) 

power plants and Efficiency • Period 1994-1999 • Axiom Approach -Number of employees 
conduct an empirical - DEA-like Malmquist 
analysis with 8 TFP Index 
thermal power plants 
in Taiwan 

Coelli (2002) Measure the TFP • TFP • 13 Australian power • Axiom Approach -Installed Capacity (MW) - Electricity sent out 
change in Australian • Technical plants - DEA and SF A-like - Labour (persons) (GWh) 
coal-fired electricity Efficiency • Period 1981-1991 Malmquist TFP Index -Fuel (TJ), Coal (tonne), 
generation Gas (TJ), Oil (tonne) and 

Briquette (tonne) 
Domah (2002) Conduct a • Technical • 16 small island' s • Behavioural Approach - Installed Capacity (MW) - Electricity generated 

comparative Efficiency generators - DEA and SFA - Fuel used (TJ) Environmental variables 
technical efficiency • 121US investor- • Axiom Approach -Labour - Per capita consumption 
analysis of owned utilities - DEA-like Malmquist of electricity 
electricity generators • Period 1993- 2000 TFP Index - Number of customers 

served by utility 
- Capacity factor 
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Table 3.2: Summary of recent studies on performance measurement (contd.) 
Authors Objective Performance Scope of Study Methodology Inputs Outputs 

Measures 
Estache et al. Provide a first • PFP e 12 Sub-Saharan • PFP -Installed capacity (MW) - Electricity generation 
(2008) assessment of the • TFP African countries • Behavioural Approach - Labour (number of (GWh) 

performance change • Technical • Period 1998-2005 -DEA workers) -Electricity sale (GWh) 
since the main Efficiency • Axiom Approach -Number of customers 
reform took place in - DEA-like Malmquist 
the late 1990s TFP Index 

F athollazadeh Measure the • PFP • Australian electricity • PFP - Installed Capacity (KW) -Total final electricity 
(2006) productivity of • TFP industry • Axiom Approach - Network capacity (MV A) supply (GWh) 

various segments of • Technical • Period 1955- 2001 - DEA-like Malmquist - Network Length (KM) 
the Australian Efficiency TFP Index -Fuel (TJ) 
electricity industry - Labour (persons) 

- C02 emissions (tonnes) 
Giannakis et al. Calculate technical • Technical • 14 distribution • Behavioural Approach - Operating expenses -Number of customers 
(2005) efficiency of the Efficiency network operators -DEA - Total expenditures -Units of energy 

utilities and • TFP including 12 utilities • Axiom Approach -Number of interruptions delivered 
productivity change in England, Wales - DEA-like Malmquist - Customer time lost due to - Total network length 
over time and Scotland TFP Index interruptions 

• Period 1991-1 999 
Hattori et al. Examine the relative • Technical • 12 UK RECs and 9 • Behavioural Approach - Total Expenditure: - Number of customers 
(2005) performance of Efficiency Japanese electric - DEA and SFA Operating expenses and - Electricity units delivered 

electricity • TFP utilities • Axiom Approach Capital expenditures (MWh) 
distribution systems • Period 1985-1 998 - DEA and SF A-like - Environmental factors : 
in the UK and Japan Malmquist TFP Index Length of network (KM) 

Maximum demand (MW) 
Hiebert (2002) Provide a detailed • Cost • 432 coal generating • Behavioural Approach - Net generation -Operating maintenance 

analysis of the Efficiency plants and 201 natural - SFA -Fuel cost expense 
operating cost gas plant in the US - Labour wages 
efficiencies of • Period 1988- 1997 - Installed capacity 
electricity generating - Vintage of plant 
plants - Age of plant 

Hirschhausen, Assess the efficiency • Technical • 307 German • Behavioural Approach -Number of employees -Electricity sold (GWh) 
Cullmann and of electricity Efficiency distribution -DEA -Network length (KM) - Number of customers 
Kappeler (2006) distribution companies - Peak load (MW) -Inverse density index 

companies 
----

• Period 2001 - Electricity losses (M\Y_h) __ 
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Table 3.2: Summary of recent studies on performance measurement (contd.) 

Authors Objective Performance Scope of Study Methodology Inputs Outputs 
Measures 

Kulshresh tha and Investigate the • TFP • Indian coal sector • Index Approach -Labour (price and quantity1 - Coal production 
Parikh (200 1) overall productivity • Period 1980- 1992 - Index TFP Number -Capital stock 

growth 
Mbogho (2005) Analyze the impact • TFP • Kenyan electricity • Axiom Approach -Generation capacity (MW) - Electricity sold to 

of electricity reform • Technical industry - DEA-like Malmquist - Network length (KM) customers (GWh) 
on the productivity Efficiency • Period 1979- 2004 TFP Index - Distribution capacity 
of the Kenyan (MYA) 
electricity industry - Number of workers 

Nakano and Measure • TFP • 9 Japanese electricity • Axiom Approach -Real capital stock (yen) - Production of electricity 
Managi (2008) productivity in • Technical compames - DEA Luenberger - Fuel consumption (MJ) (KWh) 

Japan's steam power Efficiency • Period 1965- 2003 - Number of employees 
generation sector 

Pacudan and Analyze the • Technical • 15 electricity • Behavioural Approach - Network length (KM) -Number of customers 
Guzman (2002) productive Efficiency distribution industry -DEA -Network losses (GWh) - Service area (km2

) 

efficiency of the in Philippines - Number of employees -Electricity sale (GWh) 
electricity 
distribution industry 

Pierce, Price and Examine the • TFP • NSW electricity • Index Approach -Capital -electricity sent out (GWh) 
Rose (1995) performance of the industry - Index TFP Number -Fuel 

NSW electricity • Period 1978- 1994 -Labour 
industry (price and quantity) 

Pombo and Assess the evolution • TFP • 12 distribution • Axiom Approach -Network length (KM) - Electricity sold (GWh) 
Taborda (2006) in performance, • Technical compames m - DEA-like Malmquist - Number of transformer & - Number of customers 

efficiency and Efficiency Columbia TFP Index substations - Urban area served (km2
) 

productivity before • Period 1985- 2001 Environmental variable 
and after the 1994 - Regional GDP per capita 
regulatory reform -Installed capacity 

Thakur et al. Access comparative • Technical • 26 SOEUs • Behavioural Approach -Total cost (Rs Million) -Energy Sold (GWh) 
(2006) efficiencies of Efficiency • Period 2002 -DEA -Number of employees - Number of customers 

Indian State Owned • Scale - Distribution line length 
Electric Utilities Efficiency (KM) 
(SOEU) 

Note: PFP - Partial Factor Productivity, TFP- Total Factor Productivity, DEA- Data Envelopment Analysis, SFA - Stochastic Frontier Analysis 
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3.3.2 Performance Methodology 

To measure the performance of an electricity industry, the literature provides several 

methodologies. Since the 1980s, due to raise concern about the poor performance of the 

vertically-integrated electric utilities (which provides much of the justification for 

reforming the electricity industries), there have been an increasing number of studies on 

the performance assessment of the electricity industry. The following studies provide a 

good brief overview of the studies and their underlying methodologies for performance 

measurement: Jamasb and Pollitt (2001), Hiebert (2002), Estache et al. (2005) and 

Jamasb et al. (2005). To avoid repetition, this research summarizes only recent 

literatures on this topic, in Table 3 .2. 

The main approaches for measuring the performance of an industry can be categorized 

into two, namely, Index Approach (IA) and Frontier Approach (FA). In the IA, the TFP 

is measured by calculating weighted averages indices for multiple inputs and outputs in 

tem1s of a variety of index numbers such as the Laspeyres, Paasche, Fisher and 

Tornqvist. In the FA, the concepts of Production Possibility Frontier (PPF) and 

efficiency are employed. PPF refers to the relationship between inputs and outputs in a 

production process under the best available technology. Efficiency, in tum, refers to the 

extent to which a firm might be away from such a PPF (Mbogho, 2007). 

In the IA, TFP index number method has the advantage in that it can be easily calculated 

by using only two data points which means observations on two firms in one time period 

or observations on one firm in two time periods (Coelli et al. , 2005). It, however, 

assumes that all firms are technically efficient (on the PPF). This assumption, this 

research argues, is a weakness of the IA. It also requires reliable price information for 

constructing the price indices. In addition, this approach does not allow the 

decomposition of TFP changes into technical changes and technical efficiency changes 

which is of direct interest from the point of view of identifying relative contributions of 

various factors to industry performance. 

The FA provides measures of relative efficiency among firms and is mostly applicable to 

data on a sample of fi1ms at one point in time (Coelli et al., 1998). This approach does 

not require data on the input and output prices and also does not assume all firms are 

technically efficient. It, however, requires n1ore data than the IA (for example, panel 
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data). This approach can be further subdivided into behavioural and axiomatic 
7 

approaches. 

The behavioural approach is based on the theory of a firm in microeconomics and the 

assumptions of cost minimization or profit maximization (Mbogho, 2007). A practical 

application of this approach was initially developed by Farell (1957), where a simple 

1neasure of firm efficiency was defined which could account for multiple inputs. 

According to Farell (1957, cited in Coelli et al. , 1998), efficiency measures can be 

defined as technical, allocative and economic. The economic efficiency is the product of 

technical and allocative efficiencies. This definition is consistent with the theory of a 

firm in microeconomics which considers a firm as cost minimizers or profit maximizers. 

This consideration is, however, unlikely to be valid for all cases because not every firm 

is a cost minimizer or profit maximizer (Coelli et al., 1998). 

The axiomatic approach, on the other hand, is based on a set of axioms which are based 

on no behavioural assumptions. The axioms define certain properties that establish inter-

relationship between inputs and outputs involved in the production process 

(Fathollazadeh, 2006). In this approach, according to Coelli et al. (2005), the input set 

consists of all input vectors , x, that can produce a given output vector, y. The input 

vectors associated with a given output vector, y, is defined as the set: 

L(y)={x :x can produce y} (3 .1) 

For each x, the input set L(y) is assumed to satisfy the following axioms: 

1. L(y) is closed for ally; 

Il. L(y) is convex for ally; 

111. Inputs are said to be weakly disposable if x E L(y) then, for all A 2: 1, AX E 

L(y); and 

IV. Inputs are said to be strongly disposable ifx E L(y) and ifx* 2: x then x*E L(y). 

From the above noted axioms, one can observe that these axioms are based on no 

behavioural assumptions. This is consistent with reality that not every firm is a cost 

mini1nizer or profit maximizer (Fathollazadeh, 2006). 

7 
Fathollahzadeh (2006) and Mbogho (2007) provide insightful explanation on these two approaches. 
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In the axiomatic approach, the concept of distance function is applied to measure 

efficiency. The input distance function, which involves the scaling of the input vector, is 

defined on the input set, L(y), as: 

di ( x, y) =max { p: (x I p) E L(y)} (3.2) 

Where the distance, di ( x, y), defines the distance of the input vector of a particular firm 

from the PPF, which means the minimal proportional contraction of the input vector, 

given an identical output vector for all firms in the sample set of data. The distance 

function di ( x, y) will take the value of greater than one if the input vector, x, is an 

element of input set, L(y) . It will take a value of one if x is located on the frontier of the 

input set and it will take a value of less than one if x is located outside the input set. 

Unlike the behavioural approach, the axion1atic approach allows the TFP measurement 

using Malmquist TFP index, which measures the TFP change between two data points 

by calculating the ratio of distances of each data point relative to a common technology. 

This approach also provides the decomposition of TFP changes into technical and 

technical efficiency changes. 

In both, i.e., behavioural and axiomatic approaches, the application of parametric and 

non-parametric techniques can be used to calculate TFP and efficiency measures. The 

non-parametric technique uses linear programming to construct piece-wise kinked line 

(or frontier) over the data while parametric technique is based on the assumptions about 

the functional fom1 of production (Cumbe, 2008). These two techniques assess the 

efficiency of a firm by measuring the distance that a data point lies below the best 

practice production frontier. The most common parametric technique is Stochastic 

Frontier Analysis (SF A), and Data Envelopment Analysis (DEA) constitutes a 

commonly used non-parametric method. 

The SF A involves the application of econotnetrics; therefore, it requires a specification 

of functional form of the production relationships between inputs and outputs. In SFA, 

the effect of errors and noise is taken into account. This method is, however, difficult to 

accommodate multiple outputs which are typical feature of any electricity industry 

(Coelli et al., 1998). For the DEA, the production frontier can be easily constructed 
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from observed data (input and output quantities). It does not impose any functional form 

on the data nor impose any distributional assumptions for the inefficiency term (Barros, 

2008). It also allows the use of additional variables (i.e. environmental variable) that are 

not directly included into the production function but have effects on input/output ratio 

(Pombo and Taborda, 2006) . In this method, inefficient firms are compared to actual 

firms rather than some statistical measure. Further, the DEA can simultaneously 

accommodate multiple inputs and multiple outputs. Nevertheless, this method has the 

disadvantage that it does not allow for statistical factors and tneasurement error 

(Giannakis et al. , 2005). 

On the basis of the above noted arguments, this research proposes to employ an 

axiomatic approach. This is because of the following reasons: 

1. In comparison with the IA, the axiomatic approach neither requtres pnce 

information nor assumes all firms are technically efficient; 

11. In comparison with the behavioural approach, it 

relaxes the behavioural assumption of cost minimizations or profit 

maximization which is unlikely to be valid for all cases; and 

allovvs the decomposition of TFP change into technical and technical 

efficiency change which is of direct interest of this research. 

For the technique used to calculate the Malmquist TFP index, the DEA method appears 

to be optimal choice for this research due to some of the inherent advantages including: 

8 

1. The DEA method does not require a specification of functional form of the 

production function; 

11. It is suitable for measuring TFP and technical efficiency in multiple 

inputs/outputs production process which is a typical feature of any electricity 
. 8 tndustry; 

111. Due to the ability to accon1modate multiple inputs and outputs, it allows the 

addition of other important variables which are not directly included in the 

production process, such as environmental variables. 

The discussion on selection of input and output variables is provided in Section 3.5.1 
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3.3.3 DEA-like Malmquist TFP Index 

In this research, TFP is measured through the Malmquist TFP index which is defined by 

employing the concept of distance function. The distance function, in this research, is 

calculated by applying the DEA. This research assumes an input-oriented model and a 

Constant Returns to Scale (CRS) technology. According to Coelli et al. (2005), DEA can 

be either input-oriented or output-oriented model. An input-oriented model minimizes 

input factors required for a given level of output. Conversely, an output-oriented model 

maximizes output for a given amount of inputs. An input-oriented model appears to be 

appropriate for this research because electricity demand is a derived demand that is 

beyond the control of the electricity industry and has to be met. 

In the DEA model, technology can be specified as a Constant Return to Scale (CRS) or 

Variable Return to Scale (VRS) technology. The CRS model is based on the assumption 

that all firms are operating at an optimal scale while the VRS model allows for scale 

efficiency. A CRS model is justified on the ground that a Malmquist TFP index, under a 

VRS technology assumption, is likely to result in erroneous measurement of TFP 

changes (Grifell-Tatje and Lovel, 1995, cited in Cumbe, 2008). 

According to Coelli et al. (2005), the Malmquist TFP index measures the TFP changes 

between two data points, for example, the TFP changes of a particular year in two 

adjacent periods, by calculating the ratio of the distances of each data point relative to a 

common best technology. The input-oriented Malmquist TFP change index between 

period s (the base period) and period t is given by 

(3.3) 

Where d: ( yt' xt) represents the distance from the period t observation to the period s 

technology. 

A value of mi greater than 1 will show a positive TFP growth from period s to period t 

whereas a value less than 1 indicates a decrease in TFP. Alternatively, the Malmquist 

TFP index can be written as 

(3.4) 
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where 

(3.5) 

(3 .6) 

To calculate the distance functions which make up the Malmquist TFP index, four 

different linear programs are as follow. 

and 

st 

st 

st 

- yit + YtA- ~ 0, 
Bxit - X 1A ~ 0, 

A- ~ 0 

- Yis + YsA ~ 0, 
Bxis - X8 A ~ 0, 

A-~ 0 

- Yis + YtA- ~ 0, 
Bxis - X 1A ~ 0, 

A-~0 

[ d ~ ( y 1 , x 1 ) J _, = 1nin e ,Jc () 

st - Yit + YSA ~ 0, 

exit - XSA ~ 0, 
A-~0 

3.4 Model Specification 

(3.7) 

(3.8) 

(3.9) 

(3 .1 0) 

This research implements seven models to assess the performance of the Thai electricity 

industry and its segments including generation, trans1nission and distribution. The 

classification of these seven models is based on the structure of the industry, data 

availability and environmental considerations. Figure 3.2 provides the classification of 

seven models . The first four models (Model 1 to Model 4) put an emphasis on the entire 

industry while Model 5 to Model 7 are responsible for specific segments of the industry. 
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Figure 3.2 : Model classification 

I Classifi ed Models I 
Level of Analysis 

1~ Electric Utilities Only I I Entire Industry (Including IPPs, SPPs) I 

Electricity 
Industry 

-

-

Ge~-~ ~r~~s-~------ - --
segments -

----- -- ---- -- --

Dist & Retail 
segments 

-

-

Model l 
Typical model 

Model3 
Environmental model 

Model S 
EGAT model 

L-----...-1 

Model 6 
MEA model 

Model 7 
PEA model 

-

-

Model2 
Typical model 

Model 4 
Environmental model 

Note: Gen - Generation; Trans - Transmission; Dist - Distribution; EGAT - Electricity Generating 
Authori ty of Thailand; MEA - Metropolitan Electricity Authority; PEA - Provincial Electricity 
Authority; IPP - Independent Power Producer; SPP - Small Power Producer. 

In accord with the classification noted above, the performance of the Thai electricity 

industry is measured, in this research, in terms of technical and environmental 

perfom1ances. The technical performance connotes technical efficiency - efficiency of 

converting inputs to outputs whereas environmental performance signifies clean 

efficiency. In fact, a wide range of efficiencies can be measured by including various 

model configurations. For instance, if there are only physical inputs and outputs, the 

interpretation of PPF would be the best-practice technology. If the environmental 

variable is added to the model, the interpretation of PPF would be cleanest technology 

and the corresponding efficiency would be clean efficiency (see Fathollazadeh, 2006) . 

As discussed in Chapter 2, the Thai electricity reforms, initiated in 1992, resulted in the 

introduction of the IPPs and SPPs, and the establishment of a regulatory body. This 
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research, therefore, aims to assess the impact of these reforms on the technical and 

environmental performance of the industry. The first two models (Model 1 and Model 2) 

analyze whether the reforms have improved the technical performance of the industry. In 

Model 1, the data is for only the three electric utilities (EGAT, MEA and PEA). On the 

other hand, the data used in Model 2 is for the entire industry including the three electric 

utilities as noted above, as well as the IPPs and SPPs. By comparing the performance of 

these two models, one can assess the impact of the introduction of the IPPs and SPPs on 

the industry's performance. 

In addition, due to the emerging concerns about climate change, to which C02 emissions 

from the electricity sector is a major contributor, this research assesses the 

environmental performance of the electricity industry and determines how the electricity 

reforms have impacted the environment. This is achieved by introducing an 

environmental variable in Model 1 and Model 2. The ensuring (environmental) models 

are called Model 3, and Model 4. The difference between these two models is based on 

the same criteria as in the case of the first two models. 

In Model 5 to Model 7, the basis for the model classification was motivated by the 

challenge raised by data availability. As previously noted in Chapter 2, the Thai 

electricity industry comprises three state electric utilities - EGAT (generation & 

transmission), MEA and PEA (distribution & retail). Data separation for generation and 

transmission is difficult to obtain, hence, Model 5 to Model 7 are implemented to instead 

measure the performance of these three state electric utilities. The performance of the 

three utilities is examined by Model 5, Model 6 and Model 7 for EGA T, MEA and PEA 

respectively. 

3.5 Data and Software Considerations 

This section describes the data and software used In this research for performance 

measurement. The selection of model specification and choice of input and output 

variables are major challenges for assessing the performance of an electricity industry. In 

the literature, various model specifications have been suggested. These depend on what 

aspect of the electricity industry is being investigated and which inputs and outputs are 

used. Jamasb and Pollitt (2001) provided the set of widely used input and output 

variables on the basis of international experience. 
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3.5.1 Selection of inputs and outputs 

In this research, the selection of the inputs and outputs to be used is based on the data 

availability, choice of methodology, technical requirement of the selected model and the 

insights from the literature. The set of input and output variables selected are shown in 

Table 3.3. 

Table 3.3: Input and output variables 

Model Level of Input Output Performance 
Aggregation Measure 

1 ESI - Installed capacity (MW) -Electricity sale (GWh) - TFP 
(Electric - Network length (KM) -Electricity generation (GWh) - Technical 

Utilities Only) -Network capacity (MYA) Efficiency 
-Number of employee 
- Fuel consumption (TJ) 

2 ESI - Installed capacity (MW) -Electricity sale (GWh) - TFP 
(Entire Industry) - Network length (KM) - Electricity generation (GWh) -Technical 

-Network capacity (MYA) Efficiency 
- Number of employee 
-Fuel consumption (TJ) 

3 ESI - Installed capacity (MW) -Electricity sale (GWh) -Clean 
(Electric -Network length (KM) Efficiency 

Utilities Only) -Network capacity (MY A) 
- Number of employee 
- Fuel consumption (T J) 
- C02 intensity (g/KWh) 

4 ESI - Installed capacity (MW) -Electricity sale (GWh) -Clean 
(Entire Industry) -Network length (KM) Efficiency 

-Network capacity (MY A) 
- Number of employee 
- Fuel consumption (TJ) 
- C02 Intensity (g/KWh) 

5 G&T -· Installed capacity (M\V) - Electricity sale to MEA & - TFP 
(EGAT) -Network length (KM) PEA(GWh) -Technical 

-Network capacity (MYA) - Electricity generation (GWh) Efficiency 
- Number of employee 

r---· 
- Fuel consumption (TJ) 

6 D&R -Network length (KM) -Electricity sale (GWh) - TFP 
(MEA) -Network capacity (MY A) -Technical 

- Number of employee Efficiency 
-Electricity purchase (GWh) 

7 D&R -Network length (KM) -Electricity sale (GWh) - TFP 
(PEA) -Network capacity (MYA) -Technical 

-Number of employee Efficiency 
-Electricity purchase (GWh) 

Note: ESI- Electricity Supply Industry; G - Generation; T- Transmission; D - Distribution; R - Retail 

In Model 1, five inputs are en1ployed to produce two outputs. The capital input into the 

electricity industry can be measured both monetary and physical terms. In view of the 

lack of information on investtnents in generation and network equipment (and the 

current value of past investments) , this research has instead approximated capital inputs 

in terms of physical units. This selection, however, raises another challenge, arising frmn 
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the fact that the capital input is distributed across various types of equipment-related and 

non-equipment assets. The former category includes electricity generators, boilers, 

coolers, dams, transmission lines and transformers. And the assets in the latter category 

include lands, buildings, vehicles and equipment. Due to the unavailability of the 

information on non-equipment assets, the installed capacity, network length and network 

capacity are selected in this research as a proxy for capital input. This choice of capital 

input is in agreen1ent with the input selection by several other studies sun1marized in 

Table 3.2. For the remainder of the two inputs, number of employees and fuel 

consumption are selected for representing labour and fuel inputs. In the case of the 

labour input, the number of employees, in fact, may not represent the best measure of the 

quantity of labour because it does not reflect the total number of hours each employee 

worked and quality of labour. Labour quality can also differ in terms of education, 

training and experience. In view, however, of the difficulty in accessing this information, 

this research adopts the total number of employees as a proxy for labour input. These 

five inputs allow this research to capture how factor combinations of labour, fuel and 

capital have contributed to electricity production in the Thai electricity industry. 

On the output side, this research employs the total amount of electricity sold to 

consumers as one output measure. This output variable has been widely used by several 

studies, for example, Hirschhausen et al. (2006), Potnbo and Taborda (2006), Thakur et 

al. (2006), and Pacudan and Guzman (2002) . This research also adds one more output 

variable, narnely, electricity generation. This is because electricity sale is the net output 

of the entire industry which does not provide any difference in the electricity outputs of 

Model 1 and Model 2. Model 1 (EU) represents electricity produced from the state 

generating utility (EGAT). On the other hand, Model 2 (EI) includes the electricity 

generated from all generation agencies including EGAT, IPPs, SPPs, and the electricity 

imported from the neighbouring countries. 

In Model 2, the inputs and outputs are the same as in Model 1. In this model, the data 

used is for the entire industry, as noted earlier. This raises a probletn for labour input. As 

also noted above, the introduction of IPPs and SPPs has affected the generation segment 

only. Therefore, the data used in Model 2 is different from that used in Model 1 for the 

installed capacity (MW), fuel consumption (TJ), electricity generation (GWh) and 

number of employees (persons). The data for the first three variables was obtained fron1 

the Department of Alternative Energy Development and Efficiency (DEDE). The data 
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on employment in IPPs and SPPs is, however, difficult to obtain. For example, in June 

2008, only three out of seven IPPs provided, in their annual reports, information on 

labour input. It is even more difficult to get this information for the SPPs because there 

are more than 60 SPPs of various sizes and shapes. This research has, therefore, 

estimated the number of employees of the other four IPPs based on their generation 

capacity and assets (see Appendix III, pp. 262-263). For the SPPs, this research excludes 

the number of employees due to the difficulty of obtaining such information. This 

exclusion is unlikely to cause any appreciable error as the SPPs account for only 

approximately 8o/o of total generation capacity. 

For Model 3 and Model 4, this research adds an environmental variable (C02 emission 

intensity (g/kwh)) to Model 1 and Model 2 in order to measure the environmental 

performance of the industry and to determine whether the introduction of the IPPs and 

SPPs has brought about any improvement in environmental performance of the industry. 

In this research, this variable is, however, assigned differently from how it has been 

traditionally assigned. For example, in the literature, environmental variables are usually 

assigned on the output side because of their nature as the undesirable output (see, for 

example, Yaisawamg and Klein 1994, Fare et al. 1996, Murtough et al. 2001 and Yang 

and Pollitt 2007). This research, however, simply assumes that lower C02 emission 

intensity is more desirable for society. Therefore, it assigns C02 emission intensity, 

defined as C02 emissions per unit of net electricity generated, on the input side. This 

variable implicitly accounts for electricity generated without fossil fuel combustion, and 

hence its value should be lower when a greater share of electricity is generated using 

clean technology. 

In Model 5, the inputs are the same as in Model 1. The data, however, is from only 

generation and transmission segments because Model 5 is used to measure the 

performance of EGAT which is responsible for these two segments. In this model, the 

outputs are the electricity generation and electricity sales to MEA and PEA. 

For Model 6 and Model 7, the analysis is applied for the electric distribution utilities 

(MEA and PEA). In this research, the distributing utilities use four inputs to deliver 

electricity to their customers. Network length and network capacity are considered for 

capital input. Number of employees is represented labour input. Electricity purchase 

from EGAT is added as one input to capture electricity network losses. This input allows 
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this research to take into account technical quality of service. Since good design and 

maintenance of the network result in less network losses, the technical service quality is 

represented by this input. It should be noted that reliability (for example, number and 

duration of interruptions) and quality of supply (i.e. voltage stability) could influence 

performance measurements of the distribution segments. These inputs, however, are not 

considered in this research due to difficulty of accessing this information. 

In this research, the entire Thai electricity industry and its segments consisting of EGAT 

(generation & transn1ission), MEA and PEA (distribution & retail) are analyzed over the 

period 1980-2006. The data used in this research was collected from various sources, for 

example, EGAT, MEA, PEA and DEDE annual reports. The time series data collected 

from EGAT annual reports comprised: installed capacity (MW), network length (KM), 

network capacity (MVA) and number of employees (persons). The data on electricity 

generation (GWh), electricity sale, fuel consumption were sourced from both EGAT and 

DEDE annual reports. For the distribution network, the data was collected from MEA 

and PEA annual reports consisted of network length (KM), network capacity (MV A), 

number of employees (person) and electricity purchase (GWh). The number of 

employees from some of the IPPs was collected from the IPPs' annual reports. C02 

emissions are estimated according to Revised 1996 IPCC Guidelines for National 

Greenhouse Gas Inventories. The input and output data used to assess the performance 

of the Thai electricity industry are presented in Table 1-5 , Appendix II, pp. 257-261. 

3.5.2 Time series data transformation 

As previously mentioned in Section 3.3, the DEA method is applied in this research in 

order to n1easure the performance of the industry. The application of this method, 

however, raised a challenge in the terms of its data require1nents. Since the DEA is a 

frontier n1ethodology, it requires cross-section or panel data to evaluate performance. 

Due to the fact that the Thai electricity industry is essentially a unified single entity, the 

application of DEA required access to comparable data on electricity industries of other 

countries in order to construct panel data. It is, however, difficult to obtain such data on 

electricity industries of several developing countries comparable to Thailand. 

In order to overcome this challenge, the time-series data were transformed into cross-

section data and the performance of the unified single electricity industry was compared 

against itself. A similar approach has been adopted by others, for example, Lynde 
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(1999), Mbogho (2007) and Cumbe (2008). Lynde (1999) used a modified form of the 

DEA to analyze the productivity and efficiency of the manufacturing industry in the UK 

over the period 1966-1990. Lynde's approach was specifically developed to separate the 

effect of technical change from changes in the efficiency of resource usage over time 

and the reduction in efficiency due to under utilization of inputs (Cumbe, 2008). 

Mbogho (2007) applied moving-average panel data approach to construct cross-section 

from time-series data for analyzing productivity changes in the Kenyan electricity 

industry, using DEA-like and SF A-like methods. The frontier method is used to analyze 

the relative efficiencies of different firms that employ the same technology. Based on 

this principle and by drawing an analogy between years and firms (each year represents 

one firm) , this approach transforms time-series data into cross-section data by dividing 

time-series into several equal periods, each period co1nprises a number of years and 

within each period, it is assumed that the technology change is negligible. Moreover, 

every individual year included in several cross sections depends on that individual year's 

position in the tin1e-series data. For example, in case of Mbogho (2007), by taking time-

series of 26 years (1979- 2004) , 13 periods of 14 years were employed as cross-section 

data. The first period represented cross section of 14 consecutive years from 1979 to 

1992; the second period comprised another cross section of 14 years from 1980 to 1993 ; 

and the last period consisted of a cross section of 14 years from 1991 to 2004. Cumbe 

(2008) also applied the same concept as Mbogho (2007) to transform time-series data to 

cross-section data for analyzing the evolution of the Mozambican electricity industry ' s 

productivity over the period 1977-2004. 

In this research, the time-series data of the Thai electricity industry was transformed into 

cross-section data by dividing the time-series into several equal periods. Each of these 

periods comprises 10 years because of the following reasons/assumptions: i) the period 

of infrastructure development plan in Thailand (Power Development Plan - PDP) is 

approximately 10-15 years; and ii) the production technology change for the electricity 

industry take place around 10 years or so. 

The transformation of titne-series data allows this research to create a panel data set 

from time-series data of 27 years (from 1980 to 2006), to cross-section data- 18 periods 

of 10 years. The first period comprised a cross section of 10 consecutive years from 

1980 to 1989; the second period comprised another cross section of 10 years from 1981 
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to 1990. This continues until the last period comprising a cross section of 10 years from 

1997 to 2006. The process for time-series data transformation is provided in Appendix 

IV, pp. 264-269. 

3.5.3 Software considerations 

In this research, the Data Envelopment Analysis Program (DEAP) version 2.1 is applied 

to calculate indices of total factor productivity change, technical change, and technical 

efficiency change. This program was developed by CEP A (Centre of Efficiency and 

Productivity Analysis) at Queensland University of Technology, Australia (Coelli et al., 

1998). The DEAP program is a DOS based computer software that can easily run on 

Windows operating systems. The program has been widely used because of its capacity 

to handle unlimited number of firms , inputs and outputs, the use of variety of models 

(i.e. CRS and VRS), the capacity of the method orientation (i.e. input-oriented or output-

oriented), and in particular, the application of Malmquist DEA method to calculate 

indices of TFP change, technical change and technical efficiency change. 

3.6 Empirical results and discussion 

This section presents the empirical results of the seven models obtained from the 

application n1ethodologies described in Section 3.3 and Section 3.4. To achieve a 

temporal comparison of performance, this research compares the indices for each time 

period with that of previous period, and then combines annual changes in the indices to 

measure changes over a given time period. Therefore, the average annual indices are 

linked to the base period in order to provide cumulative indices of the technical 

efficiency change, technical change and TFP change. By setting the first period (1980-

1989) as the base period, the technical efficiency change, technical change and TFP 

change are assigned an index score of 1. 

As explained in Section 3.5.2, period 1 represents data set for 1980-1989. Therefore, the 

indices of the efficiency change, technical change and TFP change for period 1 are the 

annual average for the 1980-89 data set. Also, the indices of the efficiency change, 

technical change and TFP change for period 2 are the annual average for the 1981-90 

data set and so on. It is also noted that an index of more than 1 (> 1) indicates (technical 

efficiency, technical and TFP) improvement and less than 1 ( < 1) shows that no 

(technical efficiency, technical and TFP) improvement. The results and discussion in the 

fo llowing section of this chapter are divided into three groups of models conesponding 
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to the level of analysis, for example, the entire industry, generation and transmission, 

and distribution segments. 

3.6.1 Performance of the entire Thai electricity industry 

This group is further subdivided into 2 groups of models corresponding, respectively, to 

technical and environmental. The first group (Model 1 and Model 2) measures the 

productivity and technical efficiency of the Thai electricity industry both by excluding 

and including the IPPs and SPPs. This research, therefore, represents Model 1 as Electric 

Utilities (EU) model and Model 2 as Entire Industry (EI) model. In addition, this 

research also assesses the environmental performance of the electricity industry by 

introducing an environmental variable in Model 1 and Model 2. The ensuring 

(environmental) models are called Model 3 and Model 4. 

Table 3.4: Comparison of technical efficiency change, technical change and TFP change 
indices between EU and EI models 

- ----------Modcll (EU ~ode~---- ----Mod~'~model) _____ 
Period* Technical Technical TFP Technical Technical TFP 

Efficiency Change Change Change Efficiency Change Change Change 
1 1.000 1.000 1.000 1.000 1.000 1.000 
2 0.999 1.003 1.002 0.999 1.003 1.002 
3 1.000 1.004 1.005 1.000 1.004 1.005 
4 1.000 1.008 1.009 1.000 1.008 1.009 
5 1.000 1.012 1.013 1.000 1.012 1.01 3 
6 1.002 1.013 1.016 1.002 1.013 1.016 --
7 1.004 1.020 1.026 1.003 1.021 1.025 
8 1.006 1.018 1.027 1.005 1.020 1.025 --
9 1.008 1.022 1.033 1.007 1.024 1.031 
10 1.008 1.024 1.036 1.007 1.026 1.033 
11 1.008 1.024 1.036 1.007 1.026 1.033 
12 1.007 1.028 1.039 1.006 1.029 1.036 
13 1.006 1.034 1.044 1.005 1.032 1.038 
14 1.003 1.039 1.045 1.000 1.039 1.039 
15 1.002 1.041 1.046 0.987 1.055 1.042 
16 1.001 1.044 1.048 0.985 1.063 1.047 
17 1.001 1.046 1.051 0.983 1.068 1.050 
18 0.985 1.057 1.046 0.982 1.073 1.054 

* Note: The penods 1 to 18 represent: 1980-89; 1981-90; 1982-91; 1983-92; 1984-93; 1985-94; 1986-95; 
1987-96; 1988-97; 1989-98; 1990-99; 1991-00; 1992-01; 1993-02; 1993-03; 1994-04; 1995-05; 1996-06. 
(For details, refer to Section 3.5.2) 

Technical performance of the Electric Utilities- EU -'-'Uodel (Modell) 

The results of Model 1 (EU n1odel) are presented in Table 3.4 and Figure 3.3. A review 

of period-by-period trend over the entire time horizon (1980-2006), divided into periods 

1-18 (as shown in Figure 3.3) suggests that, for periods 1 to 17, the technical efficiency 

change in the first eleven periods increased only slightly - by about 0.8%, and declined 
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thereafter, from 1.008 to 0.985. Especially in the last period, the efficiency decreased 

rapidly. In contrast to the technical effi ciency change, there was a continuous increase in 

technical change and this was responsible for the growth in total factor productivity. 

Accordingly, this research draws the conclusion that the main driver for total factor 

productivity growth has been technical change (frontier shift) and that technical 

effi ciency change (catch-up) has made insignificant contribution to the industry 

performance. 

Figure 3.3: Cumulative indices of technical efficiency change, technical change and TFP 
change (EU model) 
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Note: The periods 1 to 18 represent: 1980-89; 1981 -90; 1982-91; 1983-92; 1984-93; 1985-94; 1986-95; 
1987-96; 1988-97; 1989-98; 1990-99; 199 1-00; 1992-01 ; 1993-02; 1993-03; 1994-04; 1995 -05 ; 1996-06. 
(For details, refer to Section 3.5 .2) 

The possible reasons behind such trends include the following. 

• The growth in technical changes could be mainly due to significant investments 

continuously made in the electricity infrastructure over the entire period 1980-2006. 

Over this period, the network length increased from 68 ,478 km to 353,822 km, and 

the network capacity increased from 10,839 MVA to 122,154 MVA (see Table 1, 

Appendix II, p. 257). This increase was intended to support the electrification of the 

whole nation; 97% of the Thai population had access to electricity in 2006 (DEDE, 

2008b ). The installed capacity for the Thai electricity industry, however, increased 

from 3,448 to 17,039 MW over the period 1980-2000 and dropped significantly, to 

15,000 MW in 200 1; it then increased to 15,97 5 MW in 2006 (see Figure 3.4). This 

was because, in 2000, the EGAT's subsidiary (Ratchaburi Power Plant) was sold 

through the shares in the stock exchange. 
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• The technical efficiency change exhibits a declining trend subsequent to period 12. 

Several factors have contributed to this trend. These include: 

1. The introduction of IPP and SPP programs in 1992, and the partial 

privatization of EGAT's subsidiary in 1995. These resulted in a significant 

reduction in the professional workforce due mainly to the transfer of EGAT' s 

employees to the privatized subsidiary companies of EGAT. For example, 

the number of employees decreased from 78,118 to 59,478 over the period 

1995-2006 (see Table 1, Appendix II, p. 257). This reduction seems to have 

contributed to the decrease in efficiency, thus contradicting the argument of 

the proponents of electricity reform that the industry was overstaffed and that 

contributed to the industry's inefficiency. 

11. Another factor was the Asian financial crisis of 1997/8. This crisis resulted in 

a reduction in electricity demand, from 81,953 GWh in 1997 to 79,901 GWh 

in 1998. Interestingly, the electricity generation by IPPs continued to increase 

over this period due to the already signed Power Purchase Agreements 

(PPAs). This created a situation of excess generation capacity and a high 

reserve margin. For example, Figure 3.5 suggests that the reserve margin of 

the Thai electricity industry declined from 31% in 1980 to 16% in 1997. 

Since 1998, however, its level considerably increased above the 

internationally recommended level of 15-20 °/o (EGAT, 2007). 

111. The absence of the independent regulatory body, particularly during the 

introduction of the IPP and SPP programs, appeared to have contributed to a 

decline in industry efficiency. This is so because the regulation for the PPAs 

focused solely on protecting the investors' interest in order to ensure 

adequate investments. Under such regulation, for example, the incumbent 

utilities were obliged to purchase a minimun1 a1nount of electricity from the 

IPPs, irrespective of demand. This undoubtedly adversely impacted the 

efficiency of the industry, especially in the backdrop of economic crisis as 

noted above. 

IV. The privatization program was also a major factor. This program resulted in 

decreased job security and hence lowering of staff working incentives. In 
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addition, the fierce opposition by the labour unions took the form of protests, 

and the time lost due to these protests further affected their performance. 

Based on the above discussions, one can infer that the introduction of the IPPs and SPPs 

had a negative impact on the efficiency of the Thai electricity industry. This, however, 

contradicts the main rationale for electricity reform, as argued by its proponents, namely, 

reform would improve the performance of the industry. Additional support for this 

inference will be provided on the basis of the results of Model 2 (EI model) which will 

consider the entire Thai electricity industry, including the three state electric utilities, the 

IPPs and the SPPs. 

Figure 3.4: Comparison of installed capacity in the EU and EI models 
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Figure 3.5: Reserve margin of the Thai electricity industry 
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Technical Performance of the Entire Industry- EI Model (Model2) 

The results of Model 2 (as shown in Table 3.4 and Figure 3.6) suggest that, there was a 

0.7 o/o improvement in technical efficiency over the periods 1 to 11, followed by a 

continuous decrease between period 12 and 18. There was, however, a steady growth in 

technical change over the entire period. The period by period productivity changes 

followed the same trend as that of technical change. This research argues that, like 

Model 1, the main driver of total factor productivity is technical change. 

Figure 3.6: Cumulative indices of technical efficiency change, technical change and TFP 
change (EI model) 
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In order to assess the impact of the introduction of the IPPs and SPPs on the industry's 

performance, a cotnparison is made between the results of Model 1 (EU model) and 

Model2 (EI model). This comparison is presented in Figures 3.7-3 .9. 

• Figure 3.7 suggests that, from period 1 to 6, the productivity growth in the EU and 

EI models displayed similar trends. From period 7, a disparity in productivity 

growth, however, emerged between the EU and EI models. This is so because the 

first IPP was commissioned in 1995 which is the initial year for period 7. 

• A closer analysis of these two models also suggests that the EU model provided 

higher productivity growth for almost the entire period. In the last period, there was, 

however, a drop in total factor productivity for the EU tnodel. It is argued that this 
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decline was likely due to the combined effect of the significant drop in technical 

efficiency change of the EU model, from 1.001 to 0.985, in the last period (see 

Figure 3.8) and the decreased investments in the generation system from EGAT-

due to the introduction of the IPPs and SPPs (see Table 1, Appendix II, p. 257). On 

the other hand, in the EI model, there was a continuous growth in productivity over 

the entire period. This was largely because of the continuous investments made in 

the electricity infrastructure (see Table 2, Appendix II, p. 258). 

Figure 3.7: Comparison of cumulative index of TFP changes between EU and EI models 
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Figure 3.8: Comparison of cumulative index of technical efficiency changes between EU 
and EI models 
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• In Figure 3.8, the annual average technical efficiency results of the EU model 

yielded a higher score than those of the EI model, although both models showed 

declining trends. However, the rate of decrease in technical efficiency in the EI 

model was more than in the EU model. This suggests that the electricity industry, 

consisting of only three electric utilities, performed more efficiently than the entire 

industry including the IPPs and SPPs. It also indicates that the introduction of the 

IPPs and SPPs did not result in any improvement in the efficiency of the industry. 

This supports the inference as drawn from the results of the EU model, namely, that 

the introduction of the IPPs and SPPs made negative impacts on the efficiency of 

the Thai electricity industry. 

• Over the entire period, there was a continuous technical improvement for each of the 

two models (see Figure 3.9). From period 14 to 18, the technical improvement in the 

EI model had, however, increased significantly than the EU model. This is because, 

in the EI model, a substantial investment was made in the electricity industry. In the 

EU model, on the other hand, there was a decrease in the rate of increase of 

investment since the introduction of the IPPs and SPPs. The high technical progress 

in the EI model, therefore, contributed to maintaining the growth in productivity 

despite the significant decline in technical efficiency. 

Figure 3.9: Comparison of cumulative index of technical changes between EU and EI models 
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Environmental Performance of the Thai Electricity Industry (Model3&4) 

In order to assess the impacts of the electricity industry reform (especially of the 

introduction of the IPPs and SPPs) on the environment, this research includes an 

environmental variable in Model 1 and Model 2. Therefore, the efficiency of the 

industry, in this case, would be interpreted as clean efficiency which measures the ability 

to produce electricity from clean technology. 

This analysis, like the previous, compares the results of Model 3 and Model 4. These 

models measure the clean efficiency of the Thai electricity industry by, respectively, 

excluding and including the IPPs and SPPs. This research, accordingly, designates 

Model 3 as Electric Utilities (EU) model and Model 4 as Entire Industry (EI) model. 

Table 3.5: Comparison of clean efficiency change indices between EU and EI models 

l\1odel 3 (EU model) Model 4 (EI model) 
Period* Clean Efficiency Change Clean Efficiency Change 

1 1.000 1.000 
2 0.999 0.999 
3 1.000 1.000 
4 1.002 1.002 
5 1.002 1.002 
6 1.004 1.004 
7 1.002 1.006 
8 1.000 1.007 
9 1.004 1.010 
10 1.005 1.011 
11 1.005 1.01 1 
12 1.002 1.011 
13 0.996 1.010 
14 0.975 1.002 
15 0.955 0.990 
16 0.922 0.987 
17 0.908 0.985 
18 0.882 0.984 

* Note: The penods 1 to 18 represent: 1980-89; 1981-90; 1982-91; 1983-92; 1984-93; 1985-94; 1986-95; 
1987-96; 1988-97; 1989-98; 1990-99; 1991-00; 1992-01; 1993-02; 1993-03; 1994-04; 1995-05 ; 1996-06. 
(For details , refer to Section 3.5 .2) 

The clean efficiency changes in the EU and EI models (as presented in Table 3.5 and 

Figure 3.1 0) show that, there were initial improvements in clean efficiency in both 

models over the periods 1 to 12. This was followed by a continuous decrease over the 

periods 13 to 18. The differences between these models are that the clean efficiency 

improvements, over the period 1-12, in the EI model are higher than that in the EU 

model. Also, in the EI model, the decline in clean efficiency is less pronounced than that 

in the EU model. 
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Figure 3.10: Comparison of cumulative index of clean efficiency changes between EU and 
EI models 
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The following observations can be made from these findings. 

• The initial improvements for both two models were due to the changes in fuel mix 

for the electricity generation. In 1980, for example, the dominant fuels were fuel oil 

(79%), lignite (17%) and diesel oil (4%). The shares of these fuels, however, 

changed to fuel oil (36%), lignite (20%), and natural gas (44%) by 1984. It is widely 

known that electricity generated from natural gas produces less C02 emissions than 

from coal, lignite and oil. Consequently, changes in fuel shares resulted in slight 

improvements in clean efficiency over the periods 1-6. The introduction of the 

SPPs, in 1992, further improved clean efficiency of the EI model, as the SPP 

program was primarily intended to pro1note electricity generation from renewable 

energy. In fact, under the SPP scheme, the SPPs are also allowed to generate 

electricity from conventional energy source by using, for example, cogeneration 

technology. However, in the early years of the SPP's operation, during 1995-1998, 

the dominant fuel used by the SPPs was natural gas, accounting for 95% of total fuel 

(DEDE, 2008b ). 

• The significant decline in clean efficiency of the EU model was due to an increase in 

C02 emission intensity (see Figure 3.11). This intensity increased as a result of the 

reduced share of electricity production from EGA T over the period 1998-2006. This 
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prompted changes in fuel shares and hence more C02 emissions. The average per 

cent fuel shares of natural gas and lignite over the period 1998-2006 was 4 7o/o and 

42% respectively (see Figure 3.12). In contrast, in the EI model, natural gas has 

been the dominant fuel source for generating electricity over the period 1998-2006 

(see Figure 3.13). The differences in the mix of fuels between the EU and EI 

models, therefore, increased the disparity of C02 emission intensity trends between 

these two models. 
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Figure 3.11: C02 emission intensity of the Thai electricity industry 
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Figure 3.12: Fuel mix for electricity generation for Model3 (EU) 
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Figure 3.13: Fuel mix for electricity generation for Model 4 (EI) 
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• The SPPs coming in operation since 1999 appear to have been responsible for the 

slight decrease in the clean efficiency of the EI model over the period 14-18. This is 

due to the fact that, since 1999, the share of imported coal in electricity generation 

by the SPPs has continuously increased fro1n 2% in 1998 to 26% in 2006 (DEDE, 

2008b ). The electricity produced from the SPPs was, however, still a small 

proportion (approximately 8%) of the total electricity generation in 2006 (DEDE, 

2008b). 

The above analyses suggest that the introduction of the IPPs and SPPs has had a 

relatively modest effect on the environment. This is due to the government's policy to 

control the electricity generation of the IPPs and SPPs from environmentally detrimental 

fuels. Over the period 1995--2006, over 80% of IPP and SPP generation capacity, for 

example, was based on natural gas (EPPO, 2009). This increased the share of natural gas 

in the country's fuel mix for power generation, from 41 o/o in 1995 to 70% in 2006 

(DEDE, 2008b ). The dominant share of this less polluting fuel source (natural gas), 

therefore, resulted in a decrease in C02 emissions intensity in the EI model (see Figure 

3.11). 

3.6.2 Performance of the generation and transmission sectors - EGA T (Model 5) 

An analysis of the results shown in Table 3.6 and Figure 3.14 reveals that there was a net 

1% improvement in technical efficiency over the period 1-12. This was followed by 

slight decrease between the periods 13 to 17. In the last period, the technical efficiency 
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significantly decreased. On the contrary, there was a steady growth in technical change 

over the entire period. 

Table 3.6: Cumulative indices of technical efficiency change, technical change and TFP 
change (EGAT) 

Period* Technical Efficiency Change Technical Change TFP Change 
1 1.000 1.000 1.000 
2 0.999 1.010 1.000 
3 1.000 1.006 1.004 
4 1.001 1.010 1.009 
5 1.005 1.009 1.012 
6 1.007 1.008 1.013 
7 1.007 1.016 1.021 
8 1.009 1.018 1.025 
9 1.009 1.023 1.030 
10 1.009 1.026 1.033 
11 1.009 1.026 1.035 
12 1.010 1.028 1.037 
13 1.009 1.037 1.044 
14 1.007 1.041 1.047 
15 1.006 1.048 1.053 

1-· 

16 1.005 1.049 1.053 
17 1.005 1.053 1.057 
18 0.989 1.070 1.057 . Note: The penods 1 to 18 represent: 1980-89; 1981-90; 1982-91 ; 1983-92; 1984-93; 1985-94; 1986-95; 

1987-96; 1988-97; 1989-98 ; 1990-99; 1991-00; 1992-01; 1993-02; 1993-03; 1994-04; 1995-05; 1996-06. 
(For details, refer to Section 3.5.2) 

Figure 3.14: Cumulative indices of technical effici~ncy change, technical change and TFP 
change (EGAT) 
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The following observations can be made from the above analyses. 

• Over the entire period, there was a steady growth in total factor productivity 

which was largely driven by the high improvement in technical change. 

• The continuous technical progress was mainly due to the continuous investments 

made in the generation and transmission sectors (EGAT) over the period 1980-

2006. The network length of EGAT increased from 9,928 km in 1980 to 30,092 

km in 2006, and the EGAT's network capacity increased from 5213 MVA in 

1980 to 66126 MVA in 2006 (EGAT, 2008). 

• The decline in technical efficiency, since period 13, exhibits a similar trend as 

that of Model 1. This was contributed by several factors previously explained in 

Model 1. Those factors include the introduction of the IPP and SPP programs, 

partial privatization of EGAT subsidiary, the Asian financial crisis of 1997/98, 

the absence of independent regulatory body and the privatization program. 

On the basis of the above, one can argue that the performance of EGAT has a major 

influence on the performance of the Thai electricity supply industry. This is because 

generation and transn1ission activities account more than two-thirds of electricity supply 

process. In order to improve the perfom1ance of the Thai electricity industry, the 

EGAT's performance gain is crucial. 

3.6.3 Performance of the distribution sector 

This section analyses the performance of the electric distribution utility. In this research, 

the Thai electricity industry comprises two electric distribution utilities, namely, MEA 

and PEA. Therefore, this research represents Model 6 and 7 to measure the productivity 

and technical efficiency of the MEA and PEA respectively. 

Performance of MEA (Model 6) 

The results of Model 6 (as shown in Table 3. 7 and Figure 3 .15) suggest that there was 

7.0o/o and 7.5% improvement in technical progress and productivity. For the technical 

efficiency, there was no improvement during the period 1-6. From period 7 to 14, the 

technical efficiency increased slightly from 1 to 1.006, and followed by a small decline 

over the last four periods. 
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Table 3.7: Cumulative indices of technical efficiency change, technical change and TFP 
change (MEA) 

Period* Technical Efficiency Change Technical Change TFP Change 
1 1.000 1.000 1.000 
2 0.998 1.010 1.010 
3 0.997 1.015 1.012 
4 0.997 1.019 1.017 
5 0.998 1.025 1.024 
6 0.999 1.031 1.031 
7 1.000 1.038 1.039 ------t--· -· 
8 1.002 1.043 1.046 
9 1.004 1.046 1.052 
10 1.006 1.046 1.054 
11 1.006 1.046 1.054 
12 1.006 1.047 1.055 
13 1.006 1.053 1.062 
14 1.006 1.052 1.061 
15 1.005 1.058 1.066 
16 1.004 1.065 1.071 
17 1.004 1.066 1.072 
18 1.003 1.070 1.075 . 

Note: The penods 1 to 18 represent: 1980-89; 1981-90; 1982-91; 1983-92; 1984-93; 1985-94; 1986-95; 
1987-96; 1988-97; 1989-98; 1990-99 ; 1991-00; 1992-01; 1993-02; 1993-03; 1994-04; 1995-05; 1996-06. 
(For details, refer to Section 3.5.2) 

Figure 3.15: Cumulative indices of technical efficiency change, technical change and TFP 
change (MEA) 
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The following points emerge from the analyses of these results. 

• Over the entire study period (1-18), there was a continuously technical 

improvement which was due to continuously increased investment in the network 

system over the study period (see Table 4, Appendix II, p. 260). This steady 
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growth in technical change, like the previous, was responsible for the total factor 

productivity gains. 

• The initial drop in technical efficiency was a result of the increase in network 

losses, between 1980 and 1987, from 4.5o/o to 6.3o/o (see Figure 3.16). Over the 

period 1989-1995, the reduction in network losses, however, contributed to the 

gains in technical efficiency. This argument is based on the grounds that the 

measurement of distribution's efficiency essentially corresponded with network 

efficiency which, in this research, is represented by network losses. 

• The minimal decline in technical efficiency in the last four periods was the 

combined effects of no further reduction in network losses over the last decade 

(see Figure 3.16) and the privatization progran1. Not only has this program 

resulted in a lowering of staffs working incentives but it has also contributed to 

the rise of several protests, and this affected its efficiency. 

Figure 3.16: Network losses of the electric distribution utilities (MEA & PEA) 
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The results of Model 7 (as presented in Table 3.8 and Figure 3.17) reveal that there was 

a significant improvement of 9.8o/o in technical change over the period 1980-2006. The 

period-by-period productivity change followed a similar trend as the technical change. A 

substantial increase in technical progress co1nbining with slight improvements in 
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technical efficiency (as compared with technical progress) resulted in a net growth of 

10.6% in total factor productivity over the entire period. From period 1 to 10, the 

technical efficiency displayed a minimal growth and in the subsequent periods, there 

was no improvement in technical efficiency. 

Table 3.8: Cumulative indices of technical efficiency change, technical change and TFP 
change (PEA) 

Period* Technical Efficiency Change Technical Change TFP Change 
1 1.000 1.000 1.000 
2 1.000 1.010 1.010 
3 1.003 1.011 1.013 
4 1.003 1.019 1.021 
5 1.004 1.027 1.030 
6 1.005 1.032 1.037 
7 1.004 1.043 1.046 
8 1.007 1.050 1.056 
9 1.008 1.056 1.063 
10 1.009 1.058 1.066 
11 1.009 1.064 1.071 
12 1.009 1.067 1.074 
13 1.006 1.075 1.081 
14 1.005 1.082 1.086 --r--
15 1.009 1.081 1.089 --
16 1.008 1.091 1.097 
17 1.008 1.095 1.101 
18 1.009 1.098 1.106 

~ 

Note: The penods 1 to 18 represent: 1980-89; 1981-90; 1982-91; 1983-92; 1984-93; 1985-94; 1986-95; 
1987-96; 1988-97; 1989-98; 1990-99; 1991-00; 1992-01 ; 1993-02; 1993-03; 1994-04; 1995-05; 1996-06. 
(For details, refer to Section 3.5.2) 

Figure 3.17: Cumulative indices of technical efficiency change, technical change and TFP 
change (PEA) 
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The following observations can be drawn from the above findings. 

• The significant technical progress over the whole period ( 1-18) was attributed to 

substantial investment in the network infrastructure, for example, network length. 

The increase in network length illustrated a good expansion in service area which 

could signify how well the country has developed in regard to citizen's electricity 

access indicator. 

• The gains in technical efficiency during the period 1-12 were contributed by the 

continuously reduced network losses from 8.3o/o to 4.7o/o (see Figure 3.16). Since 

period 13, the technical efficiency slightly declined from 1.009 to 1.005 and 

rebounded thereafter. It is wm1h noting that, unlike in Model 6 (PEA), the 

technical efficiency of this model (l\1odel 7) exhibited a constant score over the 

last four periods (15- 18). This is so because protest participation has less effect 

on the efficiency of PEA than that of MEA. Since a majority of PEA en1ployees 

is distributed into the whole country due to their assigned responsibility, it is 

rather difficult for PEA staffs to participate in protests . In contrast, the offices of 

EGAT and MEA are tnainly located in the capital city which is more convenient 

for protest participation. 

The inference drawn from the above analyses is that there is no pressing case for the 

reform of the electric distribution utilities. The analyses suggest that these two 

distribution utilities (MEA and PEA) have performed efficiently when assessed in terms 

of network system losses. The network system losses for the whole industry averaged 

about 9.3% of net generation, which was less than the World Bank recommended value 

of 12o/o for an efficient electricity industry (Mbogho, 2007). 

3.7 Summary and conclusions 

The major findings of this chapter are as follows: 

• The analysis of the performance of the Thai electricity industry reveals that there 

was in fact an increase in the total factor productivity (TFP) of the Thai 

electricity industry over the period 1980-2006. This productivity growth, 

however, was mainly driven by technological improvements and that technical 

efficiency has had insignificant impact on the overall productivity. 
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• The analysis also suggests that the technical progress over the entire period was 

due to substantial investments made in the electricity infrastructure by the Thai 

government, not electricity reform per se. In contrast, the declining trend in 

technical efficiency was influenced by a mix of factors including the introduction 

of IPP and SPP programs, the absence of independent regulatory body, the Asian 

financial crisis of 1997/98, and the privatization program. 

• The introduction of the IPPs and SPPs has negatively impacted the performance 

of the Thai electricity industry. The rate of growth in productivity of the entire 

industry (including the IPPs and SPPs) was lower than that of the industry 

comprising only the electric utilities (EGAT, MEA and PEA). Further, the 

introduction of IPPs and SPPs did not result in any improvement in the technical 

efficiency of the industry. Consequently, the argument that electricity reform 

would improve the industry performance appears to be unsupportable. 

• The impacts of the introduction of IPPs and SP Ps on the environment were 

relatively n1odest. Although this introduction has contributed to an increase in the 

share of less environmentally detrim.ental fuel (i.e. natural gas), this trend is 

unlikely to sustain in the near future due to increased emphasis being placed on 

the use of i1nported coal by private producers in the Power Development Plan 

(PDP) 2007. 

• The performance of EGAT showed high growth in terms of both TFP and 

technical change. The technical efficiency, however, initially improved, but was 

followed by a declining trend. This is similar to the trend for the electricity 

industry comprising electric utilities only. This research concludes that the 

performance of EGAT has a major influence on the performance of the entire 

Thai electricity industry. Accordingly, it is essential to gain understanding about 

the dynamics of the performance of EGAT, in order to devise ways to achieve 

any improvement in the performance of the whole industry. 

• For the distribution sector, the performance assessment of MEA reveals that the 

MEA has performed efficiently. The network losses have been rather low 

(average about 4.4% of net electricity purchase). Also, there was an improvement 
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in the performance of PEA, with average network losses at about 6.5% of net 

electricity purchased. Overall, the network system losses for the entire country 

averaged about 9.3o/o of net generation, which is satisfactory as compared with 

the World Bank recommendation of 12% for an efficient electricity industry. 

• The efficient performance of these two distribution utilities reinforces the 

conclusion drawn earlier, namely, that EGAT's performance is critical for the 

overall performance of the Thai electricity industry. 

This chapter has examined the performance of the Thai electricity industry and its 

segments, to gain an understanding about how the industry has performed and to 

determine the impacts of electricity reforms introduced since 1992 on the performance 

of the industry. The examination reveals that the electricity reform did not contribute to 

any noticeable improvement in the industry's performance. Whatever improvements are 

observed are due to the technological advancement. Further, this conclusion calls into 

question the often cited rationale for reform, namely, that such reform will improve the 

performance of the electricity industry. This chapter has studied only the impacts of 

electricity reforms on the industry itself. There is still a need to examine the economy-

wide impacts of reform. This is the subject matter of discussion on Chapter 4. 
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CHAPTER4 

ECONOMY WIDE IMPACTS OF ELECTRICITY REFORM 

4.1 Introduction 

Chapter 3 provided a comprehensive analysis on the performance of the Thai electricity 

industry and the influence of electricity reform on such performance. This analysis, 

while useful, is somewhat inadequate. Why? Because it does not shed any light on the 

question: How has electricity reform impacted the wider economy? An examination of 

this question is essential because it constitutes a major argument for reform, namely, that 

electricity reform will provide economy-wide benefits. This chapter, therefore, examines 

this question. It assesses - for the first time9 
- the economy-wide impacts of the Thai 

electricity reform for the period 1985-2005. The economy-wide impacts, in the context 

of this research, include energy, environmental, economic and social. 

This chapter is organized as follows. Section 4.2 reviews the existing studies conducted 

to assess the impacts of the Thai electricity reform. Section 4.3 provides a discussion on 

the commonly used methodologies for the assessment of the economy-w]de impacts of 

electricity reform. This section also introduces the method etnployed in this research as 

well as provides justification for the selection of the research methodology. Section 4.4 

presents the methodological frmnework for the assessment of the economy-wide impacts 

of electricity reform. This section also presents the key attributes that are employed in 

this research to measure various i1npacts. These attributes, for example, include energy 

security, energy intensity, GHG emissions and intensity, output and income and 

employment multipliers, inter-industry linkages, and price impact. The methodological 

framework applied for determining these attributes is also presented in this section. 

Section 4.5 provides data sources and describes how this data was transformed, in order 

to assess economy-wide in1pacts. In Section 4.6, the empirical results of the economy-

wide impacts of electricity refom1 are analyzed in tern1s of the attributes mentioned 

above. The summary and conclusions of this chapter are presented in Section 4. 7. 

9 
To the best of knowledge of this author, there is no existing study that has comprehensively examined 

this question in the context of the Thai electricity industry . 



95 

4.2 Review of existing studies 

The literature provides only few examples of studies undertaken to analyze the impacts 

of the Thai electricity reform. These include: 

Shrestha (1999) 

This study analyzed the effects of electricity purchase from independent power 

producers (IPPs) by a utility on environmental emissions and generation system 

reliability. The Wien Automatic System Planning model (WASP III) was employed to 

determine the least cost generation expansion scenarios which were divided into two 

scenarios, namely, the least cost generation expansion without the contribution of IPP 

plants and with IPP plants introduced in a particular year of the planning horizon. The 

titne period of analysis of this study was 2003-2017. The environmental implications 

were evaluated in terms of the net change in emissions of air pollutants with electricity 

purchased from IPPs by a utility. The Loss of Load Probability (LOLP) and Expected 

Energy Not Served (EENS) were used as measures of generation system reliability. 

In the case of environmental impacts, the study showed that electricity purchase from a 

non-dispatchable IPP plant based on coal-fired generation would increase the net 

emissions as compared with the case of no purchase from IPPs. The study also revealed 

that the lower plant factor of the IPP plant would also increase emission of air pollutants. 

In terms of system reliability, the analysis showed that electricity purchase from IPPs 

could have both positive and negative impacts on the generation system reliability, 

depending on the reliability measures being investigated. It also revealed that with 

electricity purchase from a non-dispatchable IPP plant, LOLP would increase while 

EENS would decrease. This suggested that the generation system reliability would 

decline if the reliability measure was based on LOLP whereas the generation system 

reliability would improve when the measure was based on EENS. The study concluded 

that the effect of unit size, level of IPP generation and dispatchability of IPP plants on 

EENS was opposite to that on LOLP. 

Shrestha et al. (2004) 

The objective of this study was to assess the impacts of private sector participation in 

electricity generation and tariff reforms on the poor in Thailand. To analyze the impacts 

of electricity reforms on the poor, the counterfactual approach was applied, for the 
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period 1990-2002. Three indicators were employed, namely, tariff, electricity 

consumption and electricity expenditure. The study revealed that refom1 resulted in an 

increase in electricity tariffs. In terms of electricity consumption, the electricity reforms 

occurred during the time that electrification level of the country was already high. 

Therefore, these reforms appeared to have had no impact on the average household 

consumption of the poor and non-poor as well as the electrification level. The increase in 

income of the poor and non-poor also resulted in an increase in average household 

consumption. 

Despite the useful information and analysis provided by the above noted studies, their 

scope is narrow, focused only on few aspects, namely, air pollutions, reliability, and 

electricity tariffs . There is no analysis of the impacts of reform on other dimensions of 

the economy, e.g. , primary energy consumption, energy security, C02 emissions, and 

employn1ent. This could provide rather limited analyses and recommendations. 

4.3 Economy-wide impacts of reform: methodologies 

This section reviews tnethodologies available for analyzing the impacts of electricity 

reform in terms of a range of economy-wide indicators (as shown in Table 4.1). This 

review aims at providing an overview of the methodologies available in the literature as 

well as identifying the tnethodology appropriate for this research. 

The review of the literature (as summarized in Table 4.1) suggests that there are four 

main approaches for assessing the impacts of electricity reform on the wider econmny. 

These are Counterfactual, Econometrics, Cmnputable General Equilibrium (CGE) and 

Input-Output (I-0) Analysis. The basic concept of the counterfactual approach is a 

relation of comparative similarity of worlds (Lewis, 1973). It is also noted in Cumbe 

(2008), in the context of electricity reform, that 'The counterfactuals approach consists 

of comparing average macro-economic outcomes (expressed in terms of selected 

indicators of interest) within a country or across countries, before and after the 

implementation of reform.' In the econometrics approach, one conducts empirical studies 

with a view of statistically correlating key reform components, namely, competition, 

privatization, and regulation, with relevant economy-wide indicators (i.e. electricity 

tariffs, electricity consumption, and GDP per capita). 



97 

Table 4.1: Summary of selected studies analyzing the economy-wide impact of electricity reform 

Authors Objectives Scop_e of Study Methodology Economy-Wide Key Findings Country Period Indicators 
Andres et al. Analyze the impact of Latin At least one Counterfactual and -Output - Privatization generated 
(2006) privatization on American year of pre Econometric - Employment significant improvements 

performance of countries privatization -Productivity in labour productivity, 
infrastructures -Quality efficiency, and 

-Coverage product/service quality. 
-Price 

Boccanfuso et Explore the Senegal 1995- 2001 Computable General - Poverty incidence - The potential impact of 
al. (2009) distributional effects of Equilibrium (CGE) - Depth of poverty price increase of 

price reform in the - Severity of poverty privatization of utilities is 
electricity sector of relatively small 
Senegal 

Cumbe (2008) Examine macro Mozambique 1977-2004 Econometric -Access to electricity -Negligible impact on access 
economic impacts of - electricity tariff to electricity and electricity 
Mozambican electricity - Electricity consumption 
reform consumption -Negative impact on 

electricity tariff 
Han et al. Investigate the role of Korea 1985- 1998 Input- Output - Supply investment - The non-utility electric 
(2004) the four electric power Analysis - Supply shortage sector is superior in terms 

sectors (hydroelectric, -Inter industrial of national economy-wide 
fossil-fuel, nuclear and linkage effects to the other three 
non utility) in the Korean -Price sectors throughout the 
national economy period. 

Kayo (2002) Analyze the technical Zimbabwe 1991-1999 Empirical evidence -Technical and -Steady increase in 
and operational financial electrification levels. Still 
problems, review the performance over 61% of population 
status of electrification - Electrification level have no electricity access 
and the participation of - Participation of - Insignificant role in 
local private investors in private investors financing the power project 
the power sector for local private sector 
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Table 4.1: Summary of selected studies analyzing the economy-wide impact of electricity reform (contd.) 

Authors Objectives Scope of Study Methodology Economy-Wide Key Findings Country Period Indicators 
Karekezi and Review the status, Eastern and - Counterfactual - Electrification of the - Tariff increases and 
Kimani (2002) challenges and prospects Southern poor removal of subsidies may 

of ongoing and planned Africa - Tariff reform on the have no significant impact 
power sector reform poor on the poor. 

- Local participation - There is still low level of 
electrification for the poor 
and low local participation. 

Bojanic and Explore whether the Bolivia 1992- 2001 Empirical Analysis -Access to electricity - Electricity reform brought 
Krakowski electricity reform - Electricity tariff more electricity access to 
(2003) contributed to lessen -Frequency of urban areas. 

poverty levels interruption - The tariff in rural areas has 
- Time of interruption increased faster and steeper 

than in urban areas. 
Mukhopadhyay Estimate the intensity of India 1983-1999 Input-Output -Total and direct - There have been 
and energy of different Analysis energy intensity considerable improvements 
Chakraborty sectors to capture the pre (coal, crude oil, in energy intensities of 
(2005) reform as well as reform natural gas and different sectors. 

period performance of electricity) 
energy sector 

Quiggin ( 1997) Estimate the economy- Australia - Computable General - GDP growth - The direct gains of 
wide impacts of the Equilibrium (CGE) microeconomic reform are 
microeconomic reforms likely to be no more than 1 

per cent of GDP and these 
may be partially offset by 
resulting increases in 
unemployment. 

Sihag et al. Examine the impact of India & 1990-2003 Counterfactual - Electrification level - Positive impact for 
(2004) reform processes on Philippine - Electricity tariff Philippine 

access to electricity for - Electricity - Less improving access to 
the poor consumption electricity for India 
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Table 4.1: Summary of selected studies analyzing the economy-wide impact of electricity reform ( contd.) 

Authors Objectives Scope of Study Methodology Economy-Wide Key Findings Country Period Indicators 
Sharma et al. Examine how far the India 1991- 2001 Counterfactual - GDP-electricity - The social objectives of the 
(2005) restructuring process has elasticity power sector could not be 

been effective in realizing - Commercial losses fulfilled effectively in the 
its set objectives and - Electricity tariff reform process. 
benefited the social - Quality and 
development of the nation availability of power 

Toba (2007) Investigate the welfare Philippine 1990-2010 Cost Benefit Analysis -Costs -The main benefits came 
impacts of the from IPPs. 
introduction of private -Consumers and investors 
sector participation into were net gainers, while the 
the electricity sector government lost and there 

was an air pollution costs. 
Whiteman Examine the Australia 1994-1995 Computable General - GDP growth -An economy-wide benefit 
(1999) macroeconomic impact Equilibrium (CGE) - Consumption growth equivalent to 0.39 per cent 

of the elimination of X- increase in GDP 
inefficiency in electricity 

I industry 
Zhang et al. Assess the effects of 51 1985- 2000 Econometric - Electricity - Competition appeared to 
(2002) privatization, Developing generation per capita bring about favourable I 

I 

competition and Countries - Installed generation effects in terms of service 
regulation on the capacity per capita penetration, capacity 
performance of the - Electricity generation expansion, labour 
electricity sector per employee efficiency and prices 

- Capacity utilization charged to industrial users. 
- Electricity prices 
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The CGE and I-0 approaches have been extensively used to investigate a wide range of 

policy issues. These approaches show the relationships between various sectors of an 

economy and have the ability to take into account both the direct and indirect effects of 

policy changes. In fact, the CGE and I-0 models have much in common in terms of the 

questions addressed, data requirements and the range of applications. The CGE 

approach, argue some, Is fundamentally based on an input-output model. Several 

features of I-0 approach, both conceptual and empirical, provide a basis for the 

development of a CGE model. Dixon et al. (cited in Rose, 1995) noted that 'The 

prototype for modern applied general equilibrium model is Leontief's Input-Output 

model .. .Input-Output tables provide the major part of data for construction of applied 

equilibrium models.' The difference between these two approaches is that CGE model is 

based on more restrictive assumptions than I-0 model in that it typically assumes 

optimizing behaviour and that the economy is in equilibrium. 

The case for the applicability of the approaches based on counterfactuals, econometrics 

and CGE, for this research, is weak because of the following reasons. In the 

counterfactuals approach, it is difficult to take into account the mutual interactions 

between reform components and other factors (for example, macro-econmnic, socio-

econon1ic and environmental) and therefore their itnpacts on the performance of the 

electricity industry as well as the wider economy. In case of an econon1etrics approach, 

it constructs quantitative relationships between reform variables and economy-wide 

indicators. In this approach, reform variables (i.e. competition) are simply represented in 

the form of dummy variable (that is, 0 or 1 ). This does not capture the degree of 

competition and hence fails to reflect the effectiveness of various forms of competition 

that the electricity industry has introduced. For example, in Thailand, competition was 

introduced by the introduction of IPPs and SPPs. In the econometrics approach, this will 

be designated as one dummy variable only; this limits a detailed analysis of the impacts 

of each private power producer has had. 

The CGE approach involves a large number of parameters, is structurally complex and, 

in particular, is highly dependent on large-scale data-collection efforts, which only the 

resources and access of the government can provide. This is unsuitable for the country 

where the resource and access are limited. Further, most CGE analyses have a thin 

empirical base because CGE models are based on numerous assumptions regarding 
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production structure and household behaviour. Rose (1995) noted that 'Ironically, the 

only primary empirical data that most CGE models utilize is an 1-0 table. Otherwise, 

most of its parameters are borrowed (e.g. elasticities of substitution or linear 

expenditure system shares).' 

Input-Output approach appears to be suitable for this research due to its advantages in 

terms of overcoming some of the above noted limitations. For example: 

1. The I-0 approach takes into considerations the mutual interactions between 

refom1 components and other factors (for example, macro-economic, socio-

economic, energy and environmental), and especially the direct and indirect 

impacts of reform on the wider economy; 

11. Due to the ability of I-0 approach to recognize the interdependence of all 

sectors of the economy, it is a very useful tool for examining the role of one 

sector in other particular sectors. Therefore, it allows for detailed analysis of the 

impacts of each private power producer on the wider econo1ny. For example, 

the economy-wide impacts of the IPPs and SPPs can be separately analyzed. In 

addition, such impacts can be comprehensively analyzed in terms of various 

aspects (i.e. energy, environmental, economic and social) ; and 

iii. The data required by this approach (that is, input-output tables) is readily 

available. Input-output tables for Thailand are published every five years, by 

the National Economic and Social Development Board (NESDB). 

4.3.1 Input-Output Analysis 10 

Input-Output (I-0) analysis was formally introduced by Wassily Leontief in the late 

1930s. It was regarded as one of the twentieth century's major advances in economics 

(Stilwell and Minnett, 2000). Since its introduction, I-0 analysis has been extensively 

applied for the analyses of a diverse range of policy questions in various fields, including 

the energy and electricity fields. For example, Allan et al., 2006; Kanagawa and Nakata, 

2006; Yoo and Yoo, 2007; Jafar et al., 2008; Tarancon Moran et al., 2008; Nguyen, 2008 

-have applied I-0 approach to analyze a variety of electricity issues. 

10 
The discussion on the basic concept of input-output analysis was well developed by Miller and Blair 

(1985), Yan (1969), Bulmer-Thomas (1982). 
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According to Yan (1969, p. 3), a good grasp ofl-0 techniques requires a comprehensive 

understanding of the fundamental structure of I-0 table. This table is, in fact, the basic 

component of I-0 analysis. It constitutes a systematic database that provides useful 

information on a complete set of income and product accounts for an economy. It 

portrays details of all transactions between all the individual sectors of the economy at a 

particular point in time. These transactions include transaction between households and 

industries, between industries and industries, imports, investments and exports. Figure 

4.1 presents the basic structure of I-0 table . 

Figure 4.1: Basic structure of an input-output table 
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Based on the basic structure of I-0 table as shown in Figure 4.1, each row describes the 

distribution of the output (both goods and services) of production sectors throughout the 

economy. The flow of goods and services between production sectors is shown in the 

inter-industry table. This inter-industry table provides the analytical foundation of I-0 

analysis. The output of production sector (i) that distributes to other production sectors 

in each column (j) is defined as intermediate demand (Xij). The final demand (Yi) refers 

to the output of production sector (i) that is consumed by the end users (for example, 

household and government consumption, consumption for investment purpose, and 

exports). 
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On the contrary, each column of the I-0 table records the purchase of goods and 

services from other production sectors and primary production factors in the economy. 

The goods and services that the production sector i purchases from other production 

sectors are called intermediate inputs (Xij ). In addition, in order to produce the output of a 

particular production sector, it would require not only the intermediate inputs from other 

production sectors but also the primary inputs. These primary inputs incorporate the 

purchase of local household (labour income or wages and salaries), import requirements, 

gross operating surplus, depreciation, taxes, and subsidies. 

The basic balance equations of the input-output model can be represented as: 

n 

xi = L xu +r; (4.1 ) 
i=l 

17 

xi =L xu +Vi (4.2) 
i=l 

where 

xi = total output of sector i; 

x i = total input of sector j ; 

xu = the flow of goods and services from sector i to sector j ; 

~ = final demand for sector i; 

Vi = value added for sector j ; 

The representation In equation 4.1 provides the total use made of the output of a 

particular production sector (i) by all the other sectors plus the amount demanded for 

final use by consun1ers, export, investment and government. On the other hand, the 

expression in equation 4.2 provides the total input or total cost of a particular production 

sector (j) which is equal to the total purchases made by sector (j) from all sectors in the 

economy plus all returns to primary factors , or value added in this sector. 

The inter-industry flows (xu) can be transformed into technical coefficients (aij). 

According to Miller and Blair (1985), this transfonnation is based on the fundamental 

assutnption that there is a fixed relationship between a sector's output and its inputs, in 

other words, inputs are constant for all level of output. In other words, the possibility of 
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substitution between inputs is ignored. On the basis of this assumption, the economy is 

assumed to operate under constant-return-to-scale. The technical coefficient can be 

defined as: 

(4.3) 

where 
au = technical coefficient or direct input coefficient. 

The technical coefficient shows the direct input requirements of each production sector 

in relation to the output of the sector. 

By substituting equation 4.3 into equation 4.1 , the balance equation can be rewritten as : 

n 

x i = Laux ; +J; 
)=1 

(4.4) 

For the economy of n production sectors, equation 4.4 can be written, in a matrix form, as: 

XI l ali at2 aln 

~: l ~ 1:.J = 

a 2I a22 a2n y2 
(4.5) . + 

an! an2 ann x n Y n 

or 
X=AX+Y 

By manipulating equation 4.5, the fundamental input-output relation can be obtained: 

(4.6) 

where I is identity 1natrix and (I - A t 1 is known as Leontief inverse matrix. This matrix 

represents the total (direct and indirect) requirements for production in the economy. The 

Leontief inverse matrix allows one to estimate the impact of a change in final demand 

from each sector as well as analyze the interdependence of the production system. 
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4.4 Economy-wide impacts: methodological framework 

This section presents the methodological framework employed in this research in order 

to examine the economy-wide impacts of electricity reform. These impacts (as Figure 

4.2 shows) are analyzed in this research in terms of energy, environmental, economic 

and social. In order to achieve this, several attributes are assigned in this research. 

Figure 4.2 provides an overview of the key attributes. 

Figure 4.2: Attributes for assessing economy-wide impacts of electricity reform 
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The definition, meaning and the method for quantifying these attributes is discussed in 

the following subsection. This discussion is divided into four subsections, namely, 

energy, environmental, economic and social. 

4.4.1 Energy impacts 

In order to assess the impacts of electricity reform on the broader energy sector, this 

research employs two main attributes, namely, energy security and energy intensity. 

Energy security is defined in this research in terms of energy diversity, energy import 

dependency and electricity reserve margin. Energy intensity, on the other hand, is 

segregated in terms of coal, oil, natural gas and electricity. 

Energy Security 

The energy security concerns have, in the recent times, moved to the forefront of global 

energy policy debate. The notion of energy security focuses on the adequacy, 

availability, diversity, affordability of energy resources and their associated non-

reversible environmental impacts (UNDP, 2004). In order, therefore, to promote energy 

security, a range of measure could be implemented, for example, diversifying energy 

supplies, reducing energy import dependency, raising energy efficiency, maintaining 

adequate reserve capacity, improving energy sector governance, and making greater use 

of alternative and renewable resources (ESCAP, 2008). In the case of Thailand - the 

country where domestic energy resources are limited and investment capability for 

maintaining sufficient reserve capacity is rather weak, three attributes, namely, energy 

diversity, energy import dependency and electricity reserve margin are selected, in this 

research, as the key measures for ensuring energy security. 

The energy diversity is represented in this research in terms of a simple yet widely used 

diversification index, namely, Herfindahl index 
11

. In its simplest form, it can be 

represented as: 

where 

11 

(4.7) 

H = Herfindahl or diversification index (on a 0 to 1 scale, with a lower 

value indicating greater diversification of supply); 

More details on this index are provided in Neff (1997) and Von Hippel et al. (2008). 
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xi = the fraction of total supply from source i. 

This research considers four types of energy import dependencies (coal, oil natural gas 

and electricity). Import dependency is calculated in this research in terms of the net 

energy imports as a proportional of available energy supply. Further, the electricity 

reserve margin is measured in terms of available capacity in excess of peak electricity 

demand. 

Energy Intensity 

In order to calculate energy intensity, the Leontief I-0 model is adapted by replacing 

the monetary flows in energy sectors' row with the physical flows of energy. The 

' hybrid method' introduced by Miller and Blair (1985) results in the development of a 

modified transaction table which traces energy flows in the econon1y in physical units 

(for example, BTU, TOE) and non-energy flows in monetary units. The concept of 

energy I-0 model is, in fact, analogous to the Leontief I-0 framework in the sense that 

the energy I-0 model seeks to retain similar sets of matrices as in the case of basic I-0 

n1odel. The tnatrices are the energy transactions matrix, direct energy requirements 

matrix and total energy requirements n1atrix. 

Following Miller and Blair (1985), the energy flows accounting can be expressed in a 

matrix fonn as: 

where 

F = matrix of total energy consumption in the economy (KTOE); 

Ei =matrix of energy consumed by inter-industry sectors (KTOE); 

Ey =energy consutnption by final demand (KTOE). 

(4.8) 

Ei is energy consumption by production sectors and the total output of production sectors 

is X. Hence, direct energy intensity (C) can be represented as: 

c = E .x-' 
I 

(4.9) 
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The substitution of equation 4.6 into equation 4.9 yields: 

( 4.10) 

where C(J- A)-1 is known as total energy requirement of production sectors in the 

economy or total energy intensity. 

4.4.2 Environmental impacts 

In recognition of environtnental concerns about climate change, this research analyses 

how electricity reform has impacted the environment. The analysis incorporates C02 - a 

major greenhouse gas contributing to climate change - is used as a proxy to represent 

concern about climate change. Additionally, this research includes S02 because this 

toxic gas causes acid rain which has apparently been a serious environmental problem 

for Thailand over the last three decades or so. 

GHG emissions 

C02 and S02 emissions can be estimated on the basis of the Revised 1996 IPCC 

Guidelines for National Greenhouse Gas Inventories (IPCC, 1996).
12 

C02 emissions can 

be determined by multiplying energy consumption of production sectors (Ei) with the 

IPCC emission factors. The C02 emissions factor for each type of fuel ( COEF1 ) can be 

calculated by 

where 

COEF1 = CEF1 x fraction of carbon oxidised 1 x ( 44 I 22) 

COEF = C02 emission factor (ton/KTOE); 

CEF = Carbon emission factor (ton/KTOE). 

Therefore, C02 emissions (tonnes) can be expressed in a matrix form as: 

CE = COEFxEi 

12 
All the emissions factors are provided in Table 4 and 5, Appendix V, p . 287. 

( 4.11) 

( 4.12) 
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The S02 en1issions can be estimated by multiplying energy consumed by production 

sectors (Ei) with S02 emission factor which is expressed as: 

where 

SOEF = 2x Sf x-1-x106 x(100-R/Jx(100-nJ 
I 100 Q1 100 100 

SOEF1 = S02 emission factor for each type of fuel (ton/KTOE); 

S1 = Sulfur content of fuel(%); 

Qf= Net calorific value (KTOE/Kton); 

R1 = Sulfur retention in ash(%); 

n =Abatement efficiency (% ). 

Hence, S02 emissions (tonnes) can be estimated by: 

SE = SOEFxE. 
I 

GHG intensities 

( 4.13) 

(4.14) 

The calculation of C02 and S02 intensities follows a similar procedure as used for the 

estimation of direct energy intensities . The emission intensities can be simply calculated 

by dividing GHG emissions from each sector by that sector's total output (X). The C02 

intensities, therefore, can be written as: 

E. xCOEF 
COl=-~--

X 

By substituting equation 4.9 into equation 4.15 yields: 

where 

CO!= COEFxC 

CO!= C02 intensities (ton/Mn Baht) 

C = direct energy intensity (KTOE/Mn Baht) 

COEF = C02 emission factor (ton/KTOE) 

The S02 intensities can be similarly calculated, that is, 

SO!= SOEFx C 

( 4.15) 

( 4.16) 

( 4.17) 
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4.4.3 Economic and social impacts 

In order to assess economic impacts of electricity reform, this research employs three 

types of I-0 applications, namely, multiplier effects, inter-industry linkages effects and 

price effects. The social effects can in general be assessed in terms of several social 

indicators, for example, level of employment, poverty level, income distribution, 

education level, etc. In this research, social impact is examined in terms of the 

employment levels because this indicator is broadly considered as the essence of several 

social problems including poverty and crime (Atkinson et al., 1997, cited in Sandu, 

2007). 

Multiplier effects 

The multiplier effects signify the impact of a change in sectoral final demand on: a) 

outputs of the econotnic sectors (output multiplier); b) household income because of new 

outputs (income multiplier); and c) generated employment due to new outputs 

(employment multiplier) (Miller and Blair, 1985). 

Following Miller and Blair (1985), an output multiplier for sector j is defined as total 

production of all sectors in the economy that is required for a baht worth of final demand 

for sector j ' s output. The output 1nultiplier shows the additional gross output generated 

across the economy from an additional unit of final den1and for an individual sector. The 

output multiplier for sector j ( 01) can be calculated as the column sum of the Leontief 

inverse matrix, which is given by: 

n 

OJ = Lau ( 4.18) 
i=l 

where au refers to the element located at row i and column j in the Leontief inverse 

matrix. 

The income multiplier describes by how much of new household income is generated in 

a sector due to an additional unit of final demand. The income multiplier (H.J) can be 

expressed as: 

11 

H 1 = _LJi xau 
i=l 

( 4.19) 
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where Ii (monetary labour input coefficient) is defined as the ratio of the labour input 

(wages and salaries) to total output (X) for sector i. 

The employment multiplier indicates new employment Uobs) created in a sector in 

response to unit increase in final demand of that sector. The employment multiplier can 

be determined in a similar way as income multiplier. The major difference is that the 

physical labour input coefficient (Wi) is used for employment multiplier estimation 

instead of monetary labour input coefficient (Ji). The physical labour input coefficient is 

calculated by dividing number of employees by total output. Therefore, the simple 

employment multiplier (E1) can be expressed as: 

n 

E1 = Lw; xaiJ (4.20) 
i= l 

One may wish to relate the employment effect to an initial change in employment. This 

type of multiplier is denoted by El.J or Type I employment multiplier. El.J portrays total 

jobs created in all sectors throughout the economy as a result of an additional job created 

in sector j. This can be represented as: 

EJ 
EJ . = 

.I w 
j 

Inter-industry linkages effects 

( 4.21) 

The concept of linkage effect analysis was developed by Hirschman (1958). This 

analysis is applied to quantify the strength of causation among sectors in the economy 

and identify key sectors in a strategy of industrial development. In fact, the role of key 

sectors in the economic development planning is crucial as the investment in key sectors 

could contribute to the initiation of the economic development. It is also noted in 

McGilvray ( 1977) that 'if resources (especially capital and entrepreneurial skills) can 

be concentrated on these key sectors, output and employment in the country or region 

will grow more rapidly than if these resources were allocated in some alternative way. ' 

The linkage effect is generally classified into backward linkage effect and forward 

linkage effect. The former denotes the dependence of a particular sector on other sectors 
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in the economy whereas the latter indicates the reliance of other sectors on a g1ven 

sector. The inter-industry linkage index can be expressed as: 

where 

BL1 =Backward linkage index; 

FLi =Forward linkage index; 

n =number of sectors in the economy. 

(4.22) 

(4.23) 

a .. = elen1ent located at row i and column j in the Leontief inverse matrix lj • 

A value of the backward linkage index greater than one implies that a particular sector 

generates above-average input requirements from other sectors and hence this sector 

plays an important role in economic development in boosting other sectors. On the other 

hand, a sector with a value of forward linkage index more than one have to increase its 

output more than other sectors for a proportionate increase in demand and this could 

contribute to the economic growth by supporting other sectors in the economy. 

Price impacts 

The discussion on I-0 model in Section 4.3 .1 focused on the output identity (that is, it 

focused on total output derived from equation 4.1 ). In fact, the I-0 model allows the 

application of duality - quantity and price - concept (Sandu, 2007). Consequently, a 

price model can be developed from the basic I-0 model. The Leontief price model, 

which provides the relationship between value added and price, can be represented as: 

n 

PJ = Lau~ +VJ ( 4.24) 
i=l 

where 
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P1 = price of sector j 's product; 

~ = price of input i paid by sector j; 

V1 =value added per unit output in sector j. 

By rewriting equation 4.24 in a matrix form yields: 

P=A'P+V (4.25) 

By manipulating equation 4.25, the Leontiefprice model can be obtained: 

( 4.26) 

The Leontief price model can be employed to analyze the impact of a change in value 

added costs. This price model is, however, inadequate for examining the impact of a 

change in the cost of a given product (in this case, it may refer to electricity price) on 

prices throughout the economy. To analyze the impact of changes in electricity price on 

other sectors ' s prices, the electricity sector is treated as exogenous and put into the 

primary inputs group. 

By adding superscript * to the new matrices and superscript E to vectors related to 

electricity sector gives: 

( 4.27) 

By assuming that there is no change in value added costs, L1 V * = 0, then yields: 

( 4.28) 

4.5 Data Considerations 

To assess the economy-wide impacts of electricity reforms, this research employs 

several formulations of I-0 models . Therefore, various types of data are required. This 

section notes data sources and describes how this data was transformed, in order to 

assess econon1y-wide itnpacts. 
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4.5.1 Data sources 

For the purpose of assessing the economy-wide impacts of electricity reform, this 

research uses six yearly national I-0 tables (1985, 1990, 1995, 1998, 2000 and 2005) 

published by the NESDB. The employment of the six yearly I-0 tables is appropriate for 

assessing the impacts of electricity reforms because it covers two main periods in the 

development of the Thai electricity industry, namely, pre-reform and post-reform 

periods. The pre-reform period, in the context of this research, is the period prior to the 

introduction of IPP and SPP programs which were introduced in years beginning with 

1992. Such segregate of time periods will therefore enable an analysis of the economy-

wide impacts of IPP and SPP, and subsequent development in the Thai electricity 

industry. 

For the purpose of inter-temporal comparisons, all six I-0 tables are adjusted to the base 

year (2000 prices) by using Consumer Price Index (CPI) obtained from the Bank of 

Thailand (BOT). The information on primary energy use and final energy consumption 

is available from the Thailand Energy Situation Reports, am1ually published by DEDE, 

and supplemented by information from the Energy Statistics and Balances of non-OECD 

countries, published by the International Energy Agency (lEA). For energy import data, 

oil import is obtained from the annual reports (Oil and Thailand), published by DEDE. 

The impmi of other energy sources is taken from the Thailand Energy Situation Reports. 

Additionally, all data required for the estimation of C02 and S02 emissions are available 

frmn the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories 

(IPCC, 1996). The sectoral employment is sourced fron1 the Labor Force Survey, 

published by the National Statistical Office (NSO). The electricity installed capacity, 

peak generation and electricity prices are available from the Electric Power in Thailand 

Reports, annually published by DEDE. 

4.5.2 Data transformation 

In order to assess the impacts of electricity reform, the original I-0 tables are adjusted to 

don1estic I-0 tables because this research focuses on the determination of the impacts on 

domestic production. Moreover, the domestic I-0 table is appropriate for analyzing 

inter-industry effects which are an ex-post concept (Jones, 1976, cited in Han et al., 

2004). In this research, the original I-0 tables published by the NESDB are tailor-made 

for a structural matrix. Each element of the provided 'new purchasing price' consists of 
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the 'domestic purchase' plus the 'wholesale trade margin', 'retailed trade margin', 

'transportation' and 'import'. Therefore, each element of the domestic I-0 table (that is, 

the 'domestic purchase' ) can be obtained by subtracting the 'wholesale trade margin', 

'retailed trade margin', 'transportation' and 'import' (Limmechokchai and 

Suksuntomsiri, 2007). 

Furthermore, the domestic I-0 table consisting of 180 sectors is aggregated into 24 

sectors. This aggregation is based on sectors' energy intensiveness, in view of the energy 

focus of this research. This aggregation is also made consistent with other data sources, 

for example, the sectoral energy consumption by DEDE and the sectoral employment 

data from NSO. Some details of such aggregation and associated classification are 

presented in Table 1, Appendix V, pp. 271-274. 

As previously mentioned in Chapter 2, the main early step of the electricity refonn 

program was the introduction of the privately-owned IPPs and SPPs. This research, 

therefore, aims to examine the economy-wide impacts of these private power producers 

and the state power generating utility (EGAT). In addition, these three groups of power 

producers employ different electricity generation technologies . Consequently, in order to 

develop more meaningful comparative insights, the electricity sector is further 

disaggregated into eight sub-sectors , based on producers' group (i .e. IPP, SPP, and 

EGAT) and the electricity generation technologies etnployed by them. These eight sub-

sectors comprise four sub-sectors for EGAT, two sub-sectors for IPPs and two sub-

sectors for SPPs. The four generation technologies ernployed by EGA T for electricity 

generation include renewable, steam-turbine, combined-cycle and gas-turbine. The 

generation technologies employed by IPPs are steam-turbine and combined-cycle, and 

by SPPs - cogeneration and renewable. Further, it should be noted that these eight sub-

sectors and associated technologies cover more than 99 per cent of electricity generation 

capacity in Thailand. 

In this research, the renewable electricity generation by EGA T is represented as a proxy 

for other types of electricity generation technologies that are not included in the above 

noted technologies, for exan1ple, hydro, solar cell, geothermal and wind. It also includes 

electricity imported from neighbouring countries because the imported electricity is 

mostly hydro-based. On the other hand, the renewable electricity generation in case of 

the SPPs refers to the electricity generated fron1 renewable fuel sources (such as bagasse, 
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paddy husk, biomass, biogas, and municipal wastes), using steam-turbine technology. 

Moreover, the cogeneration electricity generation, in this case, refers to the generated 

electricity using both the combine-cycle technology capable of producing electricity and 

steam, and steam-turbine technology which consumes the conventional energy sources 

(coal, oil and natural gas). A summary of sectoral classification of the aggregated I-0 

table comprising 31 sectors is presented in Table 4.2. 

Table 4.2: Summary of sectoral classification a 

No . Sectors No. Sectors 
1 Coal industry 17 Wood and fun1i ture 
2 Crude oil and natural gas 18 Paper and printing products 
3 Petroleum refinery 19 Chemical industry 
4 Renewable electricity-EGAT 20 Non-metallic products 
5 Steam-turbine electricity-EGAT 21 Basic metal 
6 Cmnbined-cycle electricity-EGAT 22 Fabricated metal products 
7 Gas-turbine electricity-EGAT 23 Other manufacturing 
8 Stearn-turbine electricity-IPP 24 Water supply 
9 Combined-cycle electricity-IPP 25 Construction 
10 Cogeneration electricity-SPP 26 Conunercial services 
11 Renewable electricity-SPP 27 Railway transpmt 
12 Gas industry 28 Road transport 
13 A_griculture 29 Water transport 
14 Mining and quarrying 30 Air transport 
15 Food and beverage 31 Unclassifi ed 
16 Textile industry --

Note: a More details on sectoral classification are provided in Table 1, Appendix V, pp. 271- 274. 

This segregation of an electricity sector into eight electricity sub-sectors ratses a 

challenge, namely, how to obtain data on various inputs by each of these sub-sectors. 

While, the data on energy consumption by each electricity generation technology, of 

each producer, can be obtained from the DEDE (2008b ), data on other inputs (e.g. 

capital, labour, materials, etc) is simply unavailable. Hence, following Proops et al. 

( 1993 ), Timilsina (200 1) and Sandu (2007), this research has apportioned the capital, 

labour, and material inputs of aggregate electricity sector to each sub-sector as follows. 

Capital input is allocated to each electricity sub-sector in proportion to its 

capital distribution factor. 

- Labour input is distributed based on its share in electricity generation. 

- Material input from construction sector is distributed based on the capital 

distribution factor. 



117 

Material inputs from mining and quarrying, chemical industry, non-metallic 

products, basic metal, fabricated metal products, other manufacturing, 

commercial services sectors are distributed in proportion to its share in total 

installed capacity. 

- Material inputs from agriculture, food and beverage, textile, wood and 

furniture, paper and printing, water supply, and unclassified sectors are 

distributed in proportion to sub-sectors ' share in electricity generation. 

- Material inputs from transport sectors are distributed based on the transport 

task provided to the various technologies for electricity production (ACG, 

1997, cited in Sandu, 2007). 

Among the vanous distribution bases noted above, the distribution based on capital 

distribution factor is rather complex. The capital distribution factor for each electricity 

generation technology (as shown in Table 4.3) is expressed as its share in the total 

capital cost of the electricity sector. The capital costs of the existing capacity are 

determined on the basis of the installed capacity in that year, initial investment cost for 

the generation technology, and its expected plant life (Sandu, 2007). 

Table 4.3: Technical and economic characteristics of electricity generation technologies 

RE-E ST-E CC-E GT-E ST-I CC-I CG-S RE-S 
Installed capacity in 1998 (MW) 2924 6517 5073 937 150 1910 732 183 
Capital cost ($/KW) 2000 736 557 400 736 557 647 1510 - --1--
Plant life (yr) 40 25 20 15 25 20 20 30 
Discount rate. (o/o) 10 10 10 10 10 10 10 10 
Capital recovery factor a (%) 10_2 11.0 11.7 13.1 11.0 11.7 11.7 10.6 
Annual capital costa ($/KW/yr) 205 81 65 53 81 65 76 160 
Total capital cost b ($Mn/yr) 598 528 332 49 12 125 56 29 
Capital distribution factor b 0.35 0.30 0.19 0.03 0.01 0.07 0.03 0.02 

Sources: EGAT (1998), Timilsina (2001), Santisirisomboon et al. (2003) and Limmeechokchai & 
Suksuntornsiri (2007). 

Note: 1. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: 
EGAT, I: IPP , S: SPP. 

2. a Author's calculation; b Author's calculation for the year 1998. 
3. The capital distribution factor shown in this table is one example of how it has been estimated for 

the year 1998. The capital distribution factors for 1985, 1990, 1995, 2000 and 2005 are provided in 
Table 2, Appendix V, p. 274. 

4. Since the majority of RE-E is hydro electricity, the technical and economic characteristics of RE-E 
is based on the hydro technology characteristics. 

5. Due to two generation technologies used to generate electricity for CG-S, the capital cost for CG-S 
is based on the weighted average of steam-turbine and combined-cycle plants. 

6. The electricity in RE-S is generated from renewable which are mostly biomass; therefore, the 
characteristics of RE-S are based on the biomass steam-turbine technology, as taken from 
Santisirisomboon et al. (2003) and Li1mneechokchai & Suksuntornsiri (2007). 
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4.6 Empirical Results and Discussion 

This section presents the empirical analysis of energy, environmental, economic and 

social impacts of the Thai electricity reforms. The analysis is accordingly divided into 

four subsections, namely, energy, environmental, economic and social. 

4.6.1 Energy impact 

This section analyses the impacts of electricity reform on energy security and energy 

intensity. The energy security is further subdivided into energy diversity, energy import 

dependency and electricity reserve margin whereas energy intensity is subdivided into 

coal, oil, natural gas and electricity intensity (as discussed earlier in this chapter). 

Energy security 

Energy diversity 

The overall primary energy consumption, percentage fuel shares for electricity 

generation, and the energy diversity index, over the period 1985-2005 are presented in 

Table 4.4. 

Table 4.4: Primary energy consumption and energy diversity 

1985 1990 1995 1998 2000 2005 
Primary energy consumption 5235 10254 18288 20840 22222 27570 
(KTOE) 
Coal & lignite(%) 21.8 23.9 18.7 18.3 18.7 15.6 
Oil (o/o) 16.4 24.6 30.7 20.0 10.5 6.5 
Natural gas(%) 46.3 40.7 40.9 54.9 63.1 69.5 
Renewable energy (%) 15.6 10.8 9.8 6.8 7.7 8.3 
Herfindahl Index 0.31 0.29 0.29 0.38 0.45 0.53 

Source: Calculated in this research from DEDE (2008b) 
Note: Renewable energy includes hydro, wind and renewable fuel sources (such as bagasse, paddy husk, 

biomass, biogas, and municipal wastes) 

Table 4.4 shows that the percentage share of natural gas in electricity generation 

increased from 46.3 per cent in 1985, to 69.5 per cent in 2005. On the other hand, the 

share of coal and lignite, oil and renewable energy exhibited declining trends over this 

period. Consequently, the Herfindahl index increased from 0.31 in 1985, to 0.53 in 2005, 

thus signifying a loss of energy diversity (and therefore reduced energy security) over 

this period. 

In summary, one could summarize that the introduction of IPPs and SPPs seems to have 

contributed to a lessening of energy diversity because the fuel sources used by the IPPs 
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and SPPs were mainly natural gas. This has supplemented the already high proportion of 

natural gas used in electricity production, thus making electricity production overly 

dependent on natural gas. 

Energy import dependency 

In this research, energy import dependency is classified in terms of coal, oil, natural gas 

and electricity import dependency (as also discussed earlier). Oil import dependency is 

further classified in terms of the region from where oil is imported. The energy import 

dependency for the period 1985-2005 is presented in Table 4.5. 

Table 4.5: Energy import dependency (0/o) 

Import Dependency (%) 1985 1990 1995 1998 2000 2005 
Energy 54.8 43.5 44.8 43.5 44.1 46.9 

Oil 53.8 43.0 42.7 41.9 38.0 33.4 
- ASEAN countries 33.0 24.7 20.0 7.1 8.7 5.6 
- Middle East countries 21.6 17.2 19.8 34.2 26.9 25.3 
- Other countries 1.1 1.2 2.4 0.6 2.3 2.5 

Coal 0.9 0.4 2.1 1.4 3.4 5.2 
Natural gas - - - - 2.5 8 
Electricity 0.1 0.1 0.1 0.2 0.3 0.3 

Sources: Calculated in this research from DEDE (2008a) and DEDE (2008c) 

The results in Table 4.5 show that overall there has been a decline in energy dependency, 

fron1 54.8 per cent in 1985, to 46.9 per cent in 2005. This however is primarily due to 

the decline in oil import dependency, from 53.8 per cent in 1985, to 33.4 per cent in 

2005. This decline has, however, contributed to increased imports of other energy 

resources. For example, the import dependency of coal increased from 0.9 per cent in 

1985, to 5.2 per cent in 2005, and of natural gas from 2.5 per cent in 2000, to 8 per cent 

in 2005. 

In case of the natural gas import dependency, Thailand has started to import natural gas 

since 2000 due to significant gas detnand mainly for electricity generation, and the rest 

for industrial and transport sectors. As noted in Table 4.4, in the recent lines, natural gas 

has been the fastest growing fuel in Thailand. Its share in electricity production 

increased frmn 46.3 per cent in 1985, to 69.5 per cent in 2005. Such a rapid increase in 

its use followed its discovery in the Gulf of Thailand during the early 1980s. Natural gas 

has been perceived to be a cheap and clean energy source, and hence its use has grown 

rather fast in order to support economic developtnent, especially electricity production. 
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But its domestic availability is rather lin1ited. The rapid use of natural gas for electricity 

production by IPPs and SPPs seems to have contributed significantly to its increase 

imports, as noted in Table 4.5 - the natural gas dependency increased from 2.5 per cent 

in 2000, to 8 per cent in 2005. 

In the case of oil, over the period 1985-1990, Thailand imported most of oil from the 

ASEAN countries. Since 1998, however Middle-East became the primary source of oil 

imports. This shift in the source of oil import has perceptibly decreased Thailand's 

energy security due to the ongoing political volatility of the region. 

In the case of coal, coal has traditionally been imported primarily to support 

manufacturing activities, and its import dependency has been relatively low because of 

the domestic availability of this resource. Between 1995 and 2005, however, the 

country's dependence on imported coal increased about six times as compared with the 

1985-1990 period. Some of this increase could be attributed to the increased use of 

imported coal by SPPs for electricity production. 

Electricity reserve margin 

The electricity reserve margin of the Thai electricity industry over the period 1985-2007 

is shown in Figure 4.3. 
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Figure 4.3: Electricity reserve margin of the Thai electricity industry 
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Figure 4.3 suggests that, from 1985 to 1997, the electricity reserve margin of the Thai 

electricity industry exhibited an overall decreasing trend. On the contrary, over the 

period 1998-2007, its level substantially increased above the recommended level of 15-

20 per cent (EGAT, 2007). The increase in reserve margin was due mainly to the Asian 

financial crisis in 1997/98, combined with the introduction of the IPPs. The financial 

crisis brought about a sharp decrease in electricity demand, while electricity generation 

capacity continued to increase due to the Power Purchase Agreements (PPAs) made to 

the IPPs. This high reserve margin, therefore, resulted in a decrease in technical 

efficiency of the industry as previously discussed in Chapter 3. 

The inference this research draws from the foregoing discussion is that the introduction 

of the IPPs and SPPs has worsened the security of energy. Notwithstanding a decline in 

overall energy import dependency, the energy diversity and electricity reserve margin 

have increased as a result of the introduction of IPPs and SPPs. In fact, it is broadly 

acknow I edged that the decline in the energy import dependency has the potential to 

enhance energy security. This acknowledgment, however, needs to be cautiously 

considered in the case of Thailand. This is because the majority of energy import was 

from oil. As shown in Table 4.5, the oil import dependency from the Asian countries has 

continuously decreased over the period 1985- 2005 whereas the oil import dependency 

frotn the Middle-East countries has increased over the entire period, especially during 

1998-2005. This has directly affected the security of oil supply in Thailand. 

Energy intensity 

The section analyses the impacts that electricity reform may have had on the intensities 

of energy, coal, oil, natural gas, and electricity of the aggregate electricity sector and its 

sub-sectors, over the period 1985-2005. 

Energy intensity 

In this research, direct energy intensity is defined as the total energy consumption 

(including coal, oil, natural gas and electricity) by a particular sector, expressed in 

KTOE per million baht of total output of that sector. Total (including direct and indirect) 

energy intensity, however, refers to the ratio of total energy consumption by a particular 

sector, in KTOE, and million baht of final demand of that sector. 



122 

a) Electricity sector 

The direct intensities of energy, coal, oil, natural gas, and electricity of the aggregate 

electricity sector over the period 1985-2005 are presented in Figure 4.4. 

Figure 4.4: Direct intensities of the aggregate electricity sector a 

0.12 ;--------------------------------, 

0.00 +------,-------.,...-------r-------,--------l 

1985 1990 1995 1998 2000 2005 
Year 

-+-Energy Intensity ---Oil Intensity .__._Coal Intensity ~Gas Intensity 

Note: a at 2000 constant prices 

Figure 4.4 shows that there was an increase in direct energy intensity of the electricity 

sector between 1985 and 1998. This increase was mainly due to rapid economic 

expansion, supported by increased electricity requirements. This rapid growth was 

brought about by fast expansion in the manufacturing industries over this period. In fact, 

the advent of new generation teclmologies in the early 1980s led the introduction of 

combined-cycle technologies in the Thai electricity sector. However, the share in 

electricity generation of this new technology was minimal as compared with the less 

efficient technologies (see Table 4.6). As a consequence, the more efficient technologies 

could not bring down the energy intensity, such was the pace of economic growth 

during those times. 

In contrast to the first period, the direct energy intensity declined during 1998-2005. 

This was mainly due to the Asian financial crisis which resulted in an economic slow-

down and caused significant decline in energy demand. The increasing generation share 

of more efficient technologies (combined-cycle) also contributed to the declining trend 

of direct energy intensity. 
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In addition, the increasing share of combined-cycle technology resulted in high direct 

intensity of natural gas (see Figure 4.4). This is because natural gas is the main fuel 

source used by this technology. According to Table 4.4, the share in natural gas 

consumption for electricity production has continuously increased over the period 1985-

2005, whereas the shares of coal and oil have declined. The rise in natural gas 

consumption, in tum, was responsible for high natural gas intensity. 

Table 4.6: Electricity generation share by technologies (0/o) 

Year RE{%2 ST {o/o2 cc {%2 GT{%2 CG{%2 Total (o/o2 
1985 16.0 73.4 8.1 2.5 100 
1990 11.3 72.9 11.3 4.6 100 
1995 8.4 53.8 34.8 2.6 0.3 100 
1998 6.0 47.3 41.7 1.6 3.3 100 
2000 6.4 39.6 42.3 1.2 10.4 100 
2005 5.9 33.0 51.2 1.0 8.9 100 

Source: DEDE (2008b) 
Note: RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration 

b) Electricity sub-sectors 

The direct and total intensities of energy, coal, oil and natural gas of the electricity sub-

sectors over the period 1985-2005 are presented in Table 4. 7. 

Table 4. 7 shows that: 

• The direct and total energy intensities of all electricity sub-sectors broadly followed 

similar patterns to that of the energy intensity of the aggregate electricity sector. For 

example, the direct and total energy intensities of the ST-E and CC-E sub-sectors 

increased over the period 1985-1998. In contrast, their energy intensities declined 

since 1998. 

• Over the entire period, the ST-E sub-sector has been the most energy intensive 

electricity sub-sector. Especially during 1985-1990, its energy intensities (both 

direct and total) were the highest, as compared with other electricity sub-sectors. 

This was primarily due to its dominate share in energy consumption for generating 

electricity but relatively low contribution share in gross value added. The share in 

energy use for power generation for the ST-E sector was about 93 and 91 per cent of 

the total energy use in 1985 and 1990, respectively; while it generated only 68 and 

65 per cent of the electricity sector's gross value added in 1985 and 1990, 

respectively (see Table 4.8). 
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Table 4.7: Direct and total energy, coal, oil and natural gas intensities of the electricity sub-sectors (KTOE/million baht a) b 

Electricity Direct Total 
sub-sectors 1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 i 

RE-E 0.0011 0.0007 0.0006 0.0004 0.0004 0.0002 0.0014 0.0010 0.0011 0.0011 0.0008 0.0009 
;;;...., ST-E 0.0899 0.1174 0.1071 0.1123 0.0873 0.0698 0.0971 0.1368 0.1212 0.1260 0.0988 0.0798 1 .~ 

"' CC-E 0.0528 0.0708 0.1230 0.0849 ' c 0.1119 0.0883 0.0683 0.0580 0.0890 0.1498 0.1409 0.1094 QJ 
....... GT-E 0.0451 0.0374 0.0699 0.0765 0.1011 0.0476 0.0493 0.0441 0.0807 0.0938 0.1243 0.0592 c -;;;...., 
b.O 

ST-I n/a n/a n/a 0.0781 0.0454 0.0435 n/a nla n/a 0.0897 0.0575 0.0526 
I. CC-I nla n/a 0.1276 0.1290 0.0819 0.0688 n/a n/a 0.1559 0.1631 0.1013 0.0856 QJ 
c CG-S n/a nla 0.0440 0.1695 0.0877 0.0702 n/a n/a 0.0505 0.2069 0.1010 0.0859 ~ 

RE-S n/a n/a 0.0007 0.0014 0.0007 0.0013 n/a n/a 0.0016 0.0027 0.0015 0.0027 
RE-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0001 

;;;...., ST-E 0.0244 0.0336 0.0361 0.0441 0.0369 0.0314 0.0255 0.0374 0.0385 0.0457 0.0378 0.0319 ....... ·;;; CC-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 c 
QJ GT-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0002 0.0001 0.0002 ....... c ST-I nla n/a n/a 0.0000 0.0000 - 0.0000 n/a nla nla 0.0002 0.0001 0.0001 -; CC-I n/a n/a 0.0000 0.0000 0.0000 0.0000 n/a nla 0.0001 0.0002 0.0001 0.0001 0 u CG-S n/a n/a 0.0072 0.0153 0.0092 0.0062 nla n/a 0.0076 0.0159 0.0095 0.0064 

RE-S nla n/a 0.0000 0.0000 0.0000 0.0000 n/a n/a 0.0001 0.0001 0.0001 0.0001 
RE-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002 0.0002 0.0003 0.0002 0.0002 

;;;...., ST--E 0.0183 0.0343 0.0561 0.0471 0.0203 0.0112 0.0211 0.0416 0.0649 0.0544 0.0246 0.0145 
....... CC-E 0.0004 0.0024 0.0040 0.0008 0.0002 0.0002 0.0016 0.0054 0.0100 0.0074 0.0035 0.0020 ·;;; 
c GT-E 0.0003 0.0013 0.0292 0.0102 0.0012 0.0019 0.0014 0.0028 0.0337 0.0149 0.0050 0.0034 QJ 

....... c ST-I n/a nla nla 0.0549 0.0183 0.0127 nla nla nla 0.0609 0.0209 0.0148 -0 CC-I n/a n/a 0.0042 0.0009 0.0001 0.0003 n/a nla 0.0103 0.0086 0.0033 0.0020 
CG-S n/a n/a 0.0081 0.0021 0.0009 0.0004 nla n/a 0.0102 0.0109 0.0039 0.0021 
RE-S n/a n/a 0.0000 0.0000 0.0000 0.0000 n/a n/a 0.0004 0.0006 0.0003 0.0005 
RE-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0001 0.0003 

;;;...., ST-E 0.0454 0.0479 0.0135 0.0197 0.0291 0.0266 0.0486 0.0561 0.0161 0.0243 0.0353 0.0321 
:.::::: CC-E 0.0506 0.0663 0.1172 0.1099 0.0870 0.0674 0.0543 0.0809 0.1377 0.1317 0.1044 0.0809 "' c GT-E 0.0431 0.0350 0.0396 0.0651 0.0991 0.0453 0.0460 0.0398 0.0456 0.0772 0.1181 0.0543 QJ ....... c ST-I n/a n/a n/a 0.0230 0.0262 0.0301 n/a n/a n/a 0.0283 0.0317 0.0364 -"' CC-I n/a n/a 0.1217 0.1271 0.0807 0.0676 nla n/a 0.1433 0.1531 0.0966 0.0814 ~ u CG-S nla nla 0.0278 0.1516 0.0764 0.0628 n/a n/a 0.0317 0.1794 0.0919 0.0755 

RE-S n/a n/a 0.0000 0.0000 0.0000 0.0000 nla n/a 0.0002 0.0004 0.0003 0.0005 
---------

Note: 1. nla- not applicable; a at 2000 constant price; 
2. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
3. b The energy, coal, oil, natural gas intensities for all 31 sectors are provided in Tablel~, Appendix VI, pp. 290-293. 
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Table 4.8: Shares of electricity sub-sectors in energy consumption and gross value added 
1985 1990 

Electricity Share in Share in Direct Share in Share in Direct 
sub-sector energy use gross value energy energy use gross value energy 

(o/o) added (0/o) intensity (o/o) added (0/o) intensity 
RE-E 0.4 23.4 0.0011 0.2 22.3 0.0007 
ST-E 92.6 67.5 0.0899 91.2 64.9 0.1174 
CC-E 5.4 6.7 0.0528 6.2 7.3 0.0708 
GT-E 1.6 2.3 0.0451 2.5 5.5 0.0374 
ST-I n/a n/a n/a n/a n/a n/a 
CC-I n/a n/a n/a n/a n/a n/a 
CG-S n/a n/a n/a n/a n/a n/a 
RE-S n/a n/a n/a n/a n/a n/a 

1995 1998 
Electricity Share in Share in Direct Share in Share in Direct 
sub-sector energy use gross value energy energy use gross value energy 

{o/o) added (0/o) intensity (o/o) added {o/o) intensity 
RE-E 0.1 19.4 0.0006 0.1 15.0 0.0005 
ST-E 59.5 49.7 0.1071 47.6 41.7 0.1125 
CC-E 26.1 19.0 0.1230 26.8 23.5 0.1123 
GT-E 2.6 3.3 0.0699 2.0 2.6 0.0762 
ST-I n/a n/a n/a 0.8 1.0 0.0797 
CC-I 11.5 8.1 0.1276 15.1 11.4 0.1299 
CG-S 0.2 0.4 0.0440 7.7 4.5 0.1701 
RE-S 0.001 0.1 0.0007 0.004 0.5 0.0008 

2000 2005 
Electricity Share in Share in Direct Share in Share in Direct 
sub-sector energy use gross value energy energy use gross value energy 

(o/o) added (0/o) intensity (o/o) added (0/o) intensity 
RE-E 0.1 14.2 0.0004 0.1 13.1 0.0002 
ST-E 40.7 33.4 0.0873 33.2 27.3 0.0698 --
CC-E 25.8 20.9 0.0883 20.3 17.0 0.0683 
GT-E 2.0 1.4 0.1011 1.4 1.7 0.0476 
ST-I 4.3 6.4 0.0486 5.2 6.9 0.0435 --
CC-I 17.4 I 15 .2 0.0819 30.5 25.5 0.0688 
CG-S 9.7 8.3 0.0830 9.4 7.7 0.0702 
RE-S 0.002 0.2 0.0007 0.018 0.8 0.0013 

Note: n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: 
Cogeneration, E: EGAT, I: IPP, S: SPP. 

• The energy intensity of the CG-S sector was relatively low in 1995. This sector, 

however, has shifted to a higher rank over the period 1998-2005. This is a result of 

significant increase in energy use share, from 0.2 per cent in 1995, to 7.7 per cent in 

1998 (see Table 4.8). 

• Over the period 1995-2005, the energy intensities of the CC-E and CC-I sectors 

have come closer to that of the ST-E sector. This is so because the energy 

consumption shares were distributed more to these two sectors which, in tum, 

contributed to the decreased share in energy use by the ST-E sector (see Table 4.8). 

It is also evident from Table 4.8 that the share in energy consumed by these two 
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sectors was larger than their gross value added share. This could imply that these 

sectors requires more energy to generate their value added than the sector which has 

energy consumption share less than its share in gross value added. 

• In terms of the contribution of direct to total energy intensity, in most electricity 

sub-sectors, it was more than 80 per cent for each of the studied years except in the 

case of RE-E and RE-S sectors for which it was significantly lower (average of 50 

per cent). This is because most electricity sub-sectors are energy intensive sectors. 

The renewable energy sectors (RE-E and RE-S), however, are less energy intensive 

due to their use of renewable energy sources. 

Coal intensity 

In terms of coal intensity, only ST-E and CG-S sectors have a non-zero coal intensity 

because the ST-E sector consumes domestically-produced coal (lignite) while CG-S 

sector consumes imported coal. According to Table 4. 7, the coal intensity (both direct 

and total) of ST-E and CG-S sectors displayed an increasing trend until1998 . From 2000 

to 2005, their intensities dropped by 29 per cent for the ST-E sector and 59 per cent for 

the CG-S sector. 

In con1parative terms, the ST-E is the most coal intensive electricity sub-sector, because 

domestically produced lignite has been overwhelmingly used by EGA T to generate 

electricity. For the CG-S sector, its intensity was rather low as compared with the ST--E 

sector. This is due to the fact that imported coal consumed by this sector has a small 

share in energy used for electricity produced by this sector. 

Oil intensity 

Over the period 1985-2005, the oil intensities (both direct and total) of the ST-E and ST-

I sectors were relatively high as compared with other electricity sub-sectors (see Table 

4.7). The fuel oil, which has more than 95 per cent share of oil consumption for 

electricity generation, is mostly used by steam turbine technologies (DEDE, 2008b ). 

This explains such high oil intensity for the ST-E and ST-I sectors . 

Natural gas intensity 

Table 4.7 shows that the CC-E, CC-I and CG-S sectors have been natural gas-intensive 

sectors over the period 1985-2005. For example, in 2005, the percentage shares of 

natural gas in energy consumption for the CC-E, CC-I and CG-S sectors were about 

99 .7, 99.6 and 90.5 per cent, respectively (DEDE, 2008b). 
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Electricity intensity 

Table 4.9 presents the direct and total electricity intensities of non-electricity sectors for 

the period 1985-2005. 

The table reveals that: 

• The direct electricity intensity showed an overall increasing trend in almost all non-

electricity sectors. Most manufacturing sectors are electricity intensive sectors. 

These include fabricated metal products, basic metal, non-metallic products, paper 

and printing, textile industries and chemical industries. It is also evident that 

fabricated metal products have the highest electricity intensity among the non-

electricity sectors. 

• The mining and quarrying sector has recorded a substantial increase in electricity 

intensity- a rise of 81 per cent (from 0.004 KTOE/million baht in 1985, to 0.0021 

KTOE/million baht in 2005). This could be due to the increased automation of the 

sector, underpinned by a substitution of human labour with electricity-run 

machinery and equipment. For exan1ple, the number of employees in the mining 

sector declined from 99,300 in 1985, to 50,000 in 2005 (NSO, 2008). 

• In case of water supply sector, the electricity intensity increased by 68o/o, from 

0.0012 KTOE/million baht in 1985 , to 0.0037 KTOE/million baht in 2005. The 

water sector has become more electricity intensive because electricity is used for 

several processes of water supply, for example, pumping and wastewater treatment 

(Marsh, 2008). 

• The contribution of direct electricity intensity to total electricity intensity varies 

widely across sectors. Most non-electricity sectors are characterised by relatively 

high ratio of direct to total electricity intensity. It is, however, not the case for 

agriculture, construction and transport sectors. In these sectors, the percentage of 

direct to total electricity intensity was less than 30 per cent for all years. This 

highlights the importance of indirect electricity intensity in any perspective on 

energy conservation. In general, these conservation policies emphasize a lowering 

of direct electricity intensity. Reductions in indirect electricity intensity, through the 

substitution of production factors and decreased materials use, could be an effective 

option for promoting energy conservation. 
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Table 4.9: Direct and total electricity intensities of non electricity sectors (KTOE/million baht a) 

Non-electricity Direct Total 
sectors 1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry 0.0000 0.0000 0.0001 0.0001 0.0002 0.0002 0.0001 0.0001 0.0001 0.0002 0.0003 0.0004 
Petroleum and natural gas 0.0000 0.0000 0.0002 0.0001 0.0001 0.0002 0.0000 0.0002 0.0003 0.0003 0.0003 0.0003 
Petroleum refinery 0.0001 0.0000 0.0001 0.0002 0.0003 0.0001 0.0002 0.0000 0.0001 0.0002 0.0004 0.0001 
Gas industry 0.0000 0.0001 0.0001 0.0001 0.0002 0.0021 0.0001 0.0003 0.0004 0.0004 0.0005 0.0026 
Agriculture 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0002 0.0002 0.0003 0.0004 
Mining and quarrying 0.0004 0.0004 0.0017 0.0018 0.0019 0.0021 0.0005 0.0005 0.0018 0.0020 0.0022 0.0025 
Food and beverage 0.0003 0.0004 0.0005 0.0004 0.0005 0.0006 0.0005 0.0006 0.0007 0.0007 0.0009 0.0011 
Textile industry 0.0006 0.0006 0.0006 0.0007 0.0008 0.0009 0.0011 0.0012 0.0012 0.0013 0.0015 0.0018 
Wood and furniture 0.0003 0.0002 0.0004 0.0005 0.0008 0.0007 0.0006 0.0005 0.0007 0.0009 0.0012 0.0014 
Paper and printing products 0.0010 0.0011 0.0008 0.0006 0.0008 0.0010 0.0012 0.0013 0.0011 0.0010 0.0011 0.0015 
Chemical industry 0.0012 0.0011 0.0012 0.0008 0.0010 0.0009 0.0015 0.0015 0.0016 0.0012 0.0014 0.0017 
Non-metallic products 0.0018 0.0014 0.0020 0.0019 0.0025 0.0012 0.0022 0.0020 0.0028 0.0026 0.0032 0.0023 
Basic metal 0.0012 0.0016 0.0023 0.0018 0.0025 0.0018 0.0017 0.0022 0.0026 0.0022 0.0032 0.0038 
Fabricated metal products 0.0029 0.0020 0.0043 0.0035 0.0051 0.0048 0.0033 0.0023 0.0047 0.0041 0.0056 0.0063 
Other manufacturing 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0004 0.0003 0.0003 0.0003 0.0003 0.0008 
Water supply 0.0012 0.0015 0.0019 0.0019 0.0038 0.0037 0.0015 0.0017 0.0022 0.0022 0.0041 0.0042 
Construction 0.0001 0.0000 0.0000 0.0001 0.0001 0.0001 0.0007 0.0006 0.0008 0.0008 0.0010 0.0014 
Commercial services 0.0004 0.0005 0.0005 0.0008 0.0007 0.0007 0.0006 0.0007 0.0007 0.0010 0.0009 0.0010 
Railway transport 0.0001 0.0003 0.0005 0.0004 0.0004 0.0008 0.0003 0.0005 0.0008 0.0008 0.0008 0.0010 
Road transport 0.0000 0.0000 0.0001 0.0001 0.0001 0.000 1 0.0002 0.0002 0.0003 0.0004 0.0004 0.0004 
Water transport 0.0000 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 0.0003 0.0003 0.0004 
Air transport 0.0000 0.0001 0.0002 0.0002 0.0003 0.0003 0.0002 0.0003 0.0005 0.0006 0.0008 0.0007 
Unclassified 0.0003 0.0000 0.0001 0.0001 0.0001 0.0001 0.0009 0.0006 0.0010 0.0007 0.0008 0.0009 

Note: a at 2000 constant prices 
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Based on the above discussion, one observes that there was not much difference in the 

energy intensities of both the public and private sectors due to their comparatively 

equivalent performance in terms of energy efficiency. For example, in 2005, the average 

generation efficiencies of steam-turbine power plants for public and private sectors were 

34 and 29 per cent respectively; while the average combined-cycle power plants' 

efficiencies for public and private sectors were 44 and 45 per cent respectively.
13 

Accordingly, the introduction of the IPPs and SPPs has insignificantly impacted the 

energy intensiveness of the electricity sector. 

4.6.2 Environmental impact 

In this section, the impacts of the introduction of IPPs and SPPs on the environment are 

analyzed. This analysis incorporates two main attributes, namely, GHG emissions and 

intensities . The GHG emissions are further subdivided into C02 and S02 emissions 

whereas the GHG intensities are subdivided into C02 and S02 intensities . 

GHG emissions 

C02 emissions 

The carbon dioxide emissions in the electricity sub-sectors over the period 1985- 2005 

are presented in Table 4.1 0. 

Table 4.10: Carbon dioxide emissions in the electricity sub-sectors ('000 tonnes) a 

Electricity 1985 1990 1995 1998 2000 2005 sub-sectors 
RE-E 0 0 0 0 0 0 
ST-E 12,821 26,833 33 ,180 31 ,438 27,349 30,235 
CC-E 621 1,485 11 ,416 13,673 13,584 14,513 
GT-E 184 590 1,222 1,037 1,049 1,003 
ST-I n/a n/a n/a 443 2,451 3,937 
CC-I n/a n/a 5,024 7,701 9,173 21,787 
CG-S n/a n/a 104 4,160 5,387 7,027 
RE-S n/a n/a 0 0 0 0 
Total b 13,626 28,908 50,946 58,451 58,994 78,502 

Note: 1. n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-
turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 

2. a The C02 emissions in all 31 sectors are provided in Table 5, Appendix VI, p. 294; 
3. b Total C02 emissions in the electricity sector. 

13 
The calculation of generation efficiencies in this research is based on data from the Electric Power in 

Thailand Report, DEDE (2008b). 
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Table 4.10 shows that: 

• Over the period 1985-2005, the C02 emissions from the electricity sector increased 

substantially, from 13,626 thousand tonnes in 1985, to 78,502 thousand tonnes in 

2005 . This is primarily due to an increasing electricity demand in order to support 

economic expansion. Especially, between 1985 and 1995, the rapid economic 

expansion had contributed to the substantial rise in the increase rate of C02 

emissions (about 274 per cent from 13 ,626 thousand tonnes in 1985, to 50,946 

thousand tonnes in 1995). During the period 1998-2005, the economic slow down 

resulted from the Asian financial crisis in 1997/98, however, reduced the rate of 

increase in C02 emissions. 

• The ST -E sector had been the major contributor to the electricity sector's total C02 

emissions over the period 1985-2005. This is contributed by its electricity 

generation share and fuel mix. Between 1985 and 2000, the ST-E sector had the 

highest share in electricity generation (see Table 4.11 ). In addition, the share of 

lignite increased from 28 per cent in 1985, to 45 per cent in 2005 (see Figure 4.5). In 

fact, aln1ost the entire domestically produced coal was used by the ST-E sector over 

these years, thus resulting in high C02 emissions. 

• The continuous increase in the share of the CC--I sector (see Table 4.11 ), especially 

in 2005, resulted in the substantial rise in C02 emissions. According to Table 4.1 0, 

C02 emissions from the CC-I sector rose by more than three times, from 5,024 

thousand tonnes of carbon in 1985, to 21 ,787 thousand tonnes of carbon in 2005. 

Despite this increase, the CC-I sector (with natural gas as the main fuel input) is still 

less C02 intensive than the ST -E sector that uses of coal and lignite. 

Table 4.11: Electricity generation share by each sub sectors (0/o) 

Year RE-E ST-E CC-E GT-E ST-I CC-I CO-S RE-S 
1985 16.0 73.4 8.1 2.5 
1990 11.3 72.9 11.3 4.6 
1995 8.4 53.8 24.2 2.6 10.6 0.3 0.1 
1998 5.8 46.1 26.7 1.6 1.2 15.0 3.3 0.3 
2000 6.3 33.4 25 .3 1.2 6.2 17.1 10.4 0.1 
2005 4.4 25.7 18.1 1.0 7.4 33.1 8.9 1.5 

Source: DEDE (2008b) 
Note: RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CO: Cogeneration, 

E: EGAT, I: IPP, S: SPP. 
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Figure 4.5: Fuel mix for power generation for the ST -E sector 
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Note: The fuel mix for other electricity sub-sectors is provided in Table 6, Appendix V, p. 287. 

so2 emissions 

The sulphur dioxide emissions in the electricity sub-sectors over the period 1985-2005 

are presented in Table 4.12 . 

Table 4.12: Sulphur dioxide emissions in the electricity sub-sectors ('000 tonnes) a 

Electricity 1985 1990 1995 1998 2000 2005 sub-sectors 
RE-E 0 0 0 0 0 0 
ST-E 170 369 518 556 62 68 
CC-E 0 0 1 0 0 0 
GT-E 0 0 1 0 0 0 
ST-I n/a n/a n/a 1 2 2 
CC-I n/a n/a 0 0 0 0 
CG-S n/a n/a 0 6 9 10 
RE-S n/a n/a 0 0 0 0 
Total b 170 369 520 564 74 82 

Note: 1. n/a - not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-
turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 

2. a The S02 emissions in all 31 sectors are provided in Table 5, Appendix VI, p . 294; 
3. b Total S02 emissions in the electricity sector. 

The table reveals that: 

• Total so2 emiSSIOns of the electricity sector were n1ainly attributed to the ST-E 

sector- constituting more than 80 per cent of total electricity's S02 emissions over 

the period 1985-2005. This is a consequence of its highest share in consumption of 

coal and oil - the primary sources of S02 en1issions. Over the period 1985-2005, 
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coal consumption by the sector accounted more than 95 per cent of total coal 

consumption of the entire electricity sector whereas its shares in oil use were more 

than 75 per cent of total oil consumption (DEDE, 2008b ). 

• In addition, it is evident from the case of ST -E sector that there was substantial drop 

in so2 emissions, from 556 thousand tonnes in 1998, to 62 thousand tonnes in 2000. 

This is resulted from the installation of Flue Gas Desulphurization (FGD) system by 

EGAT. In response to environmental concerns about acid rain, EGAT started to 

retrofit the FGDs since 1994. However, these emission control systems were 

completely installed in 2000 (Punyawadee et al., 2008). 

• The CG-S sector was the second contributor of total so2 emiSSions. Its so2 
emissions, however, were relatively low as compared with the ST-E sector. This is 

because the consumption of imported coal by this sector was less than 5 per cent of 

total coal used for electricity generation (DEDE, 2008b ). 

GHG intensity 

C02 intensity 

Table 4.13 provides a summary of the carbon dioxide intensities of electricity sub-

sectors over the period 1985-2005. 

Table 4.13: Carbon dioxide intensities of the electricity sub-sectors (tonnes/million baht 3 ) b 

Electricity 1985 1990 1995 1998 2000 2005 Sub-sectors 
RE-E 0 0 0 0 0 0 
ST-E 275 369 357 377 288 231 
CC-E 134 182 321 291 229 178 
GT-E 114 96 196 203 264 125 
ST-I n/a n/a n/a 233 135 119 
CC-I n/a n/a 333 337 212 178 
CG-S n/a n/a 127 367 227 191 
RE-S n/a n/a 0 0 0 0 

Note: 1. n/a- not applicable; a at 2000 constant prices; RE: Renewable, ST: Steam-turbine, CC: 
Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 

2. b The C02 intensities of all 31 sectors are provided in Table 6, Appendix VI, p. 295. 

Table 4.13 shows that: 

• The C02 intensities of all electricity sub-sectors displayed similar trends as energy 

intensity (as discussed earlier). Between 1985 and 1998, n1ost electricity sub-sectors 
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experienced increases in C02 intensities. Their C02 intensities, however, declined 

during 2000-2005. This highlights the influence of the energy intensity on C02 

intensity. 

• Additionally, fueltnix for power generation was the other important factor affecting 

the C02 intensity of each electricity sub-sector. For example, the fuel sources used 

by the ST-E and CG-S sectors were mixed (i.e., coal, oil and natural gas) with an 

increasing share of coal. This explains such high C02 intensities for these two 

sectors. On the other hand, the C02 intensities of the CC-E, GT-E, ST-I and CC-I 

sectors were relatively low because these sectors consumed mainly natural gas 

which is less C02 intensive energy. 

• The ST -E sector measured the highest C02 intensities over the entire period. This is 

mainly attributed to its energy mix for electricity generation. In this sector, the 

proportion of primary energy consumption has turned towards lignite which is the 

most C02 intensive fuel source. According to Figure 4.5, the share of lignite 

increased from 28 per cent in 1985, to 45 per cent in 2005 . 

• Also, the CG-S sector had been the C02 intensive sector. In particular, during 1998-

2005 , the sector had comparatively high C02 intensities. This is because imported 

coal has been initially consumed by the sector for power production since 1998 

(DEDE, 2008b ). 

so2 intensity 

The sulphur dioxide intensities of electricity sub-sectors over the period 1985-2005 are 

presented in Table 4.14. 

Table 4.14: Sulphur dioxide intensity of the electricity sub-sectors (tonnes/million baht a)b 

Electricity 1985 1990 1995 1998 2000 2005 Sub-sectors 
RE-E 0.000 0.000 0.000 0.000 0.000 0.000 
ST-E 3.645 5.074 5.563 6.668 0.654 0.521 
CC-E 0.003 0.015 0.025 0.006 0.002 0.002 
GT-E 0.002 0.008 0.072 0.061 0.008 0.011 
ST-I n/a n/a n/a 0.324 0.116 0.075 
CC-I n/a n/a 0.026 0.007 0.002 0.002 
CG-S n/a n/a 0.373 0.707 0.397 0.283 
RE-S n/a n/a 0.000 0.000 0.000 0.000 

Note: 1. n/a - not applicable; a at 2000 constant prices; RE: Renewable, ST: Steam-turbine, CC: 
Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 

2. b The S02 intensities of all 31 sectors are provided in Table 6, Appendix VI, p. 295. 
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The results reveal that: 

• Over the entire period, the ST-E sector had been the most S02 intensive sector due 

to its major share in total coal and oil consumption for electricity generation. 

Moreover, the substantial drop in S02 intensities (from 6.668 tonnes per million 

baht in 1998, to 0.654 tonnes per million baht in 2000) was contributed by the 

retrofitting of the FGD system. 

• The S02 intensities of the CG-S sector were also notable. Its intensities were the 

second highest rank over the entire period. Despite its high rank, the S02 intensity 

of the CG-S sector was rather low comparing to the ST -E sector. This is due to a 

small proportion of coal consumption for electricity production. 

In terms of environmental impacts, the inference this research makes from the above 

analyses is that the IPPs and SPPs sectors have made less detrimentally environmental 

impacts than the state generating utility (EGAT). This is mainly because the majority 

share of the IPPs and SPPs energy sources for electricity generation has been natural gas 

which is less polluting than other fuel sources. On the other hand, the utility's energy 

n1ix was diverse; for example, lignite, oil and natural gas were consumed by the ST-E 

sector. In addition, due to the promotion of renewable electricity generation by the Thai 

government, the SPPs have expanded a small share of Thailand's electricity generated 

from non-conventional energy sources. This inference is consistent with the analysis of 

environmental performance of the Thai electricity industry made in chapter 3. 

Despite the fact that the private sector has contributed to an increase in the shares of less 

environmentally detrimental fuel (i.e. natural gas), this trend is unlikely to sustain in the 

long term due to the greater role of coal in the private sector's fuel mix in the foreseeable 

future. The commission of coal-fired plant by the IPP, in 2006, contributed to the 

increasing share in electricity generation by coal, from 0 per cent, to 16 per cent (DEDE, 

2008b ). Furthermore, two more coal-based projects have already been planed for the 

period 2011-2014 (EPPO, 2009). 

4.6.3 Economic impacts 

This section provides the investigation of the economic impacts of electricity reform. To 

investigate the economic impacts, this research employs four attributes, namely, output 

multiplier, income multiplier, inter-industry linkages and price itnpact. 



Sector 

Coal industry 
2 Petroleum and natural gas 
3 Petroleum refinery 
4 RE-E 
5 ST-E 
6 CC-E 
7 GT-E 
8 ST-I 
9 CC-I 

10 CG-S 
11 RE-S 
12 Gas industry 
13 Agriculture 
14 Mining and quarrying 
15 Food and beverage 
16 Textile industry 
17 Wood and furniture 
18 Paper and printing products 
19 Chemical industry 
20 Non-metallic products 
21 Basic metal 
22 Fabricated metal products 
23 Other manufacturing 
24 Water supply 
25 Construction 
26 Commercial services 
27 Railway transpm1 
28 Road transport 
29 Water transport 
30 Air transport 
31 Unclassified 

Average output multiplier 

Table 4.15: Output multipliers of all 31 major sectors in Thailand 

Value 
1.3118 
1.4133 
1.2841 
1.0952 
2.0270 
1.8367 
1.7559 

n/a 
n/a 
n/a 
n/a 

2.0834 
1.4444 
1.3441 
1.9452 
1.9077 
1.6647 
1.3780 
1.7706 
1.8187 
1.7516 
1.4891 
1.5787 
1.3530 
1.8968 
1.3741 
1.6024 
1.5982 
1.3250 
1.4453 
2 .5828 
1.6325 

1985 
Rank 

25 
19 
26 
27 

3 
7 

10 

2 
18 
23 

4 
5 

12 
20 

9 
8 

11 
16 
15 
22 

6 
21 
13 
14 
24 
17 

Value 
1.2823 
1.4458 
1.1233 
1.1193 
2.1051 
2.0952 
1.6624 

n/a 
n/a 
n/a 
n/a 

2.3247 
1.4180 
1.3479 
1.8846 
1.9218 
1.6002 
1.3891 
1.7662 
1.8018 
1.6158 
1.4021 
1.4398 
1.3106 
1.7251 
1.3908 
1.7009 
1.5690 
1.2976 
1.6601 
2.2489 
1.6166 

1990 
Rank 

25 
16 
26 
27 

3 
4 

11 

1 
18 
22 

6 
5 

14 
21 

8 
7 

13 
19 
17 
23 
9 

20 
10 
15 
24 
12 
2 

Value 
1.3099 
1.4956 
1.1042 
1.1328 
1.6686 
1.9544 
1.6375 

n/a 
1.9819 
1.4414 
1.2505 
2.2699 
1.4126 
1.3719 
1.8940 
1.9265 
1.5385 
1.4559 
1.7964 
1.7443 
1.3220 
1.4188 
1.4 715 
1.3420 
1.7029 
1.3942 
1.5846 
1.6244 
1.3544 
1.7083 
2.3844 
1.5898 

1995 
Rank 

27 
16 
30 
29 
11 
4 

12 

3 
19 
28 
2 

21 
23 

6 
5 

15 
18 
7 
8 

26 
20 
17 
25 
10 
22 
14 
13 
24 

9 

Value 
1.4025 
1.3674 
1.1338 
1.1778 
1.7983 
2.091 1 
1.8921 
1.7483 
2.2013 
2.3475 
1.3475 
2.3050 
1.4701 
1.4833 
1.9358 
1.9535 
1.6227 
1.6239 
1.8470 
1.7740 
1.4354 
1.4902 
1.5611 
1.4372 
1.8225 
1.4084 
1.6845 
1.9239 
1.5500 
1.7845 
2.0135 
1.6979 

1998 
Rank 

27 
28 
31 
30 
12 
4 
9 

15 
3 
1 

29 
2 

23 
22 

7 
6 

18 
17 
10 
14 
25 
21 
19 
24 
11 
26 
16 
8 

20 
13 
5 

Value 
1.4509 
1.3823 
1.1393 
1.0989 
1.7148 
1.8574 
1.9830 
1.6036 
1.8146 
1.7312 
1.2158 
2.2125 
1.5093 
1.4536 
1.9469 
2.0084 
1.4846 
1.5161 
1.7317 
1.6971 
1.5050 
1.4088 
1.4513 
1.3731 
1.8407 
1.3918 
1.4910 
1.9430 
1.5398 
1.8819 
2.0141 
1.6256 

2000 
Rank 

24 
27 
30 
31 
13 
8 
4 

15 
10 
12 
29 

1 
18 
22 

5 
3 

21 
17 
11 
14 
19 
25 
23 
28 

9 
26 
20 

6 
16 
7 
2 

Note: n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP. 

Value 
1.5031 
1.3834 
1.1596 
1.2134 
1.8586 
1.9535 
1.9057 
1.8142 
1.9386 
1.8819 
1.3834 
1.8071 
1.6429 
1.6197 
2.0906 
2.1742 
1.9290 
1.6979 
2.1064 
2.1927 
2.3854 
2.0660 
1.9332 
1.5622 
2.2528 
1.4399 
1.4954 
1.8356 
2.0274 
1.9543 
2.0986 
1.8164 
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2005 
Rank 

25 
28 
31 
30 
17 
11 
15 
19 
12 
16 
29 
20 
22 
23 

7 
4 

14 
21 

5 
3 
1 
8 

13 
24 

2 
27 
26 
18 
9 

10 
6 
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Output multiplier 

In this research, the output multiplier is used to examine how well each electricity sub-

sectors is embedded in the Thai economy. The output n1ultipliers of all 31 major sectors 

in the Thai economy over the period 19 8 5-2 00 5 are presented in Table 4.15. 

The table shows that: 

• The gas industry had maintained its top rank position during the period 1985-2000. 

In 2005, its output multiplier decreased significantly and this contributed to the 

substantial drop in its ranking from 1st in 2000, to 20th in 2005. This is because 

natural gas had been considerably imported from 1917 KTOE in 2000, to 8230 

KTOE in 2005 (DEDE, 2008a). The substantial increase in imported natural gas, 

therefore, reduced the domestic purchase and subsequently resulted in the decrease 

in output multiplier. 

• Regarding the electricity sub-sectors, the output multipliers of most the electricity 

sub-sectors, except for the RE-E and RE-S sectors, were above average which 

indicates the nature of sectors' operation involving the assembly of various domestic 

products purchased from a large number of industries. 

• In comparison of output multiplier, the ST-E sector displayed highest output 

multiplier during the pre-refom1 period (1985-1990). This is a consequence of its 

major share in power generation which requires more intermediate inputs (primary 

energy and materials) than other electricity sub-sectors. 

• Between 1995 and 1998, the CC-E and CC-I sectors have surpassed the ST-E. This 

is contributed by the increased share of electricity generation by these two sectors 

which, in turn, resulted in the substantial drop in electricity generation share of the 

ST-E sector fro1n 73 per cent in 1990, to 46 per cent in 1998 (see Table 4.11). 

• The fuel mix for power production was also responsible for such high output 

1nultiplier. The fuel mix of the CC-E and CC-I sectors was dominated by natural 

gas. This caused high intermediate purchase of natural gas which means that much 

of the sector's total input was put in purchasing natural gas. The high proportion of 

any particular intermediate input of the sector would result in high output multiplier. 
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This is also the case of the CG-S sector. In 1998, the CG-S sector achieved highest 

output multiplier (as compared with all 31 major sectors) because nearly half of its 

total input was put in gas industry (see I-0 technical coefficient in Table 3, 

Appendix V, pp. 275-286). 

• In 2000, there was a decline in output multipliers of all electricity sub-sectors. This 

decline was mainly attributed to the Asian financial crisis 1997/98. This crisis 

resulted in the drop in electricity demand which subsequently required less 

intermediate inputs (energy and rnaterials) to produce electricity. 

• It is also interesting to note that the output multipliers of the RE-E and RE-S sectors 

were among lowest rank. This is because these two sectors had relatively low 

purchase of intermediate inputs, especially the RE-E sector which had intermediate 

purchases of only 12 per cent in 2005 (see Figure 4.6). 

• It is observed that the key determinants for output multiplier are the share and 

composition of domestic purchase inputs. According to Figure 4.6, the share of 

intermediate inputs in the ST-E, CC-E, GT-E, ST-I, CC-I and CG-S sectors is 

comparatively higher than in the RE-E and RE-S sectors. This, therefore~ resulted in 

higher output multiplier. 

100% -~ 
';' 80% ..... = c. 
.5 ._ 60% 
0 
~ 
$... 

~ 40% 
~ ..... c 
~ 20% 
$... 
~ p.. 

Figure 4.6: Share of total inputs by electricity sub-sectors, 2005 

RE-E ST-E CC-E GT-E ST-I CC-I CG-S 

EJ.ectricity sub-sectors 
Q Intermediate inputs 0 Imports 0 Wages 0 Taxes • Other value added 

Note: 1. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: 
Cogeneration, E: EGAT, I: IPP, S: SPP; 

RE-S 

2. The share of total inputs for the years 1985, 1990, 1995 , 1998 and 2000 is provided in Table 7, 
Appendix V, p. 288. 
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• In terms of composition of domestic purchase, high proportion concentrated on few 

intermediate inputs would generate higher output multiplier than small proportion 

distributed over the entire domestic inputs. For example, the output multipliers of 

the CC-E, GT-E and CC-I sectors were ranked on top during 2000-2005 because the 

purchases of energy inputs by these sectors were mainly natural gas. On the other 

hand, the ST-E, ST-I, and CG-S sectors have employed various energy resources 

(coal, oil and natural gas) for power production; therefore, the output multipliers of 

these sectors have relatively lower than those of the former group. 

• It is noticed that, with the exception of RE-E and RE-S, most electricity sub-sectors 

have had above average output multipliers and, in particular, the CC-E and CC-I 

sectors which had higher output multipliers reflecting the greater impacts on the 

output of the Thai economy. This highlights that these sectors have been well 

integrated into the Thai economy. 

• It is further observed that, by comparison of generation technology, the state 

generating utility has had overall higher output multiplier than the private producers. 

In particular, during 2000-2005, the output multipliers of the public producers (ST-

E and CC-E) were higher than those of private producers (ST-I and CC-I). This 

could be concluded that even though the private producers have been well embedded 

in the Thai economy, they still have less capacity to generate the output of the 

economy than the public producers. Accordingly, the introduction of IPPs and SPPs 

has had a negative impact on the output of the economy. 

Income multiplier 

The income multipliers of all 31 sectors in the Thai economy are provided in Table 4.16. 

Table 4.16 reveals that: 

• Over the period 1985-2005, the railway transport had the greatest income 

multiplier, followed by the commercial services and water supply. This indicates 

that these top three sectors had capacity to generate more household income than 

any other sector in the Thai economy. 



Sector 

1 Coal industry 
2 Petroleum and natural gas 
3 Petroleum refinery 
4 RE-E 
5 ST-E 
6 CC-E 
7 GT-E 
8 ST-I 
9 CC-I 

10 CG-S 
11 RE-S 
12 Gas industry 
13 Agriculture 
14 Mining and quarrying 
15 Food and beverage 
16 Textile industry 
17 Wood and furniture 
18 Paper and printing products 
19 Chemical industry 
20 Non-metallic products 
21 Basic metal 
22 Fabricated metal products 
23 Other manufacturing 
24 Water supply 
25 Construction 
26 Commercial services 
27 Railway transport 
28 Road transport 
29 Water transport 
3 0 Air transport 
3 1 Unclassified 

Average income multiplier 

Table 4.16: Income multipliers of all 31 major sectors in Thailand 

Value 
0.1993 
0.1978 
0.0591 
0.1249 
0.2947 
0.3075 
0.2761 

n/a 
n/a 
n/a 
n/a 

0.2641 
0.1674 
0.2084 
0.2079 
0.2318 
0.2245 
0.1698 
0.2116 
0.2106 
0.1958 
0.1773 
0.1985 
0.3501 
0.2490 
0.3833 
0.6734 
0.2127 
0.1976 
0.2791 
0.2292 
0.2408 

1985 
Rank 

18 
20 
27 
26 

5 
4 
7 

8 
25 
16 
17 
10 
12 
24 
14 
15 
22 
23 
19 
3 
9 
2 

13 
21 

6 
11 

Value 
0.1952 
0.2103 
0.0469 
0.0830 
0.2580 
0.3256 
0.1866 

n/a 
nla 
n/a 
n/a 

0.2029 
0.1687 
0.2285 
0.1768 
0.2519 
0.2310 
0.1470 
0.1994 
0.2279 
0.1596 
0.1654 
0.1599 
0.2414 
0.2394 
0.3108 
0.6552 
0.1891 
0.2360 
0.2454 
0.1703 
0.2190 

1990 
Rank 

16 
13 
27 
26 

4 
2 

18 

14 
21 
11 
19 
5 

10 
25 
15 
12 
24 
22 
23 

7 
8 
3 

17 
9 
6 

20 

Value 
0.2016 
0.2017 
0.0378 
0.0785 
0.2109 
0.2663 
0.1736 

n/a 
0.2751 
0.1384 
0.1137 
0.1861 
0.1785 
0.2207 
0.1812 
0.2536 
0.2043 
0.1452 
0.1937 
0.2107 
0.1233 
0.1504 
0.1421 
0.2437 
0.2201 
0.3020 
0.7470 
0.1911 
0.2344 
0.2709 
0.2002 
0.2099 

1995 
Rank 

15 
14 
30 
29 
11 
5 

22 

3 
26 
28 
19 
21 
9 

20 
6 

13 
24 
17 
12 
27 
23 
25 

7 
10 
2 
1 

18 
8 
4 

16 

Value 
0.2161 
0.1893 
0.0456 
0.0862 
0.2353 
0.2708 
0.1937 
0.2469 
0.3018 
0.2261 
0.1498 
0.1832 
0.2015 
0.2307 
0.1988 
0.2588 
0.2401 
0.1552 
0.2052 
0.2209 
0.1870 
0.1829 
0.1632 
0.3396 
0.2278 
0.3140 
0.7495 
0.2130 
0.2331 
0.3198 
0.1449 
0.2300 

1998 
Rank 

16 
22 
31 
30 
10 
6 

21 
8 
5 

14 
28 
24 
19 
12 
20 

7 
9 

27 
18 
15 
23 
25 
26 

2 
13 
4 
1 

17 
11 
3 

29 

Value 
0.2036 
0.2259 
0.0417 
0.1161 
0.2928 
0.3644 
0.2988 
0.2717 
0.3411 
0.3603 
0.2062 
0.2043 
0.2256 
0.2335 
0.2092 
0.2404 
0.2223 
0.1256 
0.1888 
0.2079 
0.1902 
0.1560 
0.1348 
0.2997 
0.2154 
0.3041 
0.8329 
0.1949 
0.2226 
0.2979 
0.1567 
0.2447 

2000 
Rank 

22 
13 
31 
30 
9 
2 
7 

10 
4 
3 

20 
21 
14 
12 
18 
11 
16 
29 
25 
19 
24 
27 
28 

6 
17 
5 

23 
15 

8 
26 

Note: n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP. 

Value 
0.2076 
0.1853 
0.0302 
0.0805 
0.2251 
0.2596 
0.1837 
0.2334 
0.2971 
0.2688 
0.3518 
0.1362 
0.2812 
0.2237 
0.2361 
0.2580 
0.2723 
0.1906 
0.2173 
0.2352 
0.2201 
0.2070 
0.1635 
0.3038 
0.2430 
0.3213 
0.6227 
0.2717 
0.1659 
0.2789 
0.2549 
0.2396 
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2005 
Rank 

22 
25 
31 
30 
18 
11 
26 
17 
5 

10 
2 

29 
6 

19 
15 
12 
8 

24 
21 
16 
20 
23 
28 

4 
14 
3 
1 
9 

27 
7 

13 
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• It is observed that, the percentage of total inputs allocated to wages is the key 

determinant for income multiplier. For example, more than 50 per cent of total 

inputs were allocated to wages for the railway transport over the period 1985-2005. 

This, therefore, contributed to such high income multiplier. 

• With regard to the electricity sub-sectors, over the entire studied period, the CC-E 

and CC-I sectors achieved top rank in income multiplier because these two sectors 

had higher shares of wages to total inputs comparing with other electricity sub-

sectors. 

• Over the period 1985-2005, the income multipliers of the RE-S sector increased 

continuously from 0.1137 in 1985, to 0.3518 in 2005. This is attributed to its 

increased share of wages to total inputs from 7 per cent in 1995 to 30 per cent in 

2005 (see Table 7, Appendix V, p. 288). 

• For the RE-E sector, its income multiplier displayed the lowest rank during 1985-

2005. This lowest rank was contributed by its less labour-intensive but highly 

capital-intensive nature. The generation technology of RE-E was mainly hydro 

electricity which is widely acknowledged as the most capital intensive generation 

technology as compared with other technologies. 

• It is noteworthy that the private power producers including the ST-I, CC-I, CG-S 

and RE-S sectors have had overall higher income multiplier than the state 

generating utility. Especially, in 2005, all private producers had above average 

incon1e multiplier whereas only the CC-E sector measured higher average income 

multiplier for the public utility. 

Inter-industry linkages 

Table 4.17 and 4.18 show the backward and forward linkages of all major sectors over 

the period 1985-2005. 

The results reveal that: 

• The backward linkage of gas industry followed similar pattern of its output 

multiplier. This shows the strong relationship between output multiplier and 

backward linkage. 



Sector 

Coal industry 
2 Petroleum and natural gas 
3 Petroleum refinery 
4 RE-E 
5 ST-E 
6 CC-E 
7 GT-E 
8 ST-I 
9 CC-1 

10 CG-S 
11 RE-S 
12 Gas industry 
13 Agriculture 
14 Mining and quarrying 
15 Food and beverage 
16 Textile industry 
17 Wood and furniture 
18 Paper and printing products 
19 Chemical industry 
20 Non-metallic products 
21 Basic metal 
22 Fabricated metal products 
23 Other manufacturing 
24 Water supply 
25 Construction 
26 Commercial services 
27 Railway transport 
28 Road transport 
29 Water transport 
30 Air transport 
31 Unclassified 

Table 4.17: Sectoral backward linkage effect for major sectors in Thailand 

----1985 
Value 
0.8035 
0.8657 
0.7866 
0.6709 
1.2416 
1.1251 
1.0756 

n/a 
n/a 
n/a 
n/a 

1.2762 
0.8848 
0.8234 
1.1916 
1.1685 
1.0197 
0.8441 
1.0846 
1.1140 
1.0729 
0.9121 
0.9670 
0.8288 
1.1619 
0.8417 
0.9815 
0.9790 
0.8116 
0.8853 
1.5821 

Rank 
25 
19 
26 
27 

3 
7 

10 

2 
18 
23 

4 
5 

12 
20 
9 
8 

11 
16 
15 
22 

6 
21 
13 
14 
24 
17 

1 

Value 
0.7932 
0.8943 
0.6949 
0.6924 
1.3022 
1.2961 
1.0283 

n/a 
nla 
n/a 
n/a 

1.4450 
0.8993 
0.8734 
1.2057 
1.2265 
0.9795 
0.9269 
1.1436 
1.1105 
0.8416 
0.9033 
0.9368 
0.8544 
1.0841 
0.8876 
1.0088 
1.0341 
0.8622 
1.0876 
1.5180 

1990 
Rank 

25 
16 
26 
27 

3 
4 

11 

2 
21 
23 

6 
5 

15 
18 
7 
8 

26 
20 
17 
25 
10 
22 
14 
13 
24 

9 

Value 
0.8339 
0.9521 
0.7029 
0.7212 
1.0623 
1.2442 
1.0425 

n/a 
1.2617 
0.9176 
0.7961 
1.4450 
0.8993 
0.8734 
1.2057 
1.2265 
0.9795 
0.9269 
1.1436 
1.1105 
0.8416 
0.9033 
0.9368 
0.8544 
1.0841 
0.8876 
1.0088 
1.0341 
0.8622 
1.0876 
1.5180 

1995 
Rank 

27 
16 
30 
29 
11 
4 

12 

3 
19 
28 

2 
21 
23 

6 
5 

15 
18 
7 
8 

26 
20 
17 
25 
10 
22 
14 
13 
24 

9 

Value 
0.8260 
0.8054 
0.6678 
0.6937 
1.0591 
1.2316 
1.1144 
1.0297 
1.2965 
1.3826 
0.7936 
1.3576 
0.8658 
0.8736 
1.1401 
1.1506 
0.9557 
0.9564 
1.0878 
1.0448 
0.8454 
0.8777 
0.9194 
0.8465 
1.0734 
0.8295 
0.9921 
1.1331 
0.9129 
1.0510 
1.1859 

1998 
Rank 

27 
28 
31 
30 
12 
4 
9 

15 
3 
1 

29 
2 

23 
22 

7 
6 

18 
17 
10 
14 
25 
21 
19 
24 
11 
26 
16 
8 

20 
13 

5 

Value 
0.8926 
0.8504 
0.7008 
0.6760 
1.0549 
1.1426 
1.2199 
0.9865 
1.1163 
1.0650 
0.7479 
1.3611 
0.9285 
0.8942 
1.1977 
1.2355 
0.9133 
0.9326 
1.0653 
1.0440 
0.9258 
0.8666 
0.8928 
0.8447 
1.1324 
0.8562 
0.9172 
1.1953 
0.9472 
1.1577 
1.2390 

2000 
Rank 

24 
27 
30 
31 
13 
8 
4 

15 
10 
12 
29 

1 
18 
22 

5 
3 

21 
17 
11 
14 
19 
25 
23 
28 

9 
26 
20 

6 
16 

7 
2 

Note: n/a - not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP. 

Value 
0.8276 
0.7617 
0.6384 
0.6680 
1.0232 
1.0755 
1.0492 
0.9988 
1.0673 
1.0361 
0.7616 
0.9949 
0.9045 
0.8917 
1.1510 
1.1970 
1.0620 
0.9348 
1.1597 
1.2072 
1.3133 
1.1375 
1.0643 
0.8601 
1.2403 
0.7927 
0.8233 
1.0106 
1.1162 
1.0760 
1.1554 
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2005 
Rank 

25 
28 
31 
30 
17 
11 
15 
19 
12 
16 
29 
20 
22 
23 

7 
4 

14 
21 

5 
3 
1 
8 

13 
24 

2 
27 
26 
18 
9 

10 
6 
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Table 4.18: Sectoral forward linkage effect for major sectors in Thailand 

Sector 1985 1990 1995 1998 2000 2005 
Value Rank Value Rank Value Rank Value Rank Value Rank Value Rank 

Coal industry 0.6790 19 0.7325 19 0.7286 19 0.6731 21 0.6716 24 0.6200 23 
2 Petroleum and natural gas 2.1127 1 1.6233 2 1.6811 3 2.1603 2 2.0518 2 1.6160 7 
3 Petroleum refinery 1.7539 3 1.4880 4 1.6823 2 2.0110 3 1.9646 3 2.1346 3 
4 RE-E 0.6867 18 0.6855 22 0.6822 24 0.6176 25 0.6499 26 0.5726 28 
5 ST-E 0.9115 11 0.9475 11 0.8778 12 0.7881 14 0.7848 15 0.6725 21 
6 CC-E 0.6706 20 0.7589 18 0.7753 16 0.7133 17 0.7498 16 0.6399 22 
7 GT-E 0.6460 25 0.6834 23 0.6747 26 0.6066 28 0.6320 29 0.5598 30 
8 ST-I n/a - n/a - n/a - 0.6167 26 0.6564 25 0.5920 25 
9 CC-I n/a - n/a - 0.7261 20 0.6714 22 0.7098 19 0.7092 17 

10 CG-S n/a - n/a 0.6601 27 0.6144 27 0.6804 23 0.5996 24 
11 RE-S n/a - n/a - 0.6559 29 0.6006 29 0.6254 30 0.5721 29 
12 Gas industry 1.4704 5 1.3175 6 0.7261 20 1.8616 4 1.8722 4 1.9210 4 
13 Agriculture 1.5684 4 1.3310 5 0.6601 27 1.2615 6 1.2446 6 1.3077 8 
14 Mining and quarrying 0.8593 13 0.7773 16 0.6559 29 0.7135 16 0.7337 17 0.7388 15 
15 Food and beverage 1.1918 8 1.0444 8 1.4087 5 0.9914 9 1.0311 8 0.9155 10 
16 Textile industry 1.2246 7 1.1876 7 1.3427 6 1.0450 8 1.0199 9 0.9503 9 
17 Wood and furniture 0.7727 15 0.7892 15 0.7505 18 0.6986 19 0.6939 21 0.7017 18 
18 Paper and printing products 0.7355 16 0.7623 17 1.0791 8 0.8859 11 0.8569 12 0.7772 14 
19 Chemical industry 0.8616 12 0.8757 12 1.1459 7 1.0569 7 1.1033 7 1.6881 6 
20 Non-metallic products 0.8303 14 0.8741 13 0.7730 17 0.7785 15 0.8042 14 0.8067 13 
21 Basic metal 1.0163 10 0.9973 9 0.8626 13 0.8469 13 0.8514 13 1.8331 5 
22 Fabricated metal products 0.6523 24 0.6980 21 1.0267 9 0.7030 18 0.6948 20 0.7252 16 
23 Other manufacturing 1.3021 6 1.5372 3 0.8524 14 1.7635 5 1.6600 5 2.1431 2 
24 Water supply 0.6432 26 0.6399 26 0.8892 11 0.5904 31 0.6447 27 0.5878 26 
25 Construction 0.6609 23 0.6680 25 0.7088 22 0.6186 24 0.6368 28 0.5837 27 
26 Commercial services 2.0669 2 2.8107 1 1.5915 4 3.3670 1 3.0524 1 2.4000 1 
27 Railway transport 0.6610 22 0.6303 27 0.6596 28 0.5997 30 0.6222 31 0.5552 31 
28 Road transport 1.0398 9 0.9536 10 0.7010 23 0.9379 10 0.9932 10 0.8767 11 
29 Water transport 0.7044 17 0.7082 20 3.5911 1 0.6633 23 0.6929 22 0.6733 20 
30 Air transport 0.6621 21 0.8091 14 0.6465 30 0.8660 12 0.9032 11 0.6798 19 
31 Unclassified 0.6162 27 0.6694 24 0.9645 10 0.6779 20 0.7118 18 0.8468 12 

Note: n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP. 
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• Regarding the electricity sub-sectors, over the entire period, all electricity sub-

sectors, except RE-E and RE-S, had the value greater than one for backward linkage 

which means that these sectors generate above average intermediate input 

requirements from other sectors and, hence, these sectors have played a key role in 

economic development in promoting and absorbing other industries ' products. This 

reflects the high dependence on the use of intermediate inputs by these sectors (see 

Figure 4.6). 

• In contrast, the RE-E and RE-S sectors had relatively weak backward linkages. This 

is due to heavy reliance on the use of primary inputs rather than intermediate inputs 

(see also Figure 4.6). 

• In comparison of backward linkage, during the pre-reform period (1985-1990), the 

ST-E sector had the strongest backward linkage in the electricity sub-sectors and 

was ranked third out of 31 sectors. The high use of interrr1ediate inputs was 

responsible for the strong backward linkage (see Table 7, Appendix V, p. 288). 

• On the contrary, between 1995 and 2005, the CC-E and CC-I sectors exhibited 

stronger back\vard linkages, compared to other electricity sub-sectors. This is also 

consistent with the results of the output multiplier. 

• In terms of forward linkage, some energy sectors (for example, the petroleum and 

natural gas, petroleum refinery, and gas industry) had been ranked on top over the 

entire period, except in 1995 for gas industry. The strong forward linkages reflect 

the relative importance of these sectors as a supplier of their products to the entire 

economy. 

• In contrast, all electricity sub-sectors measured weak forward linkages over the 

period 1985-2005. This signifies that their products are not utilized much by other 

industries; therefore, these sectors have a minimal role in supporting other industries 

as inputs. Such a difference in forward linkage between the electricity and other 

energy sectors could be explained by the comparatively high oil and natural gas 

intensities but low electricity intensity for most industries (see Table 4.9 and Table 

3-4 in Appendix VI, pp. 292-293). 
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• In comparison of forward linkage, over the period 1985-2000, the ST-E sector had 

the strongest forward linkages as compared with other electricity sub-sectors. This is 

a result of its highest share in electricity generation during 1985-2000 (see Table 

4.11). In 2005, the substantial increase in power production share has made the CC-I 

sector became the main electricity supplier instead of the ST -E sector. The CC-I, 

accordingly, had the strongest forward linkage in 2005. 

• To sum up, almost all electricity sub-sectors, except RE-E and RE-S sectors, have 

similar characteristics of having strong backward linkages and weak forward 

linkages. This indicates that these sectors are more important in absorbing other 

industries ' products than serving other industries as input. Their strength in 

absorbing products of other industries is due to their energy intensiveness. On the 

other hand, a relatively weak capacity of being used as input by other industries 

results from a low contribution of electricity to total inputs (that is, less than 1 per 

cent for all non-electricity sectors excluding the manufacturing and water sectors) . 

This argument gains support if one considers the fact that the electricity intensities 

of all n1ajor economic sectors was rather low as compared with coal, oil, and natural 

gas intensities . 

Price impacts 

To determine price impacts, this research emphasizes on the examination of the impacts 

of an increase in electricity tariff on the prices of other products as well as the 

investigation of how each electricity sub-sector has a pervasive price effect on entire 

Thai economy. Consequently, this research examines both the sectoral and national 

economy-wide price impacts of the 10 per cent increase in electricity tariff by the entire 

electricity sector (presented in Table 4.19). In addition, this research also investigate the 

role of each electricity sub-sectors in the national economy-wide price impacts. Table 

4.20 provides the national economy-wide price impacts of the 10 per cent rise in 

1 . . b h 1 . . b 14 e ectnc1ty rates y eac e ectnc1ty su -sectors. 

14 
The national economy-wide price impacts are calculated as a weighted average of sectoral price 

impacts by considering total output of each sector in the economy. 
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Table 4.19: Sectoral price impacts of the lOo/o increase in electricity tariff by the entire electricity industry (0/o) 

Sector 1985 1990 1995 1998 2000 2005 
Value Rank Value Rank Value Rank Value Rank Value Rank Value Rank 

Coal industry 0.12 22 0.06 22 0.10 22 0.13 22 0.24 19 0.23 20 
2 Petroleum and natural gas 0.08 23 0.1 3 20 0.25 18 0.18 20 0.24 20 0.24 19 
3 Petroleum refinery 0.36 16 0.03 23 0.08 23 0.19 19 0.24 21 0.07 23 
4 Electricity industry 
5 Gas industry 0.17 21 0.23 17 0.27 17 0.27 17 0.35 18 0.36 16 
6 Agriculture 0.23 19 0.1 4 19 0.12 21 0.12 23 0.19 23 0.18 22 
7 Mining and quarrying 1.05 7 0.62 8 0.60 7 0.60 7 0.65 8 0.60 8 
8 Food and beverage 0.67 14 0.40 14 0.40 13 0.40 13 0.48 14 0.49 12 
9 Textile industry 1.40 5 l.33 4 1.06 4 1.06 4 1.74 3 1.63 2 

10 Wood and furniture 1.14 6 0.71 5 0.68 6 0.68 6 0.72 7 0.78 6 
] 1 Paper and printing products 1.03 8 0.66 7 0.56 9 0.56 9 0.54 10 0.59 9 
12 Chemical industry 1.02 9 0.69 6 0.70 5 0.70 5 0.94 5 0.81 5 
13 Non-metallic products 1.45 4 1.66 3 1.37 2 1.37 2 1.90 2 1.56 4 
14 Basic metal 1.92 2 1.89 2 1.32 3 1.32 3 1.67 4 1.57 3 
15 Fabricated metal products 0.75 11 0.45 12 0.44 11 0.44 11 0.53 12 0.52 11 
16 Other manufacturing 0.84 10 0.39 15 0.32 15 0.32 15 0.46 15 0.45 15 
17 Water supply 3.30 1 2.18 1 1.59 1 1.59 1 2.70 1 2.71 1 
18 Construction 0.71 12 0.49 11 0.41 12 0.41 12 0.57 9 0.55 10 
19 Commercial services 0.70 13 0.44 13 0.46 10 0.46 10 0.73 6 0.70 7 
20 Railway transport 0.61 15 0.55 9 0.30 16 0.30 16 0.36 16 0.31 17 
21 Road transport 0.32 17 0.21 18 0.20 19 0.20 18 0.35 17 0.30 18 
22 Water transport 0.20 20 0.12 21 0.13 20 0.13 21 0.23 22 0.20 21 
23 Air transport 0.26 18 0.28 16 0.36 14 0.36 14 0.53 13 0.47 14 
24 Unclassified 1.47 3 0.52 10 0.56 8 0.56 8 0.53 11 0.47 13 

National econom~-wide 12rice im12acts a 0.71 0.52 0.46 0.51 0.65 0.61 

Note: a The national economy-wide price impacts is determined by calculating the weighted average of sectoral price impacts with consideration of total output of each sector 
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Table 4.20: National economy-wide price impacts of the 10 per cent rise in electricity tariff 
by each electricity sub-sectors (0/o) a 

Electricity 1985 1990 1995 1998 2000 2005 Sub-sectors 
RE-E 0.10 0.06 0.04 0.03 0.04 0.03 
ST-E 0.52 0.38 0.24 0.23 0.22 0.19 
CC-E 0.06 0.06 0.11 0.14 0.17 0.14 
GT-E 0.02 0.02 0.01 0.01 0.01 0.01 
ST-I n/a n/a n/a 0.01 0.04 0.06 
CC-I n/a n/a 0.05 0.08 0.11 0.25 
CG-S n/a n/a 0.001 0.02 0.07 0.07 
RE-S n/a n/a 0.0002 0.001 0.001 0.012 
Entire electricity sector 0.71 0.52 0.46 0.51 0.65 0.61 

Note: 1. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, 
E: EGAT, I: IPP, S: SPP; 

2. a The sectoral percentage price change of the 10 per cent increase in electricity tariff by each 
electricity sub-sectors are provided in Table 7, Appendix VI, pp. 296-299. 

The results reveal that: 

• During the period 1985-2005, the sectoral price impacts of the 10 per cent increase 

in electricity tariff were relatively small. It is observed that the rises in electricity 

tariff had a high pervasive effect mostly on the electricity-intensive sectors, namely, 

water supply, mining and quarrying, and almost all the manufacturing sectors. 

• Over the entire studied period, the water supply sector achieved first rank which 

indicates that the increases in electricity price have the greatest impact on water 

prices (within the range of 1.6-3 .3 per cent). This is because electricity is one major 

don1estic input for water supply production. For example, in 2005 , electricity had 

contributed about 33 per cent of intermediate inputs for the production of water 

supply. 

• In terms of national economy-wide price impacts, it is noticed that the overall trend 

of economy-wide price impacts of the rise in electricity prices declined for the RE-

E, ST-E and GT-E sectors. The CC-E, ST-I, CC-I, CG-S and RE-S sectors, 

however, displayed the average increasing trend. This is mainly attributed to the 

electricity generation share. According to Table 4.11, the proportion of electricity 

generated by the former group decreased while generation share of the latter's group 

increased over the period 1985-2005. 
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• In fact, the proportion of power production is directly correlated with forward 

linkage which means that the higher share in electricity production would result in 

stronger forward linkage and accordingly, more price impact. For example, during 

1985-2000, the ST -E sector had the most price impact because of its highest 

electricity generation share and strongest forward linkages (see Table 4.20). 

• In 2005, the CC-I sector had substantially increased its power generation share 

which accordingly contributed to the strongest forward linkage. As a result of this, 

the CC-I sector had the greatest economy-wide price impacts in 2005. 

• It is also interesting to note that the national economic-wide price impacts of all the 

private producers have continuously increased since their entry. The increasing price 

impacts of the private producers are mainly due to their increased shares 1n 

electricity generation. This raises concerns about the potential price impacts of 

allovving more private sector participations in supplying electricity. 

The inference drawn from the above analyses is that the economic impact of the 

introduction of the IPPs and SPPs varied depending on the aspect this research focuses. 

The involvement of the IPPs and SPPs in the electricity sector has negatively impacted 

the output of the economy. The private power producers have had less potential to 

generating the output of the economy than the state-o-wrned utility. Regarding potential in 

household income generation, all private power producers have had more capacity to 

generate household income than the state utility. Therefore, the introduction of IPPs and 

SPPs has had a beneficial impact on household income generation. For price impacts, the 

entry of the IPPs and SPPs has had negative price impacts on the entire economy. 

Further, the price impacts of the IPPs have continuously increased since their entry. This 

signifies the need to strengthen pricing policy and mechanism so as to cope with any 

adverse effect arising from allowing more private sectors, especially the IPPs. 

In summary, the introduction of the IPPs and SPPs largely failed to provide benefits to 

the overall economy. The economic benefit achieved from this introduction is just the 

high capacity of generating household income. It is important to note that due to the 

increasing price impacts of the IPPs and SPPs, there is a need to establish a 

c01nprehensive frarnework of price regulation for the private power producers. 
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4.6.4 Social impacts 

This section assesses the impacts of the entry of the IPPs and SPPs on employment. This 

assesstnent incorporates two types of employment multipliers, namely, Simple 

employment multiplier, and Type I employment multiplier.
15 

The difference between 

these two etnployment multipliers is that Simple employment multiplier illustrates the 

new employment of an individual sector generated from a change in final demand of that 

sector, whereas Type I employment multiplier portrays total jobs created throughout the 

economy as a result of a change in the employment in a particular sector. Table 4.21 

presents the Simple and Type I employment multipliers of all sectors in the Thai 

economy over the period 1985-2005. 

The results show that, in the case of Simple employment multiplier. 

• The agriculture sector had the greatest impact on employment generation, followed 

by the food and beverage, railway transport and chen1ical industry sectors. This is 

due to the labour-intensiveness of these sectors. 

• The electricity sub-sectors had a minimal role in creating new jobs. In fact, there 

was a decline in job creation over the study period. This is due to the switch of the 

industry from labour-intensive to technology-intensive. 

• Over the period 1985-2005 the simple employment multipliers for the CC-E and 

CC-I sectors were generally higher than other electricity sub-sectors. Except in 2000 

and 2005, the GT-E sector generated highest employment tnultipliers as compared 

with those of electricity sub-sectors. 

• Interestingly, all electricity sub-sectors had low employn1ent multipliers but rather 

high income multipliers as con1pared with other sectors of the economy. This 

indicates that an increase in final demand for the output of these sectors would have 

proportionally greater impact on income than employment and, therefore, results in 

a relatively high increase in average earnings. 

15 
More explanations on thi s is provided in Miller and Blair (1985) 



Sector 

Coal industry 
2 Petroleum and natural gas 
3 Petroleum refinery 
4 RE-E 
5 ST-E 
6 CC-E 
7 GT-E 
8 ST-1 
9 CC-I 

10 CG-S 
1 1 RE-S 
12 Gas industry 
13 Agriculture 
14 Mining and quarrying 
15 Food and beverage 
16 Textile industry 
17 Wood and furniture 
18 Paper and printing products 
19 Chemical industry 
20 Non-metallic products 
2 1 Basic metal 
22 Fabricated metal products 
23 Other manufacturing 
24 Water supply 
25 Constmction 
26 Commercial services 
27 Railway transport 
28 Road transport 
29 Water transport 
30 Air transport 
31 Unclassified 

Table 4.21: Employment multipliers of all major sectors in the Thai economy 

1985 1990 
1.72 1.01 
1.65 1.66 
0.59 0.26 
1.02 0.66 
2.54 1.38 
2.70 2.25 
2.52 1.51 

n/a n/a 
n/a n/a 
n/a n/a 
n/a n/a 

2.91 2.36 
39.75 43.03 

1.99 1.38 
19.36 17.78 
5.32 3.71 
8.57 3.59 
3.52 2.37 

10.83 8.67 
3.72 2.75 
3.10 1.42 
3.32 2.19 
4.08 2.27 
3.02 1.64 
5.06 3.10 
7.39 5.05 
8.30 8.27 
3.17 2.85 
2.65 3.13 
4.03 3.82 

13.41 7.16 

Simple employment multiplier 
1995 1998 2000 2005 
0.95 0.69 0.75 0.67 
1.57 0.82 0.98 0.71 
0.23 0.15 0.16 0.11 
0.60 0.63 0.33 0.33 
1.33 1.21 0.69 0.59 
2.17 
1.52 
n/a 

2.22 
1.25 
1.03 
2.86 

31.61 
1.23 

13.64 
4.03 
3.53 
2.41 
7.14 
2.92 
1.65 
2.24 
2.24 
2.17 
3.15 
5.24 

12.10 
3.24 
3.79 
4.67 
6.13 

1.75 
1.52 
1.26 
1.86 
1.65 
1.17 
1.77 

22.97 
0.92 

10.46 
3.03 
3.97 
2.09 
4.55 
2.27 
1.96 
2.04 
1.94 
2.18 
3.75 
4.29 
9.24 
2.64 
2.81 
4.19 
3.42 

0.93 
0.98 
0.62 
0.92 
0.89 
0.68 
1.16 

24.12 
0.93 

10.48 
2.98 
3.29 
1.82 
4.04 
2.19 
2.03 
1.86 
1.69 
0.87 
5.25 
4.56 

10.16 
2.44 
2.69 
4.15 
3.60 

0.74 
0.79 
0.57 
0.74 
0.69 
0.73 
0.65 

16.15 
0.85 
7.15 
2.67 
3.93 
2.15 
3.80 
2.23 
1.80 
1.87 
1.59 
1.04 
5.15 
3.98 
4.84 
2.26 
1.39 
2.49 
2.68 

1985 
1.44 
1.62 
3.87 
1.40 
2.19 
2.09 
2.21 

n/a 
n/a 
n/a 
n/a 

1.86 
1.16 
1.70 

13.11 
2.75 
3.80 
1.81 
6.23 
1.98 
1.85 
1.78 
2.10 
1.39 
1.98 
1.49 
1.19 
1.91 
1.42 
1.56 

70.42 

1990 
1.83 
3.70 
2.68 
1.99 
1.88 
2.21 
2.76 

n/a 
n/a 
n/a 
n/a 

2.82 
1.13 
2.25 

25.12 
2.74 
2.39 
2.48 
8.47 
2.13 
1.58 
1.87 
2.17 
1.90 
2.07 
1.71 
1.13 
1.90 
1.28 
2.05 

17.45 

Type I employment multiplier 
1995 1998 2000 2005 
2.13 3.25 3.32 3.55 
4.82 5.08 4.17 4.28 
3.54 4.18 5.84 9.76 
2.26 3.16 3.37 7.72 
2.00 2.12 3.15 4.92 
2.76 2.99 3.51 5.45 
3.12 4.55 5.13 10.33 

n/a 1.90 3.15 4.18 
2.73 2.75 3.72 4.48 
3.23 4.36 3.06 4.68 
3.12 3.74 4.15 3.14 
2.12 2.15 4.31 3.83 
1.14 1.15 1.15 1.18 
2.67 4.44 3.65 4.21 

16.08 14.49 12.76 11.68 
2.42 2.36 2.54 2.99 
2.17 2.69 2.05 3.36 
2.25 2.91 3.01 2.85 
6.33 4.97 4.26 5.76 
2.00 1.95 1.83 2.67 
1.49 1.56 1.59 2.74 
1.87 1.85 1.79 2.38 
2.16 2.19 2.16 3.05 
1.58 1.53 2.72 2.74 
2.04 1.55 1.36 1.41 
1.53 1.49 1.42 1.37 
1.09 1.11 1.06 1.09 
1.68 1.80 1.83 1.48 
1.23 1.27 1.26 2.07 
1.78 1.91 2.23 1.98 

22.31 16.26 28.61 13.50 

Note: n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP. 
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The results show that, in the case of Type I employment multiplier. 

• The unclassified, food and beverage, and chemical industry are top three sectors 

with high Type I employment multiplier over the whole period. It is worth noting 

that the food and beverage and chemical industry had high potential in generating 

employment in their sectors as well as throughout the entire economy. 

• For the electricity sub-sectors, despite the minimal role in creating jobs in its sector, 

all electricity sub-sectors had more capacity to generate employment in other sectors 

when additional job is created in their sectors. More interestingly, the tendency was 

increasing for all electricity sub-sectors. 

• In comparison of Type I employment multiplier, the private power producers 

including the ST-I, CC-I, CG-S and RE-S sectors have less potential to create jobs 

in all sectors throughout the Thai economy than the public producers (RE-E, ST-E, 

CC-E and GT-E). 

The foregoing discussion suggests that private sector involvement in the electricity 

sector did not provide any noticeable employtnent benefit. It appears that the state 

generating utility has more potential in employment generation than the private power 

producers. This has weakened the argument for electricity reform in view of creating 

new employment opportunities (see Table 5.1 , p. 157). 

4. 7 Summary and conclusions 

This chapter assesses the economy-wide in1pacts of electricity reform, by examining the 

role of the IPPs and SPPs in the Thai economy. These impacts were quantified in terms 

of select energy, environmental, economic and social indicators. A summary of key 

findings is as follows: 

Energy impacts 

• The introduction of the IPPs and SPPs seems to have contributed to a lessening of 

energy diversity and hence a worsening of the security of energy supply. The 

Herfindahl index - a simple yet widely used diversification index - increased from 

0.31 in 1985, to 0.53 in 2005; thus signifying a loss of energy diversity (and 

therefore reduced energy security) over this period. In addition, the electricity 
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reserve margin substantially increased above the recommended level of 15-20 per 

cent (EGAT, 2007). One may claim that a decline in overall energy import 

dependency (from 54.8 per cent in 1985, to 33.4 per cent in 2005) could enhance 

energy security. This claim, however, appears weak if one takes note of the fact that 

the shift in the source of energy import from ASEAN to Middle-East countries has 

perceptibly decreased Thailand's energy security due to the ongoing political 

volatility of the Middle-East region. 

• The impact of the participation of the IPPs and SPPs on the energy intensiveness of 

the electricity industry is insignificant. Both the public and private power producers 

displayed broadly equal energy intensities. This is due to their con1paratively 

equivalent performances in terms of energy efficiency. For example, in 2005, the 

average generation efficiencies of steam-turbine plants for public and private power 

producers were 34 and 29 per cent respectively; while the average combined-cycle 

power plants' efficiencies were 44 and 45 per cent, respectively, for public and 

private producers. 

• It is worth noting that the contribution of direct electricity intensity to total 

electricity intensity was rather low in the case of non-electricity intensive sectors, 

such as agriculture, construction and transport. In these sectors, the percentage of 

direct to total electricity intensity was less than 30 per cent over the period 1985-

2005. This highlights the importance of indirect electricity intensity in any 

perspective on energy conservation which generally emphasizes a lowering of direct 

electricity intensity. Reductions in indirect electricity intensity, through the 

substitution of production factors and decreased material use, could be an effective 

option for promoting energy conservation. 

Environmental impacts 

• The IPPs and SPPs have had a relatively modest effect on the environment. Over the 

post-reform period (1995-2005), the private power producers accounted for less 

than 40 per cent of total C02, and 15 per cent of S02, emissions fron1 the electricity 

sector. Further, the IPPs and SPPs have been less C02 and S02 intensive than the 

state generating utility (EGA T) over this period. The dominant share of less 

polluting fuel source (i.e. natural gas) in the fuel mix of the private producers was 
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responsible for less emissions and lower intensities of C02 and S02 as compared 

with the state utility. The expansion of share in electricity generation of renewable 

sources (mainly SPPs) has also resulted in low C02 and S02 emissions by the 

private power producers. This inference is in line with the analysis of the 

environmental performance of the Thai electricity industry made in Chapter 3. 

• Despite the fact that the IPPs and SPPs have contributed to an increase in the share 

of less environmentally detrimental fuel (i.e. natural gas), this trend is unlikely to 

sustain in the long term due to the greater role of coal in the private producer's fuel 

mix in the near future. The introduction of coal-fired plants by the IPPs in 2006 

contributed to an increase in the share of coal in electricity production from a 

negligible amount, to nearly 16 per cent in 2006 (DEDE, 2008b ). In addition, two 

more coal-based projects have already been planned for the period 2011-2014 

(EPPO, 2009). This would increase the environmental pollution and hence adversely 

impact the environment. 

Economic impacts 

• The IPPs and SPPs have had a negative impact on the output of the Thai economy. 

Over the period 2000-2005, the private power producers have had lower output 

multipliers - a factor that indicates the capacity to generate the output of the 

economy - than the state generating utility. It is observed that the share of 

intermediate inputs in total inputs is the major factor influencing the output 

multiplier. Over the period 1995-2005, the percentage share of domestic inputs to 

total inputs for the private producers were relatively lower than that for the public 

producer. 

• In terms of inter-industry linkages, the private and public power producers have a 

similar characteristic of having strong backward linkages and weak forward 

linkages. This indicates that these sectors are more itnportant in absorbing other 

industries' products than serving other industries as input. The strong backward 

linkages of these sectors are mainly due to their energy-intensive nature. On the 

other hand, the weak forward linkages results fro1n a low contribution of electricity 

to total inputs (that is, less than 1 per cent for all non-electricity sectors excluding 

the manufacturing and water sectors). This argument gains support if one considers 



153 

the fact that the electricity intensities of all major economic sectors was rather low 

as compared with coal, oil, and natural gas intensities. 

• The private power producers have had a beneficial impact on household income. 

The IPPs and SPPs have more capacity to generate household income than the state 

generating utility. Over the period 1995-2005, the income multipliers of the private 

producers were higher than those of the public producers. It is observed that the 

percentage share of total inputs allocated to wages is the key determinant for income 

multiplier. For instance, in 2005, more than 20 per cent of total inputs were 

allocated to wages for the IPPs and SPPs. On the other hand, the contributions of 

wages to total inputs for the state power producers were less than 17 per cent in 

2005 (see Table 7, Appendix V, p. 288). 

• The participation of the IPPs and SPPs in the electricity sector has had negative 

price impact on the wider economy. For example, in 2005 , a 10 per cent increase in 

electricity tariff by the CC-I sector resulted in an increase in economy-wide price 

impacts of 0.25 per cent - highest as compared with other power producers. It is 

noticed that the share of electricity generation by a particular technology is the main 

indicator of its price impact. 

• In addition, it is important to note that the econon1y-wide price impacts of the 

private producers have continuously increased since their entry. In particular, the 

price impacts of a 10 per cent increase in electricity tariff by the CC-I sector 

increased from 0.05 per cent in 1995, to 0.25 per cent in 2005- a four-fold increase 

over the period 1995-2005. This raises concerns about the potential price impacts of 

allowing more private sector participation in supplying electricity and hence 

signifies a need to establish a comprehensive framework of price regulation for the 

private sectors. 

• To sum up, the entry of the private power producers in the electricity sector largely 

failed to provide economic benefits . Despite the fact that the IPPs and SPPs have 

had high potential in household income generation, they have weak capacity of 

generating the output of the economy and especially the negative price impacts of 

the IPPs. 
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Social impacts 

• The private sector involvement in the electricity sector did not contribute to any 

noticeable employment benefits. Over the period 1995-2005, the private power 

producers had lower employment multipliers - a factor that indicates the capacity to 

generate employment- than the public producers. In fact, there was a decline in job 

creation over the period 1985-2005. This is due to the switch of the industry from 

labour-intensive to technology-intensive. 

• Interestingly, both the public and private power producers have had a higher 

increase in average earnings among all sectors in the Thai economy. It is observed 

that, over the period 1985-2005, both public and private producers had low 

employment multipliers but rather high incon1e 1nultipliers as compared with other 

sectors of the economy. This indicates that an increase in final demand for the 

output of these sectors has a proportionally greater impact on inco1ne than 

employment and, therefore, results in a relatively high increase in average earnings. 

In short, this chapter concludes that the introduction of the IPPs and SPPs did not 

provide any noticeable economy-wide benefits. This conclusion reinforces the analysis 

presented in Chapter 3, demonstrating that the electricity refom1 did not contribute to 

any improvement in the industry's performance and, hence, one can also infer that such 

refom1 would not result in any appreciable benefits to the wider economy. 
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CHAPTERS 

DISPARITY BETWEEN EXPECTATION 

FROM ELECTRICITY REFORM AND ACTUAL OUTCOMES 

5.1 Introduction 

The historical review in Chapter 2 provided a detailed description of the evolution of the 

Thai electricity industry as well as the background of the electricity reform in Thailand. 

As also noted in Chapter 2, the purported rationale for this reform was that it would 

result in productivity gains; improve the efficiency of the electricity industry; lower 

electricity tariffs; reduce the cost of electricity production; enhance consumer choice; 

draw private investment into power generation sector; reduce the government's 

investment burden of financing expensive electricity infrastructure and create new 

employment opportunities. An assessment of the impacts of electricity reform on the 

industry's performance and the wider economy in Chapter 3 and Chapter 4, however, 

suggests that there is a significant disparity between the expectations from electricity 

reform and its actual outcomes. This chapter aims to develop a focused perspective on 

such disparity. This focus will enable the understanding of the reasons behind the 

disparity, and - by implication - provide a basis for identifying the remedies (e.g. 

modifications to the existing reform program) that might be needed in order to reduce 

such disparity. 

The discussion 1n this chapter is organized as follows. A. review of the purported 

rationale for the Thai electricity reform is provided in Section 5.2. Section 5.3 quantifies 

the expected and actual outcomes of electricity reform in terms of certain indicators (for 

example, productivity and efficiency of the industry, levels of private investment, cost of 

electricity production, electricity retail tariffs, employment, and consumer choice). The 

disparity between the expectations from electricity refonn and its actual outcomes is also 

identified in Section 5.3. In Section 5.4, a discussion on the reasons behind the disparity 

is provided. The summary and conclusions of this chapter are presented in Section 5.5. 
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5.2 Purported rationale for electricity reform in Thailand 

As previously discussed in Chapter 2, since the early 1990s, the Thai electricity industry 

has undergone a series of reform. The first stage of reform resulted in the introduction of 

IPP and SPP programs. The purported aim of this initiative was to (NEPO, 2000a): 

• help reduce EGAT's investment burden by attracting private investment in 

electricity generation business; and 

• bring down the overall power generation costs to levels that are lower than the 

generation costs in the public sector. 

The second stage of reform envisioned the introduction of a market-oriented reform 

program - as discussed in the Master Plan of 1998. This Master Plan provided 

guidelines, principles, and practices for increasing effective private sector participation 

in the econon1y and served as a basic blueprint for this reform program. The main 

underlying principle of this plan was to deregulate the industry wherever possible with 

the ain1 of (NEPO, 1998): 

• increasing private participation; 

• freeing up public resources; 

• reducing public debt; 

• protnoting competition; 

• promoting increased productivity; and 

• ensuring higher labour welfare. 

To ensure that this reform has a solid foundation and framework in order to achieve the 

above noted ain1s, the government specified the reform goals, definitions, specific 

objectives and expected benefits (a summary is provided in Table 5.1). 

5.3 Electricity reform: expected and actual outcomes 

To identify the disparity between the expected and actual outcomes of reform, this 

research quantifies the expectations from electricity reform and its actual outcomes in 

terrns of certain indicators corresponding to the industry's performance and the wider 

economy. These quantified indicators include the productivity and efficiency of the 

industry, levels of private investn1ent, cost of electricity production, electricity retail 

tariffs, employment, and consumer choice. 
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Table 5.1: Goals, definitions, objectives and expected benefits of a market-oriented reform 

Goals 
The goal of the government's reform program is to increase the efficiency of the economy in 
order to provide a sound basis from which Thai companies can compete inten1ationally and to 
ensw·e quality of goods and services are available to the Thai public at the least cost. The 
privatization program is the means by which necessary structural reforms will be undertaken to 
achieve this goal. 

Definitions 
Privatization is defined as all measures that increases private sector participation in sectors 
where government enterprises presently operate, including divesture of state owned enterprises 
or assets (ownership transfer), concession arrangements, joint ventures, management contracts, 
leasing, outsourcing, contracting services, deregulation which increases competition, creation 
of needed regulatory bodies, and introduction of new competition. 

Specific objectives 
Structural objectives 
• Stimulate and provide a basis for renewed 

economic growth by attracting needed 
investment and know-how (foreign and 
domestic). 

• llnprove economic efficiencies of all sectors 
of the economy. 

• Improve the quality and availability of 
services for Thai people at reasonable 
pnces. 

Financial objectives 
• Reduce the financial burden on goveminent 

resources (e.g. subsidies, loan guarantees) . 
• Provide capital for needed infrastructure 

investments. 
• Stimulate, broaden and deepen Thai capital 

market. 

Social objectives 
• Facilitate the creation of new and better job 

opportunities for the Thai people. 
• Provide resources for needed social 

services, retraining, and education. 
• Ensure expanded provision of quality 

services at reasonable prices to the public. 
Source: NEPO ( 1998) 

Expected benefits 
Structural benefits 
• Improvements in the economic efficiency 

of sectors as measured by decreases in cost 
of production and/or prices of services. 

• Improvements in quality of service, 
including enhancing conswner choice. 

• Completion of needed infrastructure 
investment projects. 

• Attraction of higher value-added services 
to Thailand, and of needed technology and 
management systems. 

Financial benefits 
• Reduction in subsidies to enterprises. 
• Reduction in loan guarantees to enterprises. 
• Private rather than govern1nent financing 

of needed infrastructure services. 
• Proceeds from sales of enterprises for 

reinvestlnent in the economy and social 
sector. 

• Strengthening of the capital markets in 
Thailand. 

• Contribution to confidence in Thailand, the 
Thai financial sector and the Thai economy. 

Social benefits 
• Improved and/or expanded services. 
• New employment opportunities. 
• Greater ability of the goveinment to invest 

in social and public services. 
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5.3.1. Productivity and efficiency 

One of the major arguments for reform was that such reform would improve the 

productivity of the electricity industry. The analysis in Chapter 3, however, revealed that 

electricity reforn1 has negatively impacted the productivity growth of the Thai electricity 

industry. According to Figure 3.7 (in Chapter 3, p. 80), the rate of growth in productivity 

of the entire industry (including the private IPPs and SPPs) was lower than that of the 

industry comprising only the publicly-owned electric utilities (EGAT, MEA and PEA). 

In addition, the analysis also suggested that electricity reform did not result in any 

improvement in the overall efficiency of the industry. Figure 3.8 (in Chapter 3, p. 80) 

showed that the electricity industry consisting of only three public electric utilities 

performed more efficiently than the entire industry including the private IPPs and SPPs. 

This outcome is however understandable if one considers the specific features of the 

Thai electricity industry. The private sector participation (i.e. IPPs and SPPs) did indeed 

increase competition in generation segment. The gains from such competition however 

did not eventuate because it applied only to acquiring a license, by private IPPs and 

SPPs, to generate electricity and to supply it to EGAT, under fixed, long-tenn PPAs. 

Consequently, there was no competition to supply electricity at the cheapest possible 

price to the final consumers. Further, the selection process of the IPPs appeared to 

discriminate small-scale power plants because the IPP progran1 \vas originally designed 

for large-scale power development (as previously discussed in Chapter 2). As of May 

2008, six of seven IPPs have a generating capacity of more than 600 MW and three of 

them have supply greater than 1,000 MW (see Table 1, Appendix VII, p. 301). This 

reduced the number of IPP bidders and, therefore, limited competition. More 

importantly, the terms of the PPAs do not provide any specific incentives for 

performance enhancement. Under such agreements, the government guaranteed a fix rate 

of retun1 on investments for the private entities and passed all risks directly on to the 

consumers. 

5.3.2. Private investment 

As previously discussed in Section 5.2, private investment is considered as the main 

measure of the success of the Thai electricity reform. Figure 5.1 shows private 

investments in the Thai electricity industry over the period 1993-2005. 
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Figure 5.1: Private investments in the Thai electricity industry, 1993-2005 
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Clearly (see Figure 5.1), there was a rapid growth in private investment in the Thai 

electricity sector in the early 1990s; the rate of investment reached its peak (at $2586 

million) in 1996; it dropped significantly during the period 1997-1999; and recovered 

from 2000 onwards, reaching·, although, only to half of the levels witnessed in the mid-

1990s. 

The following discussion provides a perspective on the likely reasons behind these 

trends. 

• The significant increase in private investment in the early 1990s was a consequence 

of the introduction of the IPP and SPP programs. During this period, there was a 

rapid rise in electricity demand in order to keep pace with the rapid economic 

growth. This coincided with the entry of a surplus of private capital searching for 

investments with high rate of returns. Therefore, the private sector was allowed to 

participate in the generation segment of the electricity industry in the form of the 

above noted two programs. In 1994, there were 88 proposals submitted by 50 

bidders with generating capacity of 39,000 MW which, at that time, was more than 

double the utility's projected demand for the next 15 years (Woo, 2005). Of these 

projects, EGAT selected 7 projects offering 5,943 MW of base load capacity, which 

was later increased to 6,675 MW (Bradley and Lucarelli, 2007). In this solicitation, 

EGA T was mainly responsible for controlling the process of bid solicitation, bidder 

and project selection criteria and actual selection, and negotiating all PPAs. 
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• The declining trend in investments in the subsequent years was, however, due 

mainly to the Asian financial crisis of 1997. The ensuing economic slow down 

caused a significant decline in electricity demand and hence created a situation of 

excess capacity. This contributed to a rescheduling of investments in the generation 

business. The already-committed IPP projects were renegotiated and the commercial 

operation dates for about 40 private power projects were delayed by between 3 

months and 4 years (Amranand, 1999). 

• Since 2000, there has been a recovery of private investment in the Thai electricity 

sector, although at levels much lower than those in the early 1990s. The investment 

in this period was mainly driven by the uptake of the previously delayed projects. 

Additionally, reductions in the amount of electricity purchase by EGAT from the 

private producers and a decreased interest from private sector also contributed to 

reduced levels of investment in this period. In 2007, the government initiated a 

second solicitation, which was conducted by EPPO, for proposals from IPPs for the 

supply of 3,200 MW of capacity (Bradley and Lucarelli, 2007). The government 

received only 20 bids from 15 participants offering to supply over 17,000 MW 

(EPPO, 2007b ). The offered electricity capacity was less than half that received in 

the first solicitation. 

Based on the foregoing discussions, one may claim that despite a swing in the levels of 

private investment, electricity reform still yielded a desirable outcome in terms of 

attracting adequate private investment for the estimated needs. It is observed that there 

was a continuous interest from the private power producers since the introduction of the 

IPP and SPP programs as evident in the above noted solicitations. This claim, however, 

appears weak if one takes note of the fact that the key factor contributing to such an 

increase in investments was the rather generous terms of Power Purchase Agreement 

(PPA). These includes, 'take or pay' contracts, provision of a number of tax and non-tax 

incentives such as tax breaks up to 8 years, and exemption from the rnachinery import 

tax (Greacen and Greacen, 2004). Inevitably, under such an agreement, the Thai 

electricity consumers are obliged to bear all risks in the form of the electricity tariff 

Increases. 

The private investor safeguard agreement is essential for attracting investment when 

viewed in the context of the investment clin1ate in Thailand. Generally, the willingness 



161 

to invest depends on the investor's confidence in the country's economy which is 

typically shaped by the political and institutional climate for economic policy, legal 

system, and level of corruption. In Thailand, the Constitution and governance 

philosophies are an amalgam of the traditional and modem western style arrangements 

(Sharma, 2005). Thai politic has traditionally required a delicate balancing between the 

interests of the crown, the army, the bureaucracy, and powerful economic agents (ADB, 

1999). Political and legal frameworks are generally weak. Corruption is widely 

perceived to be a serious governance problem. Transparency International's 2007 survey 

listed Thailand 84th out of the 179 countries surveyed with Corruption Perception Index 

(CPI) equal to 3.3 (on a zero to 10 scales, with 10 being least corrupt) (Transparency 

International, 2007). The Opacity factor for Thailand was 35 (0 indicates best and 100 

indicates worst) (Fathollazadeh and Sharma, 2002). This factor represents five key 

dimensions that affect capital market, namely, corruption, legal system, economic 

policies, accounting standards and practices (including corporate governance and 

infonnation release), and regulatory regime (Fathollazadeh and Sharma, 2002). Such a 

climate clearly would not inspire much investor confidence and, therefore, the provision 

of rather attractive PPAs (as discussed above) is justified in terms of attracting private 

capital for needed infrastructure investment without serious consideration of the wider 

impacts arising from this provision. 

5.3.3. Cost of electricity production 

One of the purported aims of the first phase of the Thai electricity reform (namely, the 

entry of the private IPPs and SPPs) was that it will result in a reduction in power 

generation costs. This objective, however, could not be achieved as is evident from 

Figure 5.2 . 

Figure 5.2 reveals that, between 1980 and 1981, there was a noticeable increase (13 per 

cent) in the cost of electricity production. This increase was due mainly to the substantial 

rise in oil prices resulting from the oil price shocks of the 1970s. The declining trend in 

electricity generation costs over the period 1982-1994 was a result of the improvement 

in the efficiency of EGA T- the public generating utility that has been solely responsible 

for the entire generation business in the pre-reform period. On the contrary, the cost of 

electricity production exhibited an overall increasing trend during the post-reform 

period. The reasons for this are as follows. 



Figure 5.2: Electricity cost of production over the period 1980-2006 
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• Despite a competitive selection process of the IPPs, the benefits of this process, 

however, did not pass on to the final electricity consumers. As noted earlier, 

competition was there only in the form of acquiring a license for electricity 

generation, with a fixed and long-term PPA which is rather attractive for private 

investors. Accordingly, the expected competition which could bring about lower 

electricity prices did not occur. 

• In addition, the IPPs generally sign PPAs before the power projects start. In order to 

cover all the risks that might emerge, it is a common practice for the IPPs to 

overestimate the projected costs of such capital-intensive projects and informally to 

form a cartel to push up the contract price between themselves and EGAT, finally 

passing down to the consumers (Lorchirachoolkul, 2001, cited in Sirasoontom, 

2004). 

• Even though the IPPs received significant productivity gains, the benefits from such 

gains in terms of cost reduction are not passed on to the consumers. This is due to 

the fact that the nature of the contracts is fix rate of return and, more importantly, it 

is quite difficult to change the conditions of the already signed long-term contracts. 



163 

5.3.4. Electricity retail tariffs 

The argument that electricity reform would lead to a reduction in electricity tariffs does 

not appear to be supportable on the basis of available evidence. The electricity tariffs in 

the residential, commercial and industrial sectors in Thailand are presented in Figure 5.3. 

Figure 5.3: Average electricity tariffs in residential, commercial and industrial sectors 
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• Between 1980 and 1982, there was a significant increase in the average electricity 

prices in the residential, commercial and industrial sectors. This is primarily due to 

the oil price shocks of the 1970s which directly resulted in increased electricity 

production costs, as discussed earlier. 

• In contrast, the average electricity pnces exhibited declining trends in all three 

sectors over the period 1983-1994 which is the pre-reform period. These trends, this 

research argues, were due to the improvement in the efficiency of the electricity 

supply industry including EGAT, MEA and PEA (as discussed in Chapter 3). 

Further, it appears that the electricity prices in the residential sector were 

comparatively lower than in the cotnmercial and industrial sectors. This was a 

consequence of a cross-subsidy from the commercial and industrial sectors to the 

residential sector in the areas served by the PEA (Shrestha et al., 2004). In fact, 

subsidy was a key factor behind the promotion of rural electrification program. 

Apart from a cross-subsidy from PEA's commercial and industrial customers to its 
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residential custotners, a subsidy from EGAT was also provided to PEA by charging 

a lower bulk supply tariff from PEA and recovering the difference from sales to 

MEA (AIT, 2004a). The mechanism of cross-subsidy from urban to rural areas 

helped reduce the cost of electricity to rural customers and this mechanism was 

essentially set up to benefit specifically residential customers in PEA areas (AIT, 

2004b). 

• During the period 1995-2000, average electricity tariffs tn the residential, 

commercial, and industrial sectors increased by 5.6, 1.9 and 5.8 per cent, 

respectively. But this was due mainly to electricity tariff restructuring, rather than 

reform per se. The tariff reforms initiated during this period include the introduction 

of Time-of Day (TOD) tariffs in 1990 which was later changed to Time-of-Use 

(TOU) in 1997, and the implementation of automatic adjustment mechanism (FT) in 

1992. The TOD and TOU tariffs were introduced with the aim to better reflect the 

actual economic costs of electricity production and to promote efficient use of 

energy, particularly, to promote lesser use of electricity during the peak periods 

which will help reduce the long term investn1ent requirements in electricity 

generation capacity (AIT, 2004a). This tariff structure reflects the usage 

characteristics in terms of time of use, voltage level, and connected load. The FT 

mechanism allows recovery of additional costs due to increase in the cost of 

electricity supply. Initially, the FT was designed to account for fuel price risks and 

hence, increases in fuel prices directly resulted in the rise in electricity prices. 

• Another adjustment of tariff structure in 2000 resulted in relatively high increases in 

electricity tariffs over the period 2001-2006. This adjustment was based on the 

recommendation from NEPO (NEPO, 2000b ). The recommendation argued for the 

adoption of marginal cost pricing and the adjustment of FT formula. Under the 

marginal cost pricing, cross-subsidies from MEA to PEA were removed and 

therefore EGAT would charge the same bulk supply tariff to MEA and PEA. 

Further, the adjustment of the FT estimation in 2000 resulted in the unbundling of 

the FT formula into generation, transmission, distribution and retail charges. 

Initially, the FT accounted for changes in fuel price. The FT, subsequently, added 

more factors including power purchasing prices from private power producers and 

neighbouring countries, changes in foreign exchange rate, changes in non-fuel 
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operating expenditure, changes in marginal revenue, discrepancy charge between the 

expected and actual collection of FT in the previous period, and accumulated 

discrepancy of energy adjustment charge (Sirasoontom, 2008). Under this FT 

formula, the customers were obliged to bear all costs even costs arising from the 

operation inefficiency and inaccurate planning. 

• It is worth noting that the increase in electricity tariffs in the residential sector was 

more than in the commercial and industrial sectors since 1994. This is due to the 

tariff reform measures taken by the government aimed at removing cross-subsidies 

in order to reflect marginal cost of electricity supply and, hence, reduce the 

subsidization of the residential sector by other sectors.16 

The forgoing discussion suggests that electricity reform resulted in higher electricity 

tariffs . It is evident that the electricity tariffs in the residential, comn1ercial and industrial 

sectors have continuously increased since the initiation of electricity reform. The 

electricity tariff reform, as part of the reform package, was primarily intended to reflect 

marginal cost of electricity supply; this inevitably contributed to a removal of cross-

subsidies, and particularly the additional charge under the FT n1echanism. The 

discussion further suggests that electricity reform is biased generally in favour of large 

cus to1ners including the commercial and industrial customers. Over the reform period 

(1994-2006), the electricity prices in the residential sector increased by 21 per cent -

highest as compared with the commercial (16 per cent) and industrial (17 per cent) 

sectors. 

5.3.5. Employment 

New en1ployment opportunities are one of the often cited social objectives of the Thai 

electricity reform. Figure 5.4 presents the number of employees in the Thai electricity 

industry over the period 1980-2006. 

Figure 5.4 shows that there was a continuous increase in the number of employees in the 

Thai electricity industry over the pre-reform period 1980-1994. In contrast, the number 

of employees in the Thai electricity industry has continued to decline (from 78,488 to 

16 
One of the objectives of electricity tariff restructuring is to provide greater fairness for all power 

consumers categories by reducing cross subsidization from one consumer category to another. 
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60,385) over the period 1995-2006. This decline raises a question about the real linkages 

among electricity reform, industry efficiency and employment in the context of 

Thailand. 
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It was, in fact, argued by the proponents of refo1m (i.e. multilateral agencies, 

international banks and financial institutions) that the Thai electricity industry was 

inefficient. Such inefficiency, it was further argued, resulted from overstaffing, poor 

n1anagement, inefficient operation and uneconomic pricing practices (Sharma, 2005). 

This, therefore, could imply that the decrease in en1ployment in the industry would result 

in the gains in efficiency. It, however, appears that such decrease did not contribute to 

any improvement in efficiency of the electricity industry (as previously discussed in 

Chapter 3). 

On the other hand, it was also argued that electricity reform would result in the creation 

of new employment opportunities. This expectation appears to be inherently flawed as a 

key driver for reform was the argument that pre-reform electricity industry is inefficient 

because of overstaffing (as also discussed above). In addition, this expectation failed to 

eventuate because the number of etnployees in the electricity industry has continuously 

decreased since the onset of reforms in the mid-1990s. One may claim that these job 

losses could be offset by job creation in other sectors in the economy. This, however, 

needs to be viewed in the context of specific technical skill. The electricity industry is 

unique, staff by people with industry-specific technical skills. It is unclear how these 
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people, when they become unemployed, especially senior staff, will find employment in 

other sectors of the econon1y requiring a totally different skills-base to theirs? 

5.3.6. Consumer choice 

The improvement in service quality by providing choices to electricity consumers to 

select their service providers was another objective of reform. Experience- as outlined 

in Chapter 2 - suggests that this objective is based on rather shallow foundations if one 

takes note of the following . (NESDB, 2007) 

• 10 per cent of the population remain under the national poverty line of 1,443 Baht 

per person per month only 1 per cent in urban but 13 per cent in rural areas. People 

in the rural areas depend on income generated from agriculture-related activities; 

• the distribution of incon1e in the country is highly ske\\red, with the top 20 per cent 

earning nearly 13 times more income than the bottom 20 per cent in the year 2007; 

and 

• the GINI coefficient (commonly used indicator of economic inequality) for 

Thailand in 2007 was 0.49 (0 indicates perfect equality and 1 indicates perfect 

inequality). 

Against this socio-economic backdrop, it is evident that it is uneconomic to extend 

electricity supply to the rural areas where a majority of the poor live. These people do 

not have the capacity to exercise choices or even to pay their electricity. The notion of 

consun1er choice, therefore, appears meaningless in this context. 

5.4 Reasons for the disparity 

Section 5.3 identified the disparity between expected and actual outcomes of electricity 

reform. The discussion in Section 5.3 suggests that the electricity reform largely failed to 

achieve the reform objectives. For example, the electricity reform was introduced with 

the main objectives of improving the industry performance, attracting private 

investments, reducing cost of electricity generation, and lower electricity tariffs. It, 

however, appears that reform had negatively impacted the performance of the industry; 

private investment though marginally higher, is high because of other reasons; and the 
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electricity generation cost and electricity tariffs have generally increased since the onset 

of reform. The reasons for this are as follows. 

• The starting conditions in the Thai electricity industry were not conducive to the 

undertaking of reform as proposed. These conditions include macroeconomic 

conditions, specific industry structure, political factors and regulatory arrangements. 

1. A stable macroeconomic condition is essential for attracting private investments 

-key objective of the Thai electricity reform. It is, however, observed that, over 

the last four decades or so, the Thai economy experienced several financial 

crises including the oil price shocks of the 1970s and the Asian financial crisis 

in 1997/98. These crises resulted in economic uncertainty and hence lowered 

the attractiveness of the investment climate in Thailand. The generous terms of 

PP As were, therefore, offered by the government in order to attract private 

investn1ents (as discussed earlier in Section 5.3.2). Such an agreement, however, 

did not provide any specific incentives for performance enhancement. This is so 

because, under the agreement, the private investor was insulated from 

substantial risks and then passed the risks on to the consumers. This inevitably 

resulted in an increase in electricity tariffs . 

11. The current structure of the Thai electricity industry has contributed to a 

weakening of competition in generation, for example, under the current 

structure, EGA T is not only responsible for generation and transmission 

functions, it also plays a major role in system development pla1ming and 

decision making process of the industry policy. This hinders competition 

because while EGAT is responsible for the bidding process, its subsidiary is one 

of the competitors submitting a bid for obtaining a license for power generation. 

111. The regulatory decision making of the electricity industry in Thailand has 

generally been highly politically motivated. It appears that on-and-off 

implementation of reform plan was largely based on political reasons (as 

discussed in Chapter 2). The refonn program has currently reached an interim 

position - such as a single buyer structure - and still needs to find ways to 

attract private investment and develop its regulatory capacity. This is unlikely to 
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be sustainable in the long term because this interim structure does not change 

the traditional model of governance. 

tv. The regulatory arrangement of the power industry is rather complex, typified by 

a multiplicity of institutional involvement. There is no regulatory authority 

solely responsible for regulating the electricity industry even sixteen years after 

the initiation of electricity reform. This has contributed to regulatory 

unaccountability, non-credibility and non-transparency which have directly 

resulted in the lowering of the investor' s confidence. 

• The sequence of steps undertaken to reform the electricity industry in Thailand was 

somewhat out of synchronism. For example, the establishment of strong, credible, 

and independent body should have preceded industry restructure and privatization. It 

seen1s, however, that the whole program was focused narrowly on industry 

privatization. Since the introduction of electricity reform, effmis to privatize the 

industry were n1ade several times. The lack of independent regulatory authority 

weakened the regulatory capacity for n1onitoring and regulating power market. In 

fact, the need for an independent, autonomous regulatory body operating under 

transparent processes is much stronger when private sector participates in electricity 

market than where the electricity supply is under state ownership. 

5.5 Summary and conclusions 

This chapter has identified the disparity between the expectations from electricity reform 

in Thailand and its actual outcomes in terms of certain indicators including productivity 

and efficiency, private investment, cost of electricity production, electricity retail tariffs , 

etnployment, and consumer choice. This chapter has also developed a discussion on the 

reasons behind such a disparity. A sun1mary of the results is provided in Table 5.2. 
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Table 5.2: Summary of the expected and actual outcomes of electricity reform 

Indicators 
Productivity and 
efficiency 

Private investment 

Cost of production 

Electricity tariffs 

Employment 

Consumer choice 

Expected benefits 
Improve the productivity 
and efficiency of the 
industry 

Attract private investment 

Reduce cost of electricity 
generation 

Lower electricity tariffs 

Create new employment 
opportunities 

Enhance consumer choice 

Actual outcomes 
-Electricity reform has negatively 

impacted the productivity growth of 
the industry. 

- Also, electricity reform did not result 
in any improvement in the industry 
efficienc . 

- Electricity reform, indeed, yielded a 
desirable outcome in terms of 
attracting private investlnent. 

- This was, however, due to the 
government's special offers such as 
attractive PP A and subsidies to private 
investors. 

- More importantly, these special offers 
actually contributed to the increase in 
electricity tariffs. 

-Electricity generation cost has 
continuously increased since the 
onset of reform. 

- In fact, there is no 'real' competition 
in generation business. It exists only 
in the form of acquiring a license for 
electricity generation, not in for 
selling electricity at the cheapest 
possible price to the final consumers. 

- Since the initiation of refonn, there 
has been a continuous rise in 
electricity retail tariffs in residential, 
commercial and industrial consumers. 

-Moreover, reform has biased in favour 
of large consumers including 
commercial and industrial consumers, 
as tariffs increase for them were lower 
than those for household. 

-Electricity refonn has resulted in job 
losses in the electricity industry. 

-The claim that these job losses are 
justified in terms of improvements in 
industry efficiency is untenable if one 
considers the fact that there is no 
improvement in industry efficiency. 

- Providing choices to consumers to 
select their service providers seems to 
be 1neaningless when viewed in the 
context of Thailand where a majority 
of the poor live in rural areas, where it 
is uneconomic to extend electricity 
supply. These people do not have 
capacity to exercise choices or even to 
pay their basic needs, let alone 
electricit . 
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The above noted findings suggest that 1nuch of the underlying arguments for reform are 

unsupportable on the basis of the technological, economic, environmental, social and 

political realities prevalent in Thailand. This is because the starting conditions in the 

Thai electricity industry were not conducive to the undertaking of reform as proposed, 

and the sequence of steps undertaken to reform the electricity industry in Thailand was 

out of synchronism (as previously discussed in Section 5.4). In short, this chapter 

concludes that considering the starting conditions in the Thai electricity industry (for 

example, macroeconomic conditions, specific industry structure, political factors and 

regulatory arrangement), the current electricity reform model may not meet the 

objectives of electricity reform. There is, therefore, a need to analyze how the efficacy of 

the Thai electricity reform could be improved. This analysis could help recommend a 

reform path that accords with economic, social, environmental and political realities in 

Thailand. This is a subject matter of discussion on Chapter 6 and Chapter 7. Chapter 6 

proposes alternative tnodels and assesses the likely impacts of the alternative models on 

the performance of the industry and the wider economy. In Chapter 7, a suitable reform 

pathway for the Thai electricity industry is recommended. 
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CHAPTER6 

ELECTRICITY REFORM: ALTERNATIVE MODELS 

6.1 Introduction 

In Chapter 5, a discussion was provided on the disparity between the expected and actual 

outcomes as well as the reasons behind such a disparity. The discussion suggests that 

electricity reform seems to have largely failed to achieve the reform objectives. For 

instance, reform did not result in any improvement in the industry performance and was 

even detrimental to the wider economy in terms of increased electricity tariffs and job 

losses. Further, these outcomes are attributable to two main reasons. One, the starting 

conditions in the Thai electricity industry were not conducive to the undertaking of 

reform as proposed. Two, the sequence of steps undertaken to reform was out of 

synchronism. Clearly, the existing refonn model would continue to adversely impact the 

future industry perforn1ance and hinder long term socio-economic prosperity. This raises 

a question: what remedies are needed in order to improve the efficacy of the reform 

progran1? This research answers this question by analyzing the implications of 

alternative models over the period 2010-2020, and uses these analyses to recommend a 

reform model that is appropriate for Thailand. 

The discussion in this chapter is organized as follows. Section 6.2 reviews the specific 

features of the Thai electricity industry. This review provides the understanding about 

the starting conditions in the industry and helps specifying policy scenario assumptions 

for the identification of alternative models. Section 6.3 presents policy scenario 

assumptions. The alternative models are also introduced in this section. Section 6.4 

provides n1ethodological framework for determining the impacts of the alternative 

scenarios on the industry performance and the wider economy. Data and software 

considerations are described in Section 6.5. Section 6.6 provides the empirical results of 

the impacts of alternative models on the industry performance and the wider economy. 

The summary and conclusions of this chapter are presented in Section 6. 7. 
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6.2 Specific features of the Thai electricity industry 

This section reviews the specific features of the electricity industry with a view to help 

specifying policy scenario assumptions for the identification of alternative models . 

These features include the constraints of the existing industry structure, the 

government's prospective energy policies and the electricity system planning (i.e. Power 

Development Plan - PDP), and the current situation of the industry in terms of 

generating capacity, electricity generation, fuel mix, energy security and environmental 

pollution. 

6.2.1 Constraints of the existing structure of the electricity industry in Thailand 

As previously discussed in Chapter 2, for 40 years (from 1950 to 1990), the structure of 

the Thai electricity supply industry was essentially remained vertically integrated. Since 

the introduction of reform in 1992, the industry has assumed a monopsony structure. 

Under this structure, EGA T is responsible for about 50 per cent of electricity generation 

and controls all of the transmission networks in Thailand. The private sectors are 

allowed to participate only in generation business under the IPP and SPP schemes. The 

IPPs are obliged to supply the entire electricity to EGAT. The SPPs however can sell 

their electricity either to EGA T or to industrial customers. In order to supply electricity 

to EGAT, the private power producers are required to have a license awarded through a 

bidding process. The private awardees then sign power purchase agreements (PP As) 

which are typically fixed, long-term contracts. Apart from buying electricity from the 

IPPs and SPPs, EGAT also purchases electricity from neighbouring countries. The 

distribution and retail functions are the responsibility of MEA (in Bangkok, Nonthaburi 

and Satnutprakam) and PEA (in the provincial cities and the countryside). 

As noted above (and also discussed in Chapter 5), the structural change in the Thai 

electricity industry occurred in the generation segment of the industry only. This change, 

although modest, has however detrimentally impacted the industry performance and 

other socio-economic arenas. As discussed in Chapter 3, the main source of the decline 

in the entire industry performance was the generation segn1ent of the industry. Further, 

electricity generation activity accounts for nearly two-thirds of electricity supply. The 

productivity of the generation sector is therefore vital for achieving any gains in overall 

industry productivity. Various policy scenarios considered in this research therefore 

emphasize the generation segment of the industry. 
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6.2.2 Prospective energy policies and electricity system planning in Thailand 

Thailand's prospective energy policies and strategy 

According to MOE (2009), the prospective energy policies and strategy in Thailand are 

focused on five major energy policies: 1) policy on energy security; 2) policy on 

renewable energy; 3) policy on consumer protection; 4) policy on energy conservation 

and energy efficiency, and 5) policy on energy impact on the environment. Table 6.1 

provides the details of the energy policies and strategy in Thailand. 

Table 6.1: Prospective energy policies and strategy in Thailand 

Energy Policies 
1. Enhance energy security 

2. Promote renewable energy 

3. Consumer protection 

4. Enhance energy conservation 
and energy efficiency 

5. Protect environment 

Source: MOE (2009) 

Energy Strategy 
1.1 Promote domestic exploration and production of oil 

and natural gas 
1.2 Ensure sufficient electricity supply 
1.3 Diversify fuels used for electricity generation 
2.1 Promote biofuels including ethanol and biodiesel 
2.2 Promote the use ofNGV in transport sector 
2.3 Promote renewable energy for electricity production 

(including solar, wind and biomass) 
2.4 Support research and development in relation to 

renewable energy 
3 .1 Market pricing mechanism 
3.2 Ensure quality and safety 
3.3 Promote investment in energy business 
4.1 Set more stringent targets (i.e. 20 o/o reduction in 

energy intensity in manufacturing sector) 
4.2 Implement concrete n1easures (i.e . light bulbs, energy 

label, stand by power, building en~y code·"-----
5.1 Set C02 reduction target 
5.2 Promote Clean Development Mechanism (CDM) 

projects 
5.3 Monitor Volatile Organic Compounds (VOC) 

emissions from petroche1nical industry 
5 .4 Reduce flare gas 

Renewable Energy Development Plan (REDP 2008-2022) 

The Renewable Energy Developn1ent Plan (REDP) was developed by DEDE (2008d) 

with the main target of increasing the proportion of alternative energy, to 20 per cent of 

the national final energy consumption by 2022. The objectives of this plan are to: 

• Promote the use of alten1ative energy as a rnatter of priority and to reduce oil 

dependency; 

• strengthen the security of energy provision; 



175 

• promote an integrated green energy utilization in communities; 

• support alternative energy technology production; and 

• research and develop high efficiency technology for alternative energy. 

In order to achieve the alternative energy target of 20 per cent in 2022, the country ' s 

planners have developed an alternative energy development strategy, key elements of 

which are presented in Table 6.2. 

Table 6.2: Alternative energy development potential and target during 2008-2022 

Energy type Potential 
Electricity MW 

Solar energy 50,000 
Wind energy 1,600 
Hydropower 700 
Biomass 4,400 
Biogas 190 
MSW 320 
Hydrogen 

Total 
Thennal energy KTOE 

Solar energy 154 
Biomass 7,400 
Biogas 600 
MSW 78 

Total 
Biofuels mllday 

Ethanol 3.3 
Biodiesel 3.3 

1 Hydrogen 
Total 
Total renewable energy 
NGV (mmscfd) 
Total alternative energy 
Total energy demand (KTOE) 
Proportion of alternative 
energy use (0/o) 

Source: DEDE (2008d) 
Note: a 0.1 million kilograms 

Existing 
MW 

32 
1 

50 
1,597 

29 
5 

1,714 
KTOE 

2.3 
2,344 

79 
1 

2A26 
ml/day 

1.0 
1.4 

3,412 
91.5 

3,504 
65,420 

5.3o/o 

Power Developntent Plan (PDP 2007) 

Year 2008-2015 
MW KTOE 

55 6 
150 17 
165 43 

2,800 1,463 
60 27 

100 60 
0 0 

3,330 1,616 
KTOE 

5 
3,544 

470 
16 

4,035 
ml/day KTOE 

3.0 816 
3.0 944 

0 0 
6.0 1,760 

7,411 
345 3,045 

10,456 
72,539 

14.4°/o 

Year 2012-2016 Year 2017-2022 
MW KTOE MW KTOE 

95 11 500 56 
400 45 700 78 
281 73 324 85 

3,235 1,682 3,700 1,933 
90 40 120 54 

130 87 160 96 
0 0 3.5 1 

4,231 1,938 5,508 2,303 
KTOE KTOE 

17 34 
4,915 6,725 

540 600 
25 35 

5,497 7,394 
mllday KTOE ml/day KTOE 

6.2 1,686 9.0 2,447 
3.6 1,145 4.5 1,416 

0 0 0.1 a 124 
9.8 2,831 13.5 3,987 

10,266 13,684 
826 7,290 1,035 9,135 

17,556 22,819 
88,389 112,046 

19.9°/o 20.4°/o 

Thailand Power Development Plan (PDP) is envisioned to serve as a blueprint for the 

electricity system (power generation and transmission) expansion to meet the increasing 

demand over the next 10-15 years. The plan was formulated by EGAT, under the policy 

fran1ework established by the Ministry of Energy. This framework specifies 

requirements in relation to reliability of power supply, fuel diversification, power 

purchase from neighbouring countries, and power demand forecasts. The PDP 2007 has 
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served as the framework for the development of EGAT's new power plants, the power 

purchase from IPPs, SPPs and neighbouring countries, and the expansion of transmission 

system. Table 6.3 provides the projection of installed capacity and electricity generation 

as noted in the Plan. 

Table 6.3: Projected installed capacity and electricity generation during 2010-2020 

2010 2015 2020a 
RE 3,466 3,504 3,504 

(11.2%) (9.2%) (7 .3o/o} 

EGAT ST 4,703 3,647 6,447 - (15.2%) (9.6%) (13.5%) 

~ cc 6,866 8,470 13,276 
(22.2%) (22.2%) (27.7%) --0 ST 2,927 4,057 3,987 

·~ IPP (9.5%) (10.7%) (8.3%) 
~ c.. cc 9,225 11 ,250 11,4 72 
~ 
c.J (29.8%) (29.5%) (24.0%) 

""0 CG 1,882 3,436 2,845 ~ = (6.1%) (9.0%) (5.9%) ~ SPP ... 
~ RE 330 893 1,135 c 
~ (l.l%) (2.3%) (2.4%) 

Import RE 1,560 2,827 5,177 
(5.0%) (7.4%) (1 0.8%) 

Total 30,959 38,084 47,843 
RE 6,123 6,180 6,180 

(3.9%) (3.0%) (2.3%) 
Lignite 16,523 17,153 17,202 

1---
(10.6%) (8 .3%) (6.5%) 

EGAT Imported coal - - 21,464 
(8.1%) 

Oil 143 26 21 - (0.1%) (0.0%) (0.0%) 
..c Natural gas 42,146 44,752 83,662 :s 
\J (27.1%) (2l.7%) (31.4%) -- Imported coal 10,082 19,464 19,522 c 
0 (6.5%) (9.4%) (7.3%) 
~ 

Oil ~ 
IPP - - -I. 

~ c 
~ Natural gas 57,946 75,825 65,407 OJ) 

0 (37 .2%) (36.7%) (24.5%) 
·~ Imported coal 2,359 2,593 2,523 ·c ... (1.5%) (l.3%) (0.9%) c.J 
~ Oil 29 63 ~ -

SPP (0.0%) (0.0%) 
Natural gas 9,361 21,423 17,888 

(6.0%) (l 0.4%) (6.7%) 
RE 2,681 5,510 6,174 

(1.7%) (2.7%) (2.3%) 
Import RE 8,253 13,614 26,433 

(5.3%) (6.6%) (9.9%) 
Total 155,645 206,603 266,476 

Source: EGA T (2009) 
Notes: 1. a exclude nuclear power plant which will be introduced to the system in 2020 

2. RE-Renewable energy; ST-Steam turbine; CC-Combined cycle; CG-Cogeneration. 



177 

6.2.3 Current situation of the Thai electricity supply industry 

The electricity industry in Thailand is heavily dependent on fossil fuels. Much of its 

installed capacity is based on steam-turbine and combined-cycle generation. The total 

installed capacity in 2007 was 28,285 MW, of which 56 per cent was owned by EGAT 

and 44 per cent by IPPs, SPPs, including imports from neighbouring countries. Of the 

total installed capacity, combined-cycle had the largest share ( 44 per cent), followed by 

steam-turbine (32), hydro (12), cogeneration (6), gas turbine and diesel (3), import from 

neighbouring countries (2), and renewable energy (1) (EGAT, 2008). Figure 6.1 shows 

national installed capacity in 2007. 

Figure 6.1: Thailand's installed capacity in 2007 
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In terms of the proportion of electricity generation in 2007, EGAT supplied about 45 per 

cent of the national demand and the remaining 55 per cent was supplied by IPPs, SPPs 

and imports from neighbouring countries (DEDE, 2008b ). In 2007, total electricity 

generation was 143, 378 GWh, of which natural gas contributed 65 per cent, followed by 

lignite and coal (21 per cent) and oil (3 per cent). The contribution from hydroelectricity 

amounted to 6 per cent, with the remaining electricity imported from neighbouring 

countries (DEDE, 2008b ). Figure 6.2 presents electricity generation in Thailand in 2007 

Figure 6.2: Thailand's electricity generation in 2007 
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The fuel mix for electricity generation in Thailand generally lacks diversity; thus raising 

concerns about energy security. For example, natural gas constituted nearly 65 per cent 

of total primary consumption in 2007 (see Figure 6.2a). In 2007, the electricity reserve 

margin was 21 per cent which is above the recommended level of 15-20 per cent 

(EGAT, 2007). The generating capacity and peak generation of the Thai electricity 

industry over the period 1980-2007 is provided in Figure 6.3. 

Figure 6.3: Generating capacity and peak generation over the period 1980-2007 
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Figure 6.4 shows that the total electricity sector's C02 emissions exhibited increasing 

trend over the period 1985-2005. The C02 en1issions in 2005 were nearly six times the 

emissions in 1985. 

Figure 6.4: C02 emissions of the Thai electricity industry 
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6.3 Key policy scenario assumptions 

In order to identify alternative models, this research specifies key policy scenano 

assumptions that are in accord with the specific characteristics of the Thai electricity 

industry (as discussed in Section 6.2). Table 6.4 provides the details of key policy 

scenario assumptions as well as the criteria for the selection of these assumptions. 

Table 6.4: Key policy scenario assumptions and assumption criteria 

Key policy assumptions Criteria 
Emphasis on the generation sector • Performance gain in generation segment is vital to 
of the industry the improvement in the overall industry's 

performance - a key aim of electricity reform. 
Reducing role of EGA T in power • The links between generation and transmission 
generation functions of EGAT may discriminate other power 

producers. 
• To ensure that there is a fair and transparent 

competition for electricity supply, the role of EGAT 
in electricity generation should be reduced. 

Diversifying energy supply • Enhancing fuel mix diversity helps ensure energy 
security. 

• The substitution of other energy resources for natural 
gas is a way to increasing energy diversity. 

No oil use for power production • The uncertainty of oil price is a matter of concern for 
all oil import countries, including Thailand. 

• Reducing the use of oil is, therefore, a major energy 
strategy for Thailand. 

• In fact, the use of oil in power generation has 
continuously decreased over the last two decades (see 
Table 4.4, Chapter 4, p. 118). 

Promoting renewable energy in • The use of renewable energy provides nmnerous 
electricity generation benefits in terms of climate change, security of 

energy supply, and the reduction in fossil fuels 
import dependency. 

• The potential for renewable energy is apparently high 
in Thailand (see Table 6.2). 

Impmiing more hydroelectricity • The import of hydroelectricity from neighbouring 
from neighbouring countries countries will help protecting the environment and 

delaying EGAT's investment in generating capacity 
as well as reducing generation share from other 
power producers. 

On the basis of the key scenario assumptions noted above, this research develops two 

alte1native scenarios, namely, the IPP and Green Energy scenarios. In addition to the two 

alten1ative scenarios, this research includes a PDP scenario which is based on the 

assumptions that reflect actual plans and forecasts by EGAT and the Ministry of Energy. 

The two scenarios (IPP and Green Energy scenarios) are primarily intended to help 
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reduce the role of EGAT in electricity generation. Under the IPP scenario, the share of 

the IPPs in generation increases (from 44 per cent in 2009 to 63 per cent in 2020) and, 

therefore, the IPPs become the dominant power producer responsible for generating 

electricity. On the other hand, the Green Energy scenario promotes the role of SPPs 

which generate electricity from renewable energy sources and import hydroelectricity 

from neighbouring countries. Table 6.5 provides an overview of the key features of the 

three scenarios. The percentage shares of the generating capacity and electricity 

generation under each scenario are presented in Table 6.6. 

Table 6.5: Key features of PDP, IPP and Green Energy scenarios 

Scenario 
PDP scenario a 

IPP scenario 

Green Energy (GE) 
scenano 

Scenario Features 
• Reflects the electricity system planning developed by EGAT (Power 

Development Plan 2007-2021) 
• EGA T maintains its position as the dominant power producers 
• No use of oil for power generation 
• Decreasing share of natural gas in power production, from 72o/o in 

2009, to 63% in 2020 
• Share of hydroelectricity imports from neighbouring countries 

increases from 2% in 2009 to 1 Oo/o by 2020 
• Increasing share of power generation from itnported coal, from 9o/o 

in 2009, to 16% in 2020 
• Increased share ofiPPs in electricity production, from 44o/o in 2009, 

to 63% in 2020 
• No use of oil for power generation 
• Decreasing share of natural gas in power production, from 72% in 

2009, to 52% in 2020 
• Significant increase in electricity production from imported coal, 

from 9% in 2009, to 31% in 2020 (double as compared with PDP 
scenario) 

• Slight increase in share of electricity imported from neighbouring 
countries (5o/o in 2020) 

• Greater role of SPPs in electricity production (9% in 2009 and 24% 
in 2020) 

• No use of oil for power generation 
• Substantial increase in renewable energy by SPPs, from 2% in 2009, 

to 12% in 2020 b 

• High increase in share of electricity imported from neighbouring 
countries, from 2o/o in 2009, to 20% in 2020 c 

• Decreasing share of natural gas in power production, 72o/o in 2009 
and 50% in 2020 

• Decreasing generation share of imported coal (9o/o in 2009 and 5o/o 
in 2020 

Note: a Nuclear power is excluded from the analysis because there is only one-year overlap of the initial 
year of this technology in PDP (i.e. 2020) and the planning horizon of the analysis (2010-2020). 

b According to DEDE (2008d), the target for renewable energy capacity in Thailand is 5,508 MW 
or 12% of total generating capacity in 2020. 

c The potential for power purchase from neighbouring countries is 21,790 MW which is more than 
20% of total generating capacity in 2020 (EGAT, 2009). 
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Table 6.6: Percentage shares of generating capacity and electricity generation for the three scenarios 

Current situation (2009) a PDP Scenario a IPP Scenario b GE Scenario b 

By producers By technology By producers By technology Bv producers By technology By producers By technology 
RE 11% 

~ 
RE 7o/o RE 7% RE 9% - EGAT 48% ST 16% EGAT 49o/o ST 14% EGAT 25% ST 8% EGAT 40o/o ST 7% -~ 

eo;: cc 21% cc 28% cc 10o/o cc 24o/o 1 c. 
eo;: 
u ST 10o/o ST 8% ST 25% ST 2% ell IPP 40% IPP 32% IPP 60% IPP 19% c 

·.;:::: cc 30o/o cc 24% cc 35o/o cc 17% 
eo;: 
1-. CG 6% CG 6% CG 7% CG 6% a) SPP 7°/o SPP 8% SPP 10% SPP 21 o/o c 15o/o a) RE 1% RE 2o/o RE 3% RE v 

Import 5o/o RE 5% Import 11% RE 11% Import 5% RE 5% Import 20o/o RE 20% 
·Total 100o/o Total 100% Total 100o/o Total 100% 

By producers By fuel type c By producers By fuel type c By producers By fuel type c By producers By fuel type c 

RE 4% RE 2% RE 4o/o RE 7% 
Lignite 11% Lignite 7% Lignite 5% Lignite 6% 

EGAT 44o/o Coal 0% EGAT 48% Coal 8o/o EGAT 22o/o Coal 3% EGAT 33% Coal 0% 
c Oil Oo/o Oil 0% Oil 0% Oil 0% 0 
:0 

Gas 29% Gas 31% Gas 10% Gas 20o/o eo;: 
1-. 
a) 

Coal 7o/o Coal 7% Coal 26% Coal 3% c 
a) 
ell IPP 44o/o Oil Oo/o IPP 32o/o Oil 0% IPP 63o/o Oil 0% IPP 23% Oil 0% 
~ -·~ Gas 37% Gas 25% Gas 37% Gas 20% 

"i: 
Coal 2% Coal 1% Coal 2% Coal 2% -u 

a) 

~ SPP 10% Oil 0% SPP 10% Oil 0% SPP 10% Oil 0% SPP 24% Oil 0% 
Gas 6% Gas 7% Gas 5o/o Gas 10% 
RE 2% RE 2% RE 3% RE 12% 

Import 2% RE 2o/o Import 10o/o RE 10% Import 5% RE 5o/o Import 20% RE 20o/o 
Total 100% Total 100% Total 100% Total 100o/o 

Note: 1. a Information on the generating capacity and electricity generation of the current situation and PDP scenario is from Thailand Power Development Plan 2007- 2021 
revision 2 (EGAT, 2009); 

b The change in generation share in the IPP and GE scenarios is based on their scenario features presented in Table 6.5; 
c Coal refers to imported coal; Gas refers to natural gas; 

2. RE-Renewable energy; ST-Steam turbine; CC-Combined cycle; CG-Cogeneration. 
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6.4 Methodological framework 

This section presents the methodological framework for determining the likely impacts 

of the alternative scenarios on the industry performance and the wider economy. This 

framework includes the application of the input-output analysis and the data 

envelopment analysis. Figure 6.5 provides an overview of the methodological 

framework developed in this research for the analysis of the likely impacts of alternative 

scenanos. 

Figure 6.5: Methodological framework 
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The likely impacts of the alternative models on the industry perforn1ance and the wider 

economy are assessed in this research in terms of a range of attributes - as presented in 

Figure 6.6. For example, the impacts on industry performance are assessed in terms of 

TFP change, technical efficiency change, and technical change. The impacts on the 

wider econmny are assessed in terms of economic, energy, environmental, and social 

aspects. 

The method for assessing economic was explained in Section 4.3 .1, Chapter 4 (p. 101 ). 

The method can also be applied for the assessment of energy, environmental, and social 

impacts - by using the sectoral output (X) to calculate the primary energy consumption, 

C02 emissions, S02 emissions, and employment levels. The primary energy 

consumption can be determined by multiplying the energy intensity with the sectoral 

output as expressed in equation 4.9 (p. 1 07). The C02 and S02 emissions can be 

subsequently determined by the expression given in equation 4.12 and 4.14 respectively 

(pp. 108-1 09). The sectoral employment can be similarly estimated. From the labour 
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intensity (defined as the number of employees per one unit of sectoral output), the 

sectoral employment can be determined as follows. 

where 

L =IX 

L = sectoral employment (persons) 

l = labour intensity (persons/million baht) 

X= sectoral output (million baht) 

(6.1) 

The primary energy consumption and employment over the period 2010-2020, obtained 

from the above noted input-output analysis, are then employed as inputs for determining 

the impacts of the alternative models on the industry performance. 
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Figure 6.6: Attributes for assessing impacts of alternative models 
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6.5 Data and software considerations 

As previously mentioned in Section 6.4, the applications of input-output analysis and 

data envelopment analysis are employed in this research in order to assess the impacts of 

the alternative models. This section provides a description of data preparation and 

software consideration for these two applications. 

6.5.1 Data preparation for input-output model 

For the assessment of the likely energy, environmental, economic, and social impacts, 

the I-0 coefficients for the year 2005, obtained from Chapter 4, are employed in order to 

update the I-0 coefficients for the future years (20 1 0-2020). Since the characteristic of 

the basic input-output model in te1ms of its fixed technical coefficient is restrictive, the 

application of present I-0 coefficients for long-term future analysis appears to be invalid 

because these coefficients change over time. The change in these coefficients could be 

due to several reasons, for example, new innovations, alterations in trading patterns and 

production mix adjustments. There are several methods to project I-0 coefficients into 

the future. Rose (1984) provided a detailed discussion on the methods for projecting 

technological change applicable to I-0 models. The methods are, for example, expert 

judgment, extrapolation, ex ante, best-practice, pseudo-data, n1arginal input coefficient, 

non-linear I-0, and RAS method. The RAS method is adopted in this research due to the 

advantageous features of this method in terms of its analytical clarity, co1nputational 

simplicity and minimal data requirement (Peterson, 1991). 

17 RAS method 

The RAS method was introduced by Stone (1961 ). Since its introduction, this method 

has been extensively used for updating or projecting the I-0 coefficient matrix. This is 

due to some of the weaknesses of other methods (i.e., best-practice and ex ante). These 

include the very demanding nature in terms of information requirements; their 

computational difficulties; and other costs involved which din1inish the advantage of I-0 

forecasting over the actual construction of I-0 transaction tables (Papadas and 

Hutchinson, 2002). Also, the extrapolation and marginal input coefficient methods have 

been found to provide results which are, in some cases, worse than those obtained by 

using fixed coefficients (Tilanus, 1966, cited in Shrestha, 2008). 

17 
More detailed description of this method is provided in Miller and Blair (1985) . 
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The RAS method is based on the hypothesis that a change in I- 0 coefficient matrix can 

be summarized in tem1s of hi-proportional relationships in which each industry is 

characterised by a substitution effect (R) and a fabrication effect (S) which are assumed 

to operate uniformly over the rows and columns of the matrix (Allen, 1970). Following 

Parikh (1979), if Aa = [au J is denoted as the base year technology matrix, then each 

coefficient, au, is subject to two inter temporal effects: 

1. the substitution effect (R), measured by the extent to which the output of the ith 

sector has been replaced by, or used as a substitute for, other sectoral outputs in 

intermediate production. 

ii. the fabrication effect (S) measure by the extent to which the ratio of 

intermediate to total inputs decreased by the /h sector. 

As a result of these two effects, the new matrix can be written as: 

(6.2) 

where R and S are diagonal matrices representing the substitution and fabrication effects 

respectively. The Rand S 1natrices are calculated by iterative process and the discussion 

on this process is as follow. 

In order to apply RAS method for updating the I-0 coefficients, three sets of data are 

required for the target year, namely, total outputs (XI), intermediate demand (U1), and 

intermediate supply (V 1). These data sets are estimated on the basis of economic growth 

assumptions, which will be provided in scenario assumptions sub-section, p. 187. In 

order to obtain the first iteration estin1ates of U 1 and V 1
, the base year A matrix (Ao) is 

multiplied with the total outputs (X1) for the target year. The R and S matrices can be 

calculated by dividing the projected value ofU1 and V 1 by the first iteration estimates of 

U 1 and V 1
• These two matrices (R and S) are then used to update the A n1atrix. The 

process is repeated until the convergence is reached. In this research, the convergence 

criterion is 1u~ -unl ~o.oo1 and 1~- vnl ~o.oo1. 
Scenario assumptions 

In order to assess the itnpacts of the PDP, IPP and GE scenanos, the following 

assumptions are made: 
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a) Sectoral output for electricity sector is based on existing reports on forecasted 

electricity demand (EGAT, 2009). For other sectors, sectoral outputs are 

based on the studies on economic growth (NESDB, 2009b ). 18 

b) The Annual Energy Efficiency Improvement (AEEI) is assumed to be 0.38% 

over the period 2010-2020 (APERC, 2008). 

c) Labour productivity is expected to improve by 3.4o/o for electricity sector and 

2% for other sectors. 19 These rates are used to develop estimation of labour 

intensity (which is a reciprocal of labour productivity). 

6.5.2 Data preparation for industry performance analysis 

The data required for the analysis of industry performance is partly obtained from the 

results of input-output analysis (as above). To measure the industry performance, this 

research considers three inputs (installed capacity, fuel consumption, and number of 

en1ployees) and one output (electricity). It should be noted that the performance of the 

alternative models was assessed in terms of the technical performance only. Therefore, 

the environmental input was excluded. As previously mentioned in Section 6.4, the data 

of primary energy consumption and number of en1ployees can be obtained from the 

results of input-output application. The data on installed capacity and electricity 

generation are provided in the Thailand Power Development Plan (EGAT, 2009). The 

input and output data used to analyze the performance of the industry are presented in 

Table 2, Appendix VIII, p. 306. 

6.5.3 Software considerations 

In objective to assess impacts, two types of software applications, namely MATLAB and 

DEAP programs, are employed. The MATLAB version 7 is applied for the iterative 

process of calculating Rand S Matrices (see Table 3, Appendix VIII, pp. 307-309). The 

DEAP program is employed to calculate the indices of TFP change, technical change, 

and technical efficiency change. This program is also applied for examining industry 

performance (see Chapter 3). 

18 
More details on the sectoral growth assumption are provided in Table 1, Appendix VIII, p. 305 . 

19 
This assumption is based on the historical data of labour productivity of the Thai economic sectors. 
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6.6 Empirical results and discussion 

This section presents the empirical results obtained frorn the application of above noted 

models. These impacts are separately assessed for the three scenarios, PDP, IPP, and 

GE. The results and discussion on the economy-wide impacts of three scenarios are 

provided in Section 6.6.1. In this section, the economy-wide impacts are further 

subdivided into energy, environmental, economic, and social impacts. Section 6.6.2 

discusses the impacts on industry performance in terms of TFP, technical efficiency, and 

technical changes. 

6.6.1 Economy-wide impacts 

Energy impacts 

This section analyses the impacts of the PDP, IPP, and GE scenarios on energy diversity 

and primary energy requirements. 

Energy diversity 

Table 6. 7 presents the percentage share of energy requirements for electricity generation 

and energy diversity index. 

Table 6.7: Primary energy requirements and energy diversity 
~----------- --------

2000 2005 2020 
PDP IPP GE 

Primary energy requirements 22,222 27,570 62,645 70,447 50,525 
(KTOE) 
Coal & Lignite (%) 18.7 15.6 31.3 48.1 18.4 
Oil(%) 10.5 6.5 0.0 0.0 0.0 
Natural gas (%) 63.1 69.5 63.4 47.9 62.6 
Renewable (%) 7.7 8.3 5.3 4.0 19.0 
Herfindahl Index 0.45 0.53 0.50 0.46 0.46 

The table shows that: 

• Over the period 2000- 2005, the share of natural gas in electricity generation 

increased from 63.1 per cent in 2000 to 69.5 per cent in 2005. In contrast, the share 

of coal and lignite decreased from 18.7 per cent in 2000 to 15.6 per cent in 2005, 

and of oil fron1 10.5 per cent to 6.5 per cent. These changes in the shares raised the 

Herfindahl index from 0.45 in 2000, to 0.53 in 2005. This suggests a lower 

diversification of energy supply, hence a negative impact on country's energy 

security. 
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• In recognition of the country's diversification of fuel supply, the share of natural 

gas, in the PDP scenario, are expect to decrease to 63.4 per cent in 2020. In addition, 

the share of oil is likely to drop to 0 in 2020. These decreases are substituted by 

increased share of coal and lignite which would increase about two times its share in 

2005 . These changes would result in a slight decrease in Herfindahl index, from 

0.53 in 2005 , to 0.50 in 2020. This indicates a minor improvement in energy 

diversity. 

• The IPP and GE scenanos would result in decreased share of natural gas and 

increased shares of coal and lignite in the IPP scenario, and renewable energy in the 

GE scenario where it increased from 8 per cent in 2005, to 19 per cent in 2020. 

These changes in the shares of energy inputs for electricity generation, in these 

scenarios, would result in an equal Herfindahl index of 0.46 in 2020; thus signifying 

higher improvement in energy diversity as compared to the PDP scenario. 

Primary energy requirements 

Figure 6.7 presents primary energy mix for electricity generation for the three scenarios 

over the period 2005-2020. 
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Figure 6.7: Primary energy requirements for electricity generation 
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Note: Further detailed results of the primary energy requirements for electricity generation are provided 
in Table 2, Appendix IX, p. 312. 
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Figure 6. 7 reveals that: 

• Over the period 2010-2020, the energy inputs for power production, in the PDP 

scenario, is expected to increase from 27,570 KTOE in 2005, to 62,645 KTOE in 

2020. The IPP scenario would result in an increase of 12.5 per cent (70,447 KTOE), 

as compared to the PDP scenario. This increase is mainly due to increased shares of 

coal and lignite- a high emission fossil fuel source (see Table 6.7). In contrast, the 

GE scenario would contribute to a reduction of 19.3 per cent (50,545 KTOE) in 

comparison with the PDP scenario. This is a combined effect of two changes, 

namely, increased share of renewable energy in electricity generation and increased 

power import from neighbouring countries. 

• With the aim of diversifying energy supply base, the role of natural gas for 

electricity production would decrease for all three scenarios. In 2020, for example, 

the shares of natural gas for the PDP, IPP and GE scenarios would reduce by 6, 22 

and 7 per cent, respectively, as compared with the share in the year 2005 when 

natural gas accounted for 70 per cent of total primary energy inputs for power 

production (see Table 6. 7). Due to its highest share in the PDP scenario, the natural 

gas consumption in 2020 is estimated to rise to 39,736 KTOE - highest as compared 

with the IPP and GE scenarios. The consumption of natural gas in the IPP and GE 

scenarios would be 15 and 20 per ceni, respectively, lower than in the PDP scenario. 

• The coal and lignite consumption is expected to grow significantly, from 4,301 

KTOE in 2005, to 33,902 KTOE in 2020 under the IPP scenario. This rapid growth 

is mainly due to increase in the imported coal which accounts for 87 per cent of all 

coal and lignite requirements for electricity generation (see Figure 6.8). For the PDP 

and GE scenarios, the coal and lignite consumption would be 42 and 72 per cent, 

respectively, lower than the IPP scenario. 

• The use of renewable energy for electricity generation in the GE scenario would 

increase to 9,578 KTOE - more than four-fold increase as compared to 2005. In the 

case of PDP and IPP scenarios, renewable energy inputs would be 3,305 and 2,803 

KTOE, respectively. 
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Note: Further detailed results of lignite and imported coal consumption for electricity generation are 
provided in Table 2, Appendix IX, p. 312. 

Environmental impacts 

In this section, the impacts of the PDP, IPP, and GE scenarios on the environment are 

analyzed. This analysis incorporates two attributes, namely, C02 and S02 emissions. 

C02 emissions 

Figure 6.9 presents the total C02 emissions 1n Thailand for the PDP, IPP, and GE 

scenarios over the period 2005- 2020. 
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Figure 6.9: Total C02 emissions in Thailand over the period 2005-2020 
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Note: Further detailed results of sectoral C02 emissions are provided in Table 3, Appendix IX, p. 313; 
others include agriculture, water, commercial and unclassified sectors. 
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The figure shows that: 

• The total C02 emissions in Thailand would continue to increase in all scenarios over 

the period 2005-2020. For example, the total C02 emissions, for the PDP scenario, 

are estimated to rise from 240 Mt in 2005, to 527 Mt in 2020, an increase of 287 Mt 

over the 2005 emission level - an average annual growth rate of 5.4 per cent. The 

IPP and GE scenarios would result in an increase of 326 and 223 Mt above the 2005 

emission level respectively, thus resulting in an average annual growth rate of 5.9 

and 4.5 per cent respectively for the IPP and GE scenarios. 

• Major contribution to increase in total C02 emissions will come from electricity, 

industry and transport sectors. Under the PDP scenario, for example, the electricity 

sector would be the major contributor, accounting for nearly 35 per cent of the total 

C02 emissions in 2020; industry sector for 30 per cent; transport sector for 30 per 

cent; and other sectors (i.e. agriculture, cornmercial, and residential)- for only 6 per 

cent. The corresponding figures for the IPP scenario would be 40, 27, 28, and 5 per 

cent, respectively. In the case of GE scenario, the major contribution would come 

from industry and transport sectors (33 and 34 per cent, respectively), followed by 

electricity sector (26 per cent), and other sectors (7 per cent). 

• The C02 emissions from electricity generation would vary significantly across the 

scenarios, from 79 Mt in 2005 to 225 Mt under the IPP scenario, and 122 Mt under 

the GE scenario in 2020. This substantial difference in C02 emissions in the two 

scenarios is due tnainly to their different fuel mix for power production. In the IPP 

scenario, for example, nearly 50 per cent of total energy input in 2020 is lignite and 

imported coal- primary source of C02 emissions (see Table 6.7). On the contrary, 

imported coal and lignite constitute only 18 per cent of fuel input in the GE 

scenario. In addition, the increased use of environmentally friendly energy source 

(i.e. renewable energy) in the GE scenario would also contribute to lowest growth 

rate of C02 emissions, as compared with other scenarios. 

• The C02 emissions from electricity generation in the IPP and GE scenarios in 2020 

would be, respectively, 123 and 63 per cent of the emissions in the PDP scenario. 
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so2 emissions 

The total S02 emissions in Thailand for the PDP, IPP, and GE scenarios over the period 

2005-2020 are presented in Figure 6.1 0. 

Figure 6.10: Total S02 emissions in Thailand over the period 2005-2020 
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Note: Further detailed results of total and sectoral S02 emissions are provided in Table 3, Appendix IX, 
p. 313; others include agriculture, water, commercial and unclassified sectors. 

Figure 6.10 shows that: 

• In conformity with the C02 emissions, the total S02 emissions in Thailand would 

increase in all scenarios over the period 2005- 2020. In 2020, for example, total S02 

en1issions under the GE scenario would reach 1,381 Kt, under PDP scenario would 

be higher - 1,848 Kt, and under IPP scenario emissions would be at its highest -

2,522 Kt. 

• In the PDP scenario, industry sector would account for 42 per cent of the increase in 

so2 emissions in 2020, electricity sector for 39 per cent, transport sector for 16 per 

cent, and other sectors for 3 per cent. In the case of IPP scenario, the electricity 

sector would make the highest contribution to increase in so2 emissions - 56 per 

cent, followed by industry (31 per cent), transport (12 per cent), and other sectors (2 

per cent). In contrast to these two scenarios, in the case of GE scenario, the 

electricity sector is expected to account for only 19 per cent increase in S02 

emissions, with the remaining emissions coming from industry (56 per cent), 

transport (21 per cent), and others ( 4 per cent). 
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• The so2 emiSSIOns from electricity generation are estimated to increase, as 

compared to 2005 level, by about 9 times (728 Kt) in PDP scenario, 17 times (1,401 

Kt) in IPP scenario, and 3 times (262 Kt) in GE scenario. The increase in S02 

emissions in all scenarios, especially in the PDP and IPP scenarios, is mainly due to 

increased use of lignite and imported coal in electricity generation (see Figure 6.8). 

Economic impacts 

This section provides the analysis of the econom1c impacts of PDP, IPP, and GE 

scenarios. The economic impacts are assessed in terms of two attributes, namely, 

economic output, and wages and salaries. 

Economic output 

The impacts of the three scenarios on the overall economic output of the country are 

analyzed in terms of total output (GDP), intermediate consumption, final consun1ption, 

investments, expoi1s, and imports.
20 

Table 6.8 presents the economic output impacts of 

all three scenarios over the period 2010-2020. In addition, this section also analyses the 

impacts of the three scenarios on the outputs of individual economic sectors (shown in 

Figure 6.11 ). 

The results show that: 

• In the PDP scenario, the GDP is estimated to reach 15,279 billion baht in 2020, as 

compared with in 2005 - an annual average increase of 6 per cent. In terms of 

percentage shares of GDP in 2020, final consumption is expected to have the largest 

share (70 per cent), followed by the investment (25 per cent), and net exports (5 per 

cent). The corresponding shares in 2005 were 68, 29, and 3 per cent, respectively. 

• In comparison with the PDP scenario, the GDPs in the IPP and GE scenarios would 

change marginally. For example, in 2020, the GDP in the IPP scenario would be 52 

billion baht (0.34 per cent) lower than that of the GDP in the PDP scenario. On the 

other hand, in the case of GE scenario, the GDP would be 4 billion baht (0.03 per 

cent) higher as compared to the GDP in the PDP scenario. Such a difference in the 

GDP between these two scenarios is mainly due to differences in the import 

20 
The total output refers to the sum of outputs consumed by the intermediate sectors and by final 

conswnption sectors including household, government, investments, exports, and imports. 
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requirements for the two scenarios. For instance, in the case of IPP scenario, the 

import in 2020 would be 45 billion baht (0.48 per cent) higher than that in the case 

of PDP scenario while the import in the GE scenario would reduce by 0.19 per cent 

(18 billion baht), compared to the PDP scenario. The high imports, in the case of 

IPP scenario, are largely a consequence of a considerable increase in import of fossil 

fuels for electricity generation. 

• The changes in sectoral outputs are likely to be most noticeable in the energy sectors 

(see Figure 6.11). This is attributed to the differences in the percentage shares of 

electricity sub-sectors in electricity generation in the three scenarios. For instance, in 

the IPP scenario, the dominant shares in electricity generation - more than 60 per 

cent- are from the ST-I sector (26 per cent) and the CC-I sector (37 per cent) (see 

Table 6.6, p. 182). Accordingly, the outputs of these sectors would be 208 and 132 

billion baht, respectively, higher than that of the output in the PDP scenario. 

Table 6.8: Economic output impacts of the three scenarios for selected years 

Year Economic output PDP IPP GE 
(Billion baht) a (Percentage changes from PDP) 

Total output b 22,194 -0.07 -0.15 
Intermediate consumption 13 ,221 -0.02 -0.26 
GDP C 8,973 -0.15 0.01 

2010 Final consumption 6,215 -0.02 -0.06 
Investment 2,256 0.01 0.02 
Exports 5,986 -0.02 -0.06 
Imports 5,484 0.20 -0.14 

Total output b 28,702 -0.13 -0.18 
Intermediate consumption 17,098 0.00 -0.32 
GDPC 11,604 -0.32 0.02 

2015 Final consumption 8,056 -0.02 -0.07 
Investment 2,925 0.02 0.03 
Exports 7,751 -0.04 -0.06 
Imports 7,128 0.45 -0.16 

Total output b 37,794 -0.15 -0.21 
Intermediate consumption 22,515 -0.02 -0.37 
GDPC 15,279 -0.34 0.03 

2020 Final consumption 10,597 -0.03 -0.07 
Investment 3,843 0.02 0.03 
Exports I 0,192 -0.05 -0.07 
ImQorts 9,353 0.48 -0.19 

Notes : 1. a at 2000 prices; b Total output is the sum of GDP and intennediate consumption; 
c GDP is the sum of final consumption, investment, and net exports; 

2. Further detailed results of economic output are provided in Table 4, Appendix IX, p. 314. 
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Figure 6.11: Changes in sectoral outputs in 2020 
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Note: This figure presents the changes in sectoral outputs in IPP and GE scenarios as compared with PDP 
scenario in 2020; further detailed results are provided in Table 5, Appendix IX, p. 315. 

• Such differences in the shares of power producers in electricity generation would 

then result in changes in energy inputs which directly affects the output of the 

energy sectors. For exatnple, the output of the gas industry in the case of IPP and 

GE scenarios in 2020 would decrease by 28 and 35 billion baht respectively, as 

compared with the PDP scenario (339 billion baht) (see Figure 6.11 ). These 

decreases are largely because of the reduced shares of natural gas in power 

production. The consumption of natural gas in the IPP and GE scenarios would be 

15 and 20 per cent, respectively, lower than that in the PDP scenario (nearly 40 

MTOE) (see Figure 6. 7). 

• In the IPP scenario, the output of coal and lignite sector in 2020 would reduce 

slightly by 2 billion baht, in comparison with the PDP scenario (14 billion baht), 

despite a large increase in the use of coal for electricity generation. This is because 

much of the increase in coal consumption (33 MTOE) comes from imported coal 

(nearly 87 per cent), while the use of domestic lignite would be only 13 per cent 

over the period 2010-2020 (see Figure 6.8). 
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• The sectoral outputs in the case of IPP and GE scenarios would change differently 

(see Figure 6.11). For example, in the GE scenario, the output of the RE-E and RE-S 

sectors in 2020 is expected to substantially increase - by 165 and 98 billion baht 

respectively, as compared to the PDP scenario. In tum, the output of the ST-E and 

CC-E sectors would be lower by 88 and 121 billion baht, respectively, as compared 

to the PDP scenario. In the IPP scenario, while the output of ST-E and CC-E sectors 

would reduce by 66 and 231 billion baht, they would be replaced with the ST-I (208 

billion baht) and CC-I (132 billion baht) sectors, respectively. This variation in 

sectoral outputs is due to a shift in the role of power producers in each scenario. In 

the case of IPP scenario, a greater role of the Independent Power Producers (IPPs) 

would result in a considerable increase in the output of the steam-turbine (ST-I) and 

combined-cycle (CC-I) sectors. Similarly, the GE scenario, which promotes the role 

of Small Power Producers (SPPs) in generating electricity from renewable energy 

and import hydroelectricity from neighbouring countries, would induce an increase 

in the output of the renewable energy (RE-E and RE-S) sectors. 

Wages and salaries 

Table 6.9 presents the impacts of the PDP, IPP, and GE scenarios on total wages and 

salaries for the Thai economy over the period 2010-2020. The irr1pacts on wages and 

salaries for some key sectors are shown in Figure 6.12. 

Table 6.9: Impacts on total wages and salaries over the period 2010-2020 

PDP IPP GE 

Year Wages & Wages & Changes from Wages & Changes from 
salaries salaries PDP salaries PDP 

(billion baht) (billion baht) (billion baht) (%) (billion baht) (billion baht) (%) 
2010 3,105 3,109 4 0.13 3,086 -19 -0.60 
2015 4,021 4,034 13 0.32 3,995 -26 -0.64 
2020 5,292 5,309 17 0.31 5,257 -35 -0.66 

Note: Further detailed results of total and sectoral wages and salaries are provided in Table 6, Appendix 
IX, p. 316. 
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Figure 6.12: Changes in sectoral wages and salaries in 2020 
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Note: This figure presents the changes in sectoral wages and salaries in IPP and GE scenarios as 
compared with PDP scenario; further detailed results of sectoral wages and salaries are provided 
in Table 6, Appendix IX, p. 316. 

The results show that: 

• The total wages and salaries, in the PDP scenario, would be 5,292 billion baht in 

2020. The IPP scenario would induce a gain in total wages and salaries, whereas net 

losses in total wages and salaries are expected in the case of GE scenario. For 

example, in the case of IPP scenario, total wages and salaries in 2020 would increase 

by 17 billion baht, as compared to the PDP scenario. In contrast, total wages and 

salaries in the case of GE scenario would be 35 billion baht lower as compared to 

wages and salaries in the PDP scenario. 

• The gains in total wages and salaries in the case of IPP scenario are contributed by a 

significant increase in the outputs of steam-turbine (ST -I) and combined-cycle (CC-

I) sectors which have above average income multipliers- a factor that indicates the 

capacity to generate wages and salaries (see Chapter 4). The increase in the output 

of ST-I and CC-I sectors would, therefore, cause the wages and salaries of these 

sectors in 2020 to increase by 54 and 30 billion baht, respectively, as compared to 

the PDP scenario. 
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• The changes in sectoral wages and salaries would mostly correlate with the changes 

in sectoral output. For example, in IPP scenario, the wages and salaries of the ST -E 

and CC-E sectors in 2020 are expected to decrease by 15 and 44 billion baht, 

respectively, as compared with the PDP scenario. Also, the outputs of these sectors 

would be lower by 66 and 231 billion baht, respectively, in comparison with the 

outputs in the PDP scenario. These declines are due to the decreased share of the 

state generating utility (EGAT) in electricity generation in the IPP scenario. 

• It is noticed that the income multiplier of a sector is a major factor contributing to its 

wages and salaries. As discussed earlier, a change in sectoral output indeed results in 

a change in sectoral wages and salaries. A magnitude of such change in wages and 

salaries of a sector, however, depends on its income multiplier. For example, in the 

GE scenario, the output and wages and salaries of the RE-E sector in 2020 are 

estimated to increase by 165 and 9 billion baht, respectively, in comparison with the 

corresponding values in the PDP scenario. While, in the same scenario, the output 

and wages and salaries of the RE-S sector would increase by 98 and 22 billion baht, 

respectively, as compared with the PDP scenario. This indicates that more increase 

in sectoral output may not necessarily result in more increase in wages and salaries. 

This, however, depends on the sector' capacity in generating wages and salaries -

income multiplier. The income multiplier of the RE-E sector in 2005 was 0.0805 ; 

this is rather low as compared with that of the RE-S sector which was 0.3518 (see 

Table 4.16, Chapter 4, p. 139). 

Social impacts 

This section analyses the impacts of PDP, IPP, and GE scenarios on employment. Table 

6.10 presents the impacts on total employment in the Thai economy over the period 

2010- 2020. Figure 6.13 provides the impacts on sectoral employment. 

Table 6.10: Impacts on total employment over the period 2010-2020 

PDP IPP GE 

Year Total Total Changes from Total Changes from 
employment employment PDP employment PDP 

(persons) (Q_ersons) (persons) (%) (persons) (persons) (%) 
2010 38,295,135 38,292,360 -2,775 -0.007 38,279,184 -15,279 -0.042 
2015 40,844,114 40,840,523 -3,590 -0.009 40,821,575 -22,359 -0.055 
2020 44,380,195 44,376,655 -3,539 -0.008 44,351,094 -29,101 -0.066 

Note: Further detailed results are provided in Table 7, Appendix IX, p. 317. 
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Figure 6.13: Changes in sectoral employment in 2020 
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Note: This figure presents the changes in sectoral employment in IPP and GE scenarios as compared 
with PDP scenario in 2020; further detailed results are provided in Table 7, Appendix IX, p. 317. 

The results show that: 

• In the PDP scenario, the total employment in 2020 is estimated to reach 44,380,195 

persons - an increase of 24 per cent from the employment level in 2005 (Table 7, 

Appendix IX, p. 317). The IPP and GE scenarios would, however, cause job losses 

by 3,539 persons (0.008 per cent) and 29,101 per sons (0.066 per cent) respectively, 

as compared to the employment in PDP scenario. 

• In both IPP and GE scenarios, the gas, and crude oil and gas sectors would 

experience declines in employment. For example, the employment generated in the 

gas sector, in the IPP and GE scenarios, is estimated to be lower by 2,804 persons 

and 3,589 persons, respectively, in comparison with the employment level in the 

PDP scenario. Similarly, jobs created in the crude oil and gas sector would be lower 

by 2,436 persons and 3,137 persons, respectively. These decreases are a result of the 

reduced use of natural gas in electricity production in both scenarios. 

• Interestingly, despite a significant increase in the use of coal for electricity 

generation in the IPP scenario, the employment in the coal and lignite sector would 

decrease relative to the PDP scenario. For example, in 2020, the employment 
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generated in the coal and lignite sector, in the IPP scenario, would be lower by 219 

persons - in comparison with the employment level in the PDP scenario. This is due 

to the fact that nearly 90 per cent of coal input for producing electricity, in the IPP 

scenario, is from imported coal and therefore the requirement of domestic lignite is 

rather low. In 2020, the consumption of domestic lignite in the IPP scenario would 

be lower by 865 KTOE, as compared to the PDP scenario (5178 KTOE). This, 

therefore, results in a loss of 219 jobs in the IPP scenario. 

• In the GE scenario, jobs created in the agriculture sector, in 2020, would be higher 

by 3,712 persons, as compared to the employment level in the PDP scenario. The 

higher number of jobs in the GE scenario is because of the fact that this scenario 

promotes the use of agricultural products in power production. In fact, the output of 

the agriculture sector in the case of GE scenario would be only 0.5 billion baht 

higher than that of the output in the PDP scenario (see Table 5, Appendix IX, p. 

315). However, due to its labour-intensive nature, the agriculture sector has the 

highest employment multiplier as compared with any other sectors in the Thai 

economy (see Chapter 4). Therefore, despite minor gain in its output, the agriculture 

sector would generate more jobs. 

• It is observed that there would be a shift of employment within the electricity sector 

in both IPP and GE scenarios. This shift, however, differs between the scenarios. 

For example, in the IPP scenario, a dominant share of IPPs in electricity generation 

would cause a shift of approximately 21,000 persons from state generating utilities 

(including RE-E, ST-E, and CC-E sectors) to the IPPs (ST-I and CC-I sectors). On 

the other hand, due to the increased shares of renewable energy in the GE scenario, 

nearly 16,000 persons from steam-turbine and combined-cycle sectors (including 

ST-E, ST-I, CC-E, and CC-I sectors) would be shifted to the renewable energy 

sectors- RE-E and RE-S sectors. 

6.6.2 Impacts on industry performance 

This section analyses the irr1pacts of the PDP, IPP, and GE scenarios on the performance 

of the electricity industry in terms of the TFP change, technical efficiency change, and 

teclmical change. The results are presented in Figures 6.14, 6.15 and 6.16. 
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Figure 6.14: Comparison of cumulative index of TFP changes by the three scenarios 
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Note: A summary of TFP changes are provided in Table 8, Appendix IX, p. 318. 

Figure 6.15: Comparison of cumulative index of technical efficiency changes by the three 
scenarios 
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Note: A summary of technical efficiency changes are provided in Table 8, Appendix IX, p. 318. 

The following observations can be made from the results. 

• Figure 6.14 suggests that while the productivity of the electricity industry in all three 

scenarios would improve throughout the period 2010-2020, there would be 

differences in such improvement in the tlu·ee scenarios. For example, in the GE 

scenario, the productivity is expected to increase by about 22 per cent, while in the 

PDP and IPP scenarios, by 18 per cent and 16 per cent, respectively. The growth in 

productivity in all scenarios is contributed by the technological improvement. Over 
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the period 2010-2020, the technical progress in the GE scenario would increase by 

22 per cent, in the PDP scenario it would be lower by 18 per cent, and in the IPP 

scenario it would be lowest (by 17 per cent of the growth in technical change). 

• There would be no improvement in the technical efficiency for the PDP and GE 

scenarios (see Figure 6.15). In the case of IPP scenario, however the technical 

efficiency will decline slightly, from 1.000 to 0.989 during 201 0-2020; with most of 

this decline taking place in the years 2011 to 2013. This decline is attributed to the 

use of more energy inputs and labour to generate electricity than the other two 

scenarios. For example, in order to meet the increasing electricity demand over the 

period 2010-2020, the fuel use and number of employees in 2020, under the IPP 

scenario, would increase by 82 per cent and 35 per cent, respectively, as compared 

to the year 2010 (see Table 2, Appendix VIII, p. 306). In the PDP scenario, the 

energy inputs and labour are estimated to rise by 70 per cent and 27 per cent 

respectively. And, in the case of GE scenario, they would increase by 70 per cent 

and 21 per cent respectively. 

Figure 6.16: Comparison of cumulative index of technical changes by the three scenarios 
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Note: A summary of the technical changes are provided in Table 8, Appendix IX, p. 318. 

• The GE scenarios would experience a steady growth in technical change over the 

entire period, with a net growth of 22 per cent (see Figure 6.16). The technical 

progress in the case of PDP and IPP scenarios would, however, yield a lower score 

than that in the GE scenario, even though these three scenarios experience the 
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increase in technical change. The growth in technical change for the three scenarios 

is due to a continuous increase in the installed capacity. For example, the installed 

capacity for the GE scenario increases from 24,767 MW in 2010, to 39,074 MW in 

2020. In the PDP scenario, the capacity increases from 27,554 MW in 2010, to 

43,469 MW in 2020. And, in the case ofiPP scenario, it increases from 29,411 MW 

in 2010, to 46,400 MW in 2020 (see Table 2, Appendix VIII, p. 306). Further, it is 

observed that the year-by-year technical change in the IPP scenario would yield a 

nearly equal score to that of the PDP scenario (see Table 8, Appendix IX, p. 318). 

This, however, would not result in the equivalent productivity growth for both 

scenarios (see Figure 6.14). This is because of the drop in technical efficiency in the 

IPP scenario which would cause lowest productivity growth in the case of IPP 

scenario, in comparison with the PDP and GE scenarios. 

6.7 Summary and conclusions 

In this chapter, energy, environmental, economic, social, and industry performance 

impacts of the alternative scenarios (IPP and GE) are analyzed. These impacts are 

summarized in Table 6.11. A summary of key findings is as follows. 

Table 6.1 1: Summary of the scenarios impacts on various aspects for the year 2020 

PDP IPP GE ,_.. 
Energy impact 

Primary energy consumption (KTOE) 62,645 70,447 (12.5) 50,525 (-19.3) 
Energy diversity index 0.50 0.46 0.46 

Environmental impact 
C02 emission (million tonnes) 

Total 527 566 (7.5) 462 (-12.3) 
Electricity 183 225 (22. 7) 122 (-33.6) 

so2 emission (thousand tonnes) 
Total 1,848 2,522 (36.4) 1,381 (-25.3) 
Electricity 728 1,401 (92.5) 262 (-64.0) 

Economic impact 
GDP (billion baht) 15,279 15,227 (-0.34) 15,283 (0.03) 
Wages and salaries (billion baht) 5,292 5,309 (0.31) 5,257 (-0.66) 
Net economic losses (billion baht) a 35 (-0.22) 31 (-0.20) 

Social impact 
Total Employment ('000 persons) 44,380 44,377 (-0.008) 44,351 (-0.066) 
Loss in employment (persons) b 3,000 29,000 

Industry performance impact 
TFP growth(%) period 2010- 2020 18 16 22 

Notes: 1. Number in brackets show percentage change from the PDP scenario. 
2. a Net economic impact represents net economic loss of GDP and wages &salaries as compared 

with the PDP scenario. 
b Loss in employment represents number of job losses in comparison with the PDP scenario. 
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Energy impacts 

• In order to meet the increasing electricity demand, the GE scenario would require 

less primary energy inputs, as compared with the PDP and IPP scenarios. The fuel 

consumption in the case of GE scenario would increase to 50,525 KTOE in 2020, 

which is 19.3 per cent and 28.3 per cent less than those in the case of PDP and IPP 

scenarios, respectively. This is due to the greater role played by renewable energy in 

power production and the increased substitution of imported power with domestic 

electricity generation. 

• The alternative scenarios (IPP and GE) would contribute to a gmn 1n energy 

diversity, as compared to the PDP scenario. These scenarios result in decreased 

shares of natural gas in electricity generation and increased shares of coal and 

lignite in the IPP scenario, and renewable energy in the GE scenario. In the IPP 

scenario, the share of natural gas would decrease from 70 per cent in 2005, to 48 per 

cent in 2020. This decrease is substituted by increased share of coal and lignite, 

from 16 per cent in 2005, to 48 per cent in 2020. The decreased share of natural gas 

in the GE scenario is, however, replaced by renewable energy - from 8 per cent in 

2005, to 19 per cent in 2020. These changes in the shares of energy inputs, 

therefore, result in equivalent energy diversity index of 0.46; thus signifying higher 

energy diversity as compared to the PDP scenario. 

• To sum up, in comparison with other scenarios, the GE scenario, which promotes 

the role of Small Power Producers (SPPs) in generating electricity from renewable 

energy and hydroelectricity imports from neighbouring countries, would play a 

more active role in reducing the use of energy inputs for electricity generation in 

order to meet the increasing electricity demand as well as enhancing the diversity of 

electricity supply. Interestingly, the promotion of the use of agricultural wastes (i.e. 

rice husk, bagasse) in electricity generation is appreciably beneficial for Thailand-

an agricultural-based country. 

Environmental impacts 

• In recognition of emerging environmental concerns, the GE scenario would be a 

relatively attractive approach in terms of generating less C02 and S02 emissions as 

compared to the PDP and IPP scenarios. In 2020, total C02 emissions in the case of 
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GE scenario would be 12 and 18 per cent less than those in the PDP and IPP 

scenarios respectively. And, total S02 emissions in the case of GE scenario would 

be lower than the emissions in the PDP and IPP scenarios by 25 per cent and 45 per 

cent respectively. 

• It is even more interesting if one takes note of the fact that there will be a substantial 

reduction in the electricity sector's C02 and S02 emissions in the GE scenario- in 

comparison with the PDP and IPP scenarios. In the GE scenario, the C02 emissions 

from electricity generation in 2020 would be lower by 34 and 46 per cent, as 

compared with the PDP and IPP scenarios. The S02 emissions from the electricity 

sector in the GE scenario in 2020 are expected to be 262 thousand tonnes - thus 

representing a reduction of 64 and 81 per cent from the PDP and IPP scenarios 

respectively. This is due to an increased contribution of renewable energy to 

electricity generation in the case of GE scenario (as discussed earlier). 

Economic impacts 

• The impacts of the alternative scenarios (IPP and GE) on GDP are insignificant. In 

2020, the GDP in the IPP scenario would decline by 0.34 per cent (52 billion baht), 

as compared to the GDP in the PDP scenario. The GE scenario would, however, 

induce a minor gain in GDP (that is, it would be 0.03 per cent ( 4 billion baht) higher 

as compared to GDP in the PDP scenario). Such a difference in the GDP between 

the IPP and GE scenarios is mainly due to differences in the import requirements for 

the two scenarios. For instance, in the case of IPP scenario, the import in 2020 

would be 45 billion baht higher than that in the PDP scenario while the import in 

GE scenario would reduce by 18 billion baht, as compared to the PDP scenario. The 

high imports, in the case of IPP scenario, are largely a consequence of a 

considerable increase in import of fossil fuels for electricity production. 

• Also, the impacts of alternative scenarios (IPP and GE) on wages and salaries are 

not noticeable. In the IPP scenario, total wages and salaries in 2020 would be 0.32 

per cent (17 billion baht) higher than those in the PDP scenario while the GE 

scenario would cause total wages and salaries to reduce by 0.66 per cent (35 billion 

baht), in comparison with the PDP scenario. This variation in wages and salaries is 

due to different shares of power producers in electricity generation among scenarios. 
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For example, in the IPP scenario, the dominant share of IPPs would result in a 

considerable increase in the output of the ST-I and CC-I sectors which have high 

income multipliers and hence more increase in wages and salaries. On the other 

hand, the GE scenario, which promotes the role of renewable energy in power 

production, would induce an increased output of the RE-E and RE-S sectors, which 

are classified as low-income multiplier sectors (see Chapter 4). This, therefore, 

results in less increase in wages and salaries. 

• In short, the alternative scenarios (IPP and GE) would not result in any significant 

overall economic impacts. In 2020, the net economic losses would be 35 billion baht 

(that is, only 0.22 per cent of GDP) for the IPP scenario, and 31 billion baht (only 

0.20 per cent of GDP) for the GE scenario. This suggests that the GE scenario gains 

more credence if one considers the fact that adopting this scenario would contribute 

to an insignificant net economic loss, even while it would lead to a significant 

reduction in energy inputs for electricity generation and especially C02 and S02 

emissions. 

Social impacts 

• The alternative scenarios (IPP and GE) would result in a marginal reduction in the 

level of employment, as compared with number of jobs created in the PDP scenario. 

In 2020, the jobs created in the IPP and GE scenarios would be lower by 0.008 per 

cent (3 ,000 persons) and 0.066 per cent (29,000 persons) respectively - in 

comparison with the employment level in the PDP scenario. This reduction results 

from a shift in the role of power producers across scenarios. For example, in the 

case of IPP scenario, the greater role of IPPs would contribute to an increase in the 

output of ST-I and CC-I sectors which have low capacity to generate employment 

(see employment multiplier in Chapter 4). This, therefore, results in such a low level 

of employment. Similarly, the GE scenario would cause an increase in the output of 

the RE-E and RE-S sectors due to its promotion of renewable energy in electricity 

generation. Accordingly, the low employment multiplier of the RE-E and RE-S 

sectors would contribute to less number of created jobs. 
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Industry performance impacts 

• Over the period 2010-2020, the GE scenario would result in 22 per cent growth of 

TFP- highest among the three scenarios. This is the combined effect of two factors, 

namely, energy inputs for electricity generation and number of jobs created in the 

electricity sector. As discussed earlier, in comparison with the PDP and IPP 

scenanos, the GE scenario would require least energy inputs for electricity 

generation. In addition, in order for supplying electricity to customers, this scenario 

would also need minimum number of employees in the electricity sector (see Table 

2, Appendix VIII, p. 306). 

The forgoing summary suggests that the GE scenario, which promotes an increased role 

of Small Power Producers (SPPs) generating electricity from renewable energy and 

hydroelectricity imports from neighbouring countries, would be an attractive option for 

Thailand. This is due mainly to its ability to provide a balanced redress for energy, 

environmental, economic, social, and industry performance objectives. The adoption of 

this scenario would significantly reduce the use of conventional energy resources for 

electricity generation and, in particular, help mitigating C02 and S02 emissions - an 

issue of contemporary significance. Further, it would contribute to the highest (among 

the alternatives) productivity growth of the electricity industry. Also, even though this 

scenario would result in net economic costs and job losses, such losses are not 

particularly significant- less than 0.2 per cent. Therefore, the recommendation to adopt 

the GE scenario should be viewed in terms of the trade-offs that will ensue while 

simultaneously pursuing multiple (and often conflicting) objectives. For example, in 

order to reduce 12,120 KTOE of energy inputs, 65 million tonnes of total C02 

emissions, and 467 thousand tonnes of total so2 emissions, and to enhance 22 per cent 

of productivity growth, the GE scenario would cause a net economic loss of 31 billion 

baht and a loss of 29,000 new jobs. Clearly, although the GE scenario does not offer the 

best of all worlds, it does offer significant overall positives (e.g. promotion of 

renewables, electricity trade with neighbouring countries, improved energy diversity and 

security of supply) -- at the cheapest possible cost. In addition, the attractiveness of this 

scenario would considerably enhance if a more stringent emissions target becomes 

necessary in the new global agreement on clin1ate change which is likely to emerge after 

the expire of the Kyoto protocol in 2012. 
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CHAPTER 7 

A SUITABLE REFORM PATHWAY FOR THAILAND 

7.1 Introduction 

In the previous chapters of this thesis, a comprehensive analysis of the various facets of 

the Thai electricity reform \Vas developed. Chapter 2 provided a detailed description of 

the electricity reform program in Thailand. This reform program was expected to 

improve the industry performance and contribute to enhancing the overall economic 

prosperity. The assessment carried out in Chapters 3 and 4, however, suggested that 

there is a significant disparity between the expectations from electricity reform and its 

actual outcomes. The discussion in Chapter 5 further revealed that such disparity was 

contributed by two main factors. One, the starting conditions of the Thai electricity 

industry were not conducive to the undertaking of reform as proposed. Two, the 

sequence of steps undertaken to reform was out of synchronism. Three alternative 

models (PDP, IPP, and GE scenarios) were, therefore, proposed, and their consequences 

analyzed, in Chapter 6, with the view to reco1nmend an alternative which could help 

improve the efficacy of the present reform program. The PDP scenario is based on the 

assumptions that reflect actual plans and forecasts by EGA T and the Ministry of Energy. 

In the IPP scenario, the share of the IPPs in generation increases. Consequently, the IPPs 

become the dominant power producers. The GE scenario, however, pro1notes SPPs 

which generate electricity from renewable sources. This scenario also envisages import 

of hydroelectricity from the neighbouring countries. 

The analysis in Chapter 6 suggested that, among the alternatives, the GE scenario would 

be an attractive option for Thailand. This is due mainly to its ability to provide a 

balanced redress for energy, environmental, economic, social, and industry performance 

objectives. Whether or not such a redress will eventuate will depend- to a large extent-

on the efficacy of the 'new' institutional arrangements including the industry structure, 

ownership and regulation. This argument is based on the premise that the existing 

institutional arrangements are deficient and hence unsuitable to provide a balanced 

redress referred to above. Against this backdrop, this chapter analyses what changes are 
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needed in the existing structural, ownership and regulatory arrangements with a view to 

determine an effective way of meeting the electricity needs of Thailand. 

This chapter is organized as follows. Section 7.2 reviews the existing structure, 

ownership, and regulation of the Thai electricity industry. This review enables one to 

identify the weaknesses of the Thai electricity reform - both in relation to the reform 

model and how it was implemented. Section 7.3 presents a proposed reform pathway 

consistent with the country's realities and priorities. In Section 7.4, a further discussion 

on the proposed reform model is provided. Section 7.5 summarises the major findings of 

this chapter. 

7.2 Existing industry structure, ownership and regulation 

This section reviews the existing structure, ownership and regulation of the Thai 

electricity industry. This review, this research contends, provides useful insights for the 

changes that could be made to the existing industry structure, ownership, and regulation 

in order to help improve the efficacy of the Thai electricity reform Figure 7.1 presents 

the present structure of the electricity industry in Thailand. 

7.2.1 Industry structure 

With the introduction of the IPP and SPP programs in 1992, the Thai electricity industry, 

previously vertically-integrated monopoly, has transformed into a single buyer structure. 

This structure has allowed so1ne competition in the generation segment of the industry. 

More specifically, this competition is limited to the acquisition of license for supplying 

electricity to the purchasing agency. There is no competition in supplying electricity to 

the final consumers at the cheapest possible price as expected by the government. 

Furthermore, the selection process of the IPPs is biased in favour of large-scale power 

plants because the IPP program was originally designed for large-scale power 

development (as previously discussed in Chapter 2). This reduces the number of bidders 

and hence limits competition. Also, it results in lowering the incentives for domestic 

investors, due to the capital intensiveness of large-scale power plants. 
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Under this structure, EGA T - a combined national generation and transmission utility-

has the responsibility of electricity generation, power purchase, system operation, 

electricity transmission, and bulk power supply to the distribution utilities. Further, 

EGAT has played, and continues to play, a dominant role in system development 

planning and decision making process of industry policy. Such an influential role of 

EGAT, and the strong link between generation and transmission functions of EGAT, 

could hinder fair competition in generation and lessen the attractiveness of the industry 

investment climate. 

In terms of purchasing electricity, EGAT buys electricity from the IPPs and SPPs, and 

neighbouring countries on the basis of PPAs and MOUs. In tum, the SPPs can sell their 

electricity either to EGA T or to industrial customers located next to their plants. EGAT 

mainly sells electricity to the distribution utilities, namely, MEA, PEA. It also sells a 

small portion of electricity to some large customers, directly connected to its 

transmission grid. 

The distribution and retail segments of the electricity industry are dominated by the 

MEA and PEA. These two utilities, organized as monopolies, are in charge of electricity 

distrjbution for the whole country. The MEA is responsible for distributing electricity to 

the cus torners in Bangkok, Nonthaburi, and Samut Prakam provinces, covering an area 

of 3,192 kiiometres (MEA, 2008). The PEA distributes electricity to customers in the 

rest of the country, accounting for nearly 99 per cent of the total area of the country. 

7.2.2 Industry ownership 

The role of private sector in the Thai electricity industry has been increasing since the 

initiation of reform in the 1990s, mainly through their ownership of IPPs and SPPs. The 

private sector participation is however allowed only in the generation segment of the 

industry. The IPPs and SPPs have generally supplied electricity to EGAT on the basis of 

long-term PPAs, typically backed by a government guarantee for a fixed return on 

investment, and supported by the provision of a number of tax and non-tax incentives. 

The entry of IPPs and SPPs altered the industry ownership, from public to a mix of 

public and private. Table 7.1 shows the shares of electricity supplied by public and 

private interests over the period 1995-2007. 
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Table 7.1: Electricity generation share in the Thai electricity industry (0/o) 

Year PUBLIC PRIVATE IMPORT 
EGAT IPPs SPPs 

1995 89 10 0 1 
1996 86 12 1 1 
1997 82 15 2 1 
1998 81 15 3 1 
1999 75 17 6 2 
2000 66 20 11 3 
2001 60 24 13 3 
2002 55 30 12 3 --
2003 49 36 12 3 
2004 48 39 11 3 
2005 49 38 10 3 
2006 49 38 10 4 
2007 46 41 10 3 

Source: DEDE (2008b) and EGA T (2008) 

It is evident from Table 7.1 that the share of private generating companies in electricity 

supply has continuously increased since their entry in the mid-1990s. Much of the 

increase is contributed by IPPs, for example, over the period 2000- 2007, IPPs 

constituted nearly 40 per cent of electricity generation, and SPPs accounted for 10 per 

cent. Further, much of the IPP activity is concentrated in seven companies, nearly one-

tenth of the number of SPPs (see Table 1 and Table 3, Appendix VII, pp. 301- 302). This 

is due to the government's preference for large-scale power plants. Such preference 

could lead to the formation of a cartel by the IPPs which may have a negative impact on 

electricity consumers, for example, overestimated contract prices as consequential high 

tariffs, as previously discussed in Section 5.3.3. 

7.2.3 Industry regulation 

Prior to the in1plementation of electricity reform program, the regulatory arrangements 

for the Thai electricity industry were rather complex, typified by a multiplicity of 

institutional involvement. For example, the industry was centrally operated and planned 

by the three state electric utilities under the supervision of several government agencies. 

There has been no single agency that provided oversight of policy direction. Hence, 

decision making are typically made through a consensus among various agencies. 

The establishment of the National Energy Policy Council (NEPC) and the National 

Policy and Planning Office (NEPO) in 1992 was aimed at alleviating this problem. The 

NEPC and NEPO were set up under the National Energy Policy Council Act, B.E. 2535 
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(1992). The NEPO, later renamed EPPO, was formed as the secretariat to NEPC, which 

served as a direct line to the Prime Ministers' Office on energy issues (Greacen and 

Greacen, 2004). The formation of EPPO was intended to transfer all the policy 

responsibility to one entity (i.e. , EPPO). The formation of NEPC and EPPO, and 

subsequently the Ministry of Energy (MOE) in 2002, marked a significant change in 

institutional arrangements for the industry. The MOE was set-up to unify several 

government agencies directly related to the energy policy, regulation, and 

implementation. This considerably reduced the policy-influencing role of EPPO. As 

presented in Figure 7.1, the MOE comprises four main organizations, namely, the 

Department of Energy Business (DEB), the Department of Mineral Fuels (DMF), the 

Department of Alternative Energy Development and Efficiency (DEDE), and the Energy 

Policy and Planning Office (EPPO). The DEB has the responsibility of the regulation of 

safety and quality in oil and gas businesses while the DMF is assigned to explore, 

develop and manage petroleum and coal resources (Sirasoontom, 2004). The DEDE is 

responsible for research and development of renewable energy and energy conservation 

whereas the main task of EPPO is to determine measures, rules, and regulations 

concerned with the domestic energy industry. 

On the basis of the forgoing discussion, it is observed that there has been no independent 

regulatory body solely responsible for regulating the industry and balancing the interests 

of key stakeholders such as investors and consumers. In fact, the establishment of such 

regulatory agency should have preceded industry restructure and privatization. For 

example, in several countries (including Brazil, China, India, UK and USA), regulatory 

bodies were established before privatization of the public power utilities (Greacen, 

2005). In addition, it appears that the regulatory decision making of the Thai electricity 

industry was highly politically interfered. For instance, on-and-off implementation of the 

reform plan was largely based on political reasons (see Chapter 2). Importantly, despite 

the absence of an independent regulatory body, the government still planned to 

corporatize the state electric utilities (also see Chapter 2). This is viewed, by this 

research, as an example of out-of-synchronism sequence of steps undertaken to reform 

the industry. The lack of independent regulatory body, this research further argues, is a 

key factor contributing to the unaccountability, non-transparency and non-creditability 

of regulatory decisions - thus lowering the attractiveness of investment climate of the 

industry. This subsequently necessitated the provision of generous terms of PPAs that 
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pushed all risks to the customers, through unrealistic and unfair tariff structures (e.g., the 

FT mechanism) that covers all costs, even costs arising from the operational inefficiency 

and inaccurate planning, as discussed earlier in Chapter 5. 

It was nearly 16 years after the initiation of reform that the first independent regulatory 

body, namely, the Energy Regulatory Commission (ERC) was established (in 2008), 

under the Energy Industry Act (EIA) B.E. 2550 (2007). The ERC is responsible for 

regulating the energy industry operation to ensure the compliance with the objectives of 

the EIA under the policy framework of the government (EPPO, 2007a). This regulatory 

body is expected to help increase transparency, creditability, and public participation in 

the energy sector decision-making. The ERC is still in the process of establishing the 

Office of Energy Regulatory Commission (OERC) (ERC, 2009). The OERC is intended 

to support the ERC role in regulating the energy industry including the electricity and 

gas sectors. In addition to the OERC, it is noted in the EIA that EGAT, MEA, PEA, 

DMF, DEB, DEDE, EPPO, and other government agencies have the responsibility of 

providing the ERC with information pertinent to the energy industry operations 

according to the criteria, procedures, conditions and time frame specified and atmounced 

by the ERC (EPPO, 2007a). 

7.3 Electricity reform: a new reform pathway 

As discussed in Chapter 6, the EGAT' s sole control of generation and transrnission 

functions n1ay discrirninate other power producers. It may also hinder competition in 

generation - identified as a key factor for enhancing economic benefits (Hunt, 2002, 

cited in AIT, 2002). In order, therefore, to promote 'real' competition in generation, a 

separation between generation and transmission functions of EGAT is essential. In 

addition, the role of EGA T in the bidding process of new private power producers 

should be transferred to the new independent regulatory body, namely, the ERC. This 

will help to ensure that there is a fair competition for all power producers. It will also 

enhance the confidence of private power producers and encourage them to consider 

investment in the sector. This research, therefore, proposes a modified reform model for 

the Thai electricity industry, as presented in Figure 7.2. The institutional framework of 

the proposed reform model is discussed as the following. 
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Figure 7.2: Proposed reform approach for the Thai electricity supply industry 
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Energy Regulatory Commission (ERC) 

The ERC is the independent regulatory body established under the Energy Industry Act, 

to regulate the energy industry including electricity and gas. Under the reform approach 

proposed in this research, the ERC will be made responsible for regulating the Thai 

electricity industry and establishing criteria of electricity procuren1ent; licensing and 

setting conditions for issues licenses; approving power purchase agreements; organizing 

and monitoring the selection procedure to ensure fairness for all stakeholders; regulating 

the functioning and performance of the power producers; setting and reviewing 

electricity tariffs; investigating and approving development and investment plans; 

approving codes, terms and conditions for grid interconnection, system operation and 

power purchase requirements; and disputing resolution and considering appeals. The 

ERC needs to be clearly separated from the hierarchy of policy-making entity. 

Previously, regulatory decisions were performed by several government agencies. 

Regulatory oversight in several areas, such as determination of tariff structure, projection 

of future electricity demand and investment plans of the power utilities, was the 

responsibility of specific sub-conunittees appointed by government - thus allowing 

interference from the government. In order to ensure the autonomy of the ERC, the 

assurance of fixed tenure, financial autonomy and independence of human resources are 

crucial. Accordingly, this research recommends that the appointed metnbers of the ERC 

should hold positions for a fix term; the operational expenditure of the ERC be funded 

by fees charged from the licensees and a cess on electricity sales; and the regulatory 

body should have the freedom to select appropriate and adequate staff. The autonomy of 

regulatory agency is essential for creating regulatory creditability - primary factor for 

attracting long-term private investment. 

Office of Energy Regulatory Commission (OERC) 

In order for the ERC to execute its duties efficiently, the OERC- being a state agency, 

which is not considered a government agency or state-owned enterprise under law on 

budgetary procedure - is established to function as the secretariat to the ERC. At the 

time of writing, the ERC is still in the process of establishing the OERC. The OERC has 

the responsibilities for the administrative works of the ERC; receiving fees as specified 

by the law or as determined by the ERC; receiving petitions concerning the industry 

operation; studying, compiling, analyzing and disseminating information related to the 

electricity industry operation, load forecast, and other relevant information; developing 
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the revenue and expenditure estimates of the OERC for submission to the ERC for 

approval; and performing any other tasks as entrusted by the ERC (EPPO, 2007a). In 

order that the OERC staff could support effective role of ERC in regulating the 

electricity industry, this research suggests that regular training opportunities should be 

provided to the OERC staffs. In the recent years, the electricity industry in several 

countries is witnessing rapid changes in terms of market structure, industry structure and 

ownership (EGI, 2006). These changes are inevitably associated with the changes in the 

economy, technology and legislation. It is, therefore, important that adequate training 

opportunities, which covers several perspectives (i.e. technical, economic, financial, and 

legal), are provided to the staff so as to enhance their ability to understand and analyze 

such complex issues. 

EGAT Thermal and EGAT Hydro 

The structural changes would mainly result in the separation of generation and 

transmission functions of EGAT. Under the proposed reform model, the power plants of 

EGAT will be subdivided into 2 main groups, namely, EGAT Thermal and EGAT 

Hydro. This division is based on power plant type, i.e. hydro and thermal power plants. 

The EGAT hydro will comprise all hydro and other renewable power plants whereas the 

EGAT Thermal will consist of all thermal power plants of EGAT. This division would 

provide n1ore transparent competition in generation because EGAT Thermal is obliged 

to compete against other independent power producers through a competitive bidding 

process for electricity supply. For EGAT Hydro, it is expected to n1eet electricity peak 

load and also facilitate the continuity of electricity supply under contingency operation. 

This is because hydro plants begin generating electricity very quickly; thus make them 

particularly useful for responding to sudden increases in demand for electricity. Further, 

nearly 90 per cent of total hydro power plants in Thailand are small-scale hydro capacity 

(that is, less than 1 00 MW) which are unsuitable to run for long durations as base loads 

(DEDE, 2008b ). The EGAT Hydro could help maintain social, economic, and 

environn1ental benefits achieved from river basin development, for example, agricultural 

activities, flood control, and friendly-environmental electricity. Since EGAT Hydro is 

reserved for ensuring electricity supply adequacy, it is excluded from competition and 

can supply electricity to the EGAT Transrnission Corporation (ETC) without a PPA. 

Despite such a privilege, it is recommended that transfer pricing between the EGAT 

Hydro and the ETC should be made transparent. 
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Independent Power Producers (IPPs) 

To enhance competition in generation, the proposed reform model promotes the 

introduction of small-scale power plants for the IPPs (as against the current practice of 

large IPPs entry). Small-scale power plants would increase competition in generation. 

This is likely to attract more participation from domestic investors, due to more 

manageable investment requirements of small-scale power plants. 

Small Power Producers and Very Small Power Producers (SPPs & VSPPs) 

The analysis in Chapter 6 suggests that the increased share of renewable energy In 

electricity generation would provide beneficial energy, environmental, economic and 

industry performance impacts. The increased share of renewable energy would 

contribute to a considerable reduction in energy inputs for electricity production and 

especially C02 and S02 emissions while it would result in an insignificant economic loss 

in terms of jobs foregone. In addition, it would contribute to the highest productivity 

growth of the electricity industry. The proposed reform model, therefore, supports 

increased participation of the SPPs and VSPPs in electricity generation. This argument 

gains credence if one takes note of the fact that the potential of renewable energy in the 

country is quite high, due to the fact that the Thai economy is significantly agriculture-

based (see Table 6.2 in Chapter 6, p. 175). This is beneficial from several perspectives, 

for exan1ple, the utilization of agricultural and industrial wastes and residues, 

environmentally friendly electricity generation, less dependency on conventional energy 

sources and build-up of local capabilities in electricity generation. 

Power purchase from neighbouring countries 

As noted in Chapter 2, Thailand has benefited from electricity purchase from neighbours 

including Loa PDR and Malaysia. These benefits, for example, in the case of electricity 

trade with Loa PDR, have been in terms of a deferral of investment in generation 

capacity otherwise required to meet the growing demand. This has also benefited Lao 

PDR, as it was able to sell its copious electricity reserve margins. Further, the analysis in 

Chapter 6 suggests that electricity imports from neighbouring countries would also 

reduce the need to use conventional energy sources for power production. This will 

result in lower C02 and S02 emissions. The proposed reform model, therefore, includes 

electricity imports from neighbouring countries. The interconnection of electricity grids 

and power exchange, this research argues, could also provide benefits in terms of 
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regional energy integration - an attribute highly valued by the ASEAN group of 

countries. 

EGAT Transmission Corporation (ETC) 

In the proposed reform approach, the ETC will be formed from the remaining units of 

EGAT after the separation of the generation units. It will perform the role of aggregator 

and system operator. The main function of the ETC will include power purchase, system 

operation, transmission of electricity and bulk electricity supply. It will also be 

responsible for preparing the power development plans for submission to the ERC. 

Under the new approach, the ETC will purchase electricity from the IPPs, EGA T 

Thermal and neighbouring countries under long-term PPAs (20-25 years). In order to 

enhance competition where there are several sellers and buyers, the SPPs and VSPPs 

will not limit their electricity sales to only the ETC. The SPPs will sell their electricity to 

the ETC on the basis of both short-term (year-by-year) and long-term PPAs. Further, the 

SPPs will also supply electricity directly to large customers which are largely from 

industrial estates. The VSPPs will, however, sell electricity to the distribution utilities 

including the MEA and regional distributors - previously the PEA. 

Regional Distributors (RDs) 

With the aim to transfer administrative powers to the local levels, the Thai government 

adopted a policy of decentralization. This policy was included in the ih National 

Economic and Social Development Plan (1991-96), the enacted Thailand's 16th 

constitution in 1997 and the related Government Decentralization Act of 1999. In accord 

with the aim of this policy, the proposed reform model promotes a decentralization of 

electricity development planning and empowers the regions to participate in this 

development. Accordingly, this research suggests the disaggregation of the PEA into 

four Regional Distributors (RDs) including North, North-eastern, Central and Southern. 

This would help deliver coordinated services to the customers, promote local resource 

mobilization, and increase the responsiveness of public investment to local popular 

demand (Emorut, 2006 cited in Okidi and Guloba, 2006). 

The proposed reform approach (as outlined above), this research contends, would 

overcome some of the weaknesses of the existing reform model and improve its efficacy. 

This contention is based on the following arguments: 
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• The proposed model will help ensure fair and transparent competition for all power 

producers, enhance the confidence of private producers, and encourage domestic 

investors to consider investment in the industry. 

• As a consequence of the above, the terms of PP As that currently appear to protect 

solely the private investor's interest, can be revised in order to improve the 

effectiveness of the agreement, in perspective of balancing interests of consumers, 

investors, and other stakeholders. For example, as previously discussed in Chapter 

5, some of the PPA terms (i.e., a fixed rate of return on investments and risk burden 

on consumers) has hindered the enhancement of the industry performance and also 

has contributed to the unfair tariff structure. A revision of such terms will help 

create an incentive for performance enhancement and also help establish an efficient 

and equitable tariff structure. 

• The increased participation of the SPPs and VSPPs that generate electricity from 

non-conventional energy sources will support the development of decentralized 

electricity generation which is consistent with the govermnent' s policy of 

decentralization. Since much of the agricultural activities are in the countryside, 

electricity generation will be distributed more to the regions under the proposed 

reform model. The distributed generation entails benefits to the electricity syste1n in 

terms of deferral of transmission network upgrades and expansion, decongestion and 

improved local reliability. 

7.4 Further discussion on the proposed reform pathway 

The implementation of the proposed reform model will undoubtedly raise some 

challenges. These challenges include the disaggregation of EGAT, the promotion of 

increased participation of the SPPs and VSPPs, and the transparency and autonomy of 

the regulatory body. 

7.4.1 EGAT disaggregation 

The disaggregation of EGAT will result in the reorganization of EGAT structure. In fact, 

it is widely acknowledged that a separation between the generation and transmission 

activities would help ensure that there is a fair and transparent competition for all power 

producers. This, however, needs to be cautiously considered when viewed in the context 
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of the Thai electricity industry. As previously discussed in Chapter 2, EGAT has played 

an influential role in the Thai electricity industry. A recommendation of any change in 

its organizational structure should be made by a consensus of government, independent 

regulatory body (ERC) and especially EGAT itself. It is, therefore, important that there 

should be a discussion on how the generation and transmission activities are unbundled 

and what the degree of such unbundling to be implemented in the case of EGAT. There 

are four forms of unbundling classified by the degree of separation. These include 

(Koten and Ortmann, 2007): 

1. Accounting unbundling - the least drastic form of unbundling - is a separation of 

accounts between transmission and generation activities in order to prevent cross 

subsidization; 

11. Functional unbundling requires, In addition to keeping separate accounts, a 

separation of operation and management between generation and transmission 

activities; 

111. Legal unbundling requires that transmission and generation be put in separate legal 

entities; 

IV. Ownership unbundling is a complete form of unbundling. Generation and 

transmission businesses have to be owned by independent entities. 

Among the unbundling fom1s noted above, EGAT has already implemented the 

accounting unbundling for its three business groups including generation, transrnission, 

and other businesses since 2006 (Visampat and Vanapongrungrueng, 2008). Under these 

arrangements, EGA T is required to publish separate balance sheets, and profit and loss 

accounts for each of its activities. At the time of writing, the ERC has been developing a 

detailed description of future organizational arrangements of the Thai electricity industry 

(ERC, 2009). This description focuses particularly on structural organization of EGAT 

in view of implementing further unbundling in order to promote more competitive 

environment for electricity market. 

Against the above backdrop, this research recommends that a further step towards 

ownership unbundling of the generation and transmission activities would be most 

effective to ensure non-discriminatory access to all power producers. It is, however, 

important to note that all new EGAT entities (i.e., EGAT Thermal, EGAT Hydro, and 



223 

EGAT Transmission Corporation) will remain In state ownership. This transition IS 

likely to be acceptable by both the ERC and EGAT staffs. This is due to the following 

reasons. 

• While this transition ensures that there is a fair and transparent competition In 

generation, it retains in state ownership for all previous EGA T businesses and, in 

particular, it preserves jobs, benefits, seniority and pensions of EGAT staffs. 

• Under such stringent (ownership) unbundling, light regulation will be required in 

order for preventing monopolistic behaviour and hence will require a small number 

of regulatory staff (Kiinneke and Fens, 2005). 

• The full unbundling will also help prevent the transformation of the existing public 

n1onopoly into a private monopoly- a key concern ofEGAT union. 

This research further suggests that in order to successfully implement the unbundling of 

EGAT businesses, there is still a need to develop an essential hierarchy of the 

implementation which is as follows: 

1. The next step for the unbundling process should be a functional unbundling 

because the accounting unbundling has already been implemented since 2006. A 

separation of operation and management will be a long process in order to allow 

EGAT staffs to understand and address concerns arising from the implementation 

of a full separation, and importantly, to have the time to acquire the knowledge on 

how they will perform their new jobs. During this step, the ERC can organize a 

stakeholder workshop on the implementation of full unbundling. Following the 

workshop, the ERC can evaluate all comments received at the workshop and revise 

the process as appropriate with a view to develop a consensus on further 

unbundling. In addition to workshop organization task, the ERC also has the 

responsibility of disseminating information on the process of unbundling. 

It. In case that the deliberations at the workshop are able to achieve a consensus on 

further unbundling, there will be a separation of generation and transmission 

functions into a separate legal entity. This stage will formalize the separation of the 

combined national generation and transmission utility (i.e. EGAT) to newly-

formed, legal generation and transmission entities. The transmission entity will be 
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solely responsible for operation of the grid in order that there IS fair and non-

discriminatory access to all generation producers. 

IlL Finally, the separate legal generation and transmission entities will be owned by 

the independent public entities. 

7 .4.2 Promotion of the SPPs and VSPPs participation 

As previously discussed in Section 7.3, the adoption of renewable energy In the 

electricity generation is favourable for the Thai electricity supply industry. Accordingly, 

the increased participation of the SPPs and VSPPs which generate electricity from non-

conventional energy sources are attractive for electricity development planning in 

Thailand. This, however, loses appeal if one takes into consideration of the fact that the 

renewable energy lacks its potential in terms of commercial viability, as compared with 

the conventional energy sources. In this respect, it is the government that has the 

authority to establish stringent measures for redressing this problem. So far, the Thai 

government has successfully initiated measures to help improve the commercial viability 

of the renewable energy. These measures included pricing subsidy (known as Adder 

Provision21
) and financial incentives through investment subsidy and soft loans 

provision (Amaranand, 2007). 

Despite the favourable existing policies for supporting renewable energy, there is still a 

need for developing the local manufacturing capability and market for rene\vable energy. 

Since Thailand is an agricultural-based country, it has a large amount of agricultural 

residues and wastes such as rice husks, bagasse, biogas and municipal wastes. 

Furthermore, the agricultural activities of the country are mostly in the countryside. In 

order to fully utilize these agricultural residues and wastes as well as to benefit the rural 

economy, the Thai government should take a leading role in facilitating such 

development. This includes: 

• The distribution of the information and benefits of the renewable energy resources 

among key actors including local communities and financial institutions. The local 

communities would know how to generate extra income from their agricultural 

21 
The Adder Provision is an additional energy purchasing price on top of the nonnal prices that power 

producers will receive when selling electricity to the power utilities. The amount of adders varies 
depending on the types of renewable energy being used. (more details is provided in Ruangrong, 2008) 
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residues and wastes. The financial institutions would gain better understanding of 

the renewable energy and recognize its high potential in Thailand and willing to 

provide financing to potential local investors; and 

• The undertaking of research and development on the appropriate technologies for 

power generation from each type of potential domestic renewable energy sources. 

This would help enhance the efficient utilization of the local energy resources and, 

importantly, establish the country-specific energy innovation. 

7 .4.3 Transparency and autonomy of the regulatory body 

To ensure good governance, the regulatory accountability, transparency and autonomy 

are crucial. As discussed in Section 7 .2.3, the regulatory decision making of the Thai 

electricity industry is highly politically motivated. This raises concerns with regard to 

transparency, autonomy and accountability. In order to prevent the intervention by 

political and interest groups, this research suggests the transparency of the selection 

process and the autonomy of the regulatory body. 

Regarding the transparency of the selection process of the ERC, the members of the 

ERC should be selected through a well-defined and independent procedure; the selection 

process should be transparent in view of making public the background of short-listed 

candidates; and the legal instruments specify varying terms of the ERC rnembers (i.e. 

different members should retire different times in order to avoid the occurrence of all 

members being designated during the tenure of the same government). 

With respect to the autonomy of the regulatory body, the ERC should have sufficient 

legal authority and substantive function; the members of ERC should be appointed on 

fixed terms with limitations on government's influences to dismiss them; the ERC 

should be independently funded fron1 the government budget allocation (i.e. through a 

small surcharge on the electricity bills or a levy on power producers' revenues); and the 

regulatory body should have its own staffs and have freedom to select appropriate and 

adequate staffs. 
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7.5 Summary and conclusions 

The major findings of this chapter are as follows: 

• A review of the existing industry structure suggests that EGA T plays an influential 

role in decision making process of the industry (i.e., system development planning 

and bidding process of new power producers), and that there is a strong link 

between generation and transmission functions of EGA T. This could hinder fair and 

transparent competition in generation because while EGA T is responsible for the 

bidding process, its subsidiary is one of the competitors submitting a bid for 

obtaining a license for power generation. In addition, due to the fact that the IPP 

program was originally designed for large-scale power development (as previously 

discussed in Chapter 2), the selection process of new IPPs is biased in favour of 

large-scale power plant. This reduces the number of bidders and further limits 

competition. Such organizational structure, therefore, dims the attractiveness of the 

investment climate of the Thai electricity industry and also lowers incentives for 

domestic investors, due to the capital intensiveness of large-scale power plants 

• The introduction of private power producers in generation segment resulted in the 

public/private ownership of the Thai electricity industry. This introduction 

contributed to the increased share of private generation companies in supplying 

electricity. Much of the increase is contributed by IPPs, for example, over the period 

2000- 2007, IPPs constituted nearly 40 per cent of electricity generation, and SPPs 

accounted for 10 per cent. Despite its higher share in electricity generation, much of 

the IPP activity is concentrated in seven companies, nearly one-tenth of the number 

of SPPs. This is due to the government's preference for large-scale power plants. 

Such preference could lead to the formation of a cartel by the IPPs which may have 

a negative impact on electricity customers, for example, overestimated contract 

prices as consequential high tariffs, as previously discussed in Section 5.3 .3. 

• With respect to the industry regulation, it appears that prior to the implementation of 

reform program, the regulatory arrangements of the Thai electricity industry were 

rather complex, typified by a multiplicity of institutional involvement. For example, 

the industry was centrally operated and planned by the three state electric utilities 

under the supervision of several government agencies. There had been no 
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independent regulatory body until nearly sixteen years after the initiation of 

electricity reform. It is observed that the regulatory decision making of the Thai 

electricity industry has been highly politically interfered. For instance, on-and-off 

implementation of reform plan was largely based on political reasons (see Chapter 

2). The lack of independent regulatory body is a key factor contributing to the 

unaccountability, non-transparency and non-creditability of regulatory decisions -

thus lowering the attractiveness of investment climate of the industry. This 

subsequently necessitated the provision of generous terms of PPAs that pushed all 

risks to the customers, through unrealistic and unfair tariff structures (e.g., the FT 

mechanism) that covers all costs, even costs arising from the operational 

inefficiency and inaccurate planning, as discussed earlier in Chapter 5. 

• In order to overcome son1e of the weaknesses of the current reform model, this 

research proposes the following: 

1. A separation of the generation and transmission functions of EGA T is essential 

in order to promote ' real' competition. 

11. The transfer of the responsibility of organizing the bidding procedure and 

awarding licenses to power producers to the ERC. As such, EGA T should have 

no role to play in the bidding process. 

111. The increased legal and administrative authority of the independent regulatory 

body that provides sufficient mandates to prevent the intervention by political 

and interest groups. 

IV. The promotion of the introduction of small-scale power plants for the IPPs 

helps increase competition in generation. This is likely to attract more 

participation from domestic investors, due to more manageable investment 

requirements of small-scale power plants. 

v. The argument relating to increased participation of the SPPs and VSPPs gains 

credence if one takes note of the fact that the potential for renewable energy in 

the country is quite high, due to the fact that the Thai economy is significantly 

agriculture-based. 
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v1. The disaggregation of PEA into four regional distributors promotes a 

decentralization of electricity development planning and empowers the regions 

to participate in this development. This promotion is consistent with the 

national policy of decentralization. 

• The proposed reform approach, this research contends, has several merits. Firstly, 

the model will help ensure fair and transparent competition for all power producers 

and enhance the confidence of private producers. As a result of this, the terms of 

PP As that currently appear to protect solely the private investor's interest, can be 

revised in order to improve the effectiveness of the agreement, in perspective of 

balancing interests of customers, investors, and other stakeholders. Secondly, 

increased participation of SPPs and VSPPs that generate electricity from non-

conventional energy sources will support the development of decentralized 

electricity generation which IS consistent with the national policy of 

decentralization. The distributed generation will benefits the electricity system in 

terms of deferral of transmission network upgrades and expansion, decongestion and 

improved local reliability. 

• The implernentation of the proposed reforn1 approach will undoubtedly raise some 

challenges. These challenges include the disaggregation of EGAT, the promotion of 

increased participation of the SPPs and VSPPs which generate electricity from 

renewable sources, and the transparency and autonomy of the independent 

regulatory body. 

• The disaggregation of EGA T will result in the reorganization of EGA T structure. In 

order to ensure that there is a fair and transparent competition in generation, a 

separation between generation and transmission functions of EGA T is essential. 

This argument, however, needs to be cautiously considered if one takes note of the 

fact that EGAT has played an influential role in the Thai electricity industry since its 

establishment. Therefore, a recommendation of any change in its organizational 

structure has to be made by a consensus of government, ERC and especially EGAT 

itself. It appears that accounting unbundling has already been implemented since 

2006 and further forms of unbundling (e.g., functional, legal, and ownership) are 

currently under the consideration of ERC. 
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• Based on the foregoing discussion, this research recommends that a further step 

towards ownership unbundling of the two activities would be most effective to 

ensure non-discriminatory access to all power producers. It is, however, important 

to note that all new EGA T entities will remain in state ownership. This transition is 

likely to be acceptable by both the ERC and EGAT staff. This is because of the 

following reasons: i) while this transition ensures that there is a fair and transparent 

competition in generation, it retains the state ownership for all previous EGAT 

businesses and, in particular, it preserves jobs, benefits, seniority and pensions of 

EGAT staff; ii) under such a stringent (ownership) unbundling, a light regulation 

will be required in order to prevent monopolistic behaviour and hence will require a 

small number of regulatory staff; iii) such an unbundling will also help prevent the 

transformation of the existing public monopoly into a private monopoly - a key 

concern ofEGAT union. 

• The proposed reform model will face difficulties in promoting the increased 

participation by the SPPs and VSPPs. This is because of the fact that renewable 

energy is currently commercially unviable in Thailand. In order to help improve its 

commercial viability, the government has implemented several measures including 

pricing subsidy, and financial incentives through investment subsidy and soft loans 

provision. In addition to the existing measures, this research suggests the 

development of local manufacturing capability and market for renewable energy. 

The Thai government should take a leading role in facilitating such development in 

order to fully utilize the agricultural residues and wastes as well as to benefit the 

rural economy. This includes the distribution of the information and benefits of the 

renewable energy resources among key actors (i.e., local communities and financial 

institutions) and the undertaking of research and development on the appropriate 

technologies for power generation from each type of potential domestic renewable 

energy sources. 

• The reform approach proposed by this research will fail to provide a robust pathway 

as expected if the independent regulatory body lacks in transparency and autonomy. 

It is evident that the regulatory decision making of the Thai electricity industry is 

characterized by political and other interest group interference. In order to prevent 

this interference, this research suggests that steps be taken to ensure the autonomy 
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of the regulatory body and transparency of the selection process. To guarantee the 

regulatory autonomy, the members of ERC should hold position for a fixed term; 

the operational expenditure of ERC be funded by fees charged from the licensees 

and a cess on electricity sales; and that the ERC should have the freedom to select 

appropriate and adequate staff. To ensure the transparency of selection process, the 

ERC members should be selected through a well-defined and independent 

procedure; the selection process should be transparent in view of making public the 

background of short-listed candidates; and the legal instruments specify varying 

terms of the ERC members. 
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This research has developed a comprehensive analysis of the various facets of the Thai 

electricity industry and its ongoing reform. This analysis includes historical review of 

the Thai electricity industry; examination of the performance of the Thai electricity 

supply industry; assessment of the economy-wide impacts of the Thai electricity reform; 

identification of the disparity between the expectations from electricity reform and its 

actual outcomes; analysis of how the efficacy of the Thai electricity reform could be 

improved; and recotnmendation of a refotm pathway that would help improve the 

efficacy of the Thai electricity reform. 

A summary of the major findings of the comprehensive analysis is provided as follows. 

Rationale for electricity reform 

The historical evolution of the Thai electricity industry was reviewed in order to analyze 

the forces that have influenced and shaped the industry. The review showed that: 

• In the early years (1884--1949), there were no common standards for electricity 

systems - especially the extent to which electricity would be generated in large 

power plants or by small decentralized systems. The organizational structure of the 

Thai electricity industry was fragmented; there was a decentralized control of the 

regionaVindividual power plants. Further, the ownership of the industry was diverse 

with more than 200 separate small cooperative, municipal or privately-owned 

utilities. The regulation was unspecified and hence electricity prices varied across 

regions and customers. 

• The period 1950-1979 was evolutionary for the Thai economy and, by implication, 

its electricity industry. Over this period, the international agencies and aid programs 

began to play an influential role in the development of the Thai economy. The 
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setting up of central economic plan, recommended by the World Bank, made 

significant contributions in terms of initiating an era of economic development in 

Thailand. This development resulted in the creation of a vertically integrated public 

electricity monopoly. In fact, this creation was influenced by several factors. One 

primary factor was the recommendation from the World Bank; such an industry 

structure, it is argued by some, was one of the conditions for future loans for sector 

development. The viewpoint of the government that saw electrification as key 

vehicle of state-led development, in terms of its central role in promoting 

industrialization and raising living standards, also contributed to this creation. This 

point of view led to a rapid expansion of the organizational structures of the three 

power utilities, and also made them politically powerful. 

• In the foundation for privatization period ( 1980- 1989), several internal and external 

factors influenced the further development of the industry and laid the foundations 

for privatization. One major factor was high public sector debt owed by the 

electricity industry because of the oil price shocks of the 1970s. This led Thailand to 

undertake a comprehensive economic adjustment program including the 

privatization of the electricity industry. The other important factor was the re-

emergence of neo-liberal policies which transformed the role of the international 

financial agencies. The rapid economic expansion which subsequently resulted in 

rapid increase in electricity demand was the other factor which gave the impetus for 

allowing private sector participation in electricity generation. Then, there was the 

emergence of n1arket-oriented politicians who not only adopted the ideology of free 

market but saw privatization as a way of attracting private investment to help reduce 

financial debts. 

• One can also make an observation on the political power wielded by the state 

electric utilities that enabled them to control the privatization process. The period 

1980-1989 witnessed a fierce opposition from these powerful utilities to the 

privatization policy. Any plans for privatization accordingly engendered protests by 

these utilities. Such protests were often supported by other labour unions. This was a 

significant factor in the failure of the government to privatize the electricity 

industry. 
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• During the period 1990-1997, the first steps of electricity reform in Thailand 

appeared in the form of the IPP and SPP programs. A rapid economic expansion 

during the 1980s created electricity capacity shortages. This coincided with the shift 

in the policy of external donor agencies that pushed Thailand to seek private 

investments in order to meet the sharp increase in electricity needs. This situation 

occurred at a time when there was a surplus of private capital searching for 

investments with high rates of return. This led to the rise of the IPP program. This 

period also saw the initiation of changes in the structural and other arrangements for 

the Thai electricity industry, namely, from a vertically-integrated monopoly to a 

single buyer structure. The rise of NEPO was also an important change in the 

institutional evolution of the electricity industry. 

• Over the period 1998-2008, pressures to further reform the industry continued 

despite the alleviation of electricity shortages by the IPP and SPP programs. The 

Asian financial crisis of 1997/98 was the main catalyst for the introduction of a 

market-oriented reform program in Thailand. This demonstrates the dominant role 

played by the international agencies in influencing the evolution of the industry. The 

establishment of MOE, during the Thaksin governrnent, led to a decrease in the 

influence ofNEPO and this implicitly signaled to the external agencies that the free 

market principles \Vould no longer be popular in Thailand. The idea of creating a 

competitive market for electricity was replaced by building EGA T as a National 

Champion. The notions of choice and competition were therefore relegated to the 

background and increasing attention was focused instead on the privatization of the 

industry. 

The historical review revealed that the international capital and ideology, economic 

considerations, political factors, institutions, actors and their interests were significant 

factors that constitute the rationale for electricity reform in Thailand. For example, one 

major influence behind electricity reform was the pressures exerted by the international 

financial institutions (i.e. IMF, World Bank) while another significant influence arose in 

the context of major economic crises (i.e. the Asian financial crisis of 1997 /98). The 

domestic forces were also important. The process of democratization led to the 

emergence of new liberal business leaders; therefore, the political ideology changed in 

favour of the market. In addition, allegation by some that self-interest by the ruling elites 
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was also a significant behind electricity privatization. Some of the business-oriented 

politicians with dual roles - as citizens' representatives and as executive directors of 

companies -played a part in promoting the privatization of the industry. 

Performance of the electricity industry 

In Thailand, the question of industry performance is the prime purported rationale for 

initiating electricity reform. However, it appears that there is currently no comprehensive 

analysis of the performance of the Thai electricity industry and, equally importantly, of 

the impacts of electricity reform on the performance of the industry. Such an analysis, 

this research contends, would enable an assessment to be made of the veracity of the 

argument that electricity reform will improve the performance of the electricity industry. 

In addition, it could provide deeper insights into the workings of the industry and assist 

with the identification of areas where such an irnprovement in performance might indeed 

be possible. This research, therefore, provided a comprehensive analysis on the industry 

performance and the influence of reform on such performance. It analyzed the 

performance of the Thai electricity industry - at an aggregate level as well as for each 

segn1ent of the industry (i.e. generation, transmission and distribution) - for the period 

1980-2006. The analysis revealed that: 

• There was in fact an increase in the total factor productivity (TFP) of the Thai 

electricity industry over the period 1980- 2006. This productivity growth, however, 

was mainly driven by technological improvements and that the technical efficiency 

has made insignificant contribution to the overall productivity. Further, the technical 

progress over this period was mainly due to substantial investments made in the 

electricity infrastructure, not electricity reform per se. In contrast, the declining 

trend in technical efficiency was influenced by several factors. These include: 

1. The introduction of the IPP and SPP programs in 1992, and the partial 

privatization of EGAT's subsidiary in 1995. These resulted in a significant 

reduction in the professional workforce due mainly to the transfer of EGAT's 

employees to the privatized subsidiary companies of EGAT. This reduction 

seems to have contributed to the decrease in efficiency, thus contradicting the 

argument of the proponents of electricity reform that the industry was 

overstaffed and that contributed to the industry's inefficiency. 
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11. Another factor was the Asian financial crisis of 1997/8. This crisis resulted in a 

reduction in electricity demand during the period 1997-1998 while the 

electricity generation by IPPs continued to increase over this period due to the 

already signed Power Purchase Agreements (PPAs ). This created a situation of 

excess generation capacity and a high reserve margin. 

111. The absence of the independent regulatory body, particularly during the 

introduction of the IPP and SPP programs, appeared to have contributed to a 

decline in industry efficiency. This is so because the regulation for the PPAs 

focused solely on protecting the investors' interest in order to ensure adequate 

investments. Under such regulation, for example, the incumbent utilities were 

obliged to purchase a minimum amount of electricity from the IPPs, irrespective 

of demand. This undoubtedly adversely impacted the industry efficiency, 

especially in the backdrop of economic crisis as noted above. 

tv. The privatization program was also a major factor. This program resulted in 

decreased job security and hence lowering of staff working incentives. In 

addition, the fierce opposition by the labour unions took the form of protests, 

and the time lost due to these protests further affected their performance. 

• The introduction of the IPPs and SPPs had negatively impacted the performance of 

the electricity industry. This inference gains support if one considers the fact that 

the rate of growth in productivity of the entire industry (including the IPPs and 

SPPs) was lower than that of the industry comprising only the electric utilities 

(EGAT, MEA and PEA). Further, this introduction did not result in any 

improvement in the technical efficiency of the industry. Consequently, the argument 

that electricity reform would improve the industry performance is untenable. 

• The introduction of the IPPs and SPPs has had a relatively modest effect on the 

environment. This is due to the government's policy to control the electricity 

generation of the IPPs and SPPs from environn1ental detrimental fuels. Over the 

period 1995- 2006, more than 80 per cent of IPP and SPP generation capacity was 

based on natural gas and this increased the share of natural gas in the country's fuel 

mix for power generation from 41 per cent in 1995, to 70 per cent in 2006. Even 

though this introduction contributed to an increase in the share of a less 
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environmental detrimental fuel (i.e., natural gas), this trend is unlikely to sustain in 

the near future due to increased emphasis being placed on the use of imported coal 

by private producers in the Power Development Plan (PDP) 2007. 

• The performance of EGA T showed high growth in terms of both TFP and technical 

change. The technical efficiency, however, initially improved, but was followed a 

declining trend. This is a similar to the trend for the electricity industry comprising 

electricity utilities only. This research, therefore, concludes that the performance of 

EGAT has a major influence on the performance of the entire Thai electricity 

industry. It is, therefore, essential to gain a deeper understanding about the 

dynamics of the performance of EGAT, in order to devise ways to achieve any 

improvement in the performance of the whole industry. 

• The electric distribution utilities (PEA and MEA) have performed efficiently. The 

network losses have been rather low (average about 4.4-6.5 per cent of net 

electricity purchase). Further, the efficient performance of these two distribution 

utilities reinforces the conclusion drawn earlier, namely, that EGAT's performance 

is critical for the overall performance of the Thai electricity industry. 

In summary, the analysis suggested that the electricity reform did not contribute to any 

noticeable improvement in the industry ' s performance. Whatever improvements are 

observed are due to the technological advancement. Further, this conclusion calls into 

question the often cited rationale for reform, namely, that such reform will improve the 

performance of the electricity industry. 

Economy-wide impacts of electricity reform 

The economy-wide impacts of electricity reform are assessed in order to examine the 

question of how has the electricity reform impacted the wider economy. An examination 

of this question is essential because it constitutes a major argument for reform, namely, 

that electricity reform will provide economy-wide benefits. As previously mentioned in 

Chapter 2, the main early step of the electricity reform program was the introduction of 

the privately-owned IPPs and SPPs. This research, therefore, assessed the economy-wide 

impacts of these private power producers and the state generating utility (EGAT) for the 

period 1985-2005. The economy-wide impacts, in context of this research, include 

energy, environmental, economic and social. A summary of key findings is as follows: 
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Energy impacts 

• The introduction of the IPPs and SPPs seems to have contributed to a lessening of 

energy diversity and hence a worsening of the security of energy supply. In addition, 

the electricity reserve margin substantially increased above the recommended level. 

One may claim that a decline in overall energy import dependency (from 55 per cent 

in 1985, to 33 per cent in 2005) could enhance energy security. This claim, 

however, appears weak of one considers the fact that the shift in the source of 

energy import from A SEAN to Middle-East countries has perceptibly decreased the 

energy security due to the ongoing political volatility of the Middle-East region. 

• The impact of the participation of IPPs and SPPs on the energy intensiveness of the 

electricity industry is insignificant. Both the public and private power producers 

displayed broadly equal energy intensities. This is due to their comparatively 

equivalent performances in terms of energy efficiency. For example, in 2005, the 

average generation efficiencies of combined-cycle power plants were 44 and 45 per 

cent, respectively, for EGAT and private producers. 

Environmental impacts 

• The IPPs and SPPs have had a relatively modest effect on the environment. Over the 

1995-2005, the private power producers accounted for less than 40 per cent of total 

C02, and 15 per cent of S02, emissions from the electricity sector. Further, the IPPs 

and SPPs have been less C02 and S02 intensive than the state generating utility 

(EGAT) over this period. The dominant share of less polluting fuel source (i.e. 

natural gas) in the fuel mix of the private producers was responsible for less 

emissions and lower intensities of C02 and S02 as compared with the state utility. 

• Despite the fact that the IPPs and SPPs have contributed to an increase in the shares 

of less environmental detrimental fuel (i.e. natural gas), this trend is unlikely to 

sustain in the long term due to the greater role of coal in the private producer's fuel 

mix in the near future. The introduction of coal-fired plants by the IPPs in 2006 

contributed to an increase in the share of coal in electricity production from a 

negligible amount, to nearly 16 per cent in 2006 (DEDE, 2008b ). In addition, two 

more coal-based projects have already been planned for the period 2011-2014 
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(EPPO, 2009). This would further increase the environmental pollution and hence 

adversely impact the environment. 

Economic impacts 

• The IPPs and SPPs have had a negative impact on the output of the Thai economy. 

Over the period, 2000-2005, the private power producers had lower output 

multiplier - a factor that indicates the capacity to generate the output of the 

economy- than the state generating utility. 

• The private power producers have had a beneficial impact on household income 

generation. The IPPs and SPPs had more capacity to generate household income 

than the state generating utility. Over the period 1995-2005, the income multipliers 

of the private producers were higher than those of the public producers. 

• The participation of the IPPs and SPPs in the electricity sector has had a negative 

price impact on the wider economy. For example, in 2005, a 10 per cent increase in 

electricity tariff by the combined-cycle plants owned by the private producers (CC-

I) resulted in an increase in economy-wide price impacts of 0.25 per cent- highest 

as compared with other power producers. 

• In addition, it is important to note that the economy-wide price impacts of the 

private producers have continuously increased since their entry. For example, the 

price impacts of a 10 per cent increase in electricity tariff by the CC-I sector 

increased from 0.05 per cent in 1995, to 0.25 per cent in 2005 - a four-fold increase 

over the period 1995-2005. This raises concerns about the potential price impacts of 

allowing more private sector participation in supplying electricity and hence 

signifies a need to establish a comprehensive framework of price regulation for the 

private sectors. 

Social impacts 

• The private sector involvement in the electricity sector did not provide to any 

noticeable employment benefits. Over the period 1985-2005, the private power 

producers had lower employment multipliers - a factor that indicates the capacity to 

generate employment- than the public producers. In fact, there was a decline in job 

creation over the period 1985-2005. This is due to the switch of the industry from 

labour-intensive to technology-intensive. 
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• Interestingly, both the public and private power producers have had a higher 

increase in average earnings among all sectors in the Thai economy. It is observed 

that, over the period 1985-2005, both public and private producers had low 

employment multipliers but rather high income multipliers as compared with other 

sectors of the economy. This indicates that an increase in final demand for the 

output of these sectors has a proportionally greater impact on income than 

employment, and, therefore, results in a relatively high increase in average earnings. 

In short, this research concludes that the introduction of the IPPs and SPPs did not 

provide any noticeable economy-wide benefits. This conclusion reinforces the analysis 

presented in Chapter 3, demonstrating that electricity reform did not contribute to any 

improvement in the industry's performance; hence one can also infer that such reform 

would not result in any appreciable benefits to the wider economy. 

Disparity between the expected and actual outcomes of electricity reform 

An assessment of the impacts of electricity reform on the industry performance and the 

wider economy suggested that there is a significant disparity between the expectations 

from electricity reform and its actual outcomes. This research, therefore, developed a 

focused perspective on such disparity. This focus would enable the understanding of the 

reasons behind the disparity. In order to identify the disparity, this research quantified 

the expected and actual outcomes in term of certain indicators. These indicators include 

the productivity and efficiency of the industry, level of private investment, cost of 

electricity production, electricity retail tariffs, employment, and consumer choice. 

The analysis revealed that electricity reform largely failed to achieve the reform 

objectives. For example, electricity reform was introduced with the main objectives of 

improving the industry performance, attracting private investments, reducing cost of 

electricity generation, and lower electricity tariffs. It, however, appears that reform has 

negatively impacted the performance of the industry. Further, the electricity generation 

cost and electricity tariffs have increased since the onset of reform. One may claim that 

electricity reform still yielded a desirable outcome in terms of attracting adequate private 

investment for the estimated needs. This claim, however, appeared weak if one takes 

note of the fact that the key factor contributing to such an increase in investments was 

the rather generous terms of Power Purchase Agreements (PP As). These include 'take or 
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be sustainable in the long term because this interim structure does not change 

the traditional model of governance. 

IV. The regulatory arrangement of the power industry is rather complex, typified by 

a multiplicity of institutional involvement. There is no regulatory authority 

solely responsible for regulating the electricity industry even sixteen years after 

the initiation of electricity reform. This has contributed to regulatory 

unaccountability, non-credibility and non-transparency which have directly 

resulted in the lowering of the investor's confidence. 

• The sequence of steps undertaken to reform the electricity industry in Thailand was 

somewhat out of synchronism. For example, the establishment of strong, credible, 

and independent body should have preceded industry restructure and privatization. It 

seems, however, that the whole program was focused narrowly on industry 

privatization. Since the introduction of electricity refonn, efforts to privatize the 

industry were made several times. The lack of independent regulatory authority 

weakened the regulatory capacity for monitoring and regulating power market. In 

fact, the need for an independent, autonomous regulatory body operating under 

transparent processes is much stronger when private sector participates in electricity 

n1arket than where the electricity supply is under state ownership. 

Efficacy of electricity refornt 

The discussion on the disparity between the expected and actual outcomes of electricity 

reform revealed that the electricity reform seems to have largely failed to achieve the 

reform objectives. Clearly, the existing reform model would continue to deteriorate the 

future industry performance and hinder long term socio-economic prosperity. This 

research, therefore, proposes alternative models with a view to identify the remedies that 

might be needed in order to improve the efficacy of the reform program. This research 

has developed three alternative models, namely, the PDP, IPP and Green Energy (GE) 

scenarios. The PDP scenario is based on the assumptions that reflect actual plans and 

forecasts by EGA T and the Ministry of Energy. The two scenarios (IPP and GE 

scenarios) are primarily intended to help reduce the role of EGAT in electricity 

generation. In the IPP scenano, the share of the IPPs in generation Increases. 

Consequently, the IPPs become the dominant power producers. The GE scenario, 

however, promotes SPPs which generate electricity from renewable sources. This 
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scenario also envisages import of hydroelectricity from the neighbouring countries. In 

order to recommend the alternative which accords with the country's realities and 

priorities, the PDP, IPP and GE scenarios were assessed their likely impacts on the 

industry performance and the wider economy for the period 2010-2020. In this research, 

the likely impacts were assessed in terms of energy, environmental, economic, social, 

and industry performance. A summary of key findings is as follows: 

Energy impacts 

• In comparison with other scenarios, the GE scenario would provide benefits in terms 

of a lessening of energy inputs for power production and improving the security of 

energy supply. In order to meet the increasing electricity demand, the energy inputs 

for electricity generation in the GE scenario would be 19.3 per cent and 28.3 per 

cent less than those in the case of PDP and IPP scenarios. Further, the GE and IPP 

scenarios would contribute to a gain in energy diversity, as compared to the PDP 

scenario. In addition to the above benefits, the promotion of the use of agricultural 

wastes (i .e. rice husk, bagasse) in electricity generation, in the case of GE scenario, 

is appreciably beneficial for Thailand - an agricultural-based country. 

Environmental impacts 

• In recognition of emerging environmental concerns, the GE scenario would be a 

relatively attractive approach in terms of generating less C02 and S02 emissions as 

compared to the PDP and IPP scenarios. In 2020, total C02 emissions in the GE 

scenario would be 12 and 18 per cent less than those in the PDP and IPP scenarios 

respectively. And, total S02 etnissions in the case of GE scenario would be lower 

than in the emissions in the PDP and IPP scenarios by 25 per cent and 45 per cent 

respectively. It is even more interesting if one takes note of the fact that there will be 

a substantial reduction in the electricity sector's C02 and S02 emissions in the GE 

scenario - in comparison with the PDP and IPP scenarios. In the GE scenario, the 

C02 emissions from electricity generation in 2020 would be lower by 34 and 46 per 

cent, as compared with the PDP and IPP scenarios. The S02 emissions in the GE 

scenario in 2020 are expected to be 64 and 81 per cent lower than those in the PDP 

and IPP scenarios respectively. 
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Economic impacts 

• The alternative scenarios (IPP and GE) would not result in any significant overall 

econon1ic impacts. In 2020, the net economic losses would be 35 billion baht (that 

is, only 0.22 per cent of GDP) for the IPP scenario, and 31 billion baht (only 0.20 

per cent of GDP) for the GE scenario. This suggests that the GE scenario gains more 

credence if one considers the fact that adopting this scenario would contribute to an 

insignificant net economic loss, even while it would lead to a significant reduction 

in energy inputs for electricity generation and especially C02 and S02 emissions. 

Social impacts 

• The alternative scenarios (IPP and GE) would result in a marginal reduction in the 

level of employment, as compared with jobs created in PDP scenario. In 2020, the 

jobs created in the IPP and GE scenarios would be lower by 0.008 per cent (3 ,000 

persons) and 0.066 per cent (29,000 persons) respectively - in comparison with the 

ernployment level in the PDP scenario. 

Industry performance impacts 

• Over the period 2010- 2020, the GE scenario would result in 22 per cent TFP growth 

- highest among the three scenarios. This is the combined effect of two factors, 

namely, energy inputs for electricity generation and number of jobs created in the 

electricity sector. In comparison with the PDP and IPP scenarios, the GE scenario 

would require least energy inputs for electricity generation. In addition, in order to 

generating electricity for the estimated needs, this scenario would also need 

minimum number of employees in the electricity sector. 

The forgoing summary suggests that the GE scenario would be an attractive alternative 

for Thailand due mainly to its ability to provide a balanced redress of energy, 

environmental, economic, social, and industry performance objectives. The adoption of 

this scenario would significantly reduce the use of conventional energy resources for 

electricity generation and, in particular, help mitigating C02 and S02 emissions - an 

issue of contemporary significance. Further, it would contribute to the highest (among 

the alternatives) productivity growth of the electricity industry. Also, even though this 

scenario would result in net economic costs and job losses, such losses are not 

particularly significant - less than 0.2 per cent. Therefore, the recommendation to adopt 
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the GE scenano should be viewed in terms of the trade-offs that will ensue while 

simultaneously pursuing multiple (and often conflicting) objectives. For example, in 

order to reduce energy inputs by 12,120 KTOE, 65 million tonnes of total C02 

emissions, and 467 thousand tonnes of total so2 emissions, and to enhance 22 per cent 

of productivity growth, the GE scenario would cause a net economic loss of 31 billion 

baht and a loss of 29,000 potential jobs. Clearly, although the GE scenario does not offer 

the best of all worlds, it does offer significant overall positives (e.g. promotion of 

renewables, electricity trade with neighbouring countries, improved energy diversity and 

security of supply) - at the cheapest possible cost. In addition, the attractiveness of this 

scenario would considerably enhance if a more stringent emissions target becomes 

necessary in the new global agreement on climate change which is likely to emerge after 

the expire of the Kyoto protocol in 2012. 

A new reform pathway 

The analysis of the alternatives which could help improve the efficacy of the present 

reform program suggested that, among the three alternatives, the GE scenario would be 

an attractive option for Thailand. This is due to its ability to provide a balanced redress 

for energy, environmental, economic, social, and industry performance objectives. 

Whether or not such a redress will eventuate will depend - to a large extent - on the 

efficacy of the 'new ' institutional arrangements including the industry structure, 

ownership and regulation. This argument is based on the premise that the existing 

institutional arrangements are deficient and hence unsuitable to provide a balanced 

redress referred to above. Against this backdrop, this research proposes a modified 

reform approach for the Thai electricity industry. The main features of the proposed 

reform approach are the following: 

• A separation of the generation and transmission functions of EGAT is essential in 

order to promote 'real' competition. 

• The transfer of the responsibility of organizing the bidding procedure and awarding 

licenses to power producers to the ERC. As such, EGAT should have no role to play 

in the bidding process. 
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• The increased legal and administrative authority of the independent regulatory body 

that provides sufficient mandates to prevent the intervention by political and interest 

groups. 

• The promotion of the introduction of small-scale power plants for the IPPs helps 

increase competition in generation. This is likely to attract more participation from 

domestic investors, due to more manageable investment requirements of small-scale 

power plants. 

• The argument relate to increased participation of the SPPs and VSPPs gatns 

credence if one takes note of the fact that the potential for renewable energy in the 

country is quite high, due to the fact that the Thai economy is significantly 

agriculture-based. 

• The disaggregation of PEA into four regional distributors promotes a 

decentralization of electricity development planning and empowers the regions to 

participate in this development. This promotion is consistent with the national 

policy of decentralization. 

This proposed reform approach, this research contends, would overcome some of the 

weaknesses of the existing reform mode] and improve its efficacy. This contention is 

based on the following arguments: 

• The proposed model will help ensure fair and transparent competition for all power 

producers, enhance the confidence of private producers, and encourage domestic 

investors to consider investment in the industry. 

• As a consequence of the above, the terms of PPAs that currently appear to protect 

solely the pt;vate investor's interest, can be revised in order to improve the 

effectiveness of the agreement, from the perspective of balancing the interests of 

consutners, investors, and other stakeholders. For example, as previously discussed 

in Chapter 5, some of the PPA terms (i.e., a fixed rate of return on investments and 

risk burden on consumers) has hindered the enhancement of the industry 

performance and also has contributed to the unfair tariff structure. A revision of 

such terms will help create an incentive for performance enhancement and also help 

e.stablish an efficient and equitable tariff structure. 
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• The increased participation of SPPs and VSPPs that generate electricity from non-

conventional energy sources will support the development of decentralized 

electricity generation which 1s consistent with the national policy of 

decentralization. The distributed generation will benefits to the electricity system in 

terms of deferral of transmission network upgrades and expansion, decongestion and 

improved local reliability. 

The implementation of the proposed reform approach will undoubtedly ratse some 

challenges. These challenges include the disaggregation of EG AT, the promotion of 

increased participation of the SPPs and VSPPs which generate electricity from 

renewable sources, and the transparency and autonomy of the independent regulatory 

body. 

EGAT disaggregation 

The disaggregation of EGA T will result in the reorganization of EGA T structure. In 

order to ensure that there is a fair and transparent competition in generation, a separation 

between generation and transmission functions of EGAT is essential. This argument, 

however, needs to be cautiously considered if one takes note of the fact that EGAT has 

played an influential role in the Thai electricity industry since its establishment. 

Therefore, a recommendation of any change in its organizational structure has to be 

made by a consensus of government, ERC and especially EGAT itself. It appears that 

accounting unbundling has already been implemented since 2006 and further forms of 

unbundling (e.g., functional, legal, and ownership) are currently under the consideration 

ofERC. 

Based on the foregoing discussion, this research recommends that a further step towards 

ownership unbundling of the two activities would be most effective to ensure non-

discriminatory access to all power producers. It is, however, important to note that all 

new EGA T entities will remain in state ownership. This transition is likely to be 

acceptable by both the ERC and EGAT staff. This is because of the following reasons: i) 

while this transition ensures that there is a fair and transparent competition m 

generation, it retains the state ownership for all previous EGAT businesses and, In 

particular, it preserves jobs, benefits, seniority and pensions of EGA T staff; ii) under 

such a stringent (ownership) unbundling, a light regulation will be required in order to 
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prevent monopolistic behaviour and hence will require a small number of regulatory 

staff; iii) such an unbundling will also help prevent the transformation of the existing 

public monopoly into a private monopoly- a key concern of EGA T union. 

Promotion of the SPPs and VSPPs participation 

The proposed reform approach may encounter some difficulties in terms of promoting 

the increased participation by the SPPs and VSPPs. This is because of the fact that 

renewable energy is currently commercially unviable in Thailand. In order to help 

improve its commercial viability, the government has implemented several measures 

including pricing subsidy, and financial incentives through investment subsidy and soft 

loans provision. In addition to the existing measures, this research suggests the 

development of local manufacturing capability and market for renewable energy. The 

Thai government should take a leading role in facilitating such development in order to 

fully utilize the agricultural residues and wastes as well as to benefit the rural economy. 

This includes the distribution of the information and benefits of the renewable energy 

resources atnong key actors (i.e., local communities and financial institutions) and the 

undertaking of research and development on the appropriate technologies for power 

generation from each type of potential domestic renewable energy sources. 

Transparency and autonomy of the regulatory body 

The reform approach proposed by this research will fail to provide a robust pathway as 

expected if the independent regulatory body lacks in transparency and autonomy. It is 

evident that the regulatory decision making of the Thai electricity industry is 

characterized by political and other interest group interference. In order to prevent this 

interference, this research suggests that steps be taken to ensure the autonomy of the 

regulatory body and transparency of the selection process. To guarantee the regulatory 

autonomy, the members of ERC should hold position for a fixed term; the operational 

expenditure of ERC be funded by fees charged from the licensees and a cess on 

electricity sales; and that the ERC should have the freedom to select appropriate and 

adequate staff. To ensure the transparency of selection process, the ERC members 

should be selected through a well-defined and independent procedure; the selection 

process should be transparent in view of making public the background of short-listed 

candidates; and the legal instruments specify varying terms of the ERC members. 
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8.2 Recommendations for further research 

This research has developed a comprehensive analysis of various facets of electricity 

reform in Thailand. This analysis has, in fact, provided an in-depth understanding about 

the Thai electricity reform. However, there is still scope for further improvement in the 

analysis carried out in this research. Some suggestions include: 

• The data employed in the analysis of the performance of the Thai electricity industry 

is not complete due to a lack of data availability from the IPPs, SPPs, and VSPPs. 

For example, the employment data for most of these private power producers was 

unavailable; this research has, therefore, estimated such data on the basis of 

generation capacity and asset equivalence. This research suggests that data provision 

from the private producers would provide more accurate results . In addition, this 

research recom1nends plant-level data collection for both public and private power 

plants. This data collection is beneficial for constructing a complete data set for 

measuring the performance of each generating plant of both the public and private 

producers. This would enable insightful comparison of plant level performance and 

the determination of the real source of poor performance in the generation segment. 

• This research has employed only one method (i.e. DEA) to analyze the performance 

of the Thai electricity industry. For comparison purposes, the employment of other 

methods for such analysis, for example, Stochastic Frontier Analysis (SFA) could be 

considered. This would provide an opportunity to gain further insights into the 

strengths and weaknesses of the applied method. 

• In the analysis of the economy-wide impacts, this research has examined the role of 

the power producers in the Thai economy. This examination was, therefore, limited 

to generation segment only. Future research should further analyze the role of 

transmission and distribution sectors in the entire Thai economy. This would 

provide deeper understanding about how each segment of the electricity industry 

plays its role in the wider economy. 

• The disaggregation of electricity sector into eight electricity sub-sectors is based on 

various segregation bases (i.e., capital distribution factor, a share of each electricity 

sub-sector in electricity generation, and transport tasks provided to various 
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technologies for electricity production) due to the lack of data availability of various 

inputs (for example, capital, labour and material inputs) in each of these electricity 

sub-sectors. The availability of capital, operational and maintenance data could 

provide more accurate data on such inputs. The input-output data for these 

electricity sub-sectors would require revision, when these data inputs become 

available. 

• The social impacts of the Thai electricity reform assessed in this research presents 

only employment levels. In fact, social effects could in general be assessed in terms 

of several social indicators, for example, level of employment, poverty level, 

income distribution. There is a scope for further assessment of social impacts in 

terms of other social indicators. 

• The scenano modelling in this research excludes nuclear technology which is 

proposed to be employed by EGAT. This is because there is only one-year overlap 

of initial year of this technology introduced in the Power development Plan (i.e., 

2020) and the planning horizon of the analysis (20 1 0-2020). In order to assess the 

impacts of this new technology, this research suggests the extension of the time 

period for the analysis (i.e. , from 2010 to 2030) and the inclusion of this technology 

as new electricity sub-sector (that is, NU-E sector). 

• The analytical framework developed in this research could be applied for analyzing 

other infrastructure reforrns in Thailand. At the time of writing, the reform plan for 

the State Railway of Thailand was initiated and is becoming an issue of intense 

debate. This framework would help provide guidelines for the analysis of the 

railway reform. 
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THE STRUCTURE AND CHARACTERISTICS OF ESI MODEL 
PROPOSED BY EPPO AND EGAT22 
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The details of ESI models proposed by both EPPO and EGAT are summarized as 
follow. 

1. The Price-based Power Pool model 

The structure of the Price-based Power Pool model is shown in Figure 1. 

Figure 1: Price-based Power Pool model 
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Under a price-based pool, consumers have choices to buy power either from the 

regulated regional retailers (SupplyCo) or competitive retailers (Retail Cos) by using the 

distributing facilities of the Regulated Electricity Delivery Company (RED Co). The 

power pool is established as a place for power trade, with an Independent System 

Operator (ISO) functioning as an integration of System Operator (SO) and settlement 

22 
This appendix is summarized from Chirarattananon and Nirukkanapom (2006), Sirasoontom (2004 ), 

and AIT (2002) . 
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administrator. The ISO is responsible for managing physical transactions of electricity 

according to economic merit order dispatch, ensuring system security, physically 

balancing the system, and managing financial settlements for bulk power purchases. 

Generators compete to sell electricity to the pool. Their bids and offers for each time 

interval, together with forecasted demand, are incorporated to determine the market 

clearing price. Generators are dispatched in accordance with the lowest bids offered 

which satisfy demand in each time interval. 

2. The New Electricity Supply Arrangement (NESA) 

The structure of the NESA model is shown in Figure 2. 

Figure 2: NESA model 
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Under NESA, the generators will make contracts with retailing companies and industrial 

users. The generators are free to arrange their own operation and self dispatch. These 

contracts can be traded in the power exchange. The transmission and distribution 

systems will be opened equally and without discrimination to all of the generators to 

pass electricity on their customers. The retailing con1panies can also compete freely. The 

residual imbalances of power which may arise because of a failure or unwillingness of 

parties to self-balance and fulfil the contracts will be managed by a balancing 

mechanism, which is controlled by System Operators (SO) to ensure the system stability. 
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3. The Multiple Buyers/Multiple Sellers- Partial Liberalization 

The structure of the Partial Liberalization is shown in Figure 3. 

Figure 3: Partial Liberalization model 
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Under this model, the electricity market will be partially liberalized to allow the 

generators, including EGAT and private generators, to compete only in the large 

industrial user segment. The proportion of the liberalized market will not exceed 30 per 

cent of the total electricity demand. The trading system between the generators and the 

large industrial users are in the fonn of bilateral traded in the power exchange. In the 

distribution sector, MEA and PEA can compete to supply electricity to a large industrial 

users market via bilateral contracts. The rest of the market, accounting 70 per cent, 

including residential, business and sn1all industrial customers, will be served directly 

from EGA T, MEA and PEA.:. 

4. The Cost-based Power Pool model 

Under the cost-based power pool model, generating business was to be unbundled from 

transmission business to form GenCol, Genco2, Hydro and TransCo, similar to the 

price-based power pool. The differences in the structure from the price-based power pool 

are that cost-based power pool is recommended, and the ISO is not to be isolated from 

transmission. The same recommendations were made for treatment of IPPs and SPP, 

stranded assets and CTC. All existing PP As with IPPs and SPPs are negotiated to be 

terminated in which case these generators will sell directly to the pool. Otherwise, a PPA 

trader will act as a GenCo and fulfils PPA obligations. Buyers and Sellers are allowed to 



253 

have financial bilateral contracts through the use of CfD arrangement. The cost-based 

pool is a mandatory pool, scheduled on daily basis. Generators bid at their marginal 

costs or actual or estimated variable production costs of supply. System marginal price is 

thus determined by short-run marginal cost, which consists of fuel cost, and operating 

and maintenance cost of the marginal plant. 

The structure of the Cost-based Power Pool model is shown in Figure 4. 

Financial 
Bilateral 
Contrad 

Figure 4: Cost-based Power Pool model 

Source: Chirarattananon & Nirukkanaporn (2006) 

5. The Transitional model to New Pool model 

In the transitional model to new pool, there are two models recommended for 

intermediate and long term. The structures of the ESI model for intermediate term and 

long term are respectively shown in Figure 5 and Figure 6. 

Under the model for intern1ediate term, competition is introduced in generation in the 

transitional stage and gradually extended to retailing sector in the final stage. Separation 

of generation and transmission is recommended in the early phase of the reform so that 

all generators will face a fair competition. Transmission and system operation should 

operate as one entity, to be set independently of other players in the industry. A modified 

form of IPP arrangement with special PPA is created in order to enhance private 

investment in power generation. Existing PP As are still honored while new PP As need 

to have terms and clauses designed to be more competitive. Bilateral contract is allowed 

for electricity trading between generators and large customers to create competitive 
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situation of multiple buyers and multiple sellers. Existing IPPs, foreign and domestic, 

opting to retain the original PPAs, connect and sell power to the system. A System 

Agent (SAGE) is formed from the remaining units of EGAT after all generating facilities 

have been separated. The main functions of SAGE are system operation, settlement 

operation, domestic hydropower generation and transmission. 

Figure 5: the ESI model for intermediate term 
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Figure 6: the ESI model for long term 
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Under the model for long term, the proportion of electricity trading through bilateral 

contracts outside SAGE is expected to grow. SAGE is finally performing more in system 

balancing and less in electricity trading under PPA. Bidding is used for generators 

willing to sell their power to the balancing market, or Power Exchange Market. 

6. The Electricity and Relation Committee's model 

The structure of the Electricity and Relation Committee ' s model is shown in Figure 7. 

Figure 7: the Electricity and Relation Committee's model 
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Under the ERC's model, large industry customers can buy from any generators directly. 

Transmission access will be open to large industry customers and all gencos. State 

Electricity Co. will be responsible for balance and provision of adequate power supply 

for the captive customers. EGA T will transform into State Electricity Co. (SECo ). There 

will be accounting unbundling between generation and transmission, but no legal 

unbundling. Each existing IPP can terminate PPA with State Electricity Co. (SECo) and 

operated in the free market. SECo has monopoly to supply into captive market and it can 

also compete in the free market. There will be a regulatory body. This can be created as 

a departmental unit in the new Ministry of Energy as a regulatory body to regulate 

electricity price in the captive market. It also regulates wheeling charge and gives license 

to a new IPP. 
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APPENDIX II 

DATA SETS FOR CHAPTER 3 

This appendix provides the input and output data used to assess the performance of the 

Thai electricity industry and its segments. It contains the following tables: 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Input and output data for the three electricity utilities including EGAT, 

MEA & PEA only 

Input and output data for the entire electricity industry including three 

electric utilities, IPPs and SPPs 

Input and output data for EGA T 

Input and output data for MEA 

Input and output data for PEA 
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Table 1: Input and output data for the three electricity utilities 

Output Input 
Electricity Electricity Installed Network Network Fuel Number C02 

Year sale generation capacity length capacity consumed of .. emiSSIOn 
(MWh) (MWh) (MW) (KM) (MVA) (TJ) employees intensity 

(persons) (g/KWh) 
1980 13136000 14425000 3448 68478 10839 151074 44302 840 
1981 13820000 15377000 4008 78020 12233 140103 49540 731 
1982 15018000 16620000 4403 89681 13900 142915 55168 661 
1983 16901000 18857000 5032 100723 16142 160879 59946 647 
1984 18537000 21024000 6128 112275 17530 180306 63840 645 
1985 19993000 23074000 6705 122083 19158 226045 64807 774 
1986 21988000 24715000 6805 135019 21810 221513 65299 713 
1987 24789000 28653000 6985 149330 24532 282549 66372 768 
1988 28083000 32465000 6997 163345 25724 325267 67386 769 
1989 32649000 37406000 7366 176395 29867 362753 69677 752 
1990 38142000 44176000 8720 193097 33740 473973 73502 861 
1991 43177000 50185000 9707 202217 40074 581142 77518 924 
1992 49058000 57098000 11732 218490 46624 629260 78930 878 
1993 56007000 63403000 12734 228080 56185 676056 79701 834 
1994 62197000 68806000 12956 240123 66531 734827 79440 834 
1995 70869000 71167000 13427 248094 74334 729345 78118 811 
1996 76952000 74460000 13579 259562 79497 801092 76665 866 
1997 81953000 76297000 14687 272444 96677 863177 75139 921 
1998 79901000 73924000 15357 282047 101516 803707 73533 866 
1999 80836000 68444000 15358 300714 99343 741109 71787 851 
2000 87225000 68162000 17039 309220 107012 716353 69681 824 
2001 91503000 61756000 15000 311972 109897 681463 67864 870 
2002 99281000 61262000 15000 323299 113223 665979 66301 857 
2003 105961000 59005000 15036 333193 114587 638057 65356 868 
2004 113923000 60493000 15351 340010 115269 669894 62849 896 
2005 120032000 64889000 15795 345923 120479 707071 60642 876 
2006 126439000 67828000 15975 353822 122154 700877 59478 825 --
Sources: DEDE (2008b ), EGAT (2008), MEA (2008) and PEA (2008) 
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Table 2: Input and output data for the entire electricity industry 

Output Input 
Electricity Electricity Installed Network Network Fuel Number C02 

Year sale generation capacity length capacity consumed of .. emissiOn 
(GWh) (GWh) (MW) (KM) (MVA) (TJ) employees intensity 

(persons) (g/KWh) 
1980 13136000 14425000 3448 68478 10839 151074 44302 840 
1981 13820000 15377000 4008 78020 12233 140103 49540 731 
1982 15018000 16620000 4403 89681 13900 142915 55168 661 
1983 16901000 18857000 5032 100723 16142 160879 59946 647 
1984 18537000 21024000 6128 112275 17530 180306 63840 645 
1985 19993000 23074000 6705 122083 19158 226045 64807 774 
1986 21988000 24715000 6805 135019 21810 221513 65299 713 
1987 24789000 28653000 6985 149330 24532 282549 66372 768 
1988 28083000 32465000 6997 163345 25724 325267 67386 769 
1989 32649000 37406000 7366 176395 29867 362753 69677 752 
1990 38142000 44176000 8720 193097 33740 473973 73502 861 
1991 43177000 50185000 9707 202217 40074 581142 77518 924 
1992 49058000 57098000 11732 218490 46624 629260 78930 878 
1993 56007000 63403000 12734 228080 56185 676056 79701 834 
1994 62197000 71177000 13075 240123 66531 749958 79440 819 
1995 70869000 80059000 14913 248094 74334 813083 78488 794 
1996 76952000 87466000 16513 259562 79497 913093 77065 823 
1997 81953000 93252000 17805 272444 96677 998980 75565 837 
1998 79901000 90068000 18423 282047 101516 930971 73959 794 
1999 80836000 90066000 20223 300714 99343 877172 72213 742 
2000 87225000 95975000 22593 309220 107012 890623 70325 698 
2001 91503000 102418000 22888 311972 109897 972299 68508 706 
2002 99281000 109011000 24157 323299 113223 1007648 66945 679 
2003 105961000 116981000 24805 333193 114587 1048309 66181 657 
2004 113923000 125724000 25907 340010 115269 1139605 63698 668 
2005 120032000 132193000 26269 345923 120479 1191936 61484 661 
2006 126439000 141948000 27107 353822 122154 1299767 60385 666 
Sources: DEDE (2008b ), EGAT (2008), MEA (2008) and PEA (2008) 
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Table 3: Input and output data for EGAT (generation & transmission segments) 

Output Input 
Electricity Electricity Installed Network Network Fuel Number of 

Year sale generation capacity length capacity consumed employees 
(GWh) {GWh_)_ (MW) (KM) {MVA) (TJ) (persons) 

1980 13657000 14001000 3241 9928 5213 142464 20316 
1981 14545000 15166000 3839 10993 5773 141296 23233 
1982 15383000 16181000 4070 11392 6856 140045 26769 
1983 17544000 18354000 4976 12496 8308 153817 30077 
1984 19357000 20372000 5855 13714 9365 175808 32157 
1985 21240000 22602000 6460 14455 10202 214945 31801 
1986 22593000 24780000 6644 14974 11147 229439 31157 
1987 25828000 28193000 6887 16551 12944 272134 31110 
1988 29493000 31487000 6897 16560 13070 315717 31355 
1989 33611000 35948000 6915 16553 15750 348737 31797 
1990 39369000 42472000 7987 17827 16915 443291 33153 
1991 44773000 48572000 9627 18216 19904 562891 34990 
1992 50771000 55495000 11045 19740 23278 622895 35200 
1993 56558000 61611000 12179 20696 26384 660312 35200 
1994 63643000 68806000 12956 21318 29381 734827 34710 
1995 72780000 71167000 13427 22105 33990 729345 33937 
1996 79451000 74460000 13579 22924 37572 801092 32867 
1997 85897000 76297000 14687 23348 41297 863177 31959 
1998 85598000 73924000 15357 23797 43674 803707 31276 
1999 84512000 68444000 15358 25000 49355 741109 30202 
2000 90725000 68162000 17039 26349 55903 716353 29175 
2001 97412000 61756000 15000 27039 57986 681463 28543 
2002 102485000 61262000 15000 27907 60018 665979 27950 
2003 110675000 59005000 15036 28298 60328 638057 27620 
2004 118662000 60493000 15351 28318 60578 669894 26391 
2005 127027000 64889000 15795 29260 65052 707071 24831 
2006 134084000 67828000 15975 30092 66126 700877 24209 

Sources: EGA T (2008) 
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Table 4: Input and output data for MEA (distribution segment) 

Output Input 
Electricity Network Network Number of Electricity 

Year sale length capacity employees purchase 
(GWh) (KM) (MVA) (persons) (GWh) 

1980 7867430 16923 2682 9676 8362005 
1981 8182200 16376 2922 10045 8492431 
1982 8438005 16865 2995 10211 8718698 
1983 9166376 17325 3235 10264 9665666 
1984 9917161 17764 3245 10301 10497511 
1985 10329560 18259 3345 10422 10909591 
1986 10672090 18983 3775 10640 11390600 
1987 12103790 19697 4055 10865 12929710 
1988 13607470 20511 4205 11014 14564100 
1989 15167630 21841 4445 11764 16143780 
1990 17640910 22663 5145 12969 18622500 
1991 19760780 23577 5965 13887 20776780 
1992 21967620 26677 6670 13916 22945540 
1993 23849410 28057 8005 13617 24872660 
1994 26254750 29559 9025 13430 27525270 
1995 29105610 31278 9810 13220 30603490 
1996 31004190 33378 11030 12948 32366550 

t---
1997 32246490 34464 11210 12595 33707990 
1998 30987490 33011 12030 12205 32341790 
1999 29500360 33837 12785 11747 30873370 -- ------
2000 31327650 35238 13600 11573 32808460 
2001 33693680 35690 14245 10988 35477620 
2002 34675620 37492 14740 10386 36288200 
2003 36930530 38102 15405 9913 38587010 
2004 38933000 38241 15445 9488 40572280 
2005 39906000 38986 15785 9237 43799000 
2006 41274000 39555 15985 8965 45340000 

Sources: MEA (2008) 
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Table 5: Input and output data for PEA (distribution segment) 

Output Input 
Electricity Network Network Number of Electricity 

Year sale length capacity employees purchase 
(GWh) (KM) (MVA) (persons) (GWh) 

1980 4695800 41627 2944 14310 5200200 
1981 5209700 50651 3538 16262 5806100 
1982 5839800 61424 4049 18188 6453100 
1983 6679500 70902 4599 19605 7411700 
1984 7432600 80797 4920 21382 8242500 
1985 8557100 89369 5611 22584 9442600 
1986 9304900 101062 6888 23502 10237300 
1987 10944000 113082 7533 24397 11832500 
1988 12590500 126274 8449 25017 13780700 
1989 14816700 138001 9672 26116 16177800 
1990 17804600 152607 11680 27380 19369500 
1991 20812400 160424 14205 28641 22550900 
1992 24378700 172073 16676 29814 26197600 
1993 28819200 179327 21796 30884 29944600 
1994 32295700 189246 28125 31300 34380300 
1995 37861900 194711 30534 30961 40260500 
1996 42390000 203260 30895 30850 45091000 
1997 47179000 214632 44170 30585 50299000 
1998 48003000 225239 45812 30052 51484000 
1999 48532000 241877 37203 29838 51914000 
2000 52370000 247633 37509 28933 56292000 
2001 56482000 249243 37666 28333 60414000 
2002 60239000 257900 38465 27965 64343000 
2003 65497000 266793 38854 27823 70227000 
2004 73096000 273451 39246 26970 77963000 
2005 78,114,000 277677 39642 26574 83272000 
2006 83,203,000 284175 40043 26304 88799000 

Sources: PEA (2008) 
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APPENDIX III 

ESTIMATION OF THE NUMBER OF EMPLOYESS OF THE IPP 

This appendix provides number of employees' estimation of the Independent Power 

Producers (IPPs) which labour data is unavailable. The number of employees of the IPPs 

providing their labour input is presented in Table 1. Table 2 provides the capacity and 

total assets of the seven IPPs. 

Table 1: Number of employees of the IPPs which provides their labour input 

Year Number of employees (persons) 
EGCO RATCH GLOW BLCP 

2003 426 118 n/a n/a 
2004 428 140 n/a n/a 
2005 424 137 n/a n/a 
2006 419 n/a 431 16 

Sources: EGCO, RATCH, GLOW and BLCP annual reports 
Notes: 1. EGCO, Electricity Generating Public Company; RATCH, Ratchaburi Electricity Generating 

Holding Public Company; GLOW, Glow Energy Public Company; BLCP, BLCP Power 
Station (Banpu) 

2. Number of employees of GLOW was separated into 114 persons at head office and 317 persons 
at plants which comprise GLOW IPP and GLOW SPPl , 2 and 3. 

3. BLCP employees were available only electricity business (16 persons). 
4. n/a- not available 

Table 2: The capacity and total assets of the seven IPPs 
--

IPPs Plant Capacity Total Capacity Commission Total assets 
(MW) (MW) date (Mn Baht) 

EGCO 61250 
-~-~~X<?~_g_- ----- ---- 4 X 308 1232 1995 ------------- ---------- --- ---- ----- ---------- -------------------
- Khanom 2 X 75 

1 X 674 824 1996 
RATCH 2 X 735 2000 70301 

2 X 725 3645 2000 
IPT 1 X 700 700 2000 14000 
TECO 1 X 700 700 2000 n/a 
EPEC 1 X 350 350 2003 12000 
GLOW 2 X 356.5 713 2003 n/a 
BLCP 2 X 673.25 1346.5 2006 n/a 

Sources: Various 
Notes: 1. EGCO, Electricity Generating Public Company; RA TCH, Ratchaburi Electricity Generating 

Holding Public Company; GLOW, Glow Energy Public Company; BLCP, BLCP Power 
Station (Banpu); IPT, Independent Power Thailand; TECO, Tri Energy Company; EPEC, 
Eastern Power and Electric Company. 

2. n/a- not available 
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By comparing the size of the plants and total assets of each IPP, the estimation of the 

number of employees of each IPP is presented in Table 3. 

Table 3: Estimation of number of employees for each IPP 

Year Number of employees (persons) Total 
EGCO RATCH IPT TECO EPEC GLOW BLCP (persons) 

1995 370 370 
1996 400 400 
1997 426 426 
1998 426 426 
1999 426 426 
2000 426 118 50 50 644 
2001 426 118 50 50 644 
2002 426 118 50 50 644 
2003 426 118 50 50 50 131 825 
2004 428 140 50 50 50 131 849 
2005 424 137 50 50 50 131 842 
2006 419 137 50 50 50 131 70 907 

Notes: C refers to the estimation of number of employees 
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APPENDIX IV 

TRANSFORMATION OF TIME SERIES DATA 

This appendix provides the explanation of how to transform time series data to cross-

section or panel data. The sample time series data including various outputs and inputs 

used in this research are provided in Table 1. In Table 2, the process for transforming 

time-series data is presented. 

Table 1: Sample time-series data 

Year Output Input 
yl y2 XI x2 x3 ~ Xs 

1980 13657000 14001000 3241 9928 5213 142464 20316 
1981 14545000 15166000 3839 10993 5773 141296 23233 
1982 15383000 16181000 4070 11392 6856 140045 26769 ,_____ 
1983 17544000 18354000 4976 12496 8308 153817 30077 
1984 19357000 20372000 5855 13714 9365 175808 32157 
1985 21240000 22602000 6460 14455 10202 214945 31801 
1986 22593000 24780000 6644 14974 11147 229439 31157 
1987 25828000 28193000 6887 16551 12944 272134 31110 
1988 29493000 31487000 6897 16560 13070 315717 31355 
1989 33611000 35948000 6915 16553 15750 348737 31797 

--1-· 
1990 39369000 42472000 7987 17827 16915 443291 33153 
1991 44773000 48572000 9627 18216 19904 562891 34990 
1992 50771000 55495000 11045 19740 23278 622895 35200 -·---,._. 
1993 56558000 61611000 12179 20696 26384 660312 35200 
1994 63643000 68806000 12956 21318 29381 734827 34710 
1995 72780000 71167000 13427 22105 33990 729345 33937 
1996 79451000 74460000 13579 22924 37572 801092 32867 
1997 85897000 76297000 14687 23348 41297 863177 31959 
1998 85598000 73924000 15357 23797 43674 803707 31276 
1999 84512000 68444000 15358 25000 49355 741109 30202 
2000 90725000 68162000 17039 26349 55903 716353 29175 
2001 97412000 61756000 15000 27039 57986 681463 28543 --f-·------
2002 102485000 61262000 15000 27907 60018 665979 27950 
2003 110675000 59005000 15036 28298 60328 638057 27620 
2004 118662000 60493000 15351 28318 60578 669894 26391 
2005 127027000 64889000 15795 29260 65052 707071 24831 
2006 134084000 67828000 15975 30092 66126 700877 24209 
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The process of transforming time-series data is as follows. 

1. The first period represents data set covenng period 1980- 89 which is 10 

observations and these 10 observations are defined as 10 firms in a cross-section. 

Therefore, each firm is represented by different years, for example, firm 1 

represents the year 1980, firm 2 represents the year 1981, and continues to firm 

10 represents the year 1989. 

11. By removing the first year observation which is the year 1980 from period 1 and 

then adding one year ( 1990) to the same period constructs the period 2 which 

represents data set covering the period 1981-90 of 10 observations. Based on the 

same criteria as in period 1 which represents firm by year, in period 2, firm 1 

represents the year 1981, firm 2 represents the year 1982, and so on, so that firm 

10 represents the year 1990. 

iii. This process is continued until the last period (period 18) which represents the 

data set for the period 1997- 2006 as shown in Table 2. This research also applies 

this process for the other models. 

Table 2: Transformed sample panel data 

Period Finn Year Output Input 
yl y 2 x1 x2 x3 ~ Xs 

1 1 1980 13657000 14001000 3241 9928 5213 142464 20316 
(1980-89) 2 1981 14545000 15166000 3839 10993 5773 141296 23233 

3 1982 15383000 16181000 4070 11392 6856 140045 26769 
4 1983 17544000 18354000 4976 12496 8308 153817 30077 
5 1984 19357000 20372000 5855 13714 9365 175808 32157 
6 1985 21240000 22602000 6460 14455 10202 214945 31801 
7 1986 22593000 24780000 6644 14974 11147 229439 31157 
8 1987 25828000 28193000 6887 16551 12944 272134 31110 
9 1988 29493000 31487000 6897 16560 13070 315717 31355 
10 1989 33611000 35948000 6915 16553 15750 348737 31797 

2 1 1981 14545000 15166000 3839 10993 5773 141296 23233 
(1981-90) 2 1982 15383000 16181000 4070 11392 6856 140045 26769 

3 1983 17544000 18354000 4976 12496 8308 153817 30077 
4 1984 19357000 20372000 5855 13714 9365 175808 32157 
5 1985 21240000 22602000 6460 14455 10202 214945 31801 
6 1986 22593000 24780000 6644 14974 11147 229439 31157 
7 1987 25828000 28193000 6887 16551 12944 272134 31110 
8 1988 29493000 31487000 6897 16560 13070 315717 31355 
9 1989 33611000 35948000 6915 16553 15750 348737 31797 
10 1990 39369000 42472000 7987 17827 16915 443291 33153 
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Table 2: Transformed sample panel data (contd.) 

Period Firm Year Output Input 
yl y2 XI x2 x3 ~ Xs 

3 1 1982 15383000 16181000 4070 11392 6856 140045 26769 
(1982-91) 2 1983 17544000 18354000 4976 12496 8308 153817 30077 

3 1984 19357000 20372000 5855 13714 9365 175808 32157 
4 1985 21240000 22602000 6460 14455 10202 214945 31801 
5 1986 22593000 24780000 6644 14974 11147 229439 31157 
6 1987 25828000 28193000 6887 16551 12944 272134 31110 
7 1988 29493000 31487000 6897 16560 13070 315717 31355 
8 1989 33611000 35948000 6915 16553 15750 348737 31797 
9 1990 39369000 42472000 7987 17827 16915 443291 33153 
10 1991 44773000 48572000 9627 18216 19904 562891 34990 

4 1 1983 17544000 18354000 4976 12496 8308 153817 30077 
(1983-92) 2 1984 19357000 20372000 5855 13714 9365 175808 32157 

3 1985 21240000 22602000 6460 14455 10202 214945 31801 
4 1986 22593000 24780000 6644 14974 11147 229439 31157 
5 1987 25828000 28193000 6887 16551 12944 272134 31110 
6 1988 29493000 31487000 6897 16560 13070 315717 31355 
7 1989 33611000 35948000 6915 16553 15750 348737 31797 
8 1990 39369000 42472000 7987 17827 16915 443291 33153 
9 1991 44773000 48572000 9627 18216 19904 562891 34990 
10 1992 50771000 55495000 11045 19740 23278 622895 35200 

5 1 1984 19357000 20372000 5855 13714 9365 175808 32157 
(1984-93) 2 1985 21240000 22602000 6460 14455 10202 214945 31801 

3 1986 22593000 24780000 6644 14974 11147 229439 31157 
4 1987 25828000 28193000 6887 16551 12944 272134 31110 
5 1988 29493000 31487000 6897 16560 13070 315717 31355 
6 1989 33611000 35948000 6915 16553 15750 348737 31797 
7 1990 39369000 42472000 7987 17827 16915 443291 33153 
8 1991 44773000 48572000 9627 18216 19904 562891 34990 
9 1992 50771000 55495000 11045 19740 23278 622895 35200 
10 1993 56558000 61611000 12179 20696 26384 660312 35200 

6 1 1985 21240000 22602000 6460 14455 10202 214945 31801 
(1985-94) 2 1986 22593000 24780000 6644 14974 11147 229439 31157 

3 1987 25828000 28193000 6887 16551 12944 272134 31110 
4 1988 29493000 31487000 6897 16560 13070 315717 31355 
5 1989 33611000 35948000 6915 16553 15750 348737 31797 
6 1990 39369000 42472000 7987 17827 16915 443291 33153 
7 1991 44773000 48572000 9627 18216 19904 562891 34990 
8 1992 50771000 55495000 11045 19740 23278 622895 35200 
9 1993 56558000 61611000 12179 20696 26384 660312 35200 
10 1994 63643000 68806000 12956 21318 29381 734827 34710 

7 1 1986 22593000 24780000 6644 14974 11147 229439 31157 
(1986-95) 2 1987 25828000 28193000 6887 16551 12944 272134 31110 

3 1988 29493000 31487000 6897 16560 13070 315717 31355 
4 1989 33611000 35948000 6915 16553 15750 348737 31797 
5 1990 39369000 42472000 7987 17827 16915 443291 33153 
6 1991 44773000 48572000 9627 18216 19904 562891 34990 
7 1992 50771000 55495000 11045 19740 23278 622895 35200 
8 1993 56558000 61611000 12179 20696 26384 660312 35200 
9 1994 63643000 68806000 12956 21318 29381 734827 34710 
10 1995 72780000 71167000 13427 22105 33990 729345 33937 
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Table 2: Transformed sample panel data (contd.) 

Period Firm Year Output Input 
yl y2 Xt x 2 x3 ~ Xs 

8 1 1987 25828000 28193000 6887 16551 12944 272134 31110 
(1987-96) 2 1988 29493000 31487000 6897 16560 13070 315717 31355 

3 1989 33611000 35948000 6915 16553 15750 348737 31797 
4 1990 39369000 42472000 7987 17827 16915 443291 33153 
5 1991 44773000 48572000 9627 18216 19904 562891 34990 
6 1992 50771000 55495000 11045 19740 23278 622895 35200 
7 1993 56558000 61611000 12179 20696 26384 660312 35200 
8 1994 63643000 68806000 12956 21318 29381 734827 34710 
9 1995 72780000 71167000 13427 22105 33990 729345 33937 
10 1996 79451000 74460000 13579 22924 37572 801092 32867 

9 1 1988 29493000 31487000 6897 16560 13070 315717 31355 
(1988-97) 2 1989 33611000 35948000 6915 16553 15750 348737 31797 

3 1990 39369000 42472000 7987 17827 16915 443291 33153 
4 1991 44773000 48572000 9627 18216 19904 562891 34990 
5 1992 50771000 55495000 11045 19740 23278 622895 35200 
6 1993 56558000 61611000 12179 20696 26384 660312 35200 
7 1994 63643000 68806000 12956 21318 29381 734827 34710 
8 1995 72780000 71167000 13427 22105 33990 729345 33937 
9 1996 79451000 74460000 13579 22924 37572 801092 32867 
10 1997 85897000 76297000 14687 23348 41297 863177 31959 

10 1 1989 33611000 35948000 6915 16553 15750 348737 31797 
(1989-98) 2 1990 39369000 42472000 7987 17827 16915 443291 33153 

3 1991 44773000 48572000 9627 18216 19904 562891 34990 
4 1992 50771000 55495000 11045 19740 23278 622895 35200 
5 1993 56558000 61611000 12179 20696 26384 660312 35200 
6 1994 63643000 68806000 12956 21318 29381 734827 34710 
7 1995 72780000 71167000 13427 22105 33990 729345 33937 
8 1996 79451000 74460000 13579 22924 37572 801092 32867 
9 1997 85897000 76297000 14687 23348 41297 863177 31959 
10 1998 85598000 73924000 15357 23797 43674 803707 31276 

11 1 1990 39369000 42472000 7987 17827 16915 443291 33153 
(1990-99) 2 1991 44773000 48572000 9627 18216 19904 562891 34990 

3 1992 50771000 55495000 11045 19740 23278 622895 35200 
4 1993 56558000 61611000 12179 20696 26384 660312 35200 
5 1994 63643000 68806000 12956 21318 29381 734827 34710 
6 1995 72780000 71167000 13427 22105 33990 729345 33937 
7 1996 79451000 74460000 13579 22924 37572 801092 32867 
8 1997 85897000 76297000 14687 23348 41297 863177 31959 
9 1998 85598000 73924000 15357 23797 43674 803707 31276 
10 1999 84512000 68444000 15358 25000 49355 741109 30202 

12 1 1991 44773000 48572000 9627 18216 19904 562891 34990 
(1991-00) 2 1992 50771000 55495000 11045 19740 23278 622895 35200 

3 1993 56558000 61611000 12179 20696 26384 660312 35200 
4 1994 63643000 68806000 12956 21318 29381 734827 34710 
5 1995 72780000 71167000 13427 22105 33990 729345 33937 
6 1996 79451000 74460000 13579 22924 37572 801092 32867 
7 1997 85897000 76297000 14687 23348 41297 863177 31959 
8 1998 85598000 73924000 15357 23797 43674 803707 31276 
9 1999 84512000 68444000 15358 25000 49355 741109 30202 
10 2000 90725000 68162000 17039 26349 55903 716353 29175 
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Table 2: Transformed sample panel data (contd.) 
Period Firm Year Output Input 

Yt y2 XI x2 x3 Xt Xs 
13 1 1992 50771000 55495000 11045 19740 23278 622895 35200 

(1992-01) 2 1993 56558000 61611000 12179 20696 26384 660312 35200 
3 1994 63643000 68806000 12956 21318 29381 734827 34710 
4 1995 72780000 71167000 13427 22105 33990 729345 33937 
5 1996 79451000 74460000 13579 22924 37572 801092 32867 
6 1997 85897000 76297000 14687 23348 41297 863177 31959 
7 1998 85598000 73924000 15357 23797 43674 803707 31276 
8 1999 84512000 68444000 15358 25000 49355 741109 30202 
9 2000 90725000 68162000 17039 26349 55903 716353 29175 
10 2001 97412000 61756000 15000 27039 57986 681463 28543 

14 1 1993 56558000 61611000 12179 20696 26384 660312 35200 
(1993-02) 2 1994 63643000 68806000 12956 21318 29381 734827 34710 

3 1995 72780000 71167000 13427 22105 33990 729345 33937 
4 1996 79451000 74460000 13579 22924 37572 801092 32867 
5 1997 85897000 76297000 14687 23348 41297 863177 31959 
6 1998 85598000 73924000 15357 23797 43674 803707 31276 
7 1999 84512000 68444000 15358 25000 49355 741109 30202 
8 2000 90725000 68162000 17039 26349 55903 716353 29175 
9 2001 97412000 61756000 15000 27039 57986 681463 28543 
10 2002 102485000 61262000 15000 27907 60018 665979 27950 

15 1 1994 63643000 68806000 12956 21318 29381 734827 34710 
(1994-03) 2 1995 72780000 71167000 13427 22105 33990 729345 33937 

3 1996 79451000 74460000 13579 22924 37572 801092 32867 
4 1997 85897000 76297000 14687 23348 41297 863177 31959 
5 1998 85598000 73924000 15357 23797 43674 803707 31276 
6 1999 84512000 68444000 15358 25000 49355 741109 30202 
7 2000 90725000 68162000 17039 26349 55903 716353 29175 
8 2001 97412000 61756000 15000 27039 57986 681463 28543 
9 2002 102485000 61262000 15000 27907 60018 665979 27950 
10 2003 110675000 59005000 15036 28298 60328 638057 27620 

16 1 1995 72780000 71167000 13427 22105 33990 729345 33937 
(1995-04) 2 1996 79451000 74460000 13579 22924 37572 801092 32867 

3 1997 85897000 76297000 14687 23348 41297 863177 31959 
4 1998 85598000 73924000 15357 23797 43674 803707 31276 
5 1999 84512000 68444000 15358 25000 49355 741109 30202 
6 2000 90725000 68162000 17039 26349 55903 716353 29175 
7 2001 97412000 61756000 15000 27039 57986 681463 28543 
8 2002 102485000 61262000 15000 27907 60018 665979 27950 
9 2003 110675000 59005000 15036 28298 60328 638057 27620 
10 2004 118662000 60493000 15351 28318 60578 669894 26391 

17 1 1996 79451000 74460000 13579 22924 37572 801092 32867 
(1996-05) 2 1997 85897000 76297000 14687 23348 41297 863177 31959 

3 1998 85598000 73924000 15357 23797 43674 803707 31276 
4 1999 84512000 68444000 15358 25000 49355 741109 30202 
5 2000 90725000 68162000 17039 26349 55903 716353 29175 
6 2001 97412000 61756000 15000 27039 57986 681463 28543 
7 2002 102485000 61262000 15000 27907 60018 665979 27950 
8 2003 110675000 59005000 15036 28298 60328 638057 27620 
9 2004 118662000 60493000 15351 28318 60578 669894 26391 
10 2005 127027000 64889000 15795 29260 65052 707071 24831 
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Table 2: Transformed sample panel data (contd.) 
Period Firm Year Output Input 

yl Yz x1 Xz x3 ~ Xs 
18 1 1997 85897000 76297000 14687 23348 41297 863177 31959 

(1997- 06) 2 1998 85598000 73924000 15357 23797 43674 803707 31276 
3 1999 84512000 68444000 15358 25000 49355 741109 30202 
4 2000 90725000 68162000 17039 26349 55903 716353 29175 
5 2001 97412000 61756000 15000 27039 57986 681463 28543 
6 2002 102485000 61262000 15000 27907 60018 665979 27950 
7 2003 110675000 59005000 15036 28298 60328 638057 27620 
8 2004 118662000 60493000 15351 28318 60578 669894 26391 
9 2005 127027000 64889000 15795 29260 65052 707071 24831 
10 2006 134084000 67828000 15975 30092 66126 700877 24209 
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APPENDIXV 

DATA SETS FOR CHAPTER 4 

This appendix presents the data sets required for chapter 4. The data sources and 

transformation method is discussed in section 4.5. It contains the following tables: 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Sectoral classification of 31 sectors for input output table 

Capital distribution factors for each electricity generation technology 

Matrices of input-output technical coefficient 

Carbon dioxide emissions factor for each fuel type 

Sulfur dioxide emission factor for each fuel type 

Fuel mix for power generation for each electricity sub-sectors 

Percentage share of total inputs 
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Table 1: Sectoral classification of 31 sector group for Thailand national input output tables 

Sectors 180 x 180 sectors 
00 1 Coal industry 030 Coal & Lignite 
002 Crude oil and natural gas 031 Petroleum & Natural Gas 
003 Petroleum Refineries 093 Petroleum Refineries 

094 Other Petroleum Products 
004 Renewable-EGAT 13 5 Electricity 
005 Steam turbine-EGAT 
006 Combined-cycle-EGAT 
007 Gas turbine-EGAT 
008 Steam turbine-IPP 
009 Combined-cycle-IPP 
0 10 Cogeneration-SPP 
0 11 Renewable-SPP 
0 12 Gas Industry 136 Pipe Line 
013 Agriculture 001 Paddy 

002 Maize 
003 Other Cereals 
004 Cassava 
005 Other Root Crops 
006 Beans & Nuts 
007 Vegetables 
008 Fruits 
009 Sugar Cane 
010 Coconut 
011 Oil Palm 
012 Kenaf &Jute 
013 Crops for Textile &Matting 
014 Tobacco 
015 Coffee & Tea 
016 Rubber 
01 7 Other Agricultural Products 
018 Cattle & Buffalo 
019 Swine 
020 Other Livestock 
021 Poultry 
022 Poultry Products 
023 Silk Wmm 
024 Agricultural Services 
025 Logging 
026 Charcoal & Firewood 
027 Other Forestry Products 
028 Ocean & Coastal Fishing 
029 Inland Fishing 

0 14 Mining & Quarrying 032 Iron Core 
033 Tin Core 
034 Tungsten Ore 
035 Other Non-Ferrous Metal Ore 
036 Fluorite 
037 Chemical Fertiliser Minerals 
038 Salt Evaporation 
039 Limestone 
040Stone Quarrying 
041 Other Mining & Quarrying 
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Table 1 (contd.) 
Sectors 180 x 180 sectors 

0 15 Food & Beverages 042 Slaughtering 
043 Canning Preserving of Meat 
044 Dairy Products 
045 Canning of Fruits & Vegetables 
046 Canning Preserving of Fish 
04 7 Coconut & Palm Oil 
048 Other Vegetable Animal Oils 
049 Rice Milling 
050 Tapioca Milling 
051 Drying & Grinding of Maize 
052 Flour & Other Grain Milling 
053 Bakery Products 
054 Noodles & Similar Products 
055 Sugar 
056 Confectionary 
057 Ice 
058 Monosodium Glutamate 
059 Coffee & Tea Processing 
060 Other Food Products 
061 Animal Feed 
062 Distilling Blending Spirits 
063 Breweries 
064 Soft Drinks 
065 Tobacco Processing 
066 Tobacco Products --

016 Textile Industry 067 Spinning 
068 Weaving 
069 Textile Bleaching & Finishing 
070 Made-up Textile Goods 
071 Knitting 
072 Wearing Apparels Except Foot ware 
073 Carpets &Rugs 
074 Cordage Rope & Twine Products 

017 Wood & Furniture 078 Saws Mills 
079 Wood & Cork Products 
080 Furniture & Fixture Wood 

018 Paper & Printing Products 081 Pulp Paper & Paper board 
082 Paper Products 
083 Printing & Publishing 

0 19Chemical Industries 084 Basic Industrial Chemicals 
085 Fertiliser & Pesticides 
086 Synthetic Resins & Plastics 
087 Paints Vanishes & Lacquers 
088 Drugs & Medicines 
089 Soap & Cleaning Preparations 
090 Cosmetics 
091 Matches 
092 Other Chemical Products 
095 Rubber Sheets & Block Rubber 
096 Tyres & Tubes 
097 Other Rubber Products 
098 Plastic Wares 

020 Non-metallic Products 099 Ceramic & Earthen Wares 
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Table 1 (contd.) 
Sectors 180 x 180 sectors 

100 Glass & Glass Products 
101 Structural Clay Products 
102 Cement 
103 Concrete & Cement Products 
104 Other Non-metallic Products 

021 Basic Metal 105 Iron & Steel 
106 Secondary Steel Products 
107 Non-ferrous Metal 

022 Fabricated Metal Products 108 Cutlery & Hand Tools 
109 Furniture & Mixtures Metal 
110 Structural Metal Products 
111 Other Fabricated Metal Products 

023 Other Manufacturing 075 Tam1eries Leather Finishing 
07 6 Leather Products 
077 Foot Ware Except Rubber 
112 Engines & Turbines 
113 Agricultural Machinery 
114 Wood & Metal Working Machinery 
115 Special Industrial Machinery 
116 Office & Household Machinery 
117 Electrical Industrial Machinery 
118 Radio & Television 
119 Household Electrical Appliance 
120 Insulated Wire & Cable 
121 Electric Accumulator & Battery 
122 Other Electrical Apparatuses & Supplier 
123 Ship Building 
124 Railway Equipment 
125 Motor Vehicle 
126 Motorcycle, Bicycle & Other Carriages 
127 Repairing of Motor Vehicle 
128 Aircraft 
129 Scientific Equipments 
130 Photographic & Optical Goods 
131 Watches & Clocks 
132 Jewellery & Related Articles 
133 Recreational & Athletic Equipment 
134 Other Manufacturing Goods 

024 Water Works & Supply 137 Water Supply System 
025 Construction 138 Residential Building Construction 

139 Non-Residential Building Construction 
140 Public Works for Agriculture & Forestry 
141 Non-Agricultural Public Works 
142 Construction of Electric Plant 
143 Construction of Communication Facilities 
144 Other Constructions 

026 Commercial Services 145 Wholesale Trade 
146 Retail Trade 
14 7 Restaurant & Drinking Place 
148 Hotel & Lodging Place 
157 Other Services 
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Table 1 (contd.) 
Sectors 180 x 180 sectors 

158 Silo & Ware House 
159 Post & Telecommunication 
160 Banking Services 
161 Life Insurance Service 
162 Other Insurance Service 
163 Real-Estate 
164 Business Service 
165 Public Administration 
166 Sanitary & Similar Services 
167 Education 
168 Research 
169 Hospital 
170 Business & Labor Associations 
1 71 Other Community Services 
172 Motion Picture Production 
173 Movie Theatre 
174 Radio, Television & Related Services 
17 5 Library & Museum 
17 6 Amusement & Recreation 
177 Repair, Not Elsewhere Classified 
178 Personal Services 

027 Railway transports 149 Railways 
028 Road transports 150 Route & Non Route of Road Passenger Trans 

151 Road Freight Transport 
152 Land Transport Supporting Services 

029 Water transports 153 Ocean Transport 
154 Coastal & Inland Water Transport 
155 Water Transport Services 

030 Air transports 156 Air Transports --1--· 
031 Unclassified 180 Unclassified 

--'-· 

Table 2: Capital distribution factors for each electricity generation technology 

RE-E ST-E CC-E GT-E ST-I CC-I CG-S RE-S 
1985 0.509 0.401 0.064 0.025 
1990 0.497 0.373 0.053 0.077 
1995 0.385 0.374 0.139 0.036 0.055 0.006 0.004 
1998 0.346 0.306 0.192 0.028 0.007 0.072 0.032 0.017 
2000 0.295 0.259 0.163 0.012 0.065 0.136 0.063 0.007 
2005 0.301 0.218 0.142 0.020 0.056 0.181 0.061 0.021 

Note: 1. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: 
Cogeneration, E: EGAT, 1: IPP, S: SPP. 
2. The information contained in this table is estimated from the economic and teclmical 
characteristics of power plants (given in Table 4.3, p.117) and the electricity generation by 
each technology from the Department of Alternative Energy Development and Efficiency 
(DEDE, 2008b ). 



Table 3: Matrix of input- ,output technical coefficient (A) (1985) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 0.0000 0.0000 0.0000 0.0000 0.0673 0.0000 0.0000 - - - - 0.0000 0.0000 0.0000 0.0003 
2 0.0000 0.2089 0.0763 0.0000 0.0000 0.0000 0.0000 - - - - 0.6290 0.0000 0.0000 0.0000 
3 0.0747 0.0400 0.0342 0.0000 0.151 8 0.0030 0.0027 - - - - 0.0008 0.0296 0.0503 0.0086 
4 0.0002 0.0001 0.0015 0.0243 0.0000 0.0000 0.0000 - - - - 0.0005 0.0004 0.0043 0.0020 
5 0.0009 0.0003 0.0067 0.0000 0.0387 0.0000 0.0000 - - - - 0.0021 0.0018 0.0199 0.0091 
6 0.0001 0.0000 0.0007 0.0000 0.0000 0.043 1 0.0000 - - - - 0.0002 0.0002 0.0022 0.0010 
7 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0379 - - - - 0.0001 0.0001 0.0007 0.0003 
8 - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - -
10 - - - - - - - - - - - - - - -
11 - - - - - - - - - - - - - - -
12 0.0000 0.0000 0.0392 0.0000 0.2830 0.315 1 0.2685 - - - - 0.0855 0.0000 0.0000 0.0000 
13 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0940 0.0011 0.3901 
14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0001 0.0000 0.0003 
15 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0645 0.0000 0.0802 
16 0.0000 0.0000 0.0001 0.0004 0.0006 0.0007 0.0006 - - - - 0.0000 0.0058 0.0004 0.0068 
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0014 0.0003 0.0004 
18 0.0005 0.0001 0.0006 0.0001 0.0001 0.000 1 0.0001 - - - - 0.0001 0.0001 0.0007 0.0066 
19 0.0000 0.0006 0.0003 0.0002 0.000 1 0.0002 0.0003 - - - - 0.0002 0.0111 0.0018 0.0033 
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0010 0.0001 0.0034 
21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0003 0.0010 0.0007 
22 0.0002 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 - - - - 0.0001 0.0039 0.0027 0.0024 
23 0.0177 0.0183 0.0014 0.0145 0.0100 0.01 99 0.0282 - - - - 0.0002 0.0111 0.0617 0.0064 
24 0.0002 0.0001 0.0012 0.0002 0.0004 0.0004 0.0004 - - - - 0.0003 0.0006 0.0002 0.0009 
25 0.0003 0.0006 0.0005 0.0009 0.0003 0.0004 0.0005 - - - - 0.0000 0.0013 0.0056 0.0012 
26 0.0086 0.0230 0.0168 0.0235 0.0162 0.0324 0.0458 - - - - 0.0058 0.0451 0.0301 0.0763 
27 0.0000 0.0001 0.0000 0.0008 0.0031 0.001 5 0.0013 - - - - 0.0001 0.0004 0.0008 0.0005 
28 0.1070 0.0005 0.0006 0.0044 0.0166 0.0078 0.0069 - - - - 0.0001 0.0074 0.0300 0.0165 
29 0.0004 0.0002 0.0004 0.0003 0.001 2 0.0006 0.0005 - - - - 0.0000 0.0027 0.0128 0.0033 
30 0.0000 0.0008 0.0014 0.0010 0.0015 0.001 7 0.0015 - - - - 0.0000 0.0001 0.0004 0.0009 
31 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 - - - - 0.0001 0.0001 0.0000 0.0000 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) ( 1985) 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 0.0000 0.0000 0.0000 0.0010 0.0035 0.0010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0116 0.0096 0.0226 0.0113 0.1214 0.0292 0.0146 0.0111 0.0157 0.0095 0.0112 0.1874 0.1748 0.0813 0.1428 0.0057 
4 0.0038 0.0039 0.0040 0.0034 0.0048 0.0062 0.0018 0.0024 0.0148 0.0007 0.0025 0.0016 0.0003 0.0003 0.0004 0.0037 
5 0.0176 0.0179 0.0183 0.0155 0.0220 0.0283 0.0080 0.0110 0.0680 0.0031 0.0115 0.0074 0.0013 0.0012 0.0018 0.0171 
6 0.0019 0.0020 0.0020 0.0017 0.0024 0.0031 0.0009 0.0012 0.0075 0.0003 0.0013 0.0008 0.0001 0.0001 0.0002 0.0019 
7 0.0006 0.0006 0.0006 0.0005 0.0007 0.0010 0.0003 0.0004 0.0023 0.0001 0.0004 0.0003 0.0000 0.0000 0.0001 0.0006 
8 - - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - - -
10 - - - - - - - - - - - - - - - -
11 - - - - - - - - - - - - - - - -
12 0.0000 0.0000 0.0000 0.0021 0.0229 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
13 0.0195 0.1041 0.0103 0.1652 0.0042 0.0004 0.0021 0.0018 0.0000 0.0021 0.0118 0.0000 0.0000 0.0005 0.0002 0.0881 
14 0.0000 0.0000 0.0011 0.0043 0.0624 0.1641 0.0005 0.0027 0.0001 0.0244 0.0000 0.0000 0.0000 0.0000 0.0000 0.0049 
15 0.0001 0.0000 0.0027 0.0285 0.0009 0.0000 0.0000 0.0108 0.0000 0.0000 0.0514 0.0038 0.0003 0.0037 0.0221 0.3480 
16 0.3525 0.0052 0.0091 0.0214 0.0065 0.0004 0.0026 0.0180 0.0120 0.0012 0.0070 0.0174 0.0080 0.0244 0.0082 0.0577 
17 0.0003 0.1431 0.0005 0.0011 0.0028 0.0002 0.0053 0.0079 0.0000 0.0394 0.0011 0.0000 0.0000 0.0000 0.0000 0.0007 
18 0.0031 0.0038 0.0387 0.0166 0.0151 0.0015 0.0028 0.0057 0.0003 0.0006 0.0099 0.0043 0.0006 0.0015 0.0040 0.0180 
19 0.0057 0.0095 0.0074 0.0695 0.0045 0.0018 0.0096 0.0271 0.0209 0.0050 0.0052 0.0012 0.0291 0.0026 0.0039 0.0549 
20 0.0000 0.0002 0.0003 0.0009 0.0912 0.0004 0.0004 0.0046 0.0100 0.1760 0.0012 0.0005 0.0001 0.0000 0.0000 0.0047 
21 0.0000 0.0007 0.0012 0.0005 0.0266 0.1900 0.1349 0.0361 0.0019 0.0539 0.0003 0.0114 0.0000 0.0023 0.0000 0.0046 
22 0.0003 0.0016 0.0015 0.0007 0.0007 0.0001 0.0079 0.0049 0.0001 0.0105 0.0007 0.0000 0.0002 0.0004 0.0000 0.0052 
23 0.0103 0.0200 0.0133 0.0117 0.0145 0.0079 0.0118 0.0967 0.0085 0.0211 0.0075 0.0934 0.1193 0.0429 0.0289 0.0578 
24 0.0011 0.0006 0.0040 0.0012 0.0006 0.0003 0.0002 0.0014 0.0012 0.0006 0.0029 0.0035 0.0007 0.0005 0.0000 0.0089 
25 0.0008 0.0015 0.0082 0.0029 0.0022 0.0008 0.0014 0.0011 0.0040 0.0006 0.0060 0.0042 0.0005 0.0014 0.0001 0.0014 
26 0.0680 0.0755 0.0734 0.1067 0.0666 0.0378 0.0810 0.0916 0.0262 0.0893 0.0901 0.0243 0.0675 0.0255 0.0855 0.1876 
27 0.0001 0.0003 0.0008 0.0005 0.0014 0.0011 0.0004 0.0022 0.0002 0.0008 0.0004 0.0434 0.0005 0.0002 0.0005 0.0053 
28 0.0110 0.0233 0.0237 0.0221 0.0337 0.0045 0.0143 0.0210 0.0087 0.105 ]_ 0.0070 0.0026 0.0100 0.0031 0.0040 0.0387 
29 0.0006 0.0027 0.0048 0.0044 0.0202 0.0027 0.0021 0.0013 0.0003 0.0046 0.0012 0.0006 0.0011 0.0277 0.0004 0.0154 
30 0.0007 0.0013 0.0005 0.0033 0.0010 0.0010 0.0023 0.0035 0.0036 0.0000 0.0051 0.0034 0.0003 0.0023 0.0084 0.0065 
31 0.0000 0.0002 0.0009 0.0000 0.0000 0.0000 0.0001 0.0004 0.0000 0.0000 0.0000 0.0002 0.0001 0.0001 0.0011 0.0000 

-------- -------- -

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) (1990) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 0.0000 0.0000 0.0000 0.0000 0.1094 0.0000 0.0000 - - - - 0.0000 0.0000 0.0000 0.0002 
2 0.0000 0.0000 0.0393 0.0000 0.0000 0.0000 0.0000 - - - - 0.7181 0.0000 0.0000 0.0000 
3 0.0689 0.0851 0.0217 0.0000 0.1513 0.0107 0.0057 - - - - 0.0002 0.0215 0.0482 0.0070 
4 0.0001 0.0001 0.0000 0.0445 0.0000 0.0000 0.0000 - - - - 0.0004 0.0002 0.0023 0.0010 
5 0.0007 0.0005 0.0002 0.0000 0.0989 0.0000 0.0000 - - - - 0.0027 0.0015 0.0146 0.0064 
6 0.0001 0.0001 0.0000 0.0000 0.0000 0.1368 0.0000 - - - - 0.0004 0.0002 0.0023 0.0010 
7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0733 - - - - 0.0002 0.0001 0.0009 0.0004 
8 - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - -
10 - - - - - - - - - - - - - - -
11 - - - - - - - - - - - - - - -
12 0.0000 0.0000 0.0000 0.0000 0.2202 0.3046 0.1606 - - - - 0.0990 0.0000 0.0000 0.0000 
13 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0835 0.0013 0.3499 
14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0001 0.0000 0.0004 
15 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0759 0.0000 0.0886 
16 0.0000 0.0000 0.0002 0.0003 0.0006 0.0008 0.0005 - - - - 0.0000 0.0032 0.0004 0.0039 
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0015 0.0002 0.0004 
18 0.0003 0.0001 0.0002 0.0005 0.0011 0.0015 0.0008 - - - - 0.0001 0.0000 0.0008 0.0077 
19 0.0000 0.0010 0.0004 0.0003 0.0002 0.0003 0.0007 - - - - 0.0000 0.0074 0.0009 0.0033 
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0009 0.0001 0.0041 
21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - - - - 0.0000 0.0004 0.0006 0.0007 
22 0.0002 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 - - - - 0.0004 0.0039 0.0047 0.0058 
23 0.0223 0.0378 0.0046 0.0076 0.0049 0.0078 0.0187 - - - - 0.0014 0.0097 0.0689 0.0099 
24 0.0001 0.0001 0.0001 0.0001 0.0003 0.0004 0.0002 - - - - 0.0002 0.0005 0.0001 0.0008 
25 0.0003 0.0015 0.0004 0.0009 0.0002 0.0003 0.0006 - - - - 0.0029 0.0013 0.0066 0.0011 
26 0.0090 0.2035 0.0204 0.0341 0.0222 0.0349 0.0839 - - - - 0.0291 0.0495 0.0413 0.0777 
27 0.0000 0.0000 0.0000 0.0002 0.0011 0.0007 0.0004 - - - - 0.0000 0.0001 0.0002 0.0003 
28 0.0997 0.0011 0.0013 0.0029 0.0153 0.0089 0.0048 - - - - 0.0001 0.0056 0.0343 0.0134 
29 0.0001 0.0005 0.0006 0.0003 0.0014 0.0009 0.0005 - - - - 0.0000 0.0029 0.0135 0.0034 
30 0.0000 0.0018 0.0001 0.0007 0.0016 0.0022 0.0012 - - - - 0.0000 0.0001 0.0001 0.0009 
31 0.0001 0.0005 0.0001 0.0005 0.0012 0.0016 0.0009 - - - - 0.0000 0.0002 0.0003 0.0006 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) ( 1990) 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 0.0000 0.0000 0.0032 0.0002 0.0071 0.0007 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0047 0.0040 0.0081 0.0098 0.0417 0.0205 0.0120 0.0052 0.0046 0.0085 0.0071 0.1580 0.0694 0.0770 0.0885 0.0033 
4 0.0033 0.0020 0.0022 0.0019 0.0050 0.0060 0.0009 0.0009 0.0086 0.0003 0.0014 0.0015 0.0003 0.0002 0.0006 0.0000 
5 0.0216 0.0130 0.0141 0.0125 0.0326 0.0386 0.0058 0.0057 0.0553 0.0016 0.0087 0.0097 0.0016 0.0012 0.0037 0.0001 
6 0.0034 0.0020 0.0022 0.0019 0.0051 0.0060 0.0009 0.0009 0.0086 0.0003 0.0014 0.0015 0.0003 0.0002 0.0006 0.0000 
7 0.0014 0.0008 0.0009 0.0008 0.0020 0.0024 0.0004 0.0004 0.0035 0.0001 0.0005 0.0006 0.0001 0.0001 0.0002 0.0000 
8 - - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - - -
10 - - - - - - - - - - - - - - - -
11 - - - - - - - - - - - - - - - -
12 0.0000 0.0000 0.0000 0.0170 0.0044 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
13 0.0086 0.0149 0.0119 0.1355 0.0073 0.0004 0.0012 0.0011 0.0000 0.0034 0.0144 0.0000 0.0000 0.0000 0.0006 0.0485 
14 0.0000 0.0000 0.0049 0.0026 0.0729 0.0585 0.0004 0.0004 0.0001 0.0295 0.0000 0.0000 0.0000 0.0000 0.0000 0.0139 
15 0.0015 0.0001 0.0098 0.0164 0.0011 0.0000 0.0000 0.0086 0.0000 0.0000 0.0466 0.0000 0.0002 0.0002 0.0240 0.0645 
16 0.3262 0.0066 0.0082 0.0282 0.0044 0.0004 0.0032 0.0164 0.0098 0.0011 0.0061 0.0125 0.0082 0.0144 0.0081 0.0691 
17 0.0005 0.1634 0.0005 0.0012 0.0020 0.0004 0.0045 0.0039 0.0002 0.0306 0.0015 0.0005 0.0000 0.0002 0.0000 0.0008 
18 0.0041 0.0033 0.0432 0.0118 0.0231 0.0017 0.0035 0.0052 0.0016 0.0004 0.0102 0.0072 0.0025 0.0018 0.0019 0.0118 
19 0.0280 0.0150 0.0050 0.0867 0.0022 0.0021 0.0124 0.0168 0.0022 0.0074 0.0044 0.0071 0.0253 0.0020 0.0033 0.0376 
20 0.0000 0.0026 0.0004 0.0040 0.1043 0.0031 0.0020 0.0056 0.0054 0.1741 0.0009 0.0005 0.0001 0.0000 0.0004 0.0254 
21 0.0000 0.0009 0.0007 0.0013 0.0573 0.1791 0.0778 0.0208 0.0039 0.0123 0.0002 0.0111 0.0000 0.0027 0.0000 0.0586 
22 0.0015 0.0032 0.0029 0.0022 0.0013 0.0026 0.0198 0.0061 0.0005 0.0111 0.0007 0.0037 0.0002 0.0007 0.0011 0.0218 
23 0.0196 0.0211 0.0158 0.0102 0.0233 0.0144 0.0119 0.0820 0.0070 0.0263 0.0080 0.2146 0.1636 0.0178 0.0020 0.2191 
24 0.0007 0.0007 0.0028 0.0007 0.0007 0.0003 0.0006 0.0009 0.0005 0.0004 0.0021 0.0028 0.0008 0.0003 0.0011 0.0020 
25 0.0006 0.0015 0.0073 0.0021 0.0032 0.0006 0.0015 0.0008 0.0017 0.0015 0.0035 0.0016 0.0009 0.0018 0.0002 0.0036 
26 0.0803 0.1099 0.0949 0.1184 0.0850 0.0495 0.0962 0.0905 0.0579 0.0903 0.1192 0.0305 0.0730 0.0629 0.1355 0.1731 
27 0.0000 0.0002 0.0006 0.0005 0.0004 0.0004 0.0002 0.0014 0.0002 0.0000 0.0002 0.0042 0.0008 0.0001 0.0001 0.0005 
28 0.0084 0.0150 0.0156 0.0133 0.0156 0.0028 0.0079 0.0110 0.0048 0.0511 0.0050 0.0029 0.0252 0.0027 0.0033 0.0263 
29 0.0008 0.0029 0.0050 0.0036 0.0159 0.0021 0.0015 0.0015 0.0001 0.0039 0.0020 0.0012 0.0010 0.0329 0.0003 0.0063 
30 0.0006 0.0046 0.0004 0.0028 0.0012 0.0010 0.0024 0.0022 0.0035 0.0000 0.0051 0.0042 0.0003 0.0020 0.1656 0.0191 
31 0.0003 0.0006 0.0005 0.0008 0.0005 0.0004 0.0004 0.0004 0.0025 0.0004 0.0029 0.0211 0.0175 0.0004 0.0021 0.0000 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) 
(1995) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 0.0000 0.0000 0.0000 0.0000 0.0926 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 
2 0.0000 0.0350 0.0275 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.6652 0.0000 0.0000 0.0000 
3 0.0641 0.0821 0.0190 0.0000 0.2294 0.0165 0.1194 - 0.0171 0.0330 0.0000 0.0001 0.0213 0.0461 0.0062 
4 0.0002 0.0005 0.0002 0.0235 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0002 0.0001 0.0019 0.0009 
5 0.0013 0.0029 0.0014 0.0000 0.0587 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0013 0.0009 0.0123 0.0058 
6 0.0006 0.0013 0.0006 0.0000 0.0000 0.0690 0.0000 - 0.0000 0.0000 0.0000 0.0006 0.0004 0.0055 0.0026 
7 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0427 - 0.0000 0.0000 0.0000 0.0001 0.0000 0.0006 0.0003 
8 - - - - - - - - - - - - - - -
9 0.0002 0.0006 0.0003 0.0000 0.0000 0.0000 0.0000 - 0.0716 0.0000 0.0000 0.0003 0.0002 0.0024 0.0012 
10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0340 0.0000 0.0000 0.0000 0.0001 0.0000 
11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0290 0.0000 0.0000 0.0000 0.0000 
12 0.0000 0.0000 0.0029 0.0000 0.0343 0.2979 0. 1007 - 0.3092 0.0707 0.0000 0.0941 0.0000 0.0000 0.0002 
13 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0740 0.0023 0.3436 
14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0003 
15 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0782 0.0000 0.0912 
16 0.0000 0.0000 0.0002 0.0003 0.0006 0.0007 0.0005 - 0.0008 0.0004 0.0003 0.0000 0.0011 0.0002 0.0012 
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0001 0.0013 0.0001 0.0003 
18 0.0004 0.0003 0.0002 0.0011 0.0029 0.0034 0.002 1 - 0.0035 0.0017 0.0014 0.0002 0.0000 0.0006 0.0073 
19 0.0000 0.0015 0.0008 0.0008 0.0007 0.0009 0.0016 - 0.0008 0.0015 0.0017 0.0005 0.0057 0.0012 0.0065 
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0007 0.0001 0.0039 
21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0004 
22 0.0004 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0042 0.0063 0.0050 
23 0.0189 0.0345 0.0017 0.0147 0.0140 0.0169 0.0308 - 0.0158 0.0291 0.0322 0.0015 0.0101 0.0678 0.0082 
24 0.0001 0.0001 0.0000 0.0002 0.0004 0.0004 0.0003 - 0.0005 0.0002 0.0002 0.0001 0.0004 0.0001 0.0011 
25 0.0004 0.0014 0.0001 0.0060 0.0022 0.0022 0.0032 - 0.0021 0.0044 0.0052 0.0027 0.0010 0.0083 0.0009 
26 0.0121 0.1997 0.0157 0.0481 0.0458 0.0553 0.1 011 - 0.0520 0.0955 0.1057 0.0332 0.0607 0.0529 0.0944 
27 0.0000 0.0000 0.0000 0.0001 0.0007 0.0004 0.0004 - 0.0004 0.0002 0.0001 0.0000 0.0001 0.0002 0.0005 
28 0.1156 0.0013 0.0011 0.0016 0.0112 0.0047 0.0033 - 0.0049 0.0024 0.0019 0.0010 0.0041 0.0364 0.0093 
29 0.0000 0.0004 0.0006 0.0001 0.0009 0.0004 0.0005 - 0.0004 0.0003 0.0002 0.0000 0.0019 0.0131 0.0025 
30 0.0000 0.0020 0.0002 0.0003 0.0006 0.0008 0.0005 - 0.0008 0.0004 0.0003 0.0000 0.0001 0.0001 0.0011 
31 0.0002 0.0010 0.0001 0.0002 0.0004 0.0005 0.0003 - 0.0005 0.0002 0.0002 0.0004 0.0001 0.0001 0.0008 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) (1995) 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 0.0002 0.0000 0.0037 0.0006 0.0065 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011 
2 0.0000 0.0000 0.0000 0.0024 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0052 0.0027 0.0059 0.0122 0.0388 0.0180 0.0082 0.0044 0.0060 0.0082 0.0054 0.1460 0.0750 0.1011 0.0852 0.0048 
4 0.0023 0.0018 0.0015 0.0017 0.0038 0.0042 0.0008 0.0006 0.0054 0.0001 0.0013 0.0006 0.0002 0.0002 0.0007 0.0004 
5 0.0146 0.0114 0.0096 0.0110 0.0243 0.0271 0.0053 0.0040 0.0348 0.0008 0.0082 0.0038 0.0012 0.0013 0.0043 0.0025 
6 0.0066 0.0051 0.0043 0.0049 0.0109 0.0122 0.0024 0.0018 0.0156 0.0004 0.0037 0.0017 0.0005 0.0006 0.0020 0.0011 
7 0.0007 0.0006 0.0005 0.0005 0.0012 0.0013 0.0003 0.0002 0.0017 0.0000 0.0004 0.0002 0.0001 0.0001 0.0002 0.0001 
8 - - - - - - - - - - - - - - - -
9 0.0029 0.0023 0.0019 0.0022 0.0048 0.0054 0.0011 0.0008 0.0069 0.0002 0.0016 0.0007 0.0002 0.0003 0.0009 0.0005 
10 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
12 0.0002 0.0000 0.0008 0.0106 0.0109 0.0026 0.0029 0.0007 0.0000 0.0000 0.0009 0.0000 0.0031 0.0000 0.0000 0.0020 
13 0.0058 0.0173 0.0050 0.1260 0.0041 0.0002 0.0002 0.0007 0.0000 0.0048 0.0122 0.0000 0.0000 0.0000 0.0005 0.0416 
14 0.0000 0.0000 0.0033 0.0015 0.0840 0.0092 0.0005 0.0005 0.0001 0.0320 0.0000 0.0000 0.0000 0.0000 0.0000 0.0084 
15 0.0013 0.0001 0.0124 0.0085 0.0018 0.0000 0.0000 0.0044 0.0000 0.0000 0.0385 0.0000 0.0004 0.0002 0.0190 0.0805 
16 0.3255 0.0029 0.0055 0.0210 0.0019 0.0003 0.0029 0.0122 0.0091 0.0010 0.0051 0.0115 0.0065 0.0109 0.0066 0.0392 
17 0.0003 0.1291 0.0005 0.0014 0.0016 0.0006 0.0053 0.0040 0.0002 0.0160 0.0015 0.0017 0.0000 0.0002 0.0000 0.0029 
18 0.0059 0.0105 0.1028 0.0084 0.0117 0.0027 0.0052 0.0050 0.0034 0.0005 0.0107 0.0070 0.0082 0.0022 0.0051 0.0129 
19 0.0307 0.0071 0.0030 0.1331 0.0021 0.0026 0.0144 0.0185 0.0073 0.0061 0.0034 0.0023 0.0323 0.0020 0.0012 0.1250 
20 0.0000 0.0043 0.0001 0.0023 0.0828 0.0052 0.0025 0.0040 0.0052 0.1541 0.0004 0.0003 0.0001 0.0000 0.0003 0.0120 
21 0.0000 0.0008 0.0000 0.0005 0.0566 0.0735 0.0849 0.0135 0.0007 0.0396 0.0002 0.0082 0.0000 0.0020 0.0000 0.0293 
22 0.0005 0.0032 0.0014 0.0004 0.0011 0.0000 0.0131 0.0022 0.0008 0.0102 0.0007 0.0182 0.0002 0.0007 0.0002 0.0213 
23 0.0136 0.0169 0.0142 0.0088 0.0154 0.0060 0.0128 0.1237 0.0171 0.0180 0.0076 0.1368 0.1738 0.0324 0.0040 0.1317 
24 0.0010 0.0005 0.0017 0.0006 0.0006 0.0003 0.0008 0.0008 0.0009 0.0004 0.0021 0.0022 0.0009 0.0003 0.0010 0.0019 
25 0.0004 0.0011 0.0049 0.0011 0.0036 0.0005 0.0015 0.0007 0.0010 0.0016 0.0031 0.0002 0.0008 0.0010 0.0004 0.0061 
26 0.0986 0.1263 0.1087 0.1319 0.1004 0.0448 0.1160 0.0997 0.0935 0.1015 0.1369 0.0537 0.0872 0.0738 0.1626 0.3277 
27 0.0000 0.0001 0.0004 0.0003 0.0003 0.0002 0.0003 0.0009 0.0002 0.0000 0.0002 0.0045 0.0005 0.0000 0.0001 0.0004 
28 0.0051 0.0120 0.0107 0.0090 0.0148 0.0027 0.0071 0.0084 0.0047 0.0578 0.0040 0.0022 0.0270 0.0019 0.0034 0.0229 
29 0.0005 0.0023 0.0032 0.0025 0.0161 0.0006 0.0011 0.0012 0.0001 0.0004 0.0018 0.0009 0.0008 0.0334 0.0002 0.0034 
30 0.0004 0.0014 0.0005 0.0026 0.0010 0.0009 0.0027 0.0020 0.0054 0.0000 0.0055 0.0001 0.0003 0.0023 0.1739 0.0134 
31 0.0007 0.0002 0.0009 0.0007 0.0002 0.0003 0.0002 0.0004 0.0004 0.0005 0.0021 0.0183 0.0088 0.0007 0.0012 0.0000 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3 Matrix of input-output technical coefficient (A) ( contd.) (1998) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 0.0000 0.0000 0.0000 0.0000 0.0874 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 
2 0.0000 0.0363 0.0409 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7576 0.0000 0.0000 0.0000 
3 0.0704 0.0755 0.0280 0.0000 0.2713 0.0046 0.0590 0.3162 0.0054 0.0122 0.0000 0.0004 0.0396 0.0596 0.0062 1 
4 0.0001 0.0002 0.0004 0.0112 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0001 0.0014 0.0006 
5 0.0012 0.0016 0.0032 0.0000 0.0322 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0022 0.0007 0.0113 0.0049 
6 0.0007 0.0010 0.0019 0.0000 0.0000 0.0331 0.0000 0.0000 0.0000 0.0000 0.0000 0.0013 0.0004 0.0065 o.oo28 1 

7 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0188 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0004 0.0002 i 

8 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0375 0.0000 0.0000 0.0000 0.0001 0.0000 0.0003 0.0001 
9 0.0004 0.0005 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0383 0.0000 0.0000 0.0007 0.0002 0.0037 0.0016 
10 0.0001 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0213 0.0000 0.0002 0.0000 0.0008 0.0003 
11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0176 0.0000 0.0000 0.0001 0.0000 
12 0.0000 0.0000 0.0030 0.0000 0.0643 0.3589 0.2126 0.0750 0.4152 0.4952 0.0000 0.0881 0.0000 0.0000 0.0002 
13 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0808 0.0012 0.3601 
14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 
15 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0758 0.0000 0.0932 
16 0.0000 0.0000 0.0000 0.0002 0.0006 0.0006 0.0003 0.0006 0.0007 0.0004 0.0003 0.0000 0.0010 0.0003 0.00091 
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011 0.0004 0.0004 
18 0.0006 0.0004 0.0001 0.0007 0.0020 0.0021 0.0012 0.0024 0.0024 0.0013 0.0011 0.0001 0.0003 0.0006 0.0083 I 

19 0.0000 0.0018 0.0008 0.0007 0.0005 0.0007 0.0012 0.0005 0.0006 0.0006 0.0013 0.0002 0.0125 0.0032 0.0081 
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0001 0.0036 I 

21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0007 
22 0.0008 0.0000 0.0007 0.0009 0.0008 0.0010 0.0018 0.0008 0.0008 0.0008 0.0019 0.0000 0.0054 0.0104 0.0057 
23 0.0258 0.0218 0.0028 0.0220 0.0176 0.0243 0.0413 0.0177 0.0188 0.0185 0.0447 0.0016 0.0102 0.1245 0.0086 
24 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 
25 0.0002 0.0005 0.0001 0.0037 0.0012 0.0013 0.0018 0.0012 0.0010 0.0011 0.0030 0.0005 0.0007 0.0063 0.0003 
26 0.0 13 7 0.1268 0.0 102 0.0812 0.0650 0.0899 0.1527 0.0655 0.0695 0.0683 0.1654 0.0361 0.0607 0.0572 0.0771 
27 0.0000 0.0000 0.0000 0.0001 0.0009 0.0003 0.0003 0.0010 0.0003 0.0002 0.0002 0.0000 0.0001 0.0003 0.0005 
28 0.1325 0.0013 0.0008 0.0015 0.0135 0.0044 0.0028 0.0065 0.0051 0.0029 0.0023 0.0006 0.0052 0.0119 0.0089 
29 0.0000 0.0004 0.0004 0.0001 0.0011 0.0004 0.0003 0.0012 0.0004 0.0003 0.0002 0.0000 0.0028 0.0207 0.0026 
30 0.0000 0.0018 0.0001 0.0002 0.0007 0.0007 0.0004 0.0008 0.0008 0.0004 0.0004 0.0000 0.0001 0.0001 0.0010 
31 0.0002 0.0007 0.0007 0.0007 0.0020 0.0020 0.0012 0.0023 0.0024 0.0013 0.0011 0.0002 0.0014 0.0003 0.0025 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3 Matrix of input-output technical coefficient (A) ( contd.) (1998) 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 0.0002 0.0000 0.0039 0.0006 0.0127 0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 
2 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0069 0.0039 0.0071 0.0190 0.0380 0.0151 0.0098 0.0048 0.0037 0.0176 0.0063 0.1646 0.2265 0.2142 0.0137 0.0050 
4 0.0020 0.0013 0.0009 0.0015 0.0031 0.0022 0.0005 0.0005 0.0051 0.0001 0.0009 0.0004 0.0002 0.0002 0.0004 0.0003 
5 0.0159 0.0101 0.0071 0.0119 0.0250 0.0179 0.0042 0.0037 0.0407 0.0006 0.0076 0.0032 0.0012 0.0012 0.0034 0.0026 
6 0.0092 0.0058 0.0041 0.0069 0.0145 0.0104 0.0024 0.0022 0.0236 0.0004 0.0044 0.0019 0.0007 0.0007 0.0020 0.0015 
7 0.0006 0.0004 0.0003 0.0004 0.0009 0.0006 0.0002 0.0001 0.0015 0.0000 0.0003 0.0001 0.0000 0.0000 0.0001 0.0001 
8 0.0004 0.0003 0.0002 0.0003 0.0007 0.0005 0.0001 0.0001 0.0011 0.0000 0.0002 0.0001 0.0000 0.0000 0.0001 0.0001 
9 0.0052 0.0033 0.0023 0.0039 0.0082 0.0058 0.0014 0.0012 0.0133 0.0002 0.0025 0.0010 0.0004 0.0004 0.0011 0.0009 
10 0.0011 0.0007 0.0005 0.0008 0.0018 0.0013 0.0003 0.0003 0.0029 0.0000 0.0005 0.0002 0.0001 0.0001 0.0002 0.0002 
11 0.0001 0.0001 0.0000 0.0001 0.0002 0.0001 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
12 0.0002 0.0000 0.0012 0.0157 0.0116 0.0026 0.0022 0.0007 0.0000 0.0000 0.0003 0.0000 0.0035 0.0000 0.0000 0.0019 
13 0.0043 0.0558 0.0069 0.0887 0.0021 0.0002 0.0002 0.0009 0.0000 0.0029 0.0124 0.0000 0.0000 0.0000 0.0007 0.0318 
14 0.0000 0.0000 0.0019 0.0022 0.0854 0.0151 0.0008 0.0005 0.0002 0.0563 0.0000 0.0000 0.0000 0.0000 0.0000 0.0065 
15 0.0013 0.0001 0.0148 0.0096 0.0017 0.0000 0.0000 0.0027 0.0000 0.0000 0.0365 0.0000 0.0004 0.0002 0.0147 0.0697 
16 0.3199 0.0022 0.0034 0.0231 0.0024 0.0002 0.0012 0.0095 0.0077 0.0007 0.0054 0.0117 0.0065 0.0082 0.0052 0.0325 
17 0.0003 0.1152 0.0005 0.0014 0.0017 0.0003 0.003 1 0.0026 0.0002 0.0036 0.0012 0.0153 0.0000 0.0001 0.0000 0.0010 
18 0.0087 0.0111 0.1720 0.0110 0.0156 0.0025 0.0043 0.0050 0.0063 0.0005 0.0115 0.0092 0.0079 0.0022 0.0030 0.0160 
19 0.0312 0.0205 0.0081 0.1604 0.0091 0.0038 0.0157 0.0261 0.0229 0.0072 0.0075 0.0026 0.0353 0.0027 0.0029 0.0863 
20 0.0000 0.0028 0.0002 0.0013 0.0782 0.0047 0.0025 0.0040 0.0051 0.1549 0.0005 0.0003 0.0000 0.0000 0.0002 0.0106 
21 0.0000 0.0007 0.0003 0.0004 0.0257 0.1035 0.1450 0.0113 0.0008 0.0182 0.0002 0.0052 0.0000 0.0012 0.0000 0.0148 
22 0.0018 0.0118 0.0042 0.0032 0.0023 0.0011 0.0107 0.0061 0.0033 0.0133 0.0011 0.0317 0.0003 0.0016 0.0045 0.0149 
23 0.0163 0.0199 0.0113 0.0106 0.0253 0.0115 0.0096 0.1657 0.0205 0.0334 0.0094 0.1245 0.2306 0.0806 0.0068 0.0950 
24 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0001 
25 0.0001 0.0007 0.0014 0.0004 0.0013 0.0002 0.0004 0.0003 0.0004 0.0009 0.0017 0.0001 0.0005 0.0005 0.0001 0.0012 
26 0.0901 0.1093 0.1231 0.1214 0.0892 0.0770 0.1046 0.0963 0.0912 0.0987 0.1242 0.0548 0.0816 0.0568 0.1544 0.1874 
27 0.0000 0.0004 0.0005 0.0003 0.0003 0.0009 0.0003 0.0007 0.0002 0.0000 0.0002 0.0044 0.0005 0.0001 0.0001 0.0003 
28 0.0057 0.0141 0.0126 0.0105 0.0136 0.0043 0.0065 0.0081 0.0043 0.0910 0.0054 0.0029 0.0280 0.0109 0.0028 0.0256 
29 0.0005 0.0028 0.0036 0.0018 0.0136 0.0021 0.0013 0.0013 0.0001 0.0003 0.0016 0.0011 0.0011 0.0243 0.0004 0.0027 
30 0.0005 0.0015 0.0007 0.0019 0.0008 0.0008 0.0021 0.0018 0.0047 0.0000 0.0068 0.0001 0.0003 0.0024 0.2585 0.0108 
31 0.0024 0.0010 0.0011 0.0010 0.0020 0.0012 0.0007 0.0011 0.0007 0.0009 0.0069 0.0373 0.0145 0.0014 0.0009 0.0000 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) (2000) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 0.0000 0.0000 0.0000 0.0000 0.0680 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 
2 0.0000 0.0305 0.0639 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6612 0.0000 0.0000 0.0000 
3 0.0691 0.0862 0.0048 0.0000 0.2097 0.0017 0.0122 0.2022 0.0015 0.0086 0.0000 0.0005 0.0446 0.0595 0.0070 
4 0.0004 0.0002 0.0005 0.0091 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0001 0.0013 0.0007 
5 0.0020 0.0013 0.0029 0.0000 0.0205 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0019 0.0007 0.0071 0.0037 
6 0.0015 0.0010 0.0022 0.0000 0.0000 0.0247 0.0000 0.0000 0.0000 0.0000 0.0000 0.0014 0.0005 0.0054 0.0028 
7 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0178 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0003 0.0001 
8 0.0004 0.0002 0.0005 0.0000 0.0000 0.0000 0.0000 0.0197 0.0000 0.0000 0.0000 0.0003 0.0001 0.0013 0.0007 
9 0.0010 0.0007 0.0015 0.0000 0.0000 0.0000 0.0000 0.0000 0.0229 0.0000 0.0000 0.0010 0.0003 0.0036 0.0019 
10 0.0006 0.0004 0.0009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0256 0.0000 0.0006 0.0002 0.0022 0.0012 
11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0153 0.0000 0.0000 0.0000 0.0000 
12 0.0000 0.0000 0.0037 0.0000 0.1055 0.3154 0.3 594 0.1017 0.2925 0.2622 0.0000 0.1149 0.0001 0.0000 0.0001 
13 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0765 0.0021 0.3281 
14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0009 
15 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0808 0.0000 0.1207 
16 0.0000 0.0000 0.0000 0.0001 0.0003 0.0004 0.0003 0.0003 0.0004 0.0004 0.0003 0.0000 0.0015 0.0003 0.0004 
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011 0.0010 0.0002 
18 0.0016 0.0003 0.0004 0.0007 0.0017 0.0020 0.0014 0.0016 0.0019 0.0021 0.0012 0.0001 0.0005 0.0006 0.0087 
19 0.0000 0.0010 0.0008 0.0003 0.0002 0.0003 0.0004 0.0003 0.0003 0.0002 0.0006 0.0000 0.0110 0.0030 0.0043 
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0002 0.0028 
21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
22 0.0008 0.0000 0.0004 0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 0.0001 0.0003 0.0003 0.0077 0.0157 0.0042 
23 0.0224 0.0186 0.0019 0.0168 0.0158 0.0197 0.0264 0.0206 0.0226 0.0165 0.0388 0.0012 0.0152 0.1131 0.0087 
24 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0010 
25 0.0004 0.0003 0.0000 0.0015 0.0006 0.0006 0.0006 0.0008 0.0007 0.0006 0.0014 0.0003 0.0005 0.0025 0.0003 
26 0.0190 0.1424 0.0102 0.0394 0.0369 0.0461 0.0617 0.0482 0.0528 0.0386 0.0908 0.0213 0.0685 0.0507 0.0765 
27 0.0000 0.0000 0.0000 0.0001 0.0010 0.0003 0.0003 0.0009 0.0003 0.0004 0.0002 0.0000 0.0001 0.0002 0.0004 
28 0.1535 0.0012 0.0008 0.0013 0.0116 0.0036 0.0026 0.0040 0.0033 0.0038 0.0022 0.0006 0.0067 0.0225 0.0095 
29 0.0000 0.0003 0.0002 0.0001 0.0008 0.0003 0.0002 0.0007 0.0003 0.0003 0.0002 0.0000 0.0035 0.0198 0.0026 
30 0.0001 0.0016 0.0001 0.0003 0.0007 0.0008 0.0006 0.0007 0.0008 0.0008 0.0005 0.0000 0.0001 0.0001 0.0003 
31 0.0002 0.0006 0.0003 0.0006 0.0014 0.0017 0.0012 0.0014 0.0016 0.0018 0.0011 0.0002 0.0044 0.0005 0.0052 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) (2000) 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 0.0001 0.0000 0.0020 0.0003 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 
2 0.0000 0.0000 0.0000 0.0097 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0079 0.0042 0.0062 0.0258 0.0365 0.0142 0.0129 0.0058 0.0026 0.0183 0.0070 0.1599 0.2763 0.2306 0.0222 0.0041 
4 0.0028 0.0014 0.0009 0.0017 0.0041 0.0034 0.0007 0.0007 0.0066 0.0001 0.0015 0.0005 0.0001 0.0002 0.0006 0.0002 
5 0.0147 0.0073 0.0048 0.0089 0.0217 0.0183 0.0037 0.0036 0.0353 0.0006 0.0081 0.0029 0.0007 0.0011 0.0031 0.0013 
6 0.0111 0.0055 0.0036 0.0067 0.0164 0.0138 0.0028 0.0027 0.0267 0.0005 0.0061 0.0022 0.0006 0.0008 0.0024 0.0010 
7 0.0005 0.0003 0.0002 0.0003 0.0008 0.0007 0.0001 0.0001 0.0013 0.0000 0.0003 0.0001 0.0000 0.0000 0.0001 0.0000 
8 0.0027 0.0013 0.0009 0.0016 0.0040 0.0034 0.0007 0.0007 0.0065 0.0001 0.0015 0.0005 0.0001 0.0002 0.0006 0.0002 
9 0.0075 0.0037 0.0024 0.0046 0.0111 0.0093 0.0019 0.0018 0.0180 0.0003 0.0041 0.0015 0.0004 0.0006 0.0016 0.0007 
10 0.0046 0.0023 0.0015 0.0028 0.0068 0.0057 0.0011 0.0011 0.0110 0.0002 0.0025 0.0009 0.0002 0.0003 0.0010 0.0004 
11 0.0001 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
12 0.0002 0.0001 0.0006 0.0096 0.0150 0.0029 0.0022 0.0007 0.0000 0.0000 0.0004 0.0000 0.0033 0.0000 0.0000 0.0030 
13 0.0039 0.0294 0.0075 0.0730 0.0028 0.0001 0.0001 0.0005 0.0000 0.0029 0.0140 0.0000 0.0000 0.0000 0.0038 0.0448 
14 0.0000 0.0000 0.0009 0.0031 0.0815 0.0035 0.0003 0.0010 0.0000 0.0484 0.0000 0.0114 0.0000 0.0000 0.0000 0.0070 
15 0.0010 0.0001 0.0082 0.0065 0.0026 0.0000 0.0000 0.0016 0.0000 0.0000 0.0331 0.0000 0.0004 0.0002 0.0216 0.0702 
16 0.3050 0.0026 0.0017 0.0172 0.0038 0.0001 0.0006 0.0068 0.0002 0.0007 0.0048 0.0004 0.0071 0.0077 0.0001 0.0338 
17 0.0002 0.0839 0.0003 0.0011 0.0017 0.0004 0.0067 0.0019 0.0000 0.0043 0.0010 0.0001 0.0000 0.0002 0.0000 0.0013 
18 0.0061 0.0098 0.1362 0.0073 0.0141 0.0012 0.0046 0.0044 0.0013 0.0005 0.0114 0.0021 0.0063 0.0022 0.0028 0.0173 
19 0.0634 0.0225 0.0132 0.1395 0.0219 0.0045 0.0236 0.0293 0.0021 0.0048 0.0084 0.0007 0.0369 0.0023 0.0045 0.0811 
20 0.0000 0.0024 0.0001 0.0007 0.0720 0.0018 0.0023 0.0036 0.0009 0.1664 0.0004 0.0003 0.0000 0.0000 0.0000 0.0111 
21 0.0000 0.0001 0.0000 0.0001 0.0042 0.1617 0.0846 0.0084 0.0001 0.0179 0.0000 0.0012 0.0000 0.0003 0.0000 0.0134 
22 0.0009 0.0058 0.0014 0.0012 0.0016 0.0005 0.0090 0.0036 0.0005 0.0074 0.0011 0.0188 0.0002 0.0013 0.0011 0.0114 
23 0.0205 0.0182 0.0063 0.0089 0.0198 0.0120 0.0081 0.1076 0.0078 0.0346 0.0141 0.0856 0.2347 0.0683 0.0227 0.1002 
24 0.0004 0.0007 0.0004 0.0011 0.0023 0.0011 0.0006 0.0008 0.0239 0.0000 0.0008 0.0034 0.0004 0.0002 0.0003 0.0001 
25 0.0003 0.0002 0.0003 0.0004 0.0007 0.0010 0.0002 0.0002 0.0003 0.0004 0.0009 0.0086 0.0004 0.0002 0.0000 0.0010 
26 0.0919 0.1027 0.1213 0.1123 0.0736 0.0622 0.0953 0.1015 0.0849 0.1095 0.1034 0.0373 0.0796 0.0517 0.1733 0.1635 
27 0.0000 0.0002 0.0002 0.0002 0.0002 0.0008 0.0002 0.0005 0.0000 0.0000 0.0001 0.0005 0.0004 0.0001 0.0000 0.0003 
28 0.0065 0.0112 0.0127 0.0113 0.0115 0.0045 0.0064 0.0077 0.0015 0.1026 0.0058 0.0038 0.0302 0.0092 0.0018 0.0273 
29 0.0006 0.0025 0.0040 0.0017 0.0110 0.0018 0.0014 0.0013 0.0001 0.0004 0.0011 0.0015 0.0013 0.0318 0.0005 0.0046 
30 0.0005 0.0012 0.0002 0.0014 0.0009 0.0007 0.0022 0.0014 0.0008 0.0000 0.0068 0.0003 0.0003 0.0027 0.2647 0.0131 
31 0.0045 0.0011 0.0029 0.0015 0.0023 0.0017 0.0011 0.0013 0.0057 0.0009 0.0087 0.0176 0.0069 0.0009 0.0009 0.0141 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) (2005) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 0.0000 0.0000 0.0000 0.0000 0.0714 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 
2 0.0000 0.0485 0.0976 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3953 0.0000 0.0000 0.0000 
3 0.1084 0.0775 0.0042 0.0000 0.2153 0.0041 0.0361 0.2437 0.0050 0.0084 0.0000 0.0027 0.0467 0.0902 0.0096 
4 0.0003 0.0002 0.0001 0.0048 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0001 0.0008 0.0005 
5 0.0015 0.0011 0.0005 0.0000 0.0136 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0015 0.0005 0.0048 0.0028 
6 0.0011 0.0008 0.0003 0.0000 0.0000 0.0153 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0003 0.0034 0.0020 
7 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0087 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0002 0.0001 
8 0.0004 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0153 0.0000 0.0000 0.0000 0.0004 0.0001 0.0014 0.0008 
9 0.0020 0.0015 0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0187 0.0000 0.0000 0.0019 0.0006 0.0062 0.0036 
10 0.0005 0.0004 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0167 0.0000 0.0005 0.0002 0.0017 0.0010 
11 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0264 0.0001 0.0000 0.0003 0.0002 
12 0.0000 0.0000 0.0010 0.0000 0.1449 0.3674 0.2470 0.1640 0.3685 0.3423 0.0000 0.0982 0.0001 0.0000 0.0003 
13 0.0000 0.0000 0.0000 0.0002 0.0006 0.0006 0.0004 0.0006 0.0008 0.0007 0.0011 0.0000 0.0934 0.0028 0.3105 
14 0.0000 0.0003 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0005 
15 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0648 0.0000 0.1525 
16 0.0000 0.0000 0.0000 0.0001 0.0002 0.0003 0.0002 0.0003 0.0003 0.0003 0.0005 0.0000 0.0015 0.0004 0.0005 
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0016 0.0015 0.0002 
18 0.0016 0.0003 0.0002 0.0004 0.0012 0.0014 0.0008 0.0014 0.0017 0.0015 0.0023 0.0005 0.0007 0.0007 0.0076 
19 0.0000 0.0018 0.0014 0.0007 0.0020 0.0023 0.0013 0.0023 0.0028 0.0025 0.0040 0.0001 0.0653 0.0169 0.0149 
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0003 0.0037 
21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0010 
22 0.0009 0.0000 0.0002 0.0002 0.0005 0.0006 0.0003 0.0006 0.0007 0.0006 0.0010 0.0023 0.0136 0.0226 0.0132 
23 0.0274 0.0232 0.0012 0.0723 0.0635 0.0822 0.1438 0.0638 0.0699 0.0674 0.1064 0.0058 0.0132 0.1158 0.0098 
24 0.0000 0.0000 0.0001 0.0005 0.0014 0.0016 0.0009 0.0016 0.0019 0.0017 0.0027 0.0007 0.0000 0.0000 0.0011 
25 0.0004 0.0003 0.0000 0.0028 0.0010 0.0010 0.0015 0.0010 0.0009 0.0010 0.0017 0.0005 0.0005 0.0021 0.0004 
26 0.0172 0.1116 0.0044 0.0344 0.0302 0.0391 0.0684 0.0303 0.0332 0.0321 0.0506 0.0241 0.0526 0.0428 0.0650 
27 0.0000 0.0000 0.0000 0.0001 0.0006 0.0002 0.0001 0.0004 0.0002 0.0002 0.0003 0.0000 0.0001 0.0001 0.0003 
28 0.1538 0.0012 0.0004 0.0006 0.0078 0.0019 0.0011 0.0019 0.0023 0.0033 0.0032 0.0012 0.0052 0.0338 0.0080 
29 0.0000 0.0002 0.0001 0.0000 0.0005 0.0001 0.0001 0.0002 0.0002 0.0002 0.0002 0.0000 0.0021 0.0165 0.0019 
30 0.0001 0.0018 0.0001 0.0002 0.0005 0.0006 0.0003 0.0006 0.0007 0.0006 0.0010 0.0004 0.0001 0.0001 0.0006 
31 0.0001 0.0007 0.0003 0.0030 0.0084 0.0095 0.0054 0.0095 0.0116 0.0104 0.0164 0.0059 0.0025 0.0005 0.0045 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 3: Matrix of input-output technical coefficient (A) (contd.) (2005) 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 0.0001 0.0000 0.0027 0.0003 0.0106 0.0052 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 
2 0.0000 0.0000 0.0000 0.0116 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0090 0.0078 0.0093 0.0267 0.0575 0.0325 0.0161 0.0076 0.0042 0.0153 0.0116 0.1528 0.2672 0.3658 0.1654 0.0037 
4 0.0017 0.0010 0.0007 0.0009 0.0022 0.0021 0.0005 0.0004 0.0044 0.0002 0.0010 0.0003 0.0001 0.0001 0.0003 0.0001 
5 0.0099 0.0058 0.0039 0.0054 0.0127 0.0124 0.0028 0.0026 0.0257 0.0010 0.0057 0.0018 0.0006 0.0009 0.0019 0.0007 
6 0.0070 0.0041 0.0027 0.0038 0.0089 0.0088 0.0020 0.0018 0.0181 0.0007 0.0040 0.0013 0.0004 0.0006 0.0013 0.0005 
7 0.0004 0.0002 0.0002 0.0002 0.0005 0.0005 0.0001 0.0001 0.0010 0.0000 0.0002 0.0001 0.0000 0.0000 0.0001 0.0000 
8 0.0028 0.0017 0.0011 0.0015 0.0036 0.0036 0.0008 0.0007 0.0074 0.0003 0.0016 0.0005 0.0002 0.0003 0.0005 0.0002 
9 0.0128 0.0075 0.0050 0.0069 0.0163 0.0160 0.0036 0.0034 0.0331 0.0012 0.0073 0.0024 0.0008 0.0011 0.0024 0.0009 
10 0.0034 0.0020 0.0013 0.0019 0.0044 0.0043 0.0010 0.0009 0.0089 0.0003 0.0020 0.0006 0.0002 0.0003 0.0007 0.0002 
11 0.0006 0.0003 0.0002 0.0003 0.0007 0.0007 0.0002 0.0002 0.0015 0.0001 0.0003 0.0001 0.0000 0.0001 0.0001 0.0000 
12 0.0001 0.0001 0.0004 0.0671 0.0209 0.0027 0.0031 0.0006 0.0000 0.0000 0.0008 0.0000 0.0014 0.0000 0.0000 0.0028 
13 0.0123 0.0868 0.0160 0.1058 0.0016 0.0001 0.0001 0.0003 0.0000 0.0037 0.0161 0.0000 0.0000 0.0000 0.0022 0.0442 
14 0.0001 0.0002 0.0005 0.0045 0.0929 0.0308 0.0003 0.0035 0.0003 0.0578 0.0000 0.0032 0.0000 0.0000 0.0000 0.0047 
15 0.0003 0.0001 0.0056 0.0068 0.0015 0.0000 0.0014 0.0013 0.0000 0.0000 0.0294 0.0000 0.0003 0.0001 0.0085 0.0500 
16 0.3362 0.0041 0.0012 0.0112 0.0021 0.0005 0.0005 0.0064 0.0002 0.0007 0.0041 0.0006 0.0031 0.0076 0.0001 0.0217 
17 0.0001 0.1695 0.0003 0.0012 0.0023 0.0004 0.0064 0.0020 0.0000 0.0191 0.0011 0.0003 0.0000 0.0001 0.0000 0.0009 
18 0.0059 0.0125 0.1329 0.0070 0.0103 0.0032 0.0042 0.0049 0.0028 0.0009 0.0139 0.0009 0.0035 0.0021 0.0014 0.0119 
19 0.0558 0.0507 0.0484 0.2272 0.1643 0.0171 0.0358 0.0462 0.0024 0.0233 0.0123 0.0010 0.0214 0.0033 0.0016 0.1692 
20 0.0001 0.0042 0.0001 0.0015 0.1363 0.0011 0.0028 0.0060 0.0007 0.1870 0.0004 0.0000 0.0000 0.0000 0.0000 0.0101 
21 0.0001 0.0059 0.0009 0.0007 0.0045 0.4379 0.3062 0.0911 0.0001 0.0550 0.0001 0.0026 0.0000 0.0008 0.0000 0.0203 
22 0.0011 0.0178 0.0031 0.0037 0.0043 0.0029 0.0299 0.0114 0.0006 0.0301 0.0013 0.0105 0.0001 0.0014 0.0007 0.0174 
23 0.0273 0.0376 0.0182 0.0126 0.0219 0.0120 0.0099 0.2019 0.0108 0.0839 0.0208 0.0885 0.1480 0.0850 0.0394 0.0842 
24 0.0012 0.0011 0.0025 0.0014 0.0024 0.0008 0.0005 0.0007 0.0183 0.0001 0.0010 0.0025 0.0005 0.0004 0.0004 0.0001 
25 0.0005 0.0005 0.0010 0.0009 0.0018 0.0007 0.0003 0.0007 0.0071 0.0005 0.0015 0.0104 0.0004 0.0001 0.0002 0.0005 
26 0.0842 0.0731 0.1269 0.0816 0.0409 0.0398 0.0600 0.0711 0.0604 0.0838 0.0991 0.0233 0.0656 0.0656 0.1021 0.0873 
27 0.0000 0.0001 0.0001 0.0001 0.0001 0.0004 0.0001 0.0004 0.0000 0.0000 0.0001 0.0003 0.0002 0.0000 0.0000 0.0002 
28 0.0061 0.0077 0.0157 0.0083 0.0054 0.0027 0.0050 0.0059 0.0012 0.0811 0.0058 0.0035 0.0297 0.0085 0.0015 0.0154 
29 0.0006 0.0013 0.0032 0.0011 0.0031 0.0007 0.0007 0.0008 0.0001 0.0003 0.0009 0.0014 0.0010 0.1276 0.0003 0.0029 
30 0.0005 0.0010 0.0011 0.0015 0.0008 0.0020 0.0018 0.0010 0.0006 0.0000 0.0066 0.0001 0.0005 0.0070 0.1193 0.0084 
31 0.0086 0.0051 0.0065 0.0032 0.0030 0.0020 0.0012 0.0037 0.0959 0.0010 0.0087 0.0117 0.0095 0.0081 0.1234 0.0124 

Note: 1. For sectoral description, see Table 1, pp. 271-274; 
2. Input-output technical coefficient is calculated from domestic I-0 table adapted from original I-0 table published by the NESDB. 



Table 4: Carbon dioxide emission factors for each fuel type 

Fuel type Carbon emission Fraction of Carbon dioxide 
factor, CEF carbon oxidized emission factor, 

(ton carbon/KTOE) COEF (tonne/KTOE) 
Natural gas 720 0.995 2628 
Diesel oil 846 0.990 3071 
Fuel oil 884 0.990 3207 
Coal 1080 0.980 3882 
Lignite 1156 0.980 4153 

Source: IPCC (1996) 

Table 5: Sulfur dioxide emission factors for each fuel type 

Fuel type Net calorific Sulfur content Sulfur retention Sulfur dioxide 
value, Qr offuel, Sr in ash, Rr emission factor, 

(KTOE/Ktonnes) (%) (%) SOEF 
(tonnes/KTOE) 

Natural gas 1.02 - - 0.008 
Oil 1.12 1 - 20 
Coal 0.63 1.5 5 45 
Lignite 0.29 3 30 145 

Source: IPCC ( 1996) 
Note: The abatement efficiency (n) is accounted for the calculation of sulfur dioxide emission 

factor when the Flue Gas Desulphurisation (FDG) system is installed. 

Table 6: Fuel mix for power generation for all electricity sub-sectors (o/o) 

Electricity sub-sectors 1985 1990 
Coal 28 29 

ST-E Oil 21 30 
Natural gas 52 41 
Coal - -

CC-E Oil 1 4 
Natural gas 99 96 
Coal - -

GT-E Oil 1 4 
Natural gas 99 96 
Coal n/a n/a 

ST-I Oil n/a n/a 
Natural gas n/a n/a 
Coal n/a n/a 

CC-I Oil n/a n/a 
Natural gas n/a n/a 
Coal n/a n/a 

CG-S Oil n/a n/a 
Natural gas n/a n/a 

Source: DEDE (2008b) and EGAT (2008) 
Note: n/a- not applicable 

1995 
34 
53 
13 

-

3 
97 

-
42 
58 

n/a 
n/a 
n/a 

-

3 
97 

-
23 
77 

1998 2000 2005 
40 43 45 
42 24 16 
18 34 38 

- - -
1 0 0 

99 100 100 
- - -

14 1 4 
86 99 96 

- - -
70 41 30 
30 59 70 

- - -
1 0 0 

99 100 100 
9 11 9 
1 1 1 

90 88 90 
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Table 7: Percentage share of total inputs (o/o) 

Input type RE-E ST-E CC-E GT-E ST-I CC-I CG-S RE-S 
Intermediate inputs 7 59 43 40 n/a n/a n/a n/a 

tr) Imports 2 1 2 3 n/a nla n/a n/a 
00 Wages & salaries 11 17 19 17 n/a nla n/a n/a 0\ 
...--< 

Indirect taxes 0 0 1 0 n/a nla n/a n/a 
Other value added 80 22 35 40 n/a nla n/a n/a 
Intermediate inputs 9 63 51 35 n/a n/a n/a n/a 

0 Imports 0 1 1 1 n/a n/a n/a nla 
0\ Wages & salaries 7 15 20 11 n/a n/a n/a n/a 0\ 
...--< 

Indirect taxes 0 0 0 0 n/a nla n/a n/a 
Other value added 84 22 27 53 n/a n/a n/a n/a 
Intermediate inputs 10 50 47 41 n/a 48 27 18 

tr) Imports 1 1 1 1 n/a 1 1 1 
0\ \Vages & salaries 6 14 17 11 n/a 18 8 7 0\ 
...--< 

Indirect taxes 2 4 5 3 n/a 5 2 2 
Other value added 82 31 30 44 n/a 28 61 72 
Intermediate inputs 12 56 52 50 53 56 62 24 

00 Imports 0 0 1 1 0 0 0 1 
0\ Wages & salaries 5 16 16 9 18 19 10 9 0\ 
...--< 

Indirect taxes 1 2 2 1 3 3 1 1 
Other value added 81 26 29 39 26 22 25 65 
Intermediate inputs 7 47 42 49 40 40 36 15 

0 Imports 11 1 1 1 1 1 6 1 
0 Wages & salaries 10 23 27 20 22 25 28 17 0 
N Indirect taxes 1 3 4 3 3 3 4 2 

Other value added 71 26 27 28 34 30 26 65 
Intermediate inputs 12 56 53 52 54 52 49 22 

tr) Imports 11 2 3 1 3 3 6 4 
0 Wages & salaries 6 15 17 10 20 21 20 30 0 
N Indirect taxes 0 1 1 1 1 2 2 2 

Other value added 71 25 26 36 22 22 23 42 
Note: l. nla - not applicable; 

2. Percentage share of total inputs is calculated from domestic input-output table. 



289 

APPENDIX VI 

RESULTS OF ECONOMY-WIDE IMPACTS OF ELECTRICITY REFORM 

This appendix presents the results of the economy-wide impacts of electricity reform as 

discussed in chapter 4. It contains the following tables: 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Energy intensity for all sectors in the Thai economy 

Coal intensity for all sectors in the Thai economy 

Oil intensity for all sectors in the Thai economy 

Natural gas intensity for all sectors in the Thai econon1y 

C02 and S02 emissions of all sectors in the Thai economy 

C02 and S02 intensities of all sectors in the Thai economy 

Sectoral price impacts of 10% increase in electricity tariff by each electricity 

sub-sectors 



Table 1: Energy intensity of all sectors in the Thai economy (KTOE/million baht 3 ) 

Sector Direct Total 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

1 Coal industry 0.0049 0.0050 0.0147 0.0165 0.0090 0.0094 0.0077 0.0087 0.0211 0.0240 0.0169 0.0170 
2 Petroleum and natural gas 0.0026 0.0062 0.0189 0.0177 0.0111 0.0067 0.0037 0.0074 0.0224 0.0204 0.0135 0.0086 
3 Petroleum refinery 0.0011 0.0016 0.0085 0.0057 0.0056 0.0035 0.0026 0.0021 0.0099 0.0080 0.0076 0.0046 
4 RE-E 0.0011 0.0007 0.0006 0.0004 0.0004 0.0002 0.0014 0.0010 0.0011 0.0011 0.0008 0.0009 
5 ST-E 0.0899 0.1174 0.1071 0.1123 0.0873 0.0698 0.0971 0.1368 0.1212 0.1260 0.0988 0.0798 
6 CC-E 0.0528 0.0708 0.1230 0.1119 0.0883 0.0683 0.0580 0.0890 0.1498 0.1409 0.1094 0.0849 
7 GT-E 0.0451 0.0374 0.0699 0.0765 0.1011 0.0476 0.0493 0.0441 0.0807 0.0938 0.1243 0.0592 
8 ST-I n/a n/a n/a 0.0781 0.0454 0.0435 n/a n/a n/a 0.0897 0.0575 0.0526 
9 CC-I n/a n/a 0.1276 0.1290 0.0819 0.0688 n/a nla 0.1559 0.1631 0.1013 0.0856 

10 CG-S n/a n/a 0.0440 0.1695 0.0877 0.0702 n/a n/a 0.0505 0.2069 0.1010 0.0859 
11 RE-S n/a n/a 0.0007 0.0014 0.0007 0.0013 n/a n/a 0.0016 0.0027 0.0015 0.0027 
12 Gas industry 0.0038 0.0100 0.0322 0.0430 0.0404 0.0310 0.0070 0.0176 0.0526 0.0651 0.0564 0.0389 
13 Agriculture 0.0035 0.0035 0.0024 0.0025 0.0033 0.0032 0.0052 0.0052 0.0043 0.0048 0.0059 0.0063 
14 Mining and quarrying 0.0031 0.0020 0.0022 0.0024 0.0022 0.0027 0.0067 0.0062 0.0081 0.0081 0.0069 0.0078 
15 Food and beverage 0.0011 0.0012 0.0012 0.0011 0.0013 0.0012 0.0055 0.0057 0.0059 0.0062 0.0063 0.0064 
16 Textile industry 0.0014 0.0013 0.0018 0.0015 0.0016 0.0015 0.0063 0.0084 0.0094 0.0109 0.0107 0.0094 
17 Wood and furniture 0.0007 0.0005 0.0006 0.0008 0.0011 0.0010 0.0050 0.0049 0.0057 0.0068 0.0055 0.0067 
18 Paper and printing products 0.0039 0.0049 0.0044 0.0048 0.0044 0.0046 0.0075 0.0089 0.0092 0.0105 0.0086 0.0095 
19 Chemical industry 0.0025 0.0029 0.0032 0.0031 0.0033 0.0038 0.0071 0.0082 0.0099 0.0118 0.0101 0.0131 
20 Non-metallic products 0.0135 0.0131 0.0210 0.0223 0.0230 0.0139 0.0205 0.0236 0.0336 0.0365 0.0350 0.0264 
21 Basic metal 0.0029 0.0039 0.0055 0.0053 0.0067 0.0040 0.0093 0.0131 0.0136 0.0132 0.0154 0.0161 
22 Fabricated metal products . 0.0039 0.0027 0.0063 0.0057 0.0076 0.0071 0.0070 0.0057 0.0104 0.0105 0.0116 0.0147 
23 Other manufacturing 0.0007 

~ ... "' -,. 
0.0006 0.0011 0.0010 0.0008 0.0005 0.0042 0.0035 0.0043 0.0048 0.0040 0.0057 

24 Water supply 0.0023 0.0018 0.0033 0.0027 0.0041 0.0041 0.0104 0.0112 0.0125 0.0158 0.0150 0.0133 
25 Construction 0.0005 0.0003 0.0003 0.0006 0.0004 0.0004 0.0083 0.0075 0.0101 0.0126 0.0125 0.0122 -- . 
26 Commercial services 0.0012 0.0007 0.0009 0.0009 0.0010 0.0010 0.0037 0.0035 0.0045 0.0050 0.0051 0.0045 .. 
27 Railway transport 0.0124 0.0145 0.0132 0.0135 0.0 146 0.0158 0.0153 0.0181 0.0172 0.0179 0.0181 0.0184 
28 Road transport 0.0208 0.0311 0.0417 0.0423 0.0374 0.0374 0.0226 0.0337 0.0458 0.0483 0.0432 0.0417 
29 Water transport 0.0113 0.0170 0.0185 0.0093 0.0102 0.0135 0.0126 0.0186 0.0213 0.0132 0.0139 0.0195 - . . --
30 Air transport 0.0208 0.0255 0.0297 0.0250 0.0227 0.0180 0.0223 0.0326 0.0396 0.0369 0.0341 0.0240 
31 Unclassified 0.0007 0.0004 0.0025 0.0022 0.0018 0.0011 0.0083 0.0067 0.0105 0.0091 0.0083 0.0074 

Note: 1. n/a- not applicable; a at 2000 constant prices; 
2. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
3. The direct and total energy intensities are calculated by the application of Equation 4.9 and 4.10 respectively, pp. 107-108. 



Table 2: Coal intensity of all sectors in the Thai economy (KTOE/million bahC) 

Sector Direct Total 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

1 Coal industry 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 
2 Petroleum and natural gas 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0002 0.0002 0.0001 
3 Petroleum refinery 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0001 0.0002 0.0001 0.0000 
4 RE-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0001 
5 ST-E 0.0244 0.0336 0.0361 0.0441 0.0369 0.0314 0.0255 0.0374 0.0385 0.0457 0.0378 0.0319 
6 CC-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 
7 GT-E 0.0000 0.0000 0.0000 0.0000 0.0000 000000 0.0001 0.0001 0.0001 0.0002 0.0001 000002 

~ " ........ 

8 ST-I n/a n/a n/a 0.0000 0.0000 000000 n/a n/a n/a 0.0002 0.0001 0.0001 
9 CC-I n/a n/a 0.0000 0.0000 0.0000 000000 n/a n/a 0.0001 0.0002 0.0001 0.0001 

10 CG-S n/a n/a 0.0072 0.0153 000092 0.0062 n/a n/a 0.0076 000159 000095 0.0064 
11 RE-S n/a n/a 000000 0.0000 0.0000 0.0000 n/a n/a 0.0001 000001 0.0001 0.0001 
12 Gas industry 000000 0.0000 000000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0003 0.0003 000002 000001 
13 Agriculture 000000 0.0000 0.0000 000000 000000 0.0000 000001 0.0002 0.0002 0.0002 0.0002 0.0002 
14 Mining and quarrying 0.0000 000000 0.0000 000000 0.0000 000000 0.0006 0.0006 0.0006 0.0007 0.0004 0.0003 
15 Food and beverage 0.0001 0.0002 0.0001 0.0001 000000 0.0000 0.0005 0.0006 0.0006 0.0006 000004 000004 
16 Textile industry 0.0000 000000 0.0001 000001 0.0001 000001 0.0008 0.0014 0.0012 0.0015 0.0013 000009 
17 Wood and furniture 000000 0.0000 0.0000 0.0000 000000 0.0000 0.0006 0.0007 0.0007 0.0008 0.0005 0.0006 
18 Paper a~d printing products 0.0000 0.0025 0.0021 000027 000020 0.0025 0.0006 0.0033 000028 000038 0.0026 000032 
19 Chemical industry 0.0002 0.0002 0.0006 0.0008 000011 0.0009 0.0008 0.0010 0.0014 0.0019 000018 0.0016 --
20 Non-metallic products 0.0026 0.0061 0.0136 0.0146 0.0138 0.0101 0.0037 0.0085 0.0162 0.0174 000160 0.0127 
21 Basic metal 0.0003 0.0002 000004 0.0009 0.0015 0.0005 000014 0.0021 0.0017 0.0021 000028 0.0019 
22 F~bricated metal products 0.0000 0.0000 0.0000 000000 000000 0.0000 000005 0.0005 0.0005 0.0007 0.0005 000008 
23 Other manl;lfacturing 0.0000 0.0000 0.0000 0.0000 000000 000000 0.0005 0.0005 0.0004 0.0006 0.0004 0.0006 
24 Water supply 0.0000 000000 0.0000 0.0000 000000 000000 0.0018 0.0022 0.0015 0.0022 000016 0.0011 
25 Construction 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0009 0.0017 000027 0.0029 0.0029 0.0027 . . ,._,"' .. 
26 Commercial services 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 000005 0.0005 0.0005 000005 0.0003 - 0 
27 RailW(lY !~a~sport 0.0000 0.0000 0.0000 0.0000 000000 0.0000 000003 0.0006 0.0003 0.0004 0.0003 0.0002 

" . 
28 Road transpo~t 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 000002 0.0003 0.0003 0.0004 0.0003 0.0002 .. 
29 W ate_r transport 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 000001 0.0001 0.0002 0.0002 000002 

" ~ - "' . . ..... ' - 0 
30 Air tr3:nsport 000000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 000003 0.0004 0.0004 0.0003 0.0003 
31 Unclassified 0.0000 000002 0.0006 0.0004 000004 0.0002 0.0009 000010 000015 0.0012 0.0011 0.0009 

Note: 1. n/a- not applicable; a at 2000 constant prices; 
20 RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
3. The direct and total coal intensities are calculated based on the Equation 4.9 and 4.10 respectively, ppo 107-108. 



Table 3: Oil intensity of all sectors in the Thai economy (KTOE/million bah e) 

Sector Direct Total 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry 0.0049 0.0050 0.0147 0.0164 0.0088 0.0091 0.0074 0.0085 0.0205 0.0231 0.0156 0.0158 
2 Petroleum and natural gas 0.0026 0.0062 0.0188 0.0176 0.0110 0.0065 0.0035 0.0068 0.0210 0.0193 0.0122 0.0075 
3 Petroleum refinery 0.0009 0.0016 0.0075 0.0047 0.0044 0.0032 0.0016 0.0020 0.0085 0.0060 0.0054 0.0040 
4 RE-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002 0.0002 0.0003 0.0002 0.0002 
5 ST-E 0.0183 0.0343 0.0561 0.0471 0.0203 0.0112 0.0211 0.0416 0.0649 0.0544 0.0246 0.0145 
6 CC-E 0.0004 0.0024 0.0040 0.0008 0.0002 0.0002 0.0016 0.0054 0.0100 0.0074 0.0035 0.0020 
7 GT-E 0.0003 0.0013 0.0292 0.0102 0.0012 0.0019 0.0014 0.0028 0.0337 0.0149 0.0050 0.0034 ... ~ ~ .... 

8 ST-1 n/a n/a n/a 0.0549 0.0183 0.0127 n/a n/a n/a 0.0609 0.0209 0.0148 
9 CC-I n/a n/a 0.0042 0.0009 0.0001 0.0003 n/a n/a 0.0103 0.0086 0.0033 0.0021 

10 CG-S n/a n/a 0.0081 0.0021 0.0009 0.0004 n/a n/a 0.0102 0.0109 0.0039 0.0021 
11 RE-S n/a n/a 0.0000 0.0000 0.0000 0.0000 n/a n/a 0.0004 0.0006 0.0003 0.0005 
12 Gas industry 0.0000 0.0000 0.0000 0.0001 0.0001 0.0002 0.0025 0.0057 0.0157 0.0164 0.0093 0.0037 
13 Agriculture 0.0035 0.0035 0.0024 0.0025 0.0033 0.0032 0.0047 0.0046 0.0036 0.0038 0.0047 0.0046 
14 Mining and quarrying 0.0028 0.0016 0.0005 0.0006 0.0003 0.0006 0.0044 0.0039 0.0040 0.0030 0.0024 0.0031 
15 Food and beverage 0.0007 ... 0.0006 0.0005 0.0006 0.0007 0.0005 0.0037 0.0036 0.0034 0.0034 0.0035 0.0031 
16 Textile industry 0.0008 0.0007 0.0010 0.0007 0.0007 0.0005 0.0027 0.0034 0.0041 0.0036 0.0028 0.0021 
17 Wood and furniture 0.0004 0.0003 0.0002 0.0003 0.0003 0.0003 0.0025 0.0023 0.0025 0.0027 0.0017 0.0020 
18 Paper and printing pn?ducts 0.0029 0.0013 0.0013 0.0011 0.0015 0.0011 0.0045 0.0031 0.0034 0.0034 0.0030 0.0028 
19 Chemical industry . 0.0008 0.0009 0.0005 0.0009 0.0006 0.0005 0.0032 0.0036 0.0036 0.0040 0.0029 0.0029 
20 Non-metallic products 0.0065 0.0046 0.0035 0.0025 0.0024 0.0005 0.0098 0.0088 0.0086 0.0069 0.0050 0.0029 
21 Basic metal 0.0015 0.0021 0.0020 0.0020 0.0020 0.0011 0.0039 0.0053 0.0049 0.0042 0.0038 0.0037 
22 Fabricated metal pro_ducts 0.0009 0.0007 0.0017 0.0011 0.0009 0.0007 0.0023 0.0020 0.0035 0.0028 0.0021 0.0026 
23 Ot~er manufacturing 0.0006 0.0005 0.0008 0.0008 0.0006 0.0004 0.0022 0.0019 0.0024 0.0023 0.0017 0.0018 
24 . Water supply 0.0010 0.0003 0.0014 0.0009 0.0003 0.0004 0.0031 0.0032 0.0048 0.0043 0.0019 0.0015 
25 Construction 0.0005 0.0002 0.0003 0.0005 0.0003 0.0003 0.0053 0.0041 0.0050 0.0065 0.0060 0.0050 ·- . 
26 Cmmnercial services 0.0007 0.0002 0.0001 0.0001 0.0002 0.0001 0.0018 0.0015 0.0018 0.0017 0.0015 0.0011 
27 Railway transport 0.0122 0.0142 0.0126 0.0131 0.0142 0.0151 0.0138 0.0160 0.0151 0.0153 0.0158 0.0162 ·- . '" 

28 Road transport 0.0208 0.0311 0.0416 0.0422 0.0373 0.0372 0.0218 0.0328 0.0444 0.0459 0.0408 0.0399 
29 Water transpo_rt . . . . . . . _ 0.0113 0.0169 0.0184 0.0092 0.0101 0.0134 0.0121 0.0181 0.0205 0.0118 0.0125 0.0180 
30 J\ir_ transport 0.0208 0.0254 0.0295 0.0248 0.0224 0.0177 0.0217 0.0314 0.0376 0.0345 0.0314 0.0216 
31 Unclassified 0.0004 0.0002 0.0011 0.0012 0.0005 0.0003 0.0047 0.0040 0.0053 0.0046 0.0037 0.0026 

Note: 1. n/a- not applicable; a at 2000 constant prices; 
2. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
3. The direct and total oil intensities are calculated based on the Equation 4.9 and 4.10 respectively, pp. 107-108. 



Table 4: Natural gas intensity of all sectors in the Thai economy (KTOE/million baht 3 ) 

Sector Direct Total 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Cmtl industry 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0001 0.0004 0.0006 0.0008 0.0007 
2 Petroleum and natural gas 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0008 0.0007 0.0008 0.0006 
3 Petroleum refinery 0.0000 0.0000 0.0009 0.0008 0.0008 0.0002 0.0006 0.0000 0.0013 0.0016 0.0017 0.0004 
4 RE-E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0001 0.0003 
5 ST-E 0.0454 0.0479 0.0135 0.0197 0.0291 0.0266 0.0486 0.0561 0.0161 0.0243 0.0353 0.0321 
6 CC-E 0.0506 0.0663 0.1172 0.1099 0.0870 0.0674 0.0543 0.0809 0.1377 0.1317 0.1044 0.0809 
7 GT-E 0.0431 0.0350 0.0396 0.0651 0.0991 0.0453 0.0460 0.0398 0.0456 0.0772 0.1181 0.0543 
8 ST-1 n/a n/a nla 0.0230 0.0262 0.0301 nla nla nla 0.0283 0.0317 0.0364 
9 CC-I n/a nla 0.1217 0.1271 0.0807 0.0676 nla nla 0.1433 0.1531 0.0966 0.0814 

10 CG-S n/a n/a 0.0278 0.1516 0.0764 0.0628 n/a n/a 0.0317 0.1794 0.0919 0.0755 
11 RE-S nla nla 0.0000 0.0000 0.0000 0.0000 nla n/a 0.0002 0.0004 0.0003 0.0005 
12 Gas industry 0.0037 0.0099 0.0321 0.0428 0.0401 0.0286 0.0043 0.0114 0.0363 0.0480 0.0464 0.0325 
13 Agriculture 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0003 0.0004 0.0006 0.0007 0.0010 
14 Mining and quarrying 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0013 0.0012 0.0016 0.0024 0.0020 0.0018 
15 Food and beverage 0.0000 - - 0.0000 0.0000 0.0000 0.0000 0.0001 0.0008 0.0008 0.0012 0.0015 0.0015 0.0017 
16 Textile industry 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0017 0.0025 0.0029 0.0046 0.0051 0.0045 
17 Wood and furniture 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0014 0.0013 0.0018 0.0025 0.0022 0.0027 
18 Paper and printing products 0.0000 0.0000 0.0003 0.0003 0.0001 0.0001 0.0012 0.0012 0.0018 0.0024 0.0018 0.0019 
19 Chemical industry 0.0003 0.0006 0.0009 0.0006 0.0007 0.0005 0.0016 0.0021 0.0033 0.0046 0.0040 0.0057 
20 Non-metallic produc_ts 0.0025 0.0010 0.0018 0.0034 0.0044 0.0021 0.0047 0.0042 0.0061 0.0096 0.0109 0.0083 
21 Basic metal 0.0000 0.0000 0.0008 0.0007 0.0007 0.0005 0.0023 0.0036 0.0043 0.0046 0.0057 0.0068 
22 Fabricated meta} products 0.0000 0.0000 0.0004 0.0010 0.0016 0.0015 0.0009 0.0009 0.0017 0.0029 0.0034 0.0049 
23 Othe~ manufacturing 0.0000 0.0000 0.0002 0.0002 0.0002 0.0001 . 0.0010 0.0008 0.0012 0.0016 0.0016 0.0024 

,, " -
24 Water supply 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0040 0.0041 0.0041 0.0072 0.0076 0.0066 
25 Construction 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0014 0.0011 0.0016 0.0023 0.0027 0.0031 
26 Commercial services 0.0000 0.0000 0.0003 0.0001 0.0001 0.0001 0.0008 0.0008 0.0016 0.0018 0.0022 0.0020 
27 Railway transport 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 0.0010 0.0010 0.0015 0.0013 0.0009 
28 Road transport 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0004 0.0004 0.0009 0.0016 0.0016 0.0011 
29 Water transport 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0002 0.0005 0.0009 0.0010 0.0009 
30 Air transport 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0005 0.0011 0.0013 0.0016 0.0014 
31 Unclassified 0.0000 0.0000 0.0007 0.0005 0.0007 0.0005 0.0018 0.0010 0.0027 0.0026 0.0027 0.0027 

Note: 1. n/a- not applicable; a at 2000 constant prices; 
2. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
3. The direct and total natural gas intensities are calculated based on the Equation 4.9 and 4.10 respectively, pp. 107-108. 



Table 5: C02 and S02 emissions of all sectors in the Thai economy ('000 tonnes) 

Sector C02 emissions so2 emissions 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

1 Coal industry 72 149 523 521 244 264 0 0 1 1 0 0 
2 Petroleum and natural gas 339 553 2,395 3,850 3,728 4,524 1 1 4 7 7 8 
3 Petroleum refinery 389 673 5,786 5,913 7,425 8,153 1 1 10 10 12 15 
4 RE-E 0 0 0 0 0 0 0 0 0 0 0 0 
5 ST-E 12,821 26,833 33,180 31,438 27,349 30,235 170 369 518 556 62 68 
6 CC-E 621 1,485 11 ,416 13,673 13,584 14,513 0 0 1 0 0 0 
7 GT-E 184 590 1,222 1,037 1,049 1,003 0 0 1 0 0 0 
8 ST-I n/a n/a n/a 443 2,451 3,937 n/a n/a n/a 1 2 2 
9 CC-I n/a n/a 5,024 7,701 9,173 21,787 n/a n/a 0 0 0 0 

10 CG-S n/a n/a 104 4,160 5,387 7,027 n/a n/a 0 6 9 10 
11 RE-S n/a n/a 0 0 0 0 n/a n/a 0 0 0 0 
12 Gas industry 235 679 3,889 7,620 10,222 14,742 0 0 0 0 0 0 
13 Agriculture 4,313 5,635 4,928 5,864 6,772 10,045 8 11 9 11 13 19 
14 Mining and quarrying 232 182 82 100 35 82 0 0 0 0 0 0 
15 Food and beverage 1,310 1,873 2,228 2,608 2,650 2,618 4 8 9 8 7 6 
16 Textile industry 757 1,246 2,890 1,994 1,994 1,274 1 2 10 7 7 4 
17 Wood and furniture 53 97 111 95 92 151 0 0 0 0 0 0 
18 Paper and printing products 339 869 1,644 2,288 2,132 2,428 1 7 13 19 16 21 
19 Chemical industry 402 1,027 2,464 3,212 4,889 5,993 2 3 12 18 32 39 
20 Non-metallic products 2,413 6,398 14,808 11,059 12,138 24,483 10 47 134 99 104 236 
21 Basic metal 338 606 1,248 1,317 1,937 2,093 1 2 4 6 11 9 
22 Fabricated metal products 82 161 656 711 879 1,34? 0 0 1 
23 Other manufacturing 449 1,791 5,963 5,523 5,796 5,197 1 4 10 12 12 12 
24 Water supply 34 16 93 49 32 37 0 0 0 0 0 0 
25 Construction 377 461 860 833 469 481 1 1 2 2 1 1 
26 Commercial services 2,431 1,425 4,043 1,588 3,055 3,517 5 3 3 2 4 3 
27 Railway transport 243 330 361 304 298 308 0 1 1 1 1 1 
28 Road transport 13,862 26,496 46,512 48,260 46,692 57,133 26 50 87 91 88 107 
29 Water transport 1,196 2,797 3,874 2,120 2,585 5,244 2 5 7 4 5 10 .... 

30 Air transport 3,312 6,061 8,144 8,505 8,966 11,016 6 11 15 16 17 21 
31 Unclassified 20 82 504 460 587 775 0 1 2 2 3 3 
Total 46,824 88,516 164,949 173,245 182,608 240,407 240 528 854 879 412 598 

Note: 1. n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
2. The C02 and S02 emissions are calculated by the application of Equation 4.12 and 4.14 respectively, pp. 108-109. 



Table 6: C02 and S02 intensities of all sectors in the Thai economy (tonnes/million baht a) 

Sector C02 intensit~ so2 intensi!l: 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry 15 16 46 51 28 29 0.029 0.029 0.086 0.098 0.052 0.054 
2 Petroleum and natural gas 8 19 59 55 34 20 0.015 0.036 0.1 11 0.106 0.065 0.038 
3 Petroleum refinery 3 5 26 17 16 11 0.006 0.009 0.044 0.028 0.026 0.019 
4 RE-E 0 0 0 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 
5 ST-E 275 369 357 377 288 231 3.645 5.074 5.563 6.668 0.654 0.521 

~ " ' ~ .. ' 

6 CC-E 134 182 321 291 229 178 0.003 0.015 0.025 0.006 0.002 0.002 
7 GT-E 114 96 196 203 264 125 0.002 0.008 0.172 0.061 0.008 0.011 --
8 ST-1 n/a n/a n/a 233 135 119 n/a n/a n/a 0.324 0.116 0.075 
9 CC-I n/a n/a 333 337 212 178 n/a n/a 0.026 0.007 0.002 0.002 

10 CG-S n/a n/a 127 467 227 191 n/a n/a 0.373 0.707 0.397 0.283 
11 RE-S n/a n/a 0 0 0 0 n/a n/a 0.000 0.000 0.000 0.000 ·-
12 Gas industry 10 26 84 113 106 76 0.000 0.000 0.000 0.001 0.001 0.002 
13 Agriculture 11 11 7 8 10 10 0.021 0.020 0.014 0.015 0.020 0.019 
14 Mining and quarrying 9 5 2 2 1 2 0.016 0.009 0.003 0.004 0.002 0.003 
15 Food and beverage 2 

"· ....... 3 2 2 2 2 0.007 0.011 0.010 0.007 0.006 0.004 
16 Textile industry 3 2 4 3 3 2 0.005 0.004 0.013 0.009 0.009 0.006 ... 
17 Wood and furniture 1 1 1 1 1 1 0.002 0.002 0.001 0.002 0.002 0.002 --
18 Paper and printing products 9 14 13 15 13 13 0.017 0.120 0.101 0.128 0.098 0.118 
19 Chemical industry 4 - - 5 6 8 8 7 0.016 0.016 0.030 0.043 0.052 0.044 
20 Non-metallic products 38 42 71 75 74 48 0.158 0.303 0.637 0.674 0.637 0.461 
21 Basic metal 6 7 10 11 14 7 0.022 0.020 0.030 0.050 0.081 0.031 - -
22 Fabricated metal products 3 2 6 6 7 6 0.006 0.004 0.010 0.006 0.005 0.004 
23 Other manufacturing 2 2 3 3 2 2 0.003 0.004 0.005 0.007 0.005 0.003 .. .. ... ~ - -

24 Water supply 3 1 4 3 1 1 0.006 0.002 0.008 0.005 0.002 0.002 
25 Construction 1 1 1 2 1 1 0.003 0.001 0.002 0.003 0.002 0.002 ......... -- . . -
26 Commercial services 2 1 1 1 1 1 0.004 0.001 0.001 0.001 0.001 0.001 
27 Railway transport 38 45 40 4 1 45 47 0.072 0.084 0.074 0.077 0.084 0.089 
28 Ro.ad transport 65 97 131 132 117 117 0.122 0.183 0.245 0.249 0.220 0.219 ... v·• ,-,. 

29 Water transport 35 53 58 29 32 42 0.066 0.100 0.108 0.054 0.060 0.079 ........... 
v '""" '""" ........ " "' -. 

30 Air tral?-sport 65 80 92 78 70 56 0.122 0.150 0.174 0.146 0.132 0.105 
31 Unclassified 1 2 8 7 5 3 0.002 0.010 0.034 0.024 0.023 0.012 

Note: 1. n/a- not applicable; a at 2000 constant prices; 
2. RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
3. The C02 and S02 intensities are calculated based on the Equation 4.16 and 4.17 respectively, p. 109. 



Table 7: Sectoral price impacts of the 10°/o increase in electricity tariff by each electricity sub-sectors (o/o) 

Sector RE-E ST-E 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry 0.0002 0.0001 0.0001 0.0001 0.0002 0.0001 0.0009 0.0004 0.0005 0.0006 0.0008 0.0007 
2 Petroleum and natural gas 0.0001 0.0001 0.0002 0.0001 0.0002 0.0001 0.0006 0.0009 0.0014 0.0008 0.0008 0.0007 
3 Petroleum refinery 0.0006 0.0000 0.0001 0.0001 0.0002 0.0000 0.0026 0.0002 0.0004 0.0009 0.0008 0.0002 
4 RE-E - - - - - - 0.0002 0.0002 0.0002 0.0002 0.0001 0.0003 
5 ST-E 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 
6 CC-E 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0008 0.0008 0.0007 0.0008 0.0005 0.0006 
7 GT-E 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0008 0.0007 0.0006 0.0008 0.0006 0.0007 
8 ST-I n/a nla nla 0.0001 0.0001 0.0001 nla n/a n/a 0.0006 0.0005 0.0005 
9 CC-I nla nla 0.0001 0.0001 0.0001 0.0001 nla n/a 0.0007 0.0008 0.0005 0.0006 

10 CO-S n/a nla 0.0001 0.0001 0.0001 0.0001 nla n/a 0.0005 0.0009 0.0005 0.0006 
11 RE-S n/a n/a 0.0001 0.0001 0.0001 0.0001 nla n/a 0.0004 0.0005 0.0003 0.0004 
12 Gas industry 0.0003 0.0003 0.0002 0.0002 0.0002 0.0001 0.0012 0.0017 0.0014 0.0014 0.0012 0.0009 
13 Agriculture 0.0004 0.0002 0.0001 0.0001 0.0001 0.0001 0.0017 0.0010 0.0007 0.0006 0.0007 0.0007 
14 Mining and quarrying 0.0017 0.0007 0.0005 0.0004 0.0004 0.0003 0.0077 0.0045 0.0032 0.0032 0.0022 0.0019 
15 Food and beverage 0.0011 0.0005 0.0003 0.0002 0.0003 0.0003 0.0049 0.0029 0.0022 0.0019 0.0016 0.0016 
16 Textile industry 0.0023 0.0015 0.0009 0.0008 0.0011 0.0009 0.0103 0.0097 0.0057 0.0062 0.0058 0.0050 
17 Wood and furniture 0.0018 0.0008 0.0006 0.0004 0.0005 0.0005 0.0084 0.0052 0.0036 0.0033 0.0024 0.0028 
18 Paper and printing products 0.0017 0.0007 0.0005 0.0003 0.0003 0.0003 0.0076 0.0048 0.0030 0.0026 0.0018 0.0019 
19 Chemical industry 0.0016 0.0008 0.0006 0.0005 0.0006 0.0005 0.0075 0.0050 0.0038 0.0041 0.0032 0.0027 
20 Non-metallic products 0.0023 0.0019 0.0012 0.0009 0.0012 0.0009 0.0106 0.0121 0.0074 0.0074 0.0064 0.0053 
21 Basic metal 0.0031 0.0021 0.0011 0.0006 0.0011 0.0012 0.0141 0.0138 0.0071 0.0051 0.0056 0.0069 
22 Fabricated metal products 0.0012 0.0005 0.0004 0.0003 0.0003 0.0006 0.0055 0.0033 0.0024 0.0022 0.0018 0.0033 
23 Other manufacturing 0.0013 0.0004 0.0003 0.0002 0.0003 0.0004 0.0062 0.0029 0.0017 0.0017 0.0015 0.0023 
24 Water supply 0.0053 0.0025 0.0013 0.0013 0.0017 0.0014 0.0243 0.0159 0.0086 0.0101 0.0091 0.0079 
25 Construction 0.0011 0.0006 0.0003 0.0003 0.0004 0.0004 0.0052 0.0036 0.0022 0.0021 0.0019 0.0024 
26 Commercial services 0.0011 0.0005 0.0004 0.0003 0.0005 0.0004 0.0051 0.0032 0.0025 0.0023 0.0024 0.0021 
27 Railway transport 0.0010 0.0006 0.0003 0.0002 0.0002 0.0002 0.0045 0.0040 0.0016 0.0016 0.0012 0.0009 
28 Road transport 0.0005 0.0002 0.0002 0.0002 0.0002 0.0001 0.0023 0.0015 0.0011 0.0014 0.0012 0.0008 -- -
29 Water transport 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0014 0.0009 0.0007 0.0009 0.0008 0.0009 
30 Air transport 0.0004 0.0003 0.0003 0.0002 0.0003 0.0002 0.0019 0.0021 0.0019 0.0017 0.0018 0.0013 

~ "" 

31 Unclassified 0.0024 0.0006 0.0005 0.0003 0.0003 0.0003 0.0108 0.0038 0.0030 0.0022 0.0018 0.0016 
Weighted average 0.0011 0.0006 0.0004 0.0003 0.0004 0.0004 0.0052 0.0038 0.0024 0.0023 0.0022 0.0021 

Note: 1. n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CO: Cogeneration, E: EGAT, I: IPP, S: SPP; 
2. The percentage change in sectoral prices is calculated by the application of Equation 4.28, p. 113. 
3. The weighted average is calculated as the average of sectoral price impact with consideration of total output of each sector. 



Table 7: Sectoral price impacts of the 10°/o increase in electricity tariff by each electricity sub-sectors (o/o) ( cont'd) 

Sector CC-E GT-E 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry 0.0001 0.0001 0.0002 0.0004 0.0006 0.0005 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
2 Petroleum and natural gas 0.0001 0.0001 0.0006 0.0005 0.0006 0.0005 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 
3 Petroleum refinery 0.0003 0.0000 0.0002 0.0005 0.0006 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 
4 RE-E 0.0000 0.0000 0.0001 0.0001 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
5 ST-E 0.0001 0.0001 0.0002 0.0004 0.0004 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
6 CC-E - - - - - - 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 
7 GT-E 0.0001 0.0001 0.0003 0.0005 0.0005 0.0005 
8 ST-I n/a n/a n/a 0.0004 0.0003 0.0003 n/a n/a n/a 0.0000 0.0000 0.0000 
9 CC-I n/a n/a 0.0003 0.0005 0.0004 0.0004 n/a n/a 0.0000 0.0000 0.0000 0.0000 

10 CG-S n/a n/a 0.0002 0.0005 0.0004 0.0004 n/a n/a 0.0000 0.0000 0.0000 0.0000 
11 RE-S n/a n/a 0.0002 0.0003 0.0002 0.0003 n/a n/a 0.0000 0.0000 0.0000 0.0000 
12 Gas industry 0.0001 0.0003 0.0006 0.0008 0.0009 0.0006 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 
13 Agriculture 0.0002 0.0002 0.0003 0.0004 0.0005 0.0005 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 
14 Mining and quarrying 0.0009 0.0007 0.0015 0.0018 0.0016 0.0014 0.0003 0.0003 0.0002 0.0001 0.0001 0.0001 
15 Food and beverage 0.0005 0.0005 0.0010 0.0011 0.0012 0.0011 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 
16 Textile industry 0.0011 0.0015 0.0026 0.0036 0.0044 0.0035 0.0004 0.0006 0.0003 0.0002 0.0002 0.0002 
17 Wood and furniture 0.0009 0.0008 0.0016 0.0019 0.0018 0.0020 0.0003 0.0003 0.0002 0.0001 0.0001 0.0001 
18 Paper and printing products 0.0008 0.0007 0.0014 0.0015 0.0014 0.0014 0.0003 0.0003 0.0001 0.0001 0.0001 0.0001 
19 Chemical industry 0.0008 0.0008 0.0017 0.0024 0.0024 0.0019 0.0003 0.0003 0.0002 0.0001 0.0001 0.0001 
20 Non-metallic products 0.0012 0.0019 0.0033 0.0043 0.0048 0.0037 0.0004 0.0008 0.0004 0.0003 0.0002 0.0002 
21 Basic metal 0.0016 0.0021 0.0032 0.0030 0.0042 0.0049 0.0005 0.0009 0.0003 0.0002 0.0002 0.0003 
22 Fabricated metal products 0.0006 0.0005 0.0011 0.0013 0.0013 0.0023 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 
23 Other manufacturing 0.0007 0.0004 0.0008 0.0010 0.0012 0.0016 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 
24 Water supply 0.0027 0.0025 0.0039 0.0059 0.0068 0.0056 0.0008 0.0010 0.0004 0.0004 0.0003 0.0003 
25 Construction 0.0006 0.0006 0.0010 0.0012 0.0015 0.0017 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 
26 Commercial services 0.0006 0.0005 0.0011 0.0013 0.0018 0.0015 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 
27 Railway transport 0.0005 0.0006 0.0007 0.0009 0.0009 0.0007 0.0002 0.0003 0.0001 0.0001 0.0000 0.0000 
28 . Road transport 0.0003 0.0002 0.0005 0.0008 0.0009 0.0006 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 

~ .. ~ "" . ~ . ' 

29 Water transport 0.0002 0.0001 0.0003 0.0005 0.0006 0.0006 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 
30 Air transport 0.0002 0.0003 0.0009 0.0010 0.0013 0.0009 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 
31 Unclassified 0.0012 0.0006 0.0014 0.0013 0.0013 0.0011 0.0004 0.0002 0.0001 0.0001 0.0001 0.0001 
Weighted average 0.0006 0.0006 0.0011 0.0014 0.0017 0.0015 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 

Note: 1. n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
2. The percentage change in sectoral prices is calculated by the application of Equation 4.28, p. 113. 
3. The weighted average is calculated as the average of sectoral price impact with consideration of total output of each sector. 



Table 7: Sectoral price impacts of the 10°/o increase in electricity tariff by each electricity sub-sectors (o/o) (cont'd) 

Sector ST-I CC-I 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0001 0.0002 0.0004 0.0009 
2 Petroleum and natural gas n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0003 0.0003 0.0004 0.0009 
3 Petroleum refinery n/a n/a n/a 0.0000 0.0001 0.0001 n/a n/a 0.0001 0.0003 0.0004 0.0003 
4 RE-E n/a n/a n/a 0.0000 0.0000 0.0001 n/a n/a 0.0000 0.0001 0.0001 0.0003 
5 ST-E n/a n/a n/a 0.0000 0.0001 0.0001 n/a n/a 0.0001 0.0002 0.0003 0.0006 
6 CC-E n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0001 0.0003 0.0003 0.0008 
7 GT-E n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0001 0.0003 0.0003 0.0009 
8 ST-I n/a n/a n/a - - - n/a n/a n/a 0.0002 0.0002 0.0006 
9 CC-I n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 

10 CO-S n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0001 0.0003 0.0002 0.0007 
11 RE-S n/a n/a n/a 0.0000 0.0001 0.0001 n/a n/a 0.0001 0.0002 0.0002 0.0006 
12 Gas industry n/a n/a n/a 0.0000 0.0002 0.0002 n/a n/a 0.0003 0.0004 0.0006 0.0011 
13 Agriculture n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0001 0.0002 0.0003 0.0009 
14 Mining and quarrying n/a n/a n/a 0.0001 0.0004 0.0006 n/a n/a 0.0006 0.0010 0.0011 0.0025 
15 Food and beverage n/a n/a n/a 0.0001 0.0003 0.0005 n/a n/a 0.0004 0.0006 0.0008 0.0021 
16 Textile industry n/a n/a n/a 0.0002 0.0011 0.0014 n/a n/a 0.0011 0.0020 0.0030 0.0064 
17 Wood and furniture n/a n/a n/a 0.0001 0.0004 0.0008 n/a n/a 0.0007 0.0011 0.0012 0.0036 
18 Paper and printing products n/a n/a n/a 0.0001 0.0003 0.0005 n/a n/a 0.0006 0.0008 0.0009 0.0025 
19 Chemical industry n/a n/a n/a 0.0001 0.0006 0.0008 n/a n/a 0.0007 0.0013 0.0016 0.0034 
20 Non-metallic products n/a n/a n/a 0.0002 0.0012 0.0015 n/a n/a 0.0015 0.0024 0.0033 0.0068 
21 Basic metal n/a n/a n/a 0.0001 0.0010 0.0020 n/a n/a 0.0014 0.0017 0.0029 0.0089 
22 Fabricated metal products n/a n/a n/a 0.0001 0.0003 0.0010 n/a n/a 0.0005 0.0007 0.0009 0.0043 
23 Other manufacturing n/a n/a n/a 0.0000 0.0003 0.0006 n/a n/a 0.0003 0.0006 0.0008 0.0029 
24 Water supply n/a n/a n/a 0.0003 0.0017 0.0023 n/a n/a 0.0017 0.0033 0.0046 0.0102 
25 Construction n/a n/a n/a 0.0001 0.0004 0.0007 n/a n/a 0.0004 0.0007 0.0010 0.0031 
26 Commercial services n/a n/a n/a 0.0001 0.0005 0.0006 n/a n/a 0.0005 0.0008 0.0012 0.0027 
27 Railway transport n/a n/a n/a 0.0000 0.0002 0.0003 n/a n/a 0.0003 0.0005 0.0006 0.0012 
28 Road transport n/a n/a n/a 0.0000 0.0002 0.0002 n/a n/a 0.0002 0.0004 0.0006 0.0011 
29 Water transport n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a 0.0001 0.0003 0.0004 0.0011 
30 Air transport n/a n/a n/a 0.0000 0.0003 0.0004 n/a n/a 0.0004 0.0006 0.0009 0.0016 

~ ... " ~· ... 
31 Unclassified n/a n/a n/a 0.0001 0.0003 0.0005 n/a n/a 0.0006 0.0007 0.0009 0.0020 
Weighted average - - - 0.0001 0.0004 0.0006 - - 0.0005 0.0008 0.0011 0.0028 

Note: 1. n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CO: Cogeneration, E: EGAT, I: IPP, S: SPP; 
2. The percentage change in sectoral prices is calculated by the application of Equation 4.28, p. 113. 
3. The weighted average is calculated as the average of sectoral price impact with consideration of total output of each sector. 



Table 7: Sectoral price impacts of the lOo/o increase in electricity tariff by each electricity sub-sectors (o/o) ( cont'd) 

Sector CG-S RE-S 
1985 1990 1995 1998 2000 2005 1985 1990 1995 1998 2000 2005 

Coal industry n/a n/a 0.0000 0.0000 0.0003 0.0002 n/a n/a 0.0000 0.0000 0.0000 0.0000 
2 Petroleum and natural gas n/a n/a 0.0000 0.0001 0.0003 0.0002 n/a n/a 0.0000 0.0000 0.0000 0.0000 
3 Petroleum refinery n/a n/a 0.0000 0.0001 0.0002 0.0001 n/a n/a 0.0000 0.0000 0.0000 0.0000 
4 RE-E n/a n/a 0.0000 0.0000 0.0000 0.0001 n/a n/a 0.0000 0.0000 0.0000 0.0000 
5 ST-E n/a n/a 0.0000 0.0000 0.0002 0.0002 n/a n/a 0.0000 0.0000 0.0000 0.0000 
6 CC-E n/a n/a 0.0000 0.0001 0.0002 0.0002 n/a n/a 0.0000 0.0000 0.0000 0.0000 
7 GT-E n/a n/a 0.0000 0.0001 0.0002 0.0003 n/a n/a 0.0000 0.0000 0.0000 0.0000 
8 ST-I n/a n/a n/a 0.0000 0.0001 0.0002 n/a n/a n/a 0.0000 0.0000 0.0000 
9 CC-I n/a n/a 0.0000 0.0001 0.0002 0.0002 n/a n/a 0.0000 0.0000 0.0000 0.0000 

10 CG-S n/a n/a - - - - n/a n/a 0.0000 0.0000 0.0000 0.0000 
11 RE-S n/a n/a 0.0000 0.0000 0.0001 0.0001 n/a n/a 
12 Gas industry n/a n/a 0.0000 0.0001 0.0004 0.0003 n/a n/a 0.0000 0.0000 0.0000 0.0000 
13 Agriculture n/a n!a 0.0000 0.0000 0.0002 0.0002 n/a n/a 0.0000 0.0000 0.0000 0.0000 
14 Mining and quarrying n/a n/a 0.0000 0.0002 0.0007 0.0007 n/a n/a 0.0000 0.0000 0.0000 0.0001 
15 Food and beverage n/a n/a 0.0000 0.0001 0.0005 0.0006 n/a n/a 0.0000 0.0000 0.0000 0.0001 
16 Textile industry n/a n/a 0.0000 0.0004 0.0018 0.0017 n/a n/a 0.0000 0.0000 0.0000 0.0003 
17 Wood and furniture n/a n/a 0.0000 0.0002 0.0008 0.0010 n/a n/a 0.0000 0.0000 0.0000 0.0002 
18 Paper and printing products n/a n/a 0.0000 0.0002 0.0006 0.0007 n/a n/a 0.0000 0.0000 0.0000 0.0001 
19 Chemical industry n/a n/a 0.0000 0.0003 0.0010 0.0009 n/a n/a 0.0000 0.0000 0.0000 0.0002 
20 Non-metallic products n/a n/a 0.0000 0.0005 0.0020 0.0018 n/a n/a 0.0000 0.0000 0.0000 0.0003 
21 Basic metal n/a n/a 0.0000 0.0004 0.0017 0.0024 n/a n/a 0.0000 0.0000 0.0000 0.0004 
22 Fabricated metal products n/a n/a 0.0000 0.0002 0.0006 0.0011 n/a n/a 0.0000 0.0000 0.0000 0.0002 
23 Other manufacturing n/a n/a 0.0000 0.0001 0.0005 0.0008 n/a n/a 0.0000 0.0000 0.0000 0.0001 
24 Water supply n/a n/a 0.0000 0.0007 0.0028 0.0027 n/a n/a 0.0000 0.0001 0.0000 0.0005 
25 Construction n/a n/a 0.0000 0.0001 0.0006 0.0008 n/a n/a 0.0000 0.0000 0.0000 0.0001 
26 Commercial services n/a n/a 0.0000 0.0002 0.0008 0.0007 n/a n/a 0.0000 0.0000 0.0000 0.0001 
27 Railway transport n/a n/a 0.0000 0.0001 0.0004 0.0003 n/a n/a 0.0000 0.0000 0.0000 0.0001 
28 Road transport n/a n/a 0.0000 0.0001 0.0004 0.0003 n/a n/a 0.0000 0.0000 0.0000 0.0000 
29 Water transport n/a n/a 0.0000 0.0001 0.0002 0.0003 n/a n/a 0.0000 0.0000 0.0000 0.0000 
30 Air transport n/a n/a 0.0000 0.0001 0.0006 0.0004 n/a n/a 0.0000 0.0000 0.0000 0.0001 
31 Unclassified n/a n/a 0.0000 0.0002 0.0006 0.0005 n/a n/a 0.0000 0.0000 0.0000 0.0001 
Weighted average - - 0.00001 0.0002 0.0007 0.0007 - - 0.000002 0.00001 0.00001 0.00012 

Note: 1. n/a- not applicable; RE: Renewable, ST: Steam-turbine, CC: Combined-cycle, GT: Gas-turbine, CG: Cogeneration, E: EGAT, I: IPP, S: SPP; 
2. The percentage change in sectoral prices is calculated by the application of Equation 4.28, p. 113. 
3. The weighted average is calculated as the average of sectoral price impact with consideration of total output of each sector. 
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APPENDIX VII 

DATA OF THE IPPs, SPPs AND VSPPs IN THAILAND 

This appendix provides the data of the IPPs, SPPs and VSPPs in Thailand. It contains the 

following tables: 

Table 1 

Table 2 

Table 3 

Table 4 

Independent power producers in the Thailand 

Independent power producers' new bidding in 2008 

Power purchase from small power producers in the Thailand 

Power purchase from very small power producers in the Thailand 
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Table 1: Independent power producers in Thailand (As of May 2008) 

Capacity Schedule Commercial Term 
Company Fuel commercial operation date contracts (MW) 

o~eration date (~ears} 

Phase I (1996-2000) 
1. Independent Power (Thailand) 700 Gas 21 September 1999 15 August 2000 25 

Co., Ltd. Ao Thai, Chonburi 
2. Eastern Power & Electric Co., 350 Gas 31 July 2002 25 March 2003 20 

Ltd. Bangbo, Samutprakam 
3. Tri Energy Co., Ltd. Muang, 700 Gas 1 July 2000 1 July 2000 20 

Ratchaburi 
Phase II (200I-2003) 

4. Union Power Development 1,400 Gas Unit I 
Co., Ltd. Ratchaburi (2x700) 1 March 2008 1 March 2008 25 

Unit II 
1 June 2008 

5. Glow IPP Co., Ltd. Bowin, 713 Gas 1 September 2002 31 January 25 
Chonburi (2x365.5) 2003 

6. BLCP Power Limited. Rayong 1,365.5 Coal Unit I Unit I 25 
(2x673.5) 1 October 2006 13 August 2006 

Unit II Unit II 
1 February 2007 14 November 

2006 
7. Gulf Power Generation Co., 1,468 Gas * Unit I Unit I 25 

Ltd. Prachup Kirikhan (2x734) 1 March 2008 1 March 2008 
Unit n* 

1 October 2008 
1 March 2009 

Total 6,677.5 
Source: EPPO (2009) 
Note: * Under negotiation due to the delay of projects and the changes of location and fuel 

Table 2: Independent power producers' new bidding in 2008 

Capacity PPA signing Schedule 
Company Fuel commercial (MW) 

o~eration date 
1. Gecho-One 660 Coal 10 September 2011 November 2011 

Maptaput Industrial Estate, 
Rayong 

2. National Power Supply (NPS) 540 Coal nJa November 2013 
Panom Sarakarm, Cha March 2014 
cheongsao 

"" 

3. Siam Energy 1,600 Gas 10 October 2008 March 2013 
Bangkla, Cha cheongsao September 2013 

4. Power Generation Supply 1,600 Gas 10 October 2008 June 2014 
N ongsaeng, Saraburi December 2014 

Total 4,400 
Source: EPPO (2009) 
Note: n/a- not available 



Table 3: Power purchase from small power producers in Thailand (as of November 2008) 

Proposal submitte_d. 
Number of projects 
Generating capacity (MW) 
Sale to EGAT (MW) 

Received notification of acceptance* 
Number of projects 
Generating capacity (MW) 
Sale to EGA T (MW) 
Type of fuels 

Natural gas 
Coal 
Oil 
Waste gas from production process 
Biomass 
Municipal waste 
Wind 

Contract signed 
Number of projects 
Generating capacity (MW) 
Sale to EGAT (MW) 

Supplying power to the grid 
Number of projects 
Generating capacity (MW) 
Sale to EGAT (MW) 

Source: EPPO (2009) 

Firm 

104 
10,252.26 
6,439.30 

64 
5,817.36 
3,839.60 

38 
3 

22 

43 
3,722.31 
2,145.60 

41 
3,386.51 
2,079.10 

Non-firm 

42 
1,181.46 

486.00 

26 
915.55 
363.42 

4 
2 

2 
16 

1 

25 
783.35 
303.42 

19 
500.35 
206.42 

Total 

146 
11,433.72 
6,925.30 

90 
6,732.91 
4,203.02 

42 
5 

2 
38 

1 
1 

68 
4,505.66 
2,449.02 

60 
3.886.86 
2,285.52 

Note:* Excluding small power producers not presenting the proposal security and withdrawing 
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Types of fuel 

Commercial energy 
Coal 
Natural gas 

Total 
Non-conventional energy 

Solar 
Biogas 
Biomass 
Municipal waste 
Hydro 
Wind 
Used vegetable oil 

Table 4: Power purchase from very small power producers in Thailand (as of June 2009) 

Proposal submitted Notification of acceptance Contra,ctsJgJ!~c:l- . ______________ §_l:!.I!PlX!!!KJ?OWer to grid 
0 Sale to 0 Sale to 0 Sale to 0 Sale to 

Number Generatl?g MEA & Number Generatl?g MEA & Number Generatl?g MEA & Number Generat1~1g MEA & 

0 of capacity PEA 0 of capacity PEA 0 of capacity PEA 0 of capacity PEA 
projects (MW) (MW) projects (MW) (MWl__projects (MW) (MW) projects (MW) (MW) 

0 
2 
2 

12030 
12030 

3095 
3095 

155 781.28 764057 
24 81.29 70011 

132 1,235054 933078 
20 139033 12001 0 
0 

87 812085 802079 
0 

0 

149 
30 
89 
17 
1 
8 
0 

3036 
3036 

435085 
47.40 

868090 
105027 

5004 
29050 

2020 
2020 

356055 
43075 

627.40 
91.45 

5004 
2508 

3 
2 
5 

173 
34 
73 
11 
5 
1 
1 

120057 
15039 

135096 

1,012.45 
79005 

645096 
82062 

1.29 
1.50 
0002 

16000 
9.40 

25.40 

998054 
67091 

499.45 
70086 

1.28 
1.50 
0002 

2 
0 
2 

46 
27 
48 
4 
3 
2 
0 

19000 6000 

19000 6000 

6022 5058 
30025 23009 

663019 254059 
5062 5010 
0056 0054 
0033 0033 

Total . _______ 4_18_. 3,050029 2,691035 294 
295 

1,491.99 1,149099 
1,152019 1,152019 

298 
303 

1,822091 1,639056 
1,958086 1,664096 

130 
132 

706016 289022 
725016 295022 TOTAL 420 3,062059 2,695030 

Source: EPPO (2009) 



APPENDIX VIII 

DATA SETS AND COMPUTER PROGRAM FOR CHAPTER 6 

This appendix provides the data sets required for chapter 6. It contains the following tables: 

Table 1 

Table 2 

Table 3 

Sectoral output growth assumptions 

Input and output data of the three scenarios for performance analysis 

MA TLAB program for the RAS method 
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Table 1: Sectoral output growth assumptions (0/o) 

Year a Electricity demand GDP 
2006 4.9 5.3 
2007 3.3 4.9 
2008 2.7 2.7 
2009 2.2 2.0 
2010 3.5 3.0 
2011 4.7 4.5 
2012 6.0 5.3 
2013 6.2 5.5 
2014 6.1 5.5 
2015 6.3 5.8 
2016 6.2 5.8 
2017 6.0 5.7 
2018 5.8 5.6 
2019 5.6 5.5 
2020 5.5 5.5 

Source: EGAT (2009), NESDB (2009a), NESDB (2009b) 
Note: a The sectoral output for 2006-2008 is from the actual GDP growth and 

electricity demand growth. 
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Table 2: Input and output data of the PDP, IPP and GE scenarios for performance analysis 

PDP scenario IPP scenario GE scenario 
Output Inputs Output Inputs Output Inputs 

Year Electricity Installed Fuel use Number Electricity Installed Fuel use Number Electricity Installed Fuel use Nu1nber 
generation capacity (KTOE) of generation capacity (KTOE) of generation capacity (KTOE) of 

(GWh) (MW) employees (GWh) (MW) employees (GWh) (MW) employees 
(persons) (persons) (persons) 

2010 140081 27554 36901 67921 147863 29411 38780 70122 124516 24767 29612 60999 
2011 146596 28908 38448 68804 154740 30857 40406 73628 130307 25985 30872 61304 
2012 155334 30029 40459 70318 163963 32053 42525 75396 138074 26992 32516 62407 
2013 164896 32218 43161 72076 174057 34390 48585 77280 146574 28960 34663 63718 
2014 174893 33894 45484 73878 184610 36179 51195 79212 155461 30466 36559 64992 
2015 185944 34495 48060 77128 196274 36820 54090 82698 165283 31006 38661 66942 
2016 197405 35631 50994 79005 208372 38033 57390 85179 175471 32028 41022 68281 
2017 209172 37594 53769 80836 220792 40129 60509 87564 185930 33793 43283 69647 
2018 221355 39569 56631 82640 233653 42237 63726 89753 196760 35568 45616 71040 
2019 233766 42027 59560 84386 246753 44860 67018 91997 207792 37777 48002 72460 
2020 246730 43469 62645 86566 260437 46400 70447 94757 219315 39074 50525 74054 

Note: 1. The data on total electricity generation and total installed capacity can be obtained from Power Development Plan (EGAT, 2009). 
2. The electricity generation for each scenario is the total electricity generation minus the import electricity. For example, in the PDP scenario, the electricity would be 

imported by 10 per cent of total electricity generation. Therefore, the domestic electricity generation is 10% of 155645 GWh = 140,081 GWh). 
3. The calculation of the installed capacity for each scenario is applied similar basis as in the case of the electricity generation. 
4. The data for fuel consumption and number of employees are from the results of the application of input-output analysis (see Table 2 and 7, Appendix IX) . 



Table 3: MATLAB program for the RAS method 

File: IOcoefprogram.m 

% Main program for upda te IO coefficient 
clc ; clear 

load A05.dat.m 
load X20 .dat .m 
load U20.dat.m 
load V20 .dat.m 

AO=A05 ; 
X1 =X20; 
U1=U20; 
Vl =V20; 

for i= 1:60 

u =AO*diag (X1); 
U 1 i = s urn ( u , 2 ) ; 
R1=diag (U1 )/diag (U1i ); 

A1=R1 *AO; 

v=A1 *diag (X1 ); 
V1i =sum (v, 1 ) ; 
S1 =diag (V1 )/diag (V1i); 

err1 =abs(U1i-U1' ); 
err2 =abs(V2i-V2 ) ; 
toll1 =rnax (err1 ) 
toll2 =max ( err2 ) 

AO =A1 *S 1; 

end 

File: X20.dat.m 
% total output (X) 2020 

19275 
461 878 

1 6095 51 
992373 
398 186 

2019 14 2 
91010 

28575 40 
15045 22 

368 4 83 
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377037 
1873957 
1070308 

626999 
443858 

6923263 
69188 

1054973 
9209214 

13077 
98100 4 
250342 
397442 
490198 

File: U20.dat.m 
% U20 

19221 
458447 
944434 
560192 
379385 

1366146 
86054 

806063 
590323 

71600 
266796 
754652 
261633 
388 848 
102208 

1322160 
31032 
27020 

2426272 
5978 

313516 
68583 

133540 
239452 

File: V20.dat.m 
% V20 

5909 
146945 
160640 
469099 
3 1 956 4 
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601869 
30868 

1581469 
822914 
121229 
135380 
853852 
351403 
288442 
109637 

1781836 
20866 

469029 
2235249 

4058 
533279 
165691 
168904 
245423 

309 



310 

APPENDIX IX 

RESULTS OF THE IMPACTS OF THE PDP, IPP AND GE SCENARIOS 

This appendix presents the results of the likely impacts of the three scenarios including PDP, 

IPP and GE scenarios as discussed in chapter 6. It contains the following tables: 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Total primary energy consumption in the Thai economy 

Primary energy consumption for electricity generation 

Total C02 and S02 emissions of major sectors in the Thai economy 

Economic output of the three scenarios for selected year 

Sectoral output in the Thai economy for selected years 

Sectoral wages and salaries in the Thai economy for selected years 

Sectoral employment in the Thai economy for selected years 

Cumulative indices change of technical efficiency, technical, and TFP 



Table 1: Total primary energy consumption in the Thai economy (KTOE) 

Energy type 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Coal 11 ,412 20,754 21 ,613 22,707 24,067 25 ,328 26,728 28,277 29,793 31 ,359 32,966 34,647 

~ 
Petroleum 38,724 45,550 47,419 49,746 52,095 54,754 57,711 60,949 64,179 67,517 70,961 74,579 

Q Natural gas 29,955 35 ,101 36,559 38,432 39,876 41 ,984 44,324 47,597 50,161 52,806 55,519 58,350 
~ Renewable 2,288 1,857 1,943 2,059 2,186 2,318 2,465 2,617 2,773 2,934 3,099 3,305 

Total 82,379 103,262 107,535 112,944 118,224 124,384 131,228 139,440 146,907 154,616 162,544 170,881 
Coal 11,412 24,469 25,487 26,796 33 ,941 35 ,729 37,715 39,933 42,080 44,296 46,570 48,945 
Petroleum 38,724 45 ,535 47,403 49,729 52,082 54,740 57,697 60,914 64,143 67,479 70,920 74,537 

~ Natural gas 29,955 33 ,315 34,697 36,466 35,309 37 ' 173 39,241 42 ,102 44,368 46,707 49,105 51,609 ~ 
~ 

Renewable 2,288 1,592 1,666 1,765 1,873 1,987 2,1 13 2,243 2,376 2,515 2,656 2,803 
Total 82,379 104,910 109,252 114,756 123,205 129,629 136,766 145,192 152,968 160,997 169,251 177,894 
Coal 11,412 14,671 15,277 16,042 16,955 17,835 18,813 19,879 20,941 22,037 23 ,165 24,346 
Petroleum 38,724 45 ,415 47,279 49,598 51,91 9 54,568 57,515 60,716 63 ,934 67,259 70,689 74,294 

~ Natural gas 29,955 30,191 31,444 33 ,051 34,034 35,830 37,823 40,568 42,751 45 ,004 47,315 49,727 ~ 
Renewable 2,288 5,172 5,413 5,736 6,089 6,458 6,866 7,289 7,724 8,173 8,632 9,578 
Total 82,379 95,449 99,412 104,427 108,996 114,691 121,018 128,452 135,350 142,474 149,801 157,945 

Note: 1. The primary energy consumption is calculated based on Equation 4.9, from direct energy intensity and sectoral output. 
2. The direct energy intensity for the year 2010 to 2020 is based on the assumption of0.38o/o of annual energy efficiency improvement (seep. 187). 
3. Sectoral output can be obtained from Table 5 in Appendix IX, p. 315. 



Table 2: Primary energy consutnption for electricity generation (KTOE) 

Energy type 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
Lignite & coal a 4,301 11,578 12,061 12,687 13,537 14,261 15,063 15,982 16,847 17,740 18,653 

Lignite 4,103 3,058 3,185 3,350 3,575 3,766 3,978 4,221 4,449 4,685 4,926 

~ 
Imported coal 198 8,520 8,876 9,337 9,962 10,495 11,085 11,761 12,398 13,055 13,727 

~ Petrolemn 1,820 0 0 0 0 0 0 0 0 0 0 
~ 

Natural gas 19,161 23,465 24,444 25,713 27,438 28,905 30,531 32,395 34,149 35,957 37,808 
Renewable 2,288 1,857 1,943 2,059 2,186 2,318 2,465 2,617 2,773 2,934 3,099 
Total 27,570 36,901 38,448 _40,459 43,161 45,484 48,060 50,994 53,769 56,631 59,560 
Lignite & coal a 4,301 15,294 15,935 16,776 23,411 24,662 26,050 27,639 29,135 30,678 32,257 

Lignite 4,103 2,832 2,950 3,102 2,978 3,137 3,314 3,516 3,706 3,903 4,103 
Imported coal 198 12,462 12,985 13,674 20,433 21,525 22,736 24,123 25,429 26,775 28,154 

~ 
~ Petroleum 1,820 0 0 0 0 0 0 0 0 0 0 
1-( 

Natural gas 19,161 21,895 22,806 23,984 23,301 24,546 25,927 27,509 28,998 30,533 32,105 
Renewable 2,288 1,592 1,666 1,765 1,873 1,987 2,113 2,243 2,376 2,515 2,656 
Total 27,570 38,780 40,406 42,525 48,585 51,195 54,090 57,390 60,509 63,726 67,018 
Lignite & coal a 4,301 5,496 5,726 6,023 6,426 6,769 7,150 7,586 7,996 8,420 8,853 

Lignite 4,103 3,056 3,185 3,350 3)574 3,764 3,976 4,219 4,447 4,683 4,923 
Imported coal 198 2,440 2,541 2,673 2,852 3,005 3,174 3,367 3,549 3,737 3,930 

~ Petroleum 1,820 0 0 0 0 0 0 0 0 0 0 C-' 
Natural gas 19,161 18,944 19,733 20,758 22,148 23,332 24,645 26,147 27,563 29,022 30,516 
Renewable 2,288 5,172 5,413 5,736 6,089 6,458 6,866 7,289 7,724 8,173 8,632 
Total 27,570 29,612 30,872 ~2,516 34,663 36,559 38,661 41,022 43,283 45,616 48,002 

Note: 1. a The consmnption of lignite and coal is the sum of lignite consmnption and imported coal consumption. 
2. The primary energy consumption is calculated based on Equation 4.9, from direct energy intensity and sectoral output. 
3. The direct energy intensity for the year 2010 to 2020 is based on the assumption of annual energy efficiency improvement given in Scenario 

assumptions, p. 187. 
4. Sectoral output can be obtained from Table 5 in Appendix IX, p. 315. 
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Table 3: Total C02 and S02 emissions of major sector in the Thai economy (thousand tonnes) 

Sector C02 emissions 
2005 2010 2015 2020 2005 2010 2015 

Electricity 78,502 108,180 140,750 183,180 81 430 559 

~ 
Industry 73,830 96,437 119,375 156,581 353 472 599 

Q Transport 73,701 95,416 121,289 156,435 138 179 227 
~ 

Others 14,374 18,568 23,600 30,439 25 33 41 
Total 240,406 318,601 405,014 526,635 598 1,114 1,427 

I 
Electricity 78,502 118,980 172,793 224,873 81 605 1,077 
Industry 73 ,830 95,732 117,802 154,136 353 472 599 

~ Transport 73 ,701 95,507 121,560 156,785 138 179 228 ~ 
~ 

Others 14,374 18,567 23,600 30,438 25 33 41 
Total 240,406 328,787 435,755 566,232 598 1,289 1,945 
Electricity 78,502 71,862 93,598 121,663 81 155 201 
Industry 73,830 95,186 124,394 153,500 353 472 599 

~ Transport 73,701 95,222 121,078 156,099 138 179 227 0 
Others 14,374 18,566 23,599 30,434 25 33 41 

L_ Total 240,406 280,836 362,669 461,696 598 838 1,068 
Note: 1. Total C02 and S02 emissions are calculated by the application of Equation 4.12 and 4.14 respectively, pp. 108-109. 

2. Others include agriculture, water, commercial and unclassified sectors. 
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Table 4: Economic output of the three scenarios over the period 2010-2020 (billion baht) 

Year Economic output Scenarios Changes from PDP scenario 
PDP IPP GE IPP GE 

Final consumption 6215 6214 6212 -1 ( -0.02) -4 ( -0.06) 
Investment 2256 2256 2256 0 (0.01) 0 (0.02) 
Exports 5986 5985 5983 -1 ( -0.02) -3 ( -0.06) 

2010 Imports 5484 5495 5477 11 (0.20) -8 (-0.14) 
GDP 8973 8960 8974 -13 ( -0.15) 1 (0.01) 
Intermediate consumption 13221 13218 13187 -3 ( -0.02) -34 ( -0.26) 
Total output 22194 22178 22161 -16 (-0.07) -33 ( -0.15) 1 

Final consumption 8056 8054 8051 -2 (-0.02) -5 ( -0.07) 
Investment 2925 2925 2926 1 (0.02) 1 (0.03) 
Exports 7751 7748 7746 -3 (-0.04) -5 ( -0.06) 

2015 Ilnports 7128 7160 7116 32 (0.45) -12 (-0.16) 
GDP 11604 11568 11606 -37 (-0.32) 2 (0.02) 
Intermediate consumption 17098 17098 17044 1 (0.00) -54 ( -0.32) 
Total output 28702 28666 28650 -36 ( -0.13) -52 ( -0.18) • 

:----· 
Final consumption 10597 10594 10589 -3 ( -0.03) -8 ( -0.07) 
Investment 3843 3844 3844 1 (0.02) 1 (0.03) 
Exports 10192 10187 10185 -5 ( -0.05) -7 ( -0.07) 

2020 Imports 9353 9398 9335 45 (0.48) -18 (-0.19) 
GDP 15279 15227 15283 -52 ( -0.34) 4 (0.03) 
Intermediate consumption 22515 22510 22431 -5 ( -0.02) -84 (-0.37) 
Total output 37794 37737 37714 -57 (-0.15) -80 ( -0.21) 

Note: Number in brackets show percentage change from the PDP scenario. 



Table 5: Sectoral output in the Thai economy over the period 2010-2020 (million baht) 

Sector 2005 2010 2015 2020 
PDP IPP GE PDP IPP GE PDP IPP GE 

1 Coal industry 10,296 8,068 753 3 8,065 10,638 9,032 10,633 14,081 11,950 14,074 
2 Petroleum and natural gas 246,725 260,160 254644 250,193 310,671 298,208 294,597 430,236 410,377 404,659 
3 Petroleum refinery 859,786 991,797 991320 990,195 1,279,496 1,278,544 1,277,046 1,682,998 1,681,352 1,679,258 
4 RE-E 21,427 74,657 66396 168,256 98,998 74,194 223,116 131,317 98,409 295,941 
5 ST-E 144,630 87,044 70542 37,285 115,420 65,907 49,436 153,098 87,416 65,569 
6 CC-E 101 ,777 193,358 135440 124,517 256,426 82,449 165,109 340,150 109,359 218,998 
7 ST-I 21 ,427 43,521 95717 18,635 57,709 214,848 24,708 76,547 284,979 32,771 
8 CC-I 198,197 155,808 188832 124,517 206,622 306,217 165,109 274,081 406,181 218,998 
9 CG-S 37,497 49,733 46975 74,596 65,946 57,667 98,909 87,473 76,488 131,188 

10 RE-S 10,713 18,642 18639 74,630 24,719 24,711 98,955 32,787 32,775 131 ,250 
11 Gas industry 216,974 209,472 201800 195,709 235,205 217,875 213,018 339,688 312,103 304,378 
12 Agriculture 1,116,621 1,325,671 1325669 1,326,007 1,717,621 1,717,643 1,718,049 2,257,766 2,257,776 2,258,309 
13 Mining and quarrying 51,540 59,788 59788 59,782 77,467 77,467 77,458 101,826 101,826 101,814 
14 Food and beverage 1,526,435 1,875,699 1875664 1,875 ,567 2,430,321 2,430,247 2,430,128 3,194,560 3,194,440 3,194,274 
15 Textile industry 803,682 987,699 987705 987,588 1,279,794 1,279,820 1,279,641 1,682,201 1,682,231 1,681,990 
16 Wood and furniture 196,836 241 ,880 241876 241,873 313 ,416 313,406 313,406 411,963 411,948 411,948 
17 Paper and printing products 201,405 247,539 24755 8 247,319 320,629 320,705 320,326 421,509 421,596 421,090 
18 Chemical industry 1,001,026 1,230,148 1230138 1,229,892 1,593,829 1,593,828 1,593,472 2,095,045 2,095,026 2,094,547 
19 Non-metallic products 571,735 702,599 702593 702,616 910,403 910,388 910,424 1' 196,649 1,196,628 1,196,674 
20 Basic metal 334,929 411,644 411619 411,575 533 ,348 533 ,279 533,251 701,059 700,963 700,924 
21 Fabricated metal products 237,099 291 ,362 291359 291,328 377,510 377,506 377,461 496,224 496,214 496,154 
22 Other manufacturing 3,698,254 4,546,576 4545400 4,544,876 5,889,761 5,886,448 5,887,388 7,742,122 7,737,594 7,738,801 
23 Water supply 37,701 45 ,507 45548 45,349 58,920 59,049 58,706 77,464 77,632 77,175 
24 Construction 653,424 692,632 692607 692,836 897,468 897,399 897,735 1,179,658 1,179,563 1,180,007 
25 Commercial services 5,271,809 6,042,283 6040779 6,039,789 7,824,883 7,821 ,050 7,821,107 10,288,360 10,282,739 10,282,663 
26 Railway transport 7,279 8,554 8572 8,516 11 ,079 11 ,134 11,028 14,561 14,634 14,493 
27 Road transport 546,084 644,722 645492 643,127 835 ,320 837,664 833,190 1,098,070 1,101,163 1,095,223 
28 Water transport 139,355 164,314 164349 164,233 212,897 213 ,006 212,788 279,842 279,984 279,695 
29 Air transport 221,240 260,847 260842 260,729 337,886 337,890 337,718 444,202 444,193 443,962 
30 Unclassified 269,983 322,477 322715 321,444 417,484 418,258 416,082 548,948 549,937 547,039 
Total !~~7~~,884 -J~t!?4~199 22,178,111 2~,161,044 28,701,883 7~,§§_5,_~40 ~f!~§42,22~ . ~7_,724d~§_ . 37J737,476 37,713,867 

Note: 1. Sectoral output is calculated based on Equation 4.6 (p. 104), from the updated technical coefficient and final demand. 
2. Final demand for the period 2010-2020 is based on the assumption of economic growth given in Scenario assumptions, p. 187. 



Table 6: Sectoral wages and salaries in the Thai economy over the period 2010-2020 (million baht) 

Sector 2005 2010 2015 2020 
PDP IPP GE PDP IPP GE PDP IPP GE 

1 Coal industry 1,384 1,213 1132 1,212 1,599 1,357 1,598 2,116 1,796 2,115 
2 Petroleum and natmal gas 29,047 34,243 33517 32,931 40,891 39,251 38,775 56,628 54,015 53,262 
3 Petroleum refinery 7,006 9,035 9031 9,021 11 ,656 11,647 11,634 15,332 15,317 15,298 
4 RE-E 4,597 4,274 3801 9,633 5,668 4,248 12,774 7,518 5,634 16,944 
5 ST-E 13,243 19,654 15928 8,419 26,061 14,881 11' 162 34,568 19,738 14,805 
6 CC-E 19,275 36,776 25760 23,683 48,772 15 ,682 31,403 64,696 20,800 41 ,653 
7 ST-I 3,930 11,294 24839 4,836 14,975 55,753 6,412 19,864 73 ,952 8,504 
8 CC-I 37,904 35,342 42833 28,244 46,868 69,460 37,452 62,170 92,135 49,676 
9 CG-S 7,426 8,336 7,817 12,447 11,054 9,497 16,504 14,662 12,596 21,890 

10 RE-S 1,543 4,239 4239 16,971 5,621 5,619 22,503 7,456 7,453 29,847 
11 Gas industry 7,085 7,647 7367 7,145 8,586 7,954 7,776 12,401 11,394 11 ,112 
12 Agriculture 197,710 262,421 262421 262,488 340,009 340,014 340,094 446,933 446,935 447,041 
13 Mining and quarrying 7,420 9,623 9623 9,622 12,469 12,469 12,467 16,389 16,389 16,387 
14 Food and beverage 100,841 138,537 138534 138,527 179,501 179,495 179,486 235,946 235,937 235,925 
15 Textile industry 77,519 106,510 106510 106,498 138,008 138,011 137,991 181,402 181,405 181,379 
16 Wood and furniture 24,857 34,150 34149 34,149 44,249 44,248 44,248 58,163 58,161 58,161 
17 Paper and printing products 16,437 22,586 22588 22,566 29,255 29,262 29,227 38,459 38,467 38,421 
18 Chemical industry 71,227 97,858 97857 97,838 126,789 126,789 126,761 166,661 166,659 166,621 
19 Non-metallic products 51,441 70,675 70675 70,677 91,579 91,577 91,581 120,373 120,370 120,375 
20 Basic metal 23,764 32,654 32652 32,648 42,308 42,302 42,300 55,612 55,604 55,601 
21 Fabricated metal products 20,087 27,597 27597 27,594 35,757 35,756 35,752 47,001 47,000 46,994 
22 Other manufacturing 208,413 286,454 286380 286,347 371,080 370,872 370,931 487,787 487,502 487,578 
23 Water supply 7,529 10,161 10170 10,126 13,156 13,185 13,108 1 17,296 17,334 17,232 
24 Construction 53,472 63,368 63366 63,387 82,109 82,102 82,133 107,926 107,917 107,958 
25 Commercial services 1,202,141 1,540,419 1540035 1,539,783 1,994,874 1,993,897 1,993,911 2,622,913 2,621,479 2,621,460 
26 Railway transport 3,793 4,983 4994 4,961 6,454 6,486 6,424 8,483 8,525 8,443 
27 Road transport 97,767 129,047 129201 128,728 167,197 167,666 166,770 219,788 220,408 219,219 
28 Water transport 10,936 14,416 14419 14,409 18,678 18,688 18,669 24,551 24,564 24,539 
29 Air transport 32,456 42,781 42781 42,762 55 ,417 55,417 55,389 72,853 72,852 72,8 14 
30 Unclassified 29,160 38,939 38968 38,814 50,411 50,505 50,242 66,286 66,405 66,055 
Total 2,369,410 3,105,232 3,109,183 3,086,464 4,021,050 4,034,089 3,995,480 5,292,234 5,308,744 5,257,308 

Note: Sectoral wage and salaries are calculated by multiplying a monetary labour intensity (defined as the amount of generated household income per one unit 
of sectoral output) with sectoral output (from Table 5 in Appendix IX, p. 315). 

' 



Table 7: Sectoral employment in the Thai economy over the period 2010-2020 (persons) 

Sector 2005 2010 2015 2020 
PDP IPF GE PDP IPP GE PDP IPP GE 

1 Coal industry 1,746 1,248 1,165 1,247 1,341 1,139 1,341 1,448 1,228 1,447 
2 Petroleum and natural gas 36,651 39,056 38,228 37,560 42,158 40,467 39,976 52,773 50,337 49,636 
3 Petroleum refinery 8,840 9,296 9,291 9,281 9,778 9,771 9,759 10,487 10,477 10,464 
4 RE-E 2,437 2,820 2,508 6,369 3,620 2,623 7,764 4,565 3,279 9,487 
5 ST-E 16,452 10,549 8,550 4,529 11,020 6,083 4,491 11,307 6,188 4,465 
6 CC-E 11,577 19,739 13,831 12,740 20,623 6,410 12,635 21,161 6,521 12,563 
7 ST-I 2,437 4,974 10,934 2,135 5,649 20,329 2,301 6,300 22,483 2,487 
8 CC-I 22,545 22,502 27,265 18,023 27,884 39,950 21,203 33,938 48,210 25,005 
9 CG-S 4,265 4,864 4,561 7,279 5,524 4,588 7,848 6,161 5,074 8,482 

10 RE-S 1,219 2,474 2,473 9,925 2,809 2,715 10,700 3,133 3,002 11 ,565 
11 Gas industry 33,139 30,087 28,986 28,111 28,418 26,324 25,737 34,523 31,720 30,935 
12 Agriculture 13,617,000 14,357,203 14,357,185 14,360,848 14,776,728 14,776,918 14,780,415 15 ,429,320 15,429,391 15,433,033 
13 Mining and quarrying 9,362 10,976 10,976 10,975 12,855 12,855 12,853 15,274 15,274 15,272 
14 Food and beverage 835,597 1,037,658 1,037,639 1,037,585 1,215,305 1,215,268 1,215,208 1,443,986 1,443,932 1,443,857 
15 Textile industry 642,340 797,770 797,775 797,680 934,380 934,399 934,268 1,110,176 1,1 10,195 1,110,037 
16 Wood and furniture 205,972 255 ,785 255,781 255,778 299,590 299,580 299,581 355,954 355,941 355,942 
17 Paper and printing products 136,201 169,171 169,184 169,021 198,069 198,115 197,882 235,369 235,418 235,135 
18 Chemical industry 590,204 732,970 732,965 732,818 858,423 858,422 858,231 1,019,960 1,019,951 1,019,718 
19 Non-metallic products 426,257 529,368 529,363 529,380 620,032 620,021 620,046 736,678 736,664 736,693 
20 Basic metal 196,915 244,580 244,565 244,539 286,444 286,407 286,392 340,341 340,295 340,276 
21 Fabricated metal products 166,447 206,705 206,703 206,681 242,090 242,087 242,059 287,645 287,639 287,604 
22 Other manufacturing 1,726,966 2,145,575 2,145,020 2,144,772 2,512,391 2,510,978 2,511,379 2,985,245 2,983,499 2,983,964 
23 Water supply 12,828 14,562 14,575 14,511 15,859 15,894 15,802 17,539 17,577 17,474 
24 Construction 2,129,400 2,316,189 2,316,106 2,316,871 2,754,598 2,754,386 2,755,417 3,323 ,249 3,322,981 3,324,233 
25 Commercial services 13,711,500 13,956,774 13,953,299 13,951,013 14,357,495 14,350,461 14,350,567 14,995 ,600 14,987,406 14,987,295 
26 Railway transport 28,997 31,063 31,129 30,924 32,802 32,965 32,652 35,152 35 ,328 34,989 
27 Road transport 747,393 891,732 892,797 889,526 1,044,347 1,047,279 1,041,685 1,240,945 1,244,441 1,237,728 
28 Water transport 83,599 89,857 89,876 89,813 94,930 94,978 94,881 101,743 101,794 101,689 
29 Air transport 248,111 295,625 295,620 295,492 346,144 346,148 345,972 411,337 411,328 411,114 
30 Unclassified 47,900 63,964 64,012 63,760 82,809 82,963 82,531 108,886 109,082 108,507 
Total 35,704,300 38,295,135 38,292,360 38,279,184 40,844,114 40,840,523 40,821,575 44,380,195 44,376,655 44,351,094 

Note: 1. Sectoral employment is calculated by the application of Equation 6.1, p. 184. 
2. Labour intensity is based on the assumption of labour productivity improvement given in Scenario assumptions, p. 187. 



Table 8: Cumulative indices change of technical efficiency, technical, and TFP for the three scenarios over the period 2010-2020 

PDP scenario IPP scenario GE scenario 

Year Technical Technical TFP Technical Technical TFP Technical Technical TFP 
efficiency change change efficiency change change efficiency change change 

change change change 
2010 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
2011 1.000 1.004 1.004 0.990 1.008 0.998 1.000 1.017 1.017 
2012 1.000 1.032 1.032 0.990 1.033 1.023 1.000 1.041 1.041 
2013 1.000 1.043 1.043 0.988 1.044 1.031 1.000 1.056 1.056 
2014 1.000 1.063 1.063 0.988 1.060 1.048 1.000 1.080 1.080 
2015 1.000 1.106 1.106 0.988 1.104 1.091 1.000 1.107 1.107 
2016 1.000 1.137 1.137 0.988 1.135 1.121 1.000 1.131 1.131 
2017 1.000 1.147 1.147 0.988 1.143 1.129 1.000 1.154 1.154 
2018 1.000 1.157 1.157 0.988 1.151 1.137 1.000 1.179 1.179 
2019 1.000 1.156 1.156 0.988 1.147 1.133 1.000 1.196 1.196 
2020 1.000 1.180 1.180 0.988 1.170 1.156 1.000 1.218 1.218 
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