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Implementing the low carbon ¢lectricity policy is a huge challenge for
political leaders and regulators. To achieve theaggressive emission reduction target, it
requires stringent control measures and ineOpporation among various stakeholders.
Importantly, the implementation plans have to concern on cost-effectiveness of such
policy and equity sharing among many stakeholder groups to reduce GHG emission.
This research aims to identifydmplementation barriers and suggested policies toward
low carbon electricity development in Tﬁailand. The research divided into three main
sections; (1) evaluation oficurrent GHG emission level from electricity sector using
mathematical model, (2) identification of obstructers delaying low carbon electricity
development and (3) devélop appi‘opriaté policies suggestions. In the model study,
three scenarios were evaluated fo identify contributions and challenges of establishing
a sustainable energy supply systeﬁ; inclu@fiﬁgJBusiness as usual (BAU), with nuclear
scenario (WNC) and without nuclear (NN & electricity development options. When
compared with BAU pathway, the WNC and the NNC pathway can achieve emission
reduction of 9.43 percent and 7.18 percent r?'s_pggt_ively.

It should Ee_mned_that_agdmlmm_is_a_majér-’sector for Thailand; high
potentials for all types of renewable energies based on agricultural products exist in

the country and can strengthen the national energy security. With high potentials of
various renewable resources existed in the country, Thailand could potentially achieve
it. Based on the{analyses of potentialysources jand existing development conditions,
the following | low«Carbon electricity development policies are formulated. The
recommended policies toward low Carbon electricity development in Thailand
includepromotion-, of, energy ~efficieney; and-~demand; reduction; strengthening
collaborative'and ¢oordination’amongall governmental agencies; providing incentives
for fuel diversification into low carbon emission, identification of new kind of
renewable energy, revised the potential areas for renewable energy development,
encouraging and promotional of local research and development and gaining more
Benefits from CDM and preparing for GHG reduction burdens of the Post-Kyoto
Protocol.
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CHAPTER I
INTRODUCTION

1.1 Statement of the Problems

Dealing with the cause of climate change from energy sector has
directly impacted or related to economic agtivity in different aspect such as; how we
produced, consumed and traded for energy and«goods. The presence of certain gases,
such as carbon dioxide (CO5), methangs (CHy), and nitrous oxide (N,O), enables the
atmosphere to act likesa"grccahouse, retaining part -of the solar heat. The natural
greenhouse effect is desirable as it traps Part of the incoming solar energy to maintain
habitable temperatures®on the carth’s Su’r_face. Evidently human activity enabling
economic and social grewthis the primalfy' suspect warming the planet. According to
the Fourth Assessment Report (AR-4) of the Intergovernmental Panel on Climate
Change (IPCC) stated that average teﬁ;p_eratures since the mid 20" century is
increased from anthropogenic sources ("'i‘lhe, Intergovernmental Panel on Climate
Change, 2007). Human activities mainly;ﬁ’(’ﬁning of fossil fuels, deforestation,
agricultural practices, and manufacturing "'ceiﬁsed increasing the concentration of
greenhouse gases (GHGs) in the atmosphere and enhanced greenhouse effect

resulting in higher global average temperatures.

For the past millennium, the Earth’s average temperature varied within
a range of lessithan 0.7°C; however. Over the past.century manmade greenhouse gas
emissions have'resulted in a dramatic increase in the planet’s temperature over the
past cefituty-(The Intergovernimental Panel on Climate)Change,2007): The projected
future temperature increase could possibly warm the planet by 5°C over the next 100
years due to growing emissions relative to the preindustrial period. Such warming has
never been experienced in history of the mankind. The resulting physical impacts
would severely affect economics development. Only through immediate and
ambitious actions to curb greenhouse gas emissions may dangerous warming be

avoided (The World Bank, 2010).
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The rapid increase in the atmospheric concentration of carbon dioxide
has raised the specter of severe climate change. From large emissions of carbon
dioxide, the energy sector is dominated by the direct combustion of fuels', as by
product of fossil combustion. In a complete combustion, the total carbon content of
fuels would be converted to CO;). During combustion, the carbon and hydrogen of
the fossil fuels are converted mainly into carbon dioxide (CO;) and water (H,0),
releasing the chemical energy in the fuel as heat. This heat is generally either used
directly or used (with some conversion losses) to produce mechanical energy, often to

generate electricity or for transportation (Sell,2007).

A variety_oef=human a;ctivities 18- contributing to the release of
greenhouse gases into.the atmosphere. Among the many human activities that
produce greenhouse gases, the use of enlergy represents by far is the largest source of
emissions. Anthropogeni€ greenhouse ga.s:é.:missions are key factors in global climate
change mitigation, especially ¢arbon d;pxide emissions from energy combustion
activities. Global climat¢ change can be ccf):ia_.s'iq_ered a “Tragedy of the Commons” type
of classic environmental' problem  for \yhdlch no effective global coordination,
regulation, or enforcement has yét-been impléﬁa_fented by far. From study of the World
Resources Institute (2008) illustrated a conT_pié:te; picture of global GHG emissions,
energy-related emissions accounted for about 60 percent. of the world total. At the
sector level, the largest contributors to global emissions are electricity and heat
(collectively 24.6 percent), land-use change and forestry (18.2 percent), transport
(13.5 percent), and agticulture (13.5 peréent). The International Energy Agency
(2009a) present the.concentration of CO; in 2005 jwas 379 ppm or about 35% higher
than a century and a half ago, with,the fastest growth occurring in, the last ten years

(1.9 ppm pér year in'the period 1995-2005);

! Energy includes emissions from “fuel combustion” (the large majority) and “fugitive
emissions”, which are intentional or unintentional releases of gases resulting from production,
processes, transmission, storage and use of fuels (e.g. CH4 emissions from coal mining or oil and gas
systems).
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Emissions of carbon dioxide, the number one greenhouse gas amongst
the six covered by the Kyoto Protocol. Moreover, energy development is a barometer
of economic progress. The substitution of energy for human power in the performance
of agriculture, industry and domestic services has contributed to the process of
economic growth. Energy is also a key driver of social and economic development. A
world without energy is inconceivable and would be incapable of development,
sustainable or otherwise. The increased availability of energy services stimulates
economic activity along different stages of the development process. Economic
development accelerates when a socicty uses” caergy in new forms, adaptable to a
range of needs based on-its'social and eultural characteristics (Reddy, Assenza et al.,
2009). There is increasing conscnsus in both the scientific and political communities
that significant reductiong#in greenhouse gas emissions are necessary to limit the
magnitude and extent'of climate ¢hange. Anthropogenic greenhouse gas emissions are
key factors in global glimate change mit'r_gat;_ion, especially carbon dioxide emissions

from energy combustion/activities.

The use of fossil fuels fo‘r_;.;_tihle production of energy is leading to
buildup of carbon dioxide in the atmosphér’é,{;which traps heat and warms up the
Earth. The result is changing patterns of préép_i_tation and drought, increasing extreme
weather events and sea-level rise (Sell, 2007). The largest .emissions come from road
transport (9.9 percent), residential buildings (9.9 percent), 01l and gas production (6.3
percent), agricultural soils (6.0 percent), commercial buildings (5.4 percent), and 4.8
percent from chemicals” and petrochemicals. The concentration of CO, emission
increases from 21,283/ million metric [tons-oft €O, in 1990 to 25,579 in 2003. The
emission per capita change from 4.0 to 4.1 metric tons of CO,per person in 2003
respectivelyy Whenweighted by their GWPs, CO, typically represent-over 99 percent
of the greenhouse gas emissions from the stationary combustion of fossil fuels (The
Intergovernmental Panel on Climate Change, 2006). These changes affect poor
countries and vulnerable people disproportionately, in the form of failed crops,
devastating floods and vector-borne diseases. Species and habitat loss is also
exacerbated. Therefore, efforts to curb climate change particularly focus on how we

use energy.
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Impacts of climate change are likely to include changes in precipitation
patterns, increased frequency and intensity of storms surges and hurricanes, changes
in vegetation, and a rise in sea level. Developing countries, especially the poor ones,
are more vulnerable to these changes given their high dependence on natural
resources and their limited capacity—human, financial, and institutional—to adapt to
extreme events. Climate changes can have severe adverse impacts on the health and
livelihood of the poor. Extreme climate conditions exacerbated by climate change can

divert scarce development resources from poverty reduction into disaster recovery.

Agriculture 7% 3

Industrial
processes 7%

Waste 3%

CO, 94%
S L) cH,5%
v “ N0 1%
Figure 1 Greenhouse Gases Emission in 2006 €lassified by Sources
Source: Usingjdata front Intérnational’ Energy Agency (2009a)

The electricity utilities industry faces an enormous responsibility in the
global fight against,climate change. During 1993 to 2008, carbon dioxide emissions
from electricity generation in Thailand have increased by 16.5 percent and this large
amount is resulted from demand growth in electricity production (27.8 percent
between 1993 and 2008). Ministry of Energy (MOE) reported the CO, emission per
capita of Thailand increased from 1.85 to 3.06 during 1993 to 2008. Electricity
consumption per population rose from 965 to 2,129 kWh per capita during 1993 to
2008 respectively (Figure 2). Department of Alternative Energy Development and
Efficiency (DEDE) (2009) estimated amount of GHGs emission from Thailand would
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reach 559 MtCO, over period 2005-2020. The average growth of total GHGs
emission is estimated to be 3.2 percent per year while emission from energy sector is

4.7 percent per year (Figure 3).
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Figure 2 Emission per Capita in 2009

Source: Using data from OERC (2010)



' 1,000
I 1,000 - 2,000
B 2,000 - 3,000

AR RSN 1A Y
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Source: Using data from OERC (2010)

Climate change is a serious and urgent problem, global in its cause and
consequences. Stabilizing greenhouse emissions to limit climate change is a
worthwhile insurance strategy for the world as a whole, including the richest

countries. It is an essential part of our overall fight against poverty and for the
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Millennium Development Goals (MDG)”. This dual purpose of climate policies
should make them a priority for leaders around the world (United Nations
Development Programme, 2007). Recent years have witnessed a fundamental change
in the way governments approach energy-related environmental issues. Promoting
sustainable development and combating climate change have become integral aspects
of energy planning, analysis and policy making in many countries (The International

Energy Agency, 2009a).

Low carbon electricity generation focuses on renewable energy
resources such as wind, selar - Photoyoltaic™(PV) and Concentrating Solar Power
(CSP) — hydroelectric powerbut also n-ew technologies are emerging/maturing such
as ocean energy, combined heat power (CHP) and fuel gells. At least one example of
each of the above mentionedsrencwable I‘energy resources is discussed in this section,
with the appropriate renewable encrgy éqflrce indicated in the respective paragraph
heading itself (KEMA Consulting, 2009)"; Thirty years ago, climate change problem
was a theory. But in the past decade, global warming is now a household term,
deemed one of the most difficult problérgé facing society in the new century
(Randolph and Masters, 2008): Effective p(f)l'iéy and regulation will be at the core of
the response to global warming. In fact, the.?;igsition to a low-carbon economy might
be the first global economic transition of this scale to be driven largely by policy.
Designing this policyis a huge challenge to political lcaders and regulators: it needs
to achieve aggressive emission reductions, incorporate many sectors of the economy,
be acceptable by many countries, be cost effective, and be equitable among the many

stakeholder groups/that are eoncerned.

Thailand should. contribute.to, mitigate, the.impact.of climate change as
a member country-of the wotld community, in a“drive tewards a decrease in GHG
emissions resulting from activities in various sectors. It is likely that the main threat

that will face fossil energy in the future is the development of catastrophic evidences

? The Millennium Development Goals (MDGs) are eight international development goals that
all 192 United Nations member states and at least 23 international organizations have agreed to achieve
by the year 2015. They include reducing extreme poverty, reducing child mortality rates, fighting
disease epidemics such as AIDS, and developing a global partnership for development.



on the climate change. It will put strong pressure to reduce drastically the carbon

emissions.

1.2 Objectives

The overall objectives of this research were to analyze pathways for
implement low carbon electricity development in Thailand. This thesis combined
processes investigation, emissions estimation to understand effects and environmental
burdens from energy generation especially enspower generation sector under different
policy approaches. Based on.the above ‘considerations, this thesis has key objectives

as follows:

— To analyze etrrent situation and emission estimation of Thailand’s

electricity generation System under different policy approaches

— To identify the imporf?nt-' obstructers or limiting factors affecting
emission reduction and t0 examine opfi_png for implementation of low carbon

of

electricity development pathways ¥

- a2 dd

— To recommended policies .and potential outcomes of various

combination of electricity genefation system under possible policy approaches

1.3 Research questions

To .meet the research .goals: in developing pathway for low carbon
electricity development.in Thailand, the!reSearch jplan to exainine the following key

questions.

To * evaluate “policy © instruments for ~emission ~reduction and
management from electricity generation industry; this thesis focuses on the following

research questions:

1.  What is the current situation and emission rate of electricity

generation industry in Thailand?
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2. What are the key factors affecting the implementation of low
carbon electricity development? How much impact of each factor from the past and

into the future?

3. What are the strategies, options and cost for electricity industries

for reducing greenhouse-gas emissions?

4.  What pathways are the most appropriate comparing greenhouse

gases emission reduction and cost for Thailand? How to achieve them?

1.4 Scope of this study:

This study foetises on comparing the GHG emission under different
scenarios or policy approaches £o underé_tand the potential of emission reduction and
classify electricity gengfation acfivities ;té simulate emission scenario under three
assumptions. First, projeet activities thé}; generate electricity and delivered to the
power grid, in effect displacing e_lectrici}y from other sources. Secondly, project
activities reduce consumption of grid 59’_1@ctricity. The emission situations are
estimated by determining GHG' emissions (E‘ the sources of electricity that displaces
or avoids from situation. This study exclu&ed; some of technology for low carbon
electricity production. For example. stationary fuel cell; most research is currently
aimed at fuels cells in_the transport sector and less at stationary fuel cells. The use of
fuel cells requires the-shift towards another energy infrastructure, and such a shift is
generally not expected to“fake place on a-large scale before 2030. Therefore this

option is excluded from.thiststudy.

1.5 Research methadology

This study focuses on comparing emission and constrain of low carbon
development in Thailand. In order to assess the carbon dioxide emissions reduction
potential of Thailand’s electricity sector, this research employs three scenarios based
on the “Long-range Energy-environment Alternatives Planning” (LEAP) software
framework, developed by the Stockholm Environment Institute at Boston Center to
simulate the different development paths in this sector. To identify the contributions

and the challenges of establishing a sustainable energy supply system, three scenarios
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are prepared in this research for Thailand’s energy consumption and related carbon
dioxide emissions up to 2030, which includes Business as usual (BAU), with nuclear
scenario (WNC) and without nuclear (NNC) electricity development options (See also
in Appendix B). Each scenario is linked to framing of particular policies and defines
the supply side characteristics and assumptions used, then employ energy modeling
techniques to quantitatively analyze the three scenarios, evaluate them and compare
them against each other. Field surveys and interviews have been carried out with

people involved in electricity production activities.

The cost estimation preseJnted m thesstudy were calculated based on the
International Energy Agency(1EA) methodology; using input parameters provided by
literature reviews, site wasiting, and interviewing. This study also estimated cost of
power generation, and the cost data weré collected from 43 power plants (See also in
Appendix C). This comprises 4 coal-ﬁré(i; power plants, 19 gas-fired power plants,
and 20 plants based on other fuels or tec!;mologies. The cost estimation presented in
the study were calculated based on fhe .International Energy Agency (IEA)
methodology, using input parameters prov‘igi_e*dm by literature reviews, site visiting, and

interviewing. et 232 M

The data_provided for the Stud“y ‘highlight- the increasing interest in
renewable energy sources for electricity generation, i -particular in combined heat
and power plants. Figtite 4 illustrates the overall task in this study. After getting all

data, scenario analysis are performed. All results will be used together



11

Data Collection,
preparation and
verirification

A

Scenario development for |
policy analysis B

A

Business-as-Usual

(BAU) scenario Literature Review

Identify emiss 1q,n_,—,—
reduction Ob tru&@— s‘é =

..:;:;,J—*:i-'-*
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provide ’nformatlon, results finding and published papers related to this study. The
first chapter gives introduction in the work, including problem statement, objective
and organization of the thesis. After the first chapter, a thorough literature review
presents the concepts, frameworks and considerations for low carbon electricity. The
third chapter describes Thailand’s current electricity development situation. In the

fourth chapter presents Thailand’s electricity expansion policy, emission scenario,
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impact on energy consumption, greenhouse gas emissions and prospect for low

carbon electricity development to year 2030.

In chapter fifth identifies barriers hindering the low carbon electricity
development, options and challenges for promoting low carbon electricity
development. Conclusions and Policy recommendations to implementation of low
carbon electricity development in Thailand will present. In chapter sixth, policy
suggestion for fuel diversification to low carbon emission in electricity generation,

conclusion and recommendation for future study.were presented.

Appendix-A-presents Status and-Outlook for Thailand’s Low Carbon
Electricity Development by seViewing the latest situation on renewable powers and
developmental strategies toward: low c?rbon electricity generation in Thailand. In
Appendix B gives an assessment of elgc,tricity development pathway toward low
carbon electricity dewvelopment for Tijail_and. The analysis presented realistic
implementation potential for greénhousé; éés emissions reduction from electricity

sector in Thailand and compared mitigation options to identify active, cost-effective

s I
v Al

alternatives for the country.

Appendix C presents projgcie_qd,, costs of generating electricity in
Thailand and provides reliable information on the econoniics of electricity generation.
Appendix D explainrs;nd gives igfdmation on capécity under Thailand Power
Development Plan (PDP-2010). In Appendix E presents approved CDM methodology
under UNFCCC. In appendix F presents teview of Renewable Energy Promotion
Policies in Different Countries (OECD and Non OECD). In appendix G present the

general description of LEAP model.



CHAPTER Il
CONCEPTS, FRAMEWORKS, AND CONSIDERATIONS FOR LOW
CARBON ELECTRICITY DEVELOPMENT

2.1 Why does Greenhouse gases emission matter

The presence of certain gases, such as carbon dioxide (CO,), methane,
(CHy) and nitrous oxide (N,O), enables the” atmosphere to act like a greenhouse,
retaining part of the solar heat. The natural greenhouse effect is desirable as it traps
part of the incoming solarencrgy to maintain habitable temperatures on the earth’s
surface. However, human aciivity is, warming the planet. Anthropogenic greenhouse
gas emissions are key factoss in global |_climate change mitigation, especially carbon
dioxide emissions fromu€nergy, combusti;Qﬁ activities. Global climate change can be
considered a “Tragedy ofithe Commons”—:,.fdr' which ne effective global coordination,
regulation, or enforcement has. yet beenf—'_c__leyeloped. Impacts are likely to include
changes in precipitation pattérns, increased.—’_f;cquency and intensity of storms surges
and hurricanes, changes in vegetation, andéﬂSe 1 sea level. Developing countries,
especially the poor ones, are more Vulneféble to these changes given their high
dependence on natural resources and their limited capacity—human, financial, and

institutional—to adapt to extreme events.

Human activities, like burning of fossil fuels, deforestation,
agricultural praetices, and manufacturing are increasing the concentration of GHGs in
the atmospherefand causing an enhanced greenhouse effect resulting in higher global
average-temperatures. Forthe-past,millenninm-the-Earth’s average, temperature varied
within a range of less than 0.7°C; however, manmade greenhouse ‘gas‘emissions have
resulted in a dramatic increase in the planet’s temperature over the past century (The
Intergovernmental Panel on Climate Change, 2007). The projected future increase
over the next 100 years due to growing emissions could possibly warm the planet by
5°C relative to the preindustrial period. Such warming has never been experienced by
mankind and the resulting physical impacts would severely limit development. Only
through immediate and ambitious actions to curb greenhouse gas emissions may

dangerous warming be avoided (The World Bank, 2010).
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Electricity has become such a fundamental part of our lives that we
take it for granted. Despite this fact, generating power has faced all challenges as it
developed and now finds itself at the center of another storm: how to prevent massive
disruption to the world’s climate (Lewis, Chai et al., 2010). In facing this challenge,
electricity curiously finds itself with looking both ways: simultaneously under
pressure as the world’s biggest source of greenhouse gas emissions, yet widely touted
as the solution to other, even more intractable sources of carbon dioxide from
transport and even heat. There is increasing consensus in both the scientific and
political communities that significant reductions in greenhouse gas emissions are
necessary to limit the magnitude and e¢xtent of elimate change. Importantly, because
electric power generator ase” among the largest point sources of important air
pollutants such as sulfur diexide, nitrogen oxides and mercury (Palmer and Burtraw,

2007).

Power generation is the mi;in'source of carbon dioxide emissions and
accounts for four in every ton tones of earbon dioxide dispatched to the Earth’s
atmosphere (The International Energy Agél}gy, 2009a). Therefore, this sector is the
most prominent target for Climate policy bééa_ﬂuse it is the largest single source of
carbon dioxide emissions and high potentiarl.--'_‘f_o'_r_'j emission reduction. Reducing electric
sector carbon dioxide emissions by significant levels will require major changes in
how we use and produce electricity (Board on energy and environmental systems,
2010). Reducing electric sector carbon dioxide emissions by significant levels will
require major changes it how we use and‘produce electricity (Board on energy and
environmental systems, 2010). Whether electricity ¢an reallysboth decarbonizes and
expands hinges on one main question: whether a carbon-constrained world can
effectively foster low=carbon clectricity generation at scale. Clearly, our consumption
of fossil ‘fuels must decrease, partly due to a limited and uncertain future supply and
partly because of undesirable effects on the environment (The International Energy

Agency, 2009c¢).

Essentially, a sustainable supply of energy for societal needs must be
secured in long term for our future generations. With well-founded scientific supports
and international agreement, renewable energy sources must be urgently developed

and widely adopted to meet environmental and climate related targets and to reduce
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our dependence on oil and secure future energy supplies. As developing country that
heavily depending on imported fossil fuels for power generation, Thailand already
experienced adverse impacts of energy crisis that could become major barriers for the
country’s future development. The country improves its power development plan for
the next decades to enhance higher proportion of renewable energy generation. The
critical questions are how realistic of the plan’ s targets compared to existing physical
supplies and technical potentials, which technology should be more pronounced, and
how fast the plan’s impacts can be acknowledged (United Nations Development

Programme, 2007).

Thailand should contribut‘w to mitigate the impact of climate change as
a member country of the*would community, in a drive towards a decrease in GHG
emissions resulting from activities in various sectors.lt is one thing to have the
potential to make deep cuts in GHG emis.sf('.)ns; it 1s another for policy makers to agree
on and implement effective emission? reduction policies, and for companies,
consumers and the public/segtor {0 take action to make this reduction a reality.

Capturing all the opportunities would entail_;__cklange on a huge scale.

i

This chapter reviewed abatement opportunities, options challenges for
promoting low carbon electricity development and-commenced with importance of
demand reduction; encouragement usage of renewable or low emission energy, and

follow with emission réduction technology in electricity generation.

2.2 Abatement oppertunitiesinelectrieity,genenation:sector

In'2007, Nicholas Stern demonstrated that the cost of inaction could be
as much as 10 per e¢nt of 'global GDP (Stern, 2007). This. got the, attention of finance
ministers and heads of governments, not just environment ministers. The abatement
opportunities fall into three categories to promote low carbon electricity development.
The first option is to use less energy by energy-savings, energy conservation,
improvement of energy efficiency can help reducing the carbon problem, but they
cannot by themselves solve the problem considering the huge growth in demand. The
second option is to eliminate current fossil sources and replace them with non-fossil

sources of energy that can fill the gap. This option is, in principle, feasible, but it
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would eliminate the foundation of the current energy infrastructure. The third option
is to prevent the carbon dioxide that is associated with the consumption of fossil fuels
from accumulating in the atmosphere. It is exceeding unlikely that any one of these
three options will completely dominate the transition. For that, the constraints, even in

the absence of climate change, would just be too large.

From study of McKinsey and Company (2009) reported the abatement
opportunities in the period between now and 2030 fall into four categories: energy
efficiency, low-carbon energy supply, terresttial earbon (forestry and agriculture), and
behavioral change. The first three, technical abatement opportunities, which are the
focus of our study, add up.te-a total al;atement opportunity of 38 GtCO, per year in
2030 relative to reference’(BAU) emissions of 70 Gt€O,. There is potential by 2030
to reduce GHG emissions by35 percent|compared with 1990 levels, or by 70 percent
compared with the levels'we'would see .i{;;2030 if the world collectively made little

attempt to curb current and future emissidgls:"

Capturing enough of this préﬂtial to stay below the 2 degrees Celsius
threshold will be highly challenging. Thej;‘ also stated that their research finds not
only that all regions and sectors would havé%t:(!;f'.‘capture close to the full potential for
abatement that is available to them; even d'é-éﬁ"éhiission cuts in some sectors will not
be sufficient. Action-also needs to be timely. However, if this full potential was
captured, emissions would peak at 480 ppm This would be sufficient to have a good
chance of holding global warming below the 2 degrees Celsius threshold, according to
the Copenhagefi’Atcord thatcomniits to limitingtémperatiitesiticreases to two degrees

Celsius.

2.2.1 "Reduced energy consumption with demand reduction

The question of how much tackling climate change is going to cost is a
recurrent issue in today’s global discussion e.g. how to transform in to a low-carbon
economy, how large will capital investments need to be, which sectors offer the
highest returns on those capital outlays? Ideally, energy use would be optimized by
supply and demand interactions in the market. For electricity use in particular, the
price paid on the market is often regulated or fixed, and in many cases does not reflect

the full cost of production. Electricity use can vary dramatically on short and medium
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time frames, and the pricing system may not reflect the instantaneous cost as
additional higher-cost ("peaking") sources are brought on-line. In addition, the
capacity or willingness of electricity consumers to adjust to prices by altering demand
(elasticity of demand) may be low, particularly over short time frames. In many
markets, consumers (particularly retail customers) do not face real-time pricing at all,

but pay rates based on average annual costs or other constructed prices.

The Demand Side Management® (DSM) is the process of managing the
consumption of energy, generally to optimize available and planned generation
resources. Without DSM pregrams, these energy.and peak demand savings would not
occur or would materialize.only after signiﬁcant delay, and in any case could not be
relied upon, forcing utilities 0 construct expensive back-up capacity and causing
higher rates. At that time, anntal demand-side management expenditures measured in
billions of dollars, energy savings measﬁr:é.d in billions of kilowatts hours, and peak

load reductions stated in thousands‘of megawatts.

Papagiannig et al: (2008) irﬁrés"t"igate the economic and environmental
impacts that result from the i’mpleméfi‘tation of an intelligent demand side
management system, called Energy Consui%iﬁ;fibn Management System (ECMS), at
the European level..Implementation of DS!.M'*'prbgram can reduced 1-4 percent of
primary energy, 1.5-5 percent in carbon dioxide emissions and a 2—8 percent saving

in investment costs for power generation expansion.

Gellings @ and Parmenter ©.A2008) discussed on benefits of
implementation of DSM campaign in electricity sector reduces customer energy bills,
the need for power plant, transmission, and distribution construction, stimulates
economic development, creates long-term jobs that benefit the economy, increases the

competitiveness of local enterprises, reduces maintenance and equipment replacement

’ Energy demand management, also known as demand side management (DSM), entails
actions that influence the quantity or patterns of use of energy consumed by end users, such as actions
targeting reduction of peak demand during periods when energy-supply systems are constrained. Peak
demand management does not necessarily decrease total energy consumption but could be expected to

reduce the need for investments in networks and/or power plants.
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costs and reduces local air pollution. From study of WEC (2008) presented the
implementation of energy efficiency policy is important as driving force for
greenhouse gas emission reduction. Improving the efficiency with which electricity is
produced is therefore one of the most important ways of reducing the world’s
dependence on fossil fuels, thus helping both to combat climate change and improve
energy security. Additional fuel efficiency gains can be made by linking electricity
generation to heating and cooling demands through high efficiency combined heat

and power (CHP) systems (e.g. in industry and for district heating).

Thailand beeame the first cOuniry in Asia to formally adopt a
nationwide DSM master..plan.. To éupport eneigy conservation activities, the
Government of Thailandspassed the Energy Conservation Promotion Act, or ENCON
Act, in 1992, to prowidc a regulat0r|y framework for energy conservation and
efficiency programs ands¢inyestments: ThlS Act included the creation of an Energy
Conservation Promotion Fund (ECF) to p'-govide working capital, grants and subsidies
to promote and facilitates energy. cons&ya_‘p_ion measures and renewable energy
initiatives. Under the "ENCON -+ Act, t};)_ﬁz | Department of Alternative Energy
Development and Efficiency (DEDE) was épf){)inted as the executing agency for the
Compulsory (energy audits and public/pri&-;_te__}building efficiency investments) and

Complementary (publicrelations and training) Programs.

The ENCON Act outlines major arcas for energy conservation
programs including a compulsory program for designated large commercial and
industrial facilities’and’a volufitary prégtani for| $niallto medium sized enterprises. In
January 2003, gThailand established the Energy Efficiency Revolving Fund to
encourage involyement, from_financial, institutions. in.energy .efficiency projects, with
initial funds of US$'50" million. “This ‘government-contribution provides capital at no
cost to Thai banks to fund energy efficiency projects, and the banks in turn provide
low-cost loans to project proponents. Owners of any commercial or industrial facility,
whether or not it is a government-designated facility, are eligible to apply for loans

from the fund. The payback period has been from less than a year to 4 years.
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2.2.2 Reduced energy consumption by improvement of energy efficiency

End-use energy efficiency can be defined as the efficiency with which
energy is consumed by end-users within the commercial, industrial and residential
sectors. Through end-use energy efficiency improvements, the same economic
benefits are achieved with less energy, meaning that fewer resources are consumed
per unit of economic activity, and emissions are avoided. The efficiency of the
existing electrical generating system which is not nearly as good as it could be, go on
to what the charge for carbon emissions might be if the costs to society that come
from emissions were to be included in the-priee of electricity generated from fossil
fuels, and end with catching and storiﬁg the greenhouse gases. The reason for the
inefficiency in generation.and.the larger than needed emissions that go with it is a
combination of low fuel gostsfor fossil-fueled generation plants, and ignorance of the
consequences of greenhouse gas'emissions until relatively recently. Energy efficiency
measures have not enly /been /proven -the most cost effective in terms of CO;
mitigation, but also posSess significant pét_ential. High transaction costs, market and
behavioral barriers have proven chéllengifi_g;. {0 overcome. The emissions in electrical
generation depend on the fuel used in the-l-__-f)qj\_{yer plant. Energy and environmental

policies cannot be implemented at an abstra_bfleyel (Reddy, Assenza et al., 2009).

Investment in energy efficiency and investinent in renewable are two
different ways of balancing demand and supply 1n-energy markets. Policies to
promote energy efficiency may conversely make it harder for renewable to compete
in electricity markets., If .efficiency. programs, are ,costzeffective, electricity prices
would be lower thati'they would be-without'the program, though not necessarily lower
than before the program. There would be less demand for investnient in renewable,
and investment wouldibe less profitable, all else being equal (Board on energy and
environmental systems, 2010; Chandler, 2008). Peak-time electricity is expensive.
Electricity demand peaks daily in any power system, and is also subject to sudden
spikes, which may or may not be forecast. These relatively short periods, which may
only amount to a few hours in the course of a year, are catered for by accessing
reserves in the form of stored energy or flexible, “peaking” generators, which may

only be operated at such times. Most of the Thailand’s electrical generating plants are
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old, when they were built, fuel was cheap and global warming was a thing few

scientists worried about, much less citizens or governments.

Energy efficiency is a low-cost, rapidly deployable, and saving energy
resource. Reducing growth in energy demand is essential to any clean energy strategy:
without efficiency advances, clean energy supplies might not keep up with demand
and carbon emissions could continue to grow (Reddy, Assenza et al., 2009). Despite
efficiency’s benefits, many of the policy imechanisms intended to reduce greenhouse
gas emissions will not fully value energy efficiency in proportion to its economic
potential unless policy and matket barriqrs are'tedueed. Using electricity generated by
conventional steam turbine.powecs planis that burn brown and hard coal, the level of
efficiency is between 35«and 45 percent. Modern gas and steam turbine power plants
that use natural gas achieveipito 60 plercent. However, this means that at least 40
percent of the primary energy fizzles o.udt".unused through the cooling tower of the
power plant. When it comes to increasing;efficiency, combined heat and power (CHP)
or cogeneration® is often promoted as a promising candidate. CHP plants use the heat
from electricity generation effectively and ‘é_rde“ able to exploit up to 90 percent of the

fuel. : A

As a-tesulty in an optimal case lessrearbon. dioxide is produced than
when electricity and heatare generated separately. Many eomparisons of cogeneration
power plants that génerate heat and electricity scparately using fossil fuels show
possible carbon dioxide savings of up to 50 percent. However, these comparisons
usually pit CHP plantstagainstiantiquated electricity plants.\[fthe comparison is made
on the basis ofoptimal functioning plants on both sides, the carbon dioxide savings
are reduced to a meager 15 to.20, percent, (See, also in. Figure 5). Furthermore, these
savings are only possible ‘with-optimal plant'operation. For'example,n summer when

a cogeneration plant is only supposed to generate electricity but not heat, it will have

* Cogeneration is the co-production of electricity and useful heat. All electricity generation
produces heat as a byproduct, of course, but in many cases the heat is not used because it is not of
sufficiently high quality (i.e. not of high enough temperature) to be useful. Cogeneration is widely used
in industries that need both heat and electricity (such as the pulp and paper and petrochemical

industries) and in district heating systems.
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great difficulty in even coming close to the dream efficiency level of 90 percent. The
cogeneration plant can sometimes end up producing even more carbon dioxide than a

straightforward electricity power plant.

110 kg CO, g
200 kg CO, i primary energ electricity 58 %
: - nat. gas 100 % (320kWh)
electricity 32% ! —ror—
| primary energy’, [l (320kWh) WELAL 0 , |
natural gas CC power piant 4 o (232 kWh
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a3 ga;tgziﬁng waste heat 10 %
(64 kWh)
combined heat and power separate generation
. \
Figure 5 Comparisen of Primary Energy Requirements and Carbon

dioxide'Emissions between Power Heat Coupling and Separately
Generated ‘Heavand Electr1c1ty in Modern Power Plants

Source: Quaschning (2010)’ . 'l} .

If, on the other hand a suff ngent requirement for heat exists over the

b

entire year, cogeneration plants can-help 10 reduce carbon dioxide. With cogeneration

.—.r_.,

plants that use fossil fuels the sav1ngs for eff effectlve climate protection are too low.
il
Those that use renewa,ble energy sources, such as blomass and geothermal energy, are

totally carbon-free and can continue to accelerate the snytch to carbon-free energy
supply. Prindle et al. (2010) describe efficiency’s potential contribution to reducing
carbon emissions, identify policy and market barriers to efficiency investments in a

climate policy/€ontext, and outline policy and program solutions.

2.2.3 Decarbonisation of energy supply in electrieity generation

Fossil fuels 'such“as’ coal, "oil and“natural-gas (primary energy) are
converted into electricity (a form of secondary energy) with substantial losses during
the conversion process. Reducing these losses, thereby increasing the overall
efficiency of electricity generation, is the first opportunity in the chain of energy use
for reducing the primary energy intensity of the global economy (Harvey, 2010).
When a fossil fuel is burned, the chemical energy of the bonds in the fuel is converted
to thermal energy. Some of this thermal energy is converted to electricity in the power

plant, and the rest is lost as heat that is dissipated to the environment (the
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surroundings). The reported energy content of a fossil fuel is the thermal energy that

is produced when the fuel is burned.

Carbon-free technologies, chiefly nuclear and renewable energy for
electricity, will also play an important role in a carbon-constrained world, but absent a
technological breakthrough that we do not foresee, coal, in significant quantities, will
remain indispensable (Ansolabehere, Beer et al., 2007). Immense challenges are
presented by the need to reduce the vulnerabilities associated with climate change,
energy supply interruptions, and volatile fossil-fuel markets. Reducing electric sector
carbon dioxide emissions by signiﬁcant_. levels willrequire major changes in how we
use and produce electricity=~Cutting er-lergy imperts_and substantially reducing our
dependence on fossil fuelS also will involve major changes (Board on energy and
environmental systemsg2010). Décarbonisation of energy supply is among the key

issues facing policymakers in'the years ahead.

This section presented statils of technology for prevents carbon dioxide
that is associated with the consumiption of fossil fuels from accumulating in the

o
atmosphere.
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2.2.3.1 Fuel switehing to rer_l_e’\_yable energy supply

Generation of electricity from most renewable resources also reduces
vulnerability to incréases in the cost of fuels and mitigates many environmental
impacts, such as those associated with atmospheric emissions of greenhouse gases
and emissions{of tegulated ait poliutants.“"REN21(2009) teported annual renewable
energy investment has increased fourfold to reach $120 billion in 2008. In the four
years froms2004, to-2008,solar photoyoltaie, (PV)-capacity inercased,six-fold to more
than 16 Gigawatts'(GW), ' wind power'capacity increased 250 percentto 121 GW, and
total power capacity from new renewable increased 75 percent to 280 GW, including

significant gains in small hydro, geothermal, and biomass power generation.
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There are many opportunities to shift energy supply from fossil fuels to
low-carbon alternatives’. There are three categories of renewable energy, the first is
solar energy that strikes the earth in vast amounts, providing heat for the oceans and
land surfaces, drives the winds and waves, produces biomass and fuels through
photosynthesis, and provides the energy for the hydrological cycle. The second source
is the heat of the earth, which results primarily from natural radioactive decay.
Finally, there is gravitational energy from tides and falling water. One can compare
current societal energy use with natural ‘emergy fluxes to get some sense of the
enormity of the renewable energy supply. While.these renewable energy “fuels” are
free, the challenge and the-eostlie in the development and deployment of the multiple
technologies to harvest the available energy and to integrate them into an efficient

integrated system (Moomaw, 2008). .

Renewable ecnecigy techr.r(‘)"l.ogies such as wind power and solar
photovoltaic (PV) devicesthaye achieved';najor cost reductions over the last decades,
which are expected to” continue in the medium fterm as large global companies
entering new energy markets for wind, so_}_a‘rl and biomass technologies (Freris and
Infield, 2008). By early 2009, at least 64’énjuntries had some type of policy to
promote renewable power generation (BoérE_Qn energy and environmental systems,
2010). Multilateral agencies and private investors. alike are “mainstreaming”
renewable energy i their portfolios. Further, distributed renewable electricity
generation located at-or near the point of energy use, such as solar photovoltaic
systems installed at residential, commercial,/or industrial sites, can offer operational
and economic benefits while increasing the robustness of the electricity system as a

whole.

Renewable energy systems already reduce GHG' emissions from the
energy sector, although on a modest scale. The use of renewable electricity provides

some significant advantages over the use of fossil-based electricity. Many types of

> If these low-carbon alternatives were to be fully implemented, from study of McKinsey and
Company (2009: 192) estimate that they have the potential to provide about 70 percent of global
electricity supply by 2030 compared with just 30 percent in 2005.
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renewable electricity generating technologies can be developed and deployed in
smaller increments, and constructed more rapidly, than large-scale fossil or nuclear-
based generation systems, thus allowing faster returns on capital investments. Many
renewable technologies and industries have been growing at rates of 20 to 60 percent,
year after year, capturing the interest of the largest global companies (REN21, 2008).
So much has happened in the renewable energy sector during the past five years that
our perceptions lag far behind the reality of where the industry is today. Several of
these low-carbon energy technologies are/too expensive today to deploy on a large
scale without financial incentives, emphasiziag the need to provide sufficient support
to make them travel down-the learning curve allowing them to contribute to their full
potential. Key examples include-€lectricity production from wind, nuclear, or hydro
power, as well as equippingTossil fucl plants with earbon capture and storage (CCS),

and replacing conventionaldransportation fuel with biofuels.

Thailand has demonstrateq its regional leadership in the South East
Asia region during the last 20 years in energy and environment. Though having
relatively low levels of ' GHG emissions’;{ig“ the last decades, now Thailand has
increasingly experienced highet levels of GHG emissions and expects an even
stronger increase in the future due to itsﬁé@nﬁnued economic development and
population increase, among others.® As a result, Thailand‘should, therefore, contribute
to mitigate the impact of climate change as a member country of the world
community, in a drive-towards a decrease in GHG emissions resulting from activities
in various sectors (Ministry-ef Energy, 2009)! It is likely that the main threat that will
face fossil energy in the future is/the development of catastrophic evidences on the
climate change. Tt will put strong pressure to reduce drastically the carbon emissions.

Even emerging countties will not escape penalization of-the goods; they produce on

the export market if they are not carbon free.

% Thailand GHG emissions from the consumption and flaring of fossil fuels accounted for 1%
of World’s GHG emissions; ranking 22" in the World’s top GHG emitters. Thailand is the second

largest contributor to fossil fuel GHG emissions in ASEAN after Indonesia.
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To deal with the above issues, the Ministry of Energy has launched an
ambitious program to increase investments in renewable energy such as wind, solar,
biomass and other clean renewable energy sources. The Ministry has also set in
motion the plans to speed up the preparation of the 15-Year Alternative Energy
Development plan (AEDP) 2008- 2022 as well as the implementation pursuant to the
Energy Conservation Program, Phase 3 (2005-2011), under which the target of energy
saving has been adjusted from 10.8 percent to 20 percent by focusing mainly on
energy saving promotion in the industrial and transportation sectors. These policies
will promote energy security of the Kingdom.by reducing energy imports and
increasing energy resourees; building competitive - energy market for sustainable
economic growth, and help redueing the emission of greenhouse gases in the long run

(Ministry of Energy, 2008)q

The cabinet approved the lllg-Year of Alternative Energy Development
plan (AEDP) on January 28, 2009: The a}mounced goal is to speed up the utilization
of renewable energy to comstitute up to 20 percents of total energy consumption by
2022. Policies that came out fromi -the p_lflp will promote energy security of the
kingdom by reducing energy: imperts and inereasing domestic energy resources,
building competitive energy market for .;i:ls_t_'a,inable economic growth, and help
reducing the emission of greenhouse gases in the long-tun. For increase sharing of
renewable energy mixed to 20 percent of the final energy“demand in 2022 (Ministry
of Energy, 2009). Regions in Thailand present diffetent potentials for renewable
supply on biomass, municipal wastes, hydropower, and wind. To maximize renewable
energy development in' each area, location 1§ imatter. Currently, energy-derived
biomass is widely utilized within the country, however if droughts happen more often

and severe, it will not'only afféct food security but also energy security.

This section reviewed the latest situation on renewable powers and
developmental strategies toward low carbon electricity generation in Thailand.
Government recently has spent tremendous financial and legislative supports to
promote the uses of indigenous renewable energy resources and fuel diversification
while contributing in global greenhouse gas emission reduction. Major policy
challenge is on which types of renewable energy should be more pronounced to

ensure sustainable future of the country.
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2.2.3.2 Generate electricity from nuclear power sources

The topic of electricity generation from nuclear power elicits strong
emotions from supporters and critics. Although nuclear power supplies only the
equivalent of 5.7 percent of the world primary energy at the time of writing this
thesis, some believe this should be expanded massively. IEA (2009b) estimated the
expansion of electricity generation from nuclear power plants rises from 2,719 TWh
in 2007 to 3,670 TWh in 2030. Nuclear power generation capacity reached 371 GW
in 2007 and is projected to rise to 410 GW by 2015 and to 475 GW by 2030. They
also argue that it is an attractive source of ecleetricity, having very low carbon
emissions. Nuclear powet.plants prod{iced 446 - TWh or 4.9 percent of total gross
electricity production regpetrteddfor Non-OECD countries for 2007. Nuclear generation
rose by 2.5 percent compared fo 2006! Nuclear generation growth in Non-OECD
countries expanded veryfapidly from 1973 to 1985 with an annual average rate of 26
percent. Since, growth was neticeably 10\§-ger'with an annual average rate of 3 percent

from 1985 to 2007.

After the Theee Mile Island‘ and the Chernobyl accidents there was a
period of nearly ten years during whlch—almost no new nuclear capacity was
constructed. However, the recent concerns regardlng fossil fuel security have
prompted a number of countries to consider new butlding programmes (Rothwell and
Graber, 2010). China and India are planning to build several tens of reactors each and
the USA is posed to do the same. In contrast with Europe, only Finland has embarked
on the constructiofi df/a new rucléar plant-while, Sweden, Switzerland and Germany
all have moratoriums in place leading to a phasing out of nuclear power. France on
the other hand,. remains_committed to,nuclear power which contributes about 80

percent of its‘present electricity needs!

Thailand will inevitably face energy crisis with the dramatic energy
demand growth while oil and natural gas resources will be depleted sharply in the
near future. Thai Government is considering for other promising alternative energy
source that is nuclear power. Growing electricity demand, fluctuation of fossil fuel

prices and climate change pressure bring all in a favor of nuclear power. From study
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of EGAT estimated every one kilowatt-hour of electricity produced in Thailand emits

CO; by 0.5 kilogram (Electricity Generating Authority of Thailand, 2010b).

Therefore, the use of nuclear power will assist in achieving emission
reduction goal for climate change in the future. To power future energy supply,
Thailand issued the 20 years Power Development Plan covered a period 2010 to 2030
(PDP-2010), to enhance reliability of power supply, fuel diversification, power
purchase from neighboring countries, power demand forecast and others. The PDP-
2010 was approved by the National Energy Poliey Council (NEPC) and endorsed by
the cabinet in April 2010. Under PDP-2QIO, f1ve.thousand megawatt of nuclear power
plant (5,000 MW) are expeeted. to sta;t operations. during 2020-2030 and the first
nuclear power plant wall operate in' 2010 (Electricity Generating Authority of
Thailand, 2010b). '

However enyirgnmentalists, public policy makers, and financiers like
to see a risk assessment of the nuclear d"ption compared to other possible solutions
(Eerkens, 2010). Such stakeholders want t'Q-'be"-'conVinced that an expansion of nuclear
power plants can be done safely and eéd}lpmically before they will give it their
supports. They are apprehenstve beéali;fé: a multitude of fear-instilling
misrepresentations has been circulated in fﬁé’fﬁédia about nuclear power. Many of
these stakeholders favor development of more diverse iencwable energy e.g. solar,
wind, and biomass enérgy at the exclusion of nuclear power without considering the
scale, cost, and feasibility to replace the vast quantities of portable fuels presently
extracted from0il fields. GOyeinmeént believes that moderii nuclear plants are safe and

have high quality-control standards.

Human, factor 1§ often weak point in the use of advanced technologies;
education is very important, training also a key issue to develop specific behavior that
can make the different between industrial culture and safety culture, which is
critically required by nuclear operation. Now, the systematic process of nuclear
development program will require both a strong political will and people’s acceptance
to be open and transparent in order to create public trust by providing essential and
precise information to public along with the benefits to the country. Within 2012, the

cabinet will make the final approval on the construction of the first nuclear power
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plant based on the results of the feasibility study on infrastructure information, utility

and public acceptance.

2.2.3.3 Introduced clean coal technology

Coal is undoubtedly part of the greenhouse problem. The main
greenhouse gas emissions from coal combustion are carbon dioxide, sulfur dioxide,
nitrogen oxides, particulates, and mercury (Zhang, Zhuo et al., 2008). The three major
uses of coal are: electricity generation, steeland cement manufacture, and industrial
process heating. Coal-fired technologies “ares very common and widespread
worldwide, both in developing countries and in industrialized countries. In 2006, total
coal production increased by 7:6 percent, well above the 10-year average growth
trend of 3.0 percent. Hards€oal production increased by 8.8 percent (or 435.8 Mt) to
5,369.8 Mt. Brown coal psoduction increased by 0.9 percent (or 7.8 Mt) to 913.8 Mt,
a little above its 1997 level (The Intematic‘fnq_l Energy Agency, 2007).

Globally, the largest source of anthropogenic GHG emissions is CO;
from the combustion of*fossil fuels - aréppd 75 percent of total GHG emissions
covered under the Kyoto Protocol.Coal is th_e §écond source of CO, emissions within
the OECD: between 1971 and 1985 coal waé_-i;ised as the main substitute to oil and its
share increased, especially between 1978 and 1985, fronrits lowest point (31%) to its
highest point (39%).-Indeed, the challenge for governmients and industry is to find a
path that mitigates carbon emissions yet continues to-utilize coal to meet urgent
energy needs, especially in“developing econemies. Currently and for the near future,
coal provides the major portion of jglobal electric power supply. GHG emissions from
coal-fired power generation arisesmainly from..the combustion, of the fuel, but
significant amountSiare also emitted at other points 1n the fuel stipply chain (Jaccard,

2005).

From study of MIT on future development of electricity generation
from coal examines the role of coal as an energy source in a world where constraints
on carbon emissions are adopted to mitigate global warming (Ansolabehere, Beer et
al., 2007). The study suggested government should and will take more action to
restrict the emission of carbon dioxide and other greenhouse gases. It should be noted

that uses of clean coal technologies (CCTs) can reduce the environmental impact of
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burning coal. During the last two decades, significant advances have been made in the
reduction of emissions from coal-fired power plants. In short, greenhouse gas
reduction policies have, and will have, a major impact on the future use of coal. The
coal industry’s technical response to the environmental challenge is ongoing, with
three core elements. First, to eliminating emissions of pollutants such as particulates,
oxides of sulfur and nitrogen from electricity generation processes. Second,
improving combustion technologies to increase efficiency and development of carbon

capture and storage (Ansolabehere, Beer etak, 2007).

2.2.3.4 Introduce carbon capture-and storage system

Growing coneétns over the consequences of climate change may
severely limit future access to fossil fuels. A forced choice between energy and
environment could precipifatg’aimajor €conomie crisis, an environmental crisis, or
both. Averting such as€risis will'be difficult, because fossil energy resources are an
essential part of the world’s energy supply";_and climate change is mainly driven by the
build-up of carbon dioxidg in the atmosphere. Applications to fossil fuel power plants
are especially important, since such plaﬂfg fa_gf:ount for the major portion of CO,
emissions from large stationary souices. Reteﬁfly, the concept of carbon capture and
storage (CCS) as a means for reducing COz‘ éiﬁfésions from power plants has emerged
with several projectsplanned worldwide (Pocklington and Leese, 2010). The option
of capturing CO, and storing it offers a means of allowing the large reserves of fossil
fuels to be utilized while at the same time controlling GHG emissions. Methods of
capturing and then storing ‘CO5 from major-sources, stichas fossil fuel burning power
plants, are being developed in order to reduce the levels emitted to the atmosphere by

human.activities,(Lackner;2010):

Carbon dioxide is the unavoidable product of fossil fuel consumption.
Therefore, the use of fossil fuels collides directly with global environmental concerns.
Unfortunately, fossil fuels are difficult to replace, but stabilizing the atmospheric
concentration of carbon dioxide requires a nearly complete transition to a carbon-
neutral economy. This implies either the abandonment of fossil fuels or the
introduction of carbon capture and storage, whereby for every ton of carbon extracted

from the ground, another ton of carbon is put back. The capture of carbon dioxide
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from flue gases of industrial combustion processes and its storage in deep geological
formations is now being seriously considered as one of the options for mitigating
climate change. Given the growing worldwide interest in CCS as a potential option
for climate change mitigation, the expected future cost of CCS technologies is of

significant interest (Tondeur and Teng, 2008).

Schumacher et al. (2009) describe roles of CCS to provide low-
emissions coal power station. CCS s an incremental innovation, representing a
change within the existing system that does not.endanger its overall structure. CCS
allows for the continued wse of fossil fuels, can be combined with the existing
infrastructure (that is, mostly large-scal-e centralized power plants) and implemented
by existing actors. Oppenents‘thercfore fear that CCS may further delay the urgent
transition to a carbon-fiee electricity sysltem. However, CCS may also be considered
as an innovation that “buys time” for radi.cﬁa’i.l restructuring and may serve as a bridging
technology towards a sustainable energy f;ptu‘re. CCS could then be an innovation that

paves the way out of the cugrent carbon focus of electricity generation.

CCS has 1ssues of conceméf:t_i‘._e._ CCS 1s an energy-intensive process,
which lowers the overall efﬁciencyr of the pe_welrJ plant. In order to compensate for this
efficiency loss, more.fossil fuel per unit of clectrical output must be used thus leading
to further emissions.~Furthermore; while capturing CO, from the power plant can
reduce direct emissibns from the power plant itsclf, Upstream emissions resulting
from fuel and material procurement and downstream emissions resulting from waste
disposal cannet bé captured. These | upStréant and downstreath emissions are small
when compared; with emissions from combustion. However, when CCS is included,
these emissions.become dominant and se they must be.included in the assessment
(Odeh and" Cockerill, 2008)~ CCS has an impoértant and inevitable energy cost,
implying that when it is applied, more primary energy is needed and, ultimately, more
carbon dioxide is generated to produce a given amount of final energy. Clearly, this
has to be accounted for carefully in accounting the benefits. The analysis of energy

consumption is strongly related to the technology, in particular to the mode of

combustion employed in the power plants.
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Summary of Availability of New Technologies Affecting the Electricity Industry
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Generation Tégfpﬂggies
o

Technology Tmpagct £’ ,g-:":_' Limitation Availability

Integrated gas combined cycle Reduce CO, emissions; highereonversion effieicncy; well-suited Gas price and supply uncertainty; still emits some Now

turbines (IGCC) to meet intermediate and peaksdemands CO,

Nuclear Power No direct CO, emissions High cost, public perception, spent fuel, security Now

Biomass Large CO, reduction \ Cost of collection; aesthetics; technical limits to % 10 years

. :_ 2 that can

Wind Power Most competitive renewable énergy option; recent growth driven Land availability; aesthetics; high cost of storage 10 years
by incentives (taxes, credits) and renewat_glelportfgliq,standards

Solar Photovoltaic (PV) power High % of CO, reduction . : ' Intermittent; conversion is both expensive and 25 years

. ’ 4 inefficient
Hydrogen (used in fuel cells) Potentially large CO, reduction from clectric powélr’ Hydrolysis of water is costly; natural gas (CHy), 40 years
A J't-'_.! coal gasification the most likely sources

Internal combustion engines (ICE) Use of natural gas reduces CO, emissions: use of CHP{ increases Many current regulations limit distributed Now
end-use efficiency = = generation and micro-grids

Micro-turbines Use of natural gas reduces CO, emissiotis; tse of CHP increases Many current regulations limit distributed 15 years
end-use efficiency ' generation and micro-grids

Advanced flow control systems Improved system efﬁcién‘g’y and reliability 4 Market learning needed to bring costs down 5 years

Superconducting material Reduced line losses Greatér control over power flow:

Energy Efficient End-Use Devices Reduce energy consumption Mainly behavioral and institutional Now

and Advanced Load Control
Energy-efficient end-use devices and
advanced load control

More efficient end-use appliances

Source:

Modified from Labatt and“White (2007)

[§3
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2.2.4 Capacity building in clean energy industry

In order to address the global climate change challenge, the electricity
sector recognizes the need for more efficient electricity consumption and less carbon-
intensive electricity supply. This shift will require the use of all technology and
energy use management options available today, as well as future solutions currently
face technological or commercial barriers to deployment. The decarbonisation of
electricity is the key enabling factor for,reducing emissions from power consumption
sectors. It has a smaller role in enabling/reductions in emissions from industry.
Varieties of options exist for the utility secior;-including the expansion of renewable
energy like wind and solar, improving the thermal cfficiency of electric generation as

well as co-firing fossil fuclwithrbiomass.

CollaborativerEgonomics (2010) deseribed the clean energy economy
comprises five categories: (1) Cleail' Energy; (2) Energy Efficiency; (3)
Environmentally Friendly Production; (4):,-C6nsewation and Pollution Mitigation; and
(5) Training and Support. However,. the él._e-an energy economy also generates jobs,
businesses and investments: while expanding clean energy production, increasing
energy efficiency, reducing greenhouse g-?gét"émissions, waste and pollution, and
conserving water and other natural resourcés‘:'-Although specific jobs and businesses
will change over time, the categories will not providing a clear, practical and
consistent framework for policy makers and the private sector to track investments,
job and business creation, and growth over time. Investing in clean energy already
provides tens .of ithousands of, workers with, good jobs, during hard times. The
renewable energy industry in the United States opened 450,000 jobs in 2006 (Board

on energy and environmental systenis, 2010).

Table 3 and Table 4 show breakdown of renewable energy specific
positions in US. Examples of jobs: Financial analysts and consultants specialize in
clean technology investments, lawyers and paralegals provide legal services,
researchers and engineers develop new energy generation technologies, and

vocational teachers train new workers for the clean energy economy.
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Table 2 Direct Jobs in US Renewable Energy Sector in 2006
Revenues/Budget . .
I t t D
ndustry Segmen (billion USD) irect jobs
Wind 3.0 16,000
Photovoltaics 1.0 6,800
Solar thermal 0.1 800
Hydroelectric power 4.0 8,000
Geothermal 2.0 9,000
Bio-power 17.0 66,000
Federal government (including direct-suppoit 0.5 200
contractors) < ’
DOE 1 i i ircete
OE laboratory (including'dircet-support 18 3,600
contractors) .
State and local governments B! 0.9 2,500
Source:

Table 3

o ‘; 4
Green Job Industry Segment in US

Board onsénergy, and'epvi@r'lmental systems (2010)

Green Job Industry S’eg/entgixf"

SEEA

/.. Included within Industry Segment

1. Low Carbon Power & Renevif'z;bl_é

Reg'eiiféble/conventional equipment & power

Power - sal;és;project design & development

2. Carbon Capture &'Storage (CCS)

Systems, equipment

3. Energy Storage: Equipment &
Systems ' ctes)

Equipment & systems (batteries, hydrogen,

4. Energy Efficiency and Demand
Response studies

Systems, equipment & appliances, audit &

5. Green Buildings

Design & developmerit, building materials

6. Transportation

Vehicles, fuels & systems

7. Carbon Markets: Trading & Projects | Carbon trading, project development &

operation

8. Climate change Adaptation

Risk assessment, planning, engineering &
construction

9. Public-sector/ Government

Conservation & pollution prevention, rules &
enforcement

10. Consulting & Research

Consulting & engineering, climate science

11. Waste Reduction & Management

Recycling & waste treatment

12. Non-Profit Sector

Policy analysis & advocacy

Source: Environmental Defense Fund (2009)
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Table 4 Example of Breakdown of Renewable Energy Specific Positions
Wind Solar Biomass Geothermal
Electrical, Electrical, Chemist and biochemist Geologist,
mechanical, mechanical, geochemist and
engineers and chemical geophysicists
technicians
Aeronautical Material scientists Agricultural specialist Hydrologists
engineers
Construction workers | Physicists Microbiologist Hydraulic
engineers
Meteorologists Construction Elegirical, mechanical, HVAC contractors
worker;-architects = | chemical-engineers and
andsbuilders technicians
Source: Board on energyand environmental systems (2010)

i -

2.3 International Response for Greenhouse Gas Mitigation

The problema’s ‘political ‘dimension is further complicated by the
different time horizons affectlng chnlate ehange (decades to centuries); the time
horizon of assets in the electr1¢1ty generat10n hl}slness (decades); and the time horizon

of consumers, voters, and pOllthlanS (typleeﬂly months to years). Decision making in

.1..

=

these various segments necessarlly follows dlfferent patterns with different priorities.

To address these s1gn1ﬁcant disparities, yet again, an 1ntegrated approach is need. This
could be the most difﬁeult challenge we are facing to address the carbon problem.
This call for internatiomal. cooperation to, address environmental challenges was
reiterated durifig |the - 1992 United | Nations| Conference on Environment and
Development (commonly referred to as the “Earth Summit”). Among other things, the
Rio Déclatafion’, identified aclear link lbetween Sustdinable”devaloprhent, economic
growthsenvironmental protection, and called on countries to “cooperate to promote a

supportive and open international economic system that would lead to economic

’ The Rio Declaration on Environment and Development defines the rights of the people to be
involved in the development of their economies, and the responsibilities of human beings to safeguard
the common environment. The declaration builds upon the basic ideas concerning the attitudes of

individuals and nations towards the environment and development
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growth and sustainable development in all countries, to better address the problems of

environmental degradation.”

The Earth Summit was also crucial from a climate change perspective,
as it led to the adoption of the United Nations Framework Convention on Climate
Change (UNFCCC); the first global effort to address climate change. The
Intergovernmental Panel on Climate Change (IPCC) established by the World
Meteorological Organization (WMO) @ and the United Nations Environment
Programme (UNEP), is widely recognized as the principal authority for objective
information on climate change, its poter}tial mpaets; and possible responses to these.
The “ultimate objective” of-the UNFéCC 1S the “stabilization of greenhouse gas
concentrations in the satmosphere at a level that would prevent dangerous
anthropogenic interfergnce (i.c! resultill’lg from human activity) with the climate
system.” The Conventigh glaboratcs a.‘dr’i.umber of principles to guide parties in
reaching this objective: for instance, thé“,.l Convention calls on parties to employ a
“precautionary approach” fto fclimaic cﬁqng_e. The UNFCCC also manifest the
principle of “common but differentiated re‘éégﬁsibilities,” which recognizes that even
though all countries have a responsibility tof-éide_i.fess climate change, they have not all
contributed to the same extent to cause the pTr_db;lem, nor are they all equally equipped
to address it (Tamiotti, Teh et al., 2009). In the current period of concern regarding
climate change, activity has taken place at both scientifie“and political levels (Table

5). The following section summarizes the progress made.in these two areas.

Table 5 Major Miléstones in the International Climate Change Regimes

Date Activities

19547, 1 The World Conservation Union Meeting in Copenhagen

1972 The First'Earth Summit at Stockholm

1979 The first World Climate Conference

1987 | The UN General Assembly declares climate change as “common humanity
concern”

1988 | UNEP and the World Meteorology Organization (WMO) establish the
Intergovernmental Panel on Climate Change (IPCC)

Toronto Scientific Conference on the Changing Atmospheric
Calls for a 20 percent cut to 1988 GHG emission by 2005

1990 | The IPCC first Assessment Report concludes that the planet seems to be warming
and human activities seems to be responsible for it.
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Date Activities

1992 | The UN Framework Convention on Climate Change (UNFCCC) is agreed to at
the Rio Earth Summit
The Rio Convention calls for a stabilization of GHG emissions by 2000

1994 The UNFCCC enters into force

1995 | The UNFCCC COP-1 Meeting at Berlin
The IPCC Second Assessment Report concludes that there is evidence suggesting
a discernible human influence on the global climate

1997 | The COP-3 meeting at Kyoto
Adoption of the Kyoto Protocol to the UN Climate Convention

1998 | The COP-4 meeting at Buenos Airesand call for action plan on how to reach the
targets

2001 | The IPCC Third Assessment Report on seientific evidence of global warming
The IPCC findssstrongeiconnection between human activities and global climate
system |

The UNFCCC COP-10'megting at Marrakesh

2002 | The Third Earth Summit at Johannesburg

2004 | Russia ratifies the Kyoto Protocol

2005 | Kyoto Protocol entersiinto-effect on Eebruary 16th

First Meeting of the Parties (MOP) 9f the Kyoto Protocol takes place in
Montreal, Canada ) "

The UNFCCC COP-11 meetmg at Mentreal and release Montreal Action Plan

2006 | The Fourth Assessment-Report on “warming 0f climate system is unequivocal”

2007 | The UNFCCC COP-12 meeting at Ba;h—énd adoption on the Bali Road Map

2008 | The UNFCCC COP-13 ai Poznan -

2009 | The Bangkok Climate Change Talk

2009 | The UNFCCC COP-14 meeting at Copenhagen

2010 | Expected to draft the post Kyoto Protocol

Source: Summarized from Baumert et al. (2005), Staley and Freeman (2009)
anddlUNEP GRIDsAsendal (2009)

2.3.1 The Kyoto Protocol

The Kyoto Protocol to, the United Nations Framework Convention on
Climate Change (UNFCCC) entered into force on February 16, 2005, following
ratification by the Russian Federation. As of May 11, 2007, 172 countries and the
regional economic integration organization (European Economic Community) have
ratified, accepted, approved, or acceded to the Kyoto Protocol (The World Bank,
2008). The UNFCCC includes the principle of “common but differentiated
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8,9

responsibilities™” to reduce GHG concentration in the global atmosphere (The United

Nations, 1998; UNFCCC, 2010c).

The objective of the Kyoto climate change conference was to establish
a legally binding international agreement, whereby all the participating nations
commit themselves to tackling the issue of global warming and greenhouse gas
emissions. At the same time, an intense debate is underway regarding the technical
and economic feasibility of different /target levels, which emission reduction
opportunities should be pursued, and the ¢osts of different options for meeting the
targets. Countries that have-accepted greenhotse gas emissions reduction obligations
must submit an annual greenhouse gas i-nventory. Non-Annex I countries (developing
countries) that have ratified the Protocol do not have to commit to specific targets
because they face poteatial fechnigcal and economic constraints. Nevertheless, they
have to report their emisgions'levels and .ddé'.velop National Climate Change Mitigation

Programs (UNFCCC, 2010b).

Leaders in many nations af§'3"di'écussing ambitious targets for reducing
emissions of greenhouse gases (GHGS). 'S:tq‘r_ne regions have already set reduction
targets. The EU, for example, has set a targ%t;c!ﬁat 2020 emission levels should be 20
percent lower than those of 1990, and has stateduits ingention of aiming for a 30
percent reduction ifl ether countries with high emissions-also commit to comparable
emission cuts (McKinsey and Company, 2009). Under Kyoto Protocol requires
Annex I countries’ to collectively reduce their emissions of the six main greenhouse
gases (i.e. catboni |diokide, tifiethanel) nAitrous (oxide,~hydro fluorocarbons, per

fluorocarbons, and sulphur hexafluoride) to at least 5 per cent less than 1990 emission

¥ UNFCCC adopts a principle of "common but differentiated responsibilities" on three board
topics: (1) the largest share of historical and current global emissions of greenhouse gases originated in
developed countries; (2) per capita emissions in developing countries are still relatively low; and (3)
the share of global emissions originating in developing countries will grow to meet social and
development needs

? Annex I countries include the industrialized countries that were members of the Organization
for Economic Co-operation and Development (OECD) in 1992, plus countries with economies in
transition (the EIT parties), including the Russian Federation, the Baltic states, and several Central and
Eastern European states
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levels. This target must be achieved over the five-year period from 2008 to 2012 (See
also in Table 6).

Table 6 Emission Reduction Targets in the Kyoto Protocol for Annex |

Countries

Countries Target (1990-2008/2012)

EU-15, Bulgaria, Czech Republic, Estonia, Latvia,
Liechtenstein, Lithuania, Monaco, Romania, Slovak Republic, -8%
Slovenia, Switzerland
United States -7%
Canada, Hungary, Japan, Poland -6%
Croatia -5%
New Zealand, Russia, Ukraing 0
Norway A +1%
Australia ‘ +8%
Iceland e +10%
Source: UNFCCC (2010a)

Although 172 Ccountries e}nd a regional economic integration
organization (the European” Economic Cahan}}lnity) are parties to the agreement
(representing over 61 percent of emission§f ;)Lly a few industrialized countries are
actually required to cut their emissions. Thé Un]ted Statess the world’s largest emitter,
has conditioned its entry on further engagement of major déveloping country emitters,
such as China and India. In countries that have begun to implement the Kyoto regime,
this disparity in commitments has fueled a _debate on issues of competitiveness and
other economie 1mpacts. The Kyoto "Protocol remains “the key international
mechanism undeér which the industrial countries have committed to reduce their
emissions oficarbomdioxide andcother;greenhouseigases s The tareetiagreed upon was
an average reduction of 5.2 percent from 1990 levels by the year 2012. According to
the treaty, in 2012, Annex I countries must have fulfilled their obligations of
reduction of greenhouse gases emissions established for the first commitment period

(2008-2012).

2.3.2 The Bali Road Map

After the 2007 United Nations Climate Change Conference on the

island Bali in Indonesia in December, 2007 the participating nations adopted the Bali
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Road Map as a two-year process to finalizing a binding agreement in 2009 in
Copenhagen (UNFCCC, 2010d). The conference encompassed meetings of several
bodies, including the 13™ Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP-13) and the 31 Meeting of the Parties to the
Kyoto Protocol (MOP-3 or CMP-3).

The Bali Road Map includes the Bali Action Plan (BAP) that was
adopted by Decision 1/CP.13 of the COP-13. It also includes the Ad Hoc Working
Group on Further Commitments for Annex I Patties under the Kyoto Protocol (AWG-
KP) negotiations and their- 2009 deadl_jne, thc launch of the Adaptation Fund, the
scope and content of the Aisticle 9 revie-w of the Kyoto Protocol, as well as decisions
on technology transfer and onseducing emissions from deforestation. The Bali Action
Plan highlighted the importance of “Melasurable, Reportable and Verifiable (MRV)”
greenhouse gas mitigation sagtions and commitments for a post-2012 climate
framework.'” The Climate Change Corifer‘ence in Bali laid key foundations for
negotiations on a post-2012 ¢limaie reéfrpeﬂ._ It emphasizes the willingness of all
Parties to contribute to"a ffuture climat_édfegime in line with their respective
capabilities and determines that all Parties jﬁust report on their measurable and
verifiable activities. Together with a rangTe_:_;_gf _other decisions it forms the Bali

Roadmap, the negotiation mandate. The negotiations are to be concluded at the

Climate Change Conf€rence in Copenhagen in 2009.

2.3.3 Copenhagen accord

The| UN Climate Change Conference, held in December 2009 in
Copenhagen, was a crucial moment in the international fight against dangerous
climate "y chatige: «Reptesentatives | fiom thundreds fof |govethments and other
organizations around the world gathered to make their voices heard. The Copenhagen

Accord commits the world to limit temperature increases at two degrees Celsius (2°C)

1% Currently, experience with measurement, reporting and verification (MRV) of GHG
mitigation has been focused in three areas: project-based reductions in non-Annex I countries through
the clean development mechanism (CDM); entity-based emission levels in Annex I countries (e.g.

through emission trading schemes); and national-level GHG accounting in Annex I countries.
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and contains plans for finance reaching a hundred billion dollars a year by 2020

(Department of Energy and Climate Change, 2010; Verbruggen, 2009).

Since Copenhagen, over 100 countries have associated themselves
with the Accord and as a result of the targets and actions put forward; around 80
percent of emissions are covered by the agreement. It is a political agreement, which

includes a number of substantial commitments:

—  Endorses the continuation of the Kyoto Protocol

—  Underlines that climate chang¢ is one of the greatest challenges of
our time and emphasizes a "stiong political will-to urgently combat climate change in
accordance with the prineiple” of common but differentiated responsibilities and

respective capabilities"

— Recognizgs that "dee:p' cuts in_global emissions are required
according to science" (IP€C AR4) and agrees cooperation in peaking (stopping from
rising) global and national gregnhouse gas::'e__mi.ssions "as soon as possible" and that "a

low-emission development strategy is indispensable to sustainable development"

—  Agreement to reduce global emissions and limit average increases

in global temperature.to no more than 2°C. o

— Developed and developing countries pledge to put their emissions
reduction targets and mitigation actions into appendices fo the Accord by January 31,

2010.

~ | Theldeveloping nations {non-Annex ! [ Parties) would "implement
mitigation actions" (Nationally Appropriate Mitigation Actions)ito slow growth in
their carbon'emissions, submitting these by 31 January 2010./[LDS and SIDS may

undertake actions voluntarily and on the basis of (international) support.

— The developing countries would report those actions once every
two years via the U.N. climate change secretariat, subjected to their domestic MRV.

NAMA s seeking international support will be subject to international MRV

— Recognizes "the crucial role of reducing emission from

deforestation and forest degradation and the need to enhance removals of greenhouse
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gas emission by forests", and the need to establish a mechanism (including REDD-
plus) to enable the mobilization of financial resources from developed countries to

help achieve this

— A commitment from developed countries to provide approaching
$30 billions of immediate fast start funding over the period 2010-2012 to support

developing country action on mitigation and adaptation.

— A commitment from developed countries to work towards long-

term public and private climate finance flowstcaching $100 billion a year by 2020.

— Agreement to establish a High-bevel Panel to explore the potential

sources of climate finance thatWweuld help achieving this $100 billion goal.

—  Agreementtosset up a new Copenhagen Green Climate Fund (the

‘Green Fund’) to deliver a'significant porﬁbh of this finance to developing countries.

—  Agreement to establishf,.a technology mechanism to achieve greater
coordination and scaling-tip ' of globalr.jacti“on on technology development and

deployment. , /N
— Agreement t0 éstablish%a;!ﬁew mechanism to help developing

Tyl S

countries tackles deforestation. ~

— A commitment to review progress in implementing the Accord by

2015.

2.3.4 Clean Development-Mechanism (CDM)

C@ountries with commitments under the Kyoto Protocol (KP) to limit or
reduce greenhouse-gassemissions-must meet itheir, targets, primarily through national
measures. The Protocol does not prescribe how emission reductions should be met.
As additional means of meeting these targets, the Kyoto Protocol introduced three
market-based mechanisms, now known as the “carbon market.” It does, however,
propose three flexible mechanisms designed to help Annex 1 countries meeting their

emission reduction obligations: namely emissions trading schemes (ETS), Joint
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Implementation (JI), and the Clean Development Mechanism'' (CDM) (Labatt and
White, 2007).

The Clean Development Mechanism (CDM) is one of the two project-
based flexible mechanisms of the 1997 Kyoto Protocol. The CDM allows
industrialized countries to meet their emissions reductions targets in part through
‘carbon credits’ bought by investment in low-carbon projects in developing countries.
CDM projects are also supposed to result in benefiting developing countries by
helping them to achieve sustainable development (Volpi, 2005). The CDM enables
the project owner to sell the:ER credits, once they-are certified, to an interested buyer.
The CDM allows developed-eouniries l-isted in Annex 1 of the UNFCCC to invest in
greenhouse gas emissionsfeduction projects in non-Annex 1 developing countries to
claim Certified Emission'Reduction'” (CI‘ERS) to assist them in compliance with their
binding GHG emission tedugtion commi.trdr’i.ents under the protocol (The World Bank,
Ministry of Science and Technology. P.R.;China etal., 2004).

The CDM. allows 'industﬁ‘;‘ili‘ied countries to invest in emission
reductions wherever it is cheapest globally Between 2001, which was the first year
CDM projects could be reglstered and 2éH2 the end of the Kyoto commitment
period, the CDM is.expected fo produce some 1:5.billion tons of carbon dioxide
equivalents (CO,-eq)-in emission reductions (Figure 6 and Figure 7 illustrate status of
CDM in term of typés and amount of CERs). Most of these reductions are through
renewable energy, energy efficiency, and fuel switching. However, a number of
weaknesses of the [CDM hdve béen identifieds The “benefits of CDM for the
developing country are new financial resources, technological transfer, and
achievement..of its sustainable. development .objectives, ~whil€ .the benefit for

developed ‘countries' is*access to ‘less expensive “ER opportunities-in a developing

" The CDM is a financing instrument defined in Article 12 of the Kyoto Protocol. A project
in a developing country that reduces GHG emissions, relative to a baseline project, generates emissions
reduction (ER)

"2 Certified Emission Reductions (CERs) are a type of emissions unit (or carbon credits)
issued by the Clean Development Mechanism (CDM) Executive Board for emission reductions

achieved by CDM projects and verified by a DOE under the rules of the Kyoto Protocol
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countries. As emissions have the same global effect irrespective of their geographical
origin, CDM provides a cost-effective way of addressing the adverse effects of global
warming (World Bank Carbon Finance Unit, 2006).
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9,906,422

2,143,903 815.224
498,029
1,401,469
Biogas | 4.695.677
Biomass 1,398,490
Other 853,128 i
LoA Register to COM-EB Issue CERs Total

Figure 8 Status of Thailand CDM~

Source: Using data from TGO (2010)

2.3.5 Nationally Appropriate Mitigation Actions

While“the Bali Action Plan' suggests the possibility of linking GHG
mitigation action in-+developing countries with support for such action, in a

" manner, it does not specify the

"measurable, reportable and yerifiable (MRYV)
relationship between _nationally . approptiate " mitigation @ctions (NAMAs) in
developing countries and support for such actions. In particulan it leaves open the

question, of whetheriornot the two should be explicitly linked, or'whether progress in

" Paragraph 1(b) (ii) of the Bali Action Plan calls for: “Nationally appropriate mitigation
actions by developing country Parties in the context of sustainable development, supported and enabled

by technology, financing and capacity-building, in a measurable, reportable and verifiable manner”.

“In defining a framework for MRV of action and/or support, many issues still remain to be
addressed. Still to be defined for the post-2012 regimes are the scope of what needs to be measured
(e.g. GHG outcomes, intermediate outcomes, or inputs), how it should be measured, when MRV is

required, and who should be responsible for doing it.
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one area might be dependent on progress in the other area (e.g. actions are dependent
on financing or financing is dependent on actions). It also remains unclear whether
the MRV requirements apply to the link between NAMAs in developing countries
and mitigation support, or to one or both of the separate elements. However, the Bali
Action Plan does not specify the relationship between NAMAs in developing
countries and support for such actions. In particular it leaves open the question of
whether the two should be linked or whether progress in one area is dependent on
progress in the other area (e.g. actions are dependent on financing or financing is
dependent on actions). It alse remains uncléar whether the MRV requirements apply
to the link between NAMAs in-developing countries-and mitigation support, to one or

both of the separate elements.of to all three dimensions of the linking notion.

In the int€rnafiofial/ climate negotiations preceding Copenhagen in
December 2009, nationally appropriate m.i‘t"i.gation actions, (NAMAs) were used as the
solution of many open issties/and with Ve",ryldifferent interpretations of what the term
actually stands for. The negotiations have so far failed to define what NAMAs
actually are. Views also differ on ‘the iné@i}ﬁtional structure needed for providing
support to NAMAs as well'as ways to meas'-tirél,'-' report and verify actions. Due to this
vague approach, the negotiations surroundiﬁ; NAMAs are still generalized, making it
difficult to work on concrete implementation issues: In many discussions and

submissions, NAMAs‘have been categorized as follows:

—  Unilateral NAMAs: mitigation actions undertaken by developing

countries on their 6wn

—* Supported NAMAs: mitigation actions in developing countries,
supported by direc, climate fmance from' Annex [ countries (in-the following called

‘directly‘supported NAMASs’)

—  Credited NAMAs: mitigation actions in developing countries,

which generate credits to be sold on the carbon market (e.g. sectoral crediting).

2.4 Summary of Findings

Climate change is now a scientifically established fact. The exact

impact of greenhouse gas emission is not easy to forecast and there is a lot of
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uncertainty in the science when it comes to predictive capability. But we now know
enough to recognize that there are large risks, potentially catastrophic ones (Watkins,
Ugaz et al., 2007). Climate change, and more specifically the carbon emissions from
energy production and use, is one of the more vexing problems facing society today.
It is not just an environmental issue. It is fast becoming one of the defining facts of
economic development in the 21* century. It will shape investment, technology
deployment and human development around the world and no sector will be more
profoundly affected than energy. Energy is/central to sustainable development and

poverty reduction efforts. It affects all aspectsof development.

Currently, _electric po&er production is largely based on the
combustion of fossil fuels, predemimantly coal and matural gas, except in countries
with abundant hydropower. This inevitaﬁly leads to the emission of CO,, since carbon
capture and storage and senewable energ.y"‘éources are not feasible or available yet on
a large scale. Decarbonigation jof energy supply is among the key issues facing
policymakers in the “years jahead. To address the problem requires careful
consideration and balance among multiplq;_tc}iﬁlensions, technical, economic, social,
and political. Electricity is versatile not only’i;xi_'_-'its applications but also in its energy
sources. It is the only practical way. that w;c_an currently use coal, nuclear, hydro,
wind energy, and solar photovoltaic on a large scale, and we can actually use any
other form of energy-to produce it, including oil, natural gas, biomass, solar thermal,
and geothermal, among others. Although electricity is still our most expensive form
of energy, electricity pricesshave remained’rélatively stable during the past 30 years

when fossil fuels prices have béen extremely volatile (Randolph and Masters, 2008).

Electricity price.does not. truly.reflect.include.externality to the world
ecosystem.’ Energy fuels' ourteconomy and quality 'of life, but' it is’ costly both in
monetary terms and in impacts to the natural and human environment. These impacts
are part of the “cost of doing business” but to a large extent they are not included in
the costs of energy. They are termed externalities. Externalities are social costs borne
by users and non-users alike, but not internally by the producer and thus are not
reflected in the price of goods or services produced (Randolph and Masters, 2008). To
achieve sustainable energy, we must consider these costs over the fuel or system’s life

cycle. These environmental impacts include air pollution from the combustion of
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fossil fuels, radioactive materials involved in the nuclear fuel cycle, impacts on lands
and waters of fuel extraction, and transport and construction of conversion systems.
Before addressing these impacts, the section below discusses what appears to be the
major environmental constraint facing fossil energy—global climate change triggered

by greenhouse gas emissions, primarily carbon dioxide from fossil fuel combustion.

Looking at the various factors influencing carbon emissions to find an
efficient path for reducing carbon. emissions, one might expect marginal cost of
reducing CO, to be about the same for allalternative options. To find the most
economically efficient path, it is important~to.seek and pursue opportunities for
carbon reduction that haye. the lowest c-osts among all the sectors of the economy. In
this context, it is not economieally efficient, for example, to pursue high-cost but low-
carbon opportunities inthe cleciricity gelneration sector if electricity conservation can
produce the same resultsiat lower costs. By the same token, if low-cost opportunities
exist in the transportation /sector, thé.lse*.' must be pursued before higher-cost
opportunities in electriCity generation are eaptured. Renewable energy is considered
generally as sustainable’engrgy. Nonethé}@_gé, environmental and social issues of
renewable energy technologies do- arise wﬂ:h increasing significance, increasing
project size, and energy-related . trade.. ,:Ggidelines and recommendations for
sustainable practices in renewable energy applications are becoming increasingly

important.

In next chapter, current situation of Thailand’s electricity generation
system was presefitedy followed) withtevoelution) Cuirent/Status, generation capacity,

electricity demand, characteristics and fuel mixture in electricity generation.



CHAPTER 111
GENERAL SITUATION IN THAILAND’S
ELECTRICITY SECTOR

3.1 Evolution of Thailand’s electricity development

3.1.1 Before establishment of Ministry of Energy

During the 1970°s, approximately 90 percent of Thailand’s commercial
primary energy consumption (includfng non-energy use) was imported mostly
petroleum products. The dis€overy of natural gas in the Gulf of Thailand and lignite
in the Northern part of the'Country reduced amount of import dependence to about 60
percent. During early 1990s" when high growth in power demand existed, the
government developed severalinitiatiyes fo privatize state electric utilities then firmed
up after 1997, and engage independent f)ower producers (IPPs) through the use of
long-term power purchase agreements (PPAS) for supply of electrical power into the
grid system. Thailand’s power system has'a su]gle buyer structure that the Electricity
Generating Authority of Thalland (EGAT) currently provides 53 percent of the
country’s electrlclty supply. EGAT plays not only .the main role in generating
country’s electricity genm also in operating all h1gh voltage transmission
lines, and monopolizing the buying power of the country’s electricity (Amranand,

2009).

EGAT Fsells’ bulk'=power “to twe distribution utilities; (a) the
Metropolitan Electricity Authority (MEA) responsible for the sale‘of electricity within
Bangkok and surrounding areas;, and(b) the Proyin¢ial Electrieity /Authority (PEA)

"> Power Purchase Agreement (PPA) is a legal contract between an electricity generator
(provider) and a power purchaser (host). The power purchaser purchases energy, and sometimes also
capacity and/or ancillary services, from the electricity generator. Such agreements play a key role in the
financing of independently owned (i.e. not owned by a utility) electricity generating assets. The seller
under the PPA is typically an independent power producer, or "IPP." Energy sales by regulated utilities
are typically highly regulated, so that no PPA is required or appropriate.
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responsible for electricity sale in the remaining parts of the country. Lastly, private
power producers sell electricity to the electric utilities under power purchase
agreements or users located nearby. Since early 1990s when high growth in power
demands existed, the government developed several initiatives to privatize state
electric utilities and engage independent power producers (IPPs) with long-term

power purchase agreements (PPAs) for supply of electrical power into the grid system

\\|

—— .

(See also in Figure 9).

IPP
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Figure 9

Source: Using c??a from Ministry c Tgy 201@

a ﬁ describe 1l ectricity development in the period
before 1991, tm ﬁ\% mlﬁzﬁrg;]yfiicmcity into grid. The
National EnergngPolicy Office (NEPO) had been, trying to intreduce private sector
invest@zagm’cq @ﬁlﬂu@ ml%d:%@q %u%tjlgq ta‘e&Jire the electric
utilities to buy power generated by small private power producers, but the policy
faced heavy resistance by the electric utilities and their labor unions. In 1992, SPP
regulation for purchase power from Small Power Producers was finally approving

under the government of Anand Panyarachun and the announcement of IPPs program

in 1994 for larger power plants.

The SPP program allowed private investment in the generation of

electricity using the cogeneration system and generation of electricity using renewable
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energy. The criteria for selected SPPs using steam usability, efficiency of the
cogeneration system and size of facilities. In 2001, government introduced the Very
Small Power Producer Program (VSPP) for allowing SPP with sale into the grid of
less than one MW. The VSPPs can also sell to any one of the three electric utilities
(EGAT, MEA and PEA) depending on their connectivity to grid transmission system
(Figure 10 illustrate distribution of power plant classified by types of producer).

0 50 100 200 300 400 500

[ T 1 Kilometers

Figure 10 Distribution of Power Plants Classified by Types of Producer
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Source: Using data from OERC (2010)

In addition, the government also launched a program to encourage the
renewable energy SPPs by providing an additional tariff for a period of 5 years from
the Energy Conservation Fund using adder system. The “adder” was determined
through a competitive bidding system that resulted in approval of 14 projects with
average “adder” of 0.18 baht per kWh (US¢ 0.56), representing approximately 5
percent increase from the normal tagiff. With a relatively low level of adder, it is not
surprising that all of the 14 projects were tising bagasse, paddy husk, or woodchips as
fuels. By the end of 2006; there were, about ene hundred SPP and VSPP projects
supplying 2,344 MW of gleetriciiy.to the grid, but since most of these facilities also
sold electricity to userssficarby, total generating capacity were around 4,160 MW.
Almost all of these projectsswere thosel‘_ launched before 2002 as very few projects
were initiated after the establishment of 1\/£i¥1istry of Energy.

3.1.2  The establishment of Ener_gy Regﬁi@tp{y Commissioner (ERC)

The most significant devél{)pment i the regulation of Thailand’s
energy sector is the passage ofithe EnergyAéf;-’B.E. 2550 since December 11, 2007,
an Energy Regulatory Commission was alf')_piﬁnted in February 2008 consisting of
seven members, to.serve as an independent agency responsible for regulating and
monitoring power arnd gas sectors to ensure the reliability and security of the power
and gas supplies. However, the Commission works within the policy framework
established by_the National*Energy, Policy ‘Council (NEPC), chaired by the Prime

Minister.

The~Commissionsis | primarily-responsible | for reyiewing a national
power development plan "for submitting ‘recomimendations to' the Cabinet. For
regulating and approving gas transportation and electricity tariffs including the
automatic tariff adjustment mechanism or commonly known as the F; tariff; issuing
licenses; regulating the energy sector in a fair and transparent manner; ensuring the
delivery of quality and reliable energy services and protecting the rights and interests

of energy consumers, local communities and general public.
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Moreover, the Act provides for specific responsibilities and authorities
for the Commissioner in fulfilling its mandate are the Power Development Fund'®.
The Fund is to be used as a channel for implementing the subsidy arrangements for
underprivileged power consumers; rehabilitating localities; compensating people
affected by power plant operations, and the promotion of renewable and
environmentally friendly energy. Revenue for the fund is provided by a levy on power
generators through the electricity tariffs. All power plants have to pay a levy to the

Fund during the plant commissioning at the following rates.

3.2 Current Status

Since 1968, Thailand clectricity supply services have all been taken
over by the state government/and opérated under state enterprises under a law
empowering its monopoly. The state utﬁﬁies accumulated assets and built up their
manpower to expand and operate the iaower system to serve the whole country
(Chirarattananon and Nirukkanaporn, 2006) Thai power system has a single buyer
structure that the Electricity Generating Authorlty of Thailand (EGAT) currently
provides about 53 percent of the:country’s e}ectt{_.lclty supply.

3.2.1 Generation capacity

The ¢lectricity supply system in Thailand Consists of a single tightly
interconnected grid that serves the entire country using ‘circle-network system’ to
connect the whole country“in an electric ring structure. Energy Policy and Planning
Office (2010a) repotted ‘at the end of 2008, the country’s power system had a total
installed generating capacity of 29;891.65 MW,.4.77 percent higher than the prior

year, consisting ofi the ‘generation capacity from EGAT’s pOwer plants totaling

' Under section 93 of the Energy Act B.E. 2550 (2007) provide roles and responsibility of
commissioner to set up the Power Development Fund to be (1) used as capital to support extensive
extension of electricity service provision to various localities so as to decentralize prosperity to
provincial areas; (2) to develop the local communities affected by the operation of a power plant; and
(3) to promote the use of renewable energy and technologies in the electricity industry operation that
have less impact on the environment, with due consideration on the balance on natural resources; and

(4) to create fairness for power consumers”.
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15,020.96 MW, accounting for 50.25 percent of the country’s total capacity. Domestic
private power producers and neighboring countries totaling 14,870.69 MW or 49.75
percent of the country’s total generation capacity, comprising 12,151.59 MW from
domestic independent power producers (IPPs), 2,079.10 MW from small power
producers (SPPs) under firm energy contracts, and 640 MW power import from Laos

and Malaysia.

The deepening world economic crisis and the domestic political unrest
have severely affected on country’s expouf, manufacturing, and tourism industries,
thus resulting in declining electricity cor_;sumption growth. The country’s gross energy
generation throughout 2008«totaled 14{8,200.93 million kWh, a mere 0.87 percent
increase from the preceding year, comprising energy generation from EGAT’s own
power plants and electu€ity purchased from private power sources. EGAT’s power
plants provided 63,930.68 million kWh.';cASIf electrical energy, accounting for 43.14
percent of the country’s tetal generation.?’,EGAT’s generation was 2.80 percent lower
than the previous year.Its gengration enefg}{ mix included natural gas (accounting for
25.13 percent of the country’s total electri_gi:[y), lignite (12.60 percent), hydropower
(4.69 percent), and diesel oil (0,71 percent). Additionally, EGAT’s renewable energy
power plants including geothermal, solar éejlséand wind power plants also supplied
totally 2.00 million kWh of energy. EGAT has contintously decreased its generation
from the high priced-oil to keep its production cost to the-fowest possible. Compared
with the prior year, it’s/fuel oil-based and diesel oil-based generation was reduced by
68.90 percent and 15.94 spercent respectivély. Generation from hydropower also
decreased 12.69 percent whereas natural gas-based and| lignite based generation
increased from the previous year by 3.56 percent and 0.97 percent respectively

(Electrigity Generating Authority of Thailand, 2008).

3.2.2 Electricity demand

Energy Policy and Planning Office (2010a) reported the electricity
consumption in Thailand classified into three principal end-user sectors including
industrial, commercial and public services, and residential sector. The electricity
consumption increased from 56,279 to 134,937 GWh during 1993 to 2008 and peak
demand of electricity increased from 9,730 to 22,568.2 MW during 1993 to 2008. The
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industrial sector is the largest electricity consumer with growing demand at average of
7.5 percent per year. The energy-intensive industries dominated demands are
petrochemicals, steel mills, refineries and cement plants. The power sector in
Thailand like many other developing countries is heavily dependent on fossil fuels.
Much of this capacity based on thermal and combined cycle generation where natural
gas alone contributes to over 73.90 percent of total electricity generation, followed by
lignite and coal at about 17.40 percent, hydropower at 3.63 percent and fuel oil at 1.38

percent respectively (Figure 11).

II !f
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Electricity eensumption jncreas'ed 5:52 percent from the prior year to

127,930.30 million kWh. industiial sqctor continued to be the biggest consumers

accounting for 48.84 mf/the 8 try’s total electricity consumption, followed

by business or comme éj;or (2477 percent), residential sector (21.04 percent),
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business sectors grew at the slower rates éf 4.77 percent and 6.76 percent respectively
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Source: Using data from OERC (2010)

The dropping sales growth was attributable to the softening electricity
demand caused by decelerating economic expansion. EGAT’s sales volumes in 2008
consisted of 94,859.95 million kWh of energy (67.01 percent) sold to the Provincial
Electricity Authority (PEA), 43,598.23 million kWh (30.80 percent) to the
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Metropolitan Electricity Authority (MEA), 1,622.49 million kWh (1.15 percent) to a
small number of direct customers, 961.10 million kWh (0.68 percent) to neighboring
utilities, and 516.12 million kWh (0.36 percent) to other minor customers (Electricity
Generating Authority of Thailand, 2008).

Compared to the year 2007, the sale volumes to PEA increased only
1.83 percent whereas the sales to MEA increased marginally from last year. The

energy sales to neighboring utilities\i 9.06 percent due mainly to the increased
ia Electricite du Cambodge (EDC)"”

since November 2007. On&;o’the&hanﬁenergy sales to EGAT’s direct
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Figure 14 Electricity Consumption in 2009

Source: Using data from Ministry of Energy (2010)
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3.2.3 Fuel consumption
Electricity production by the utilities correspondingly increased from
4,400 GWh in 1970 to about 44,000 GWh in 1990 because of the start using natural
from the Gulf of Thailand. This amount obtains around 12.78 percent of total energy

consumption. In 1990, the total installed capacities in the power sector amounted to

8,500 MW this amount are six fold increase from about 1,300 MW in 1970.
Electricity Generati X rity of Thailand (2009) reported total of

Thailand’s capacity can be cld’ifé@ / r plants of 3,764.2 MW (13.6%),

thermal power plants of MW; (3Zémbined cycle power plants of

12,806.0 MW (46.0%). ; 'ﬁws of 972.4 MW (3.5%), and
h.o%m\ing the Thailand-Malaysia

renewable power pl
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3.2.3.1 Natural gas utilization

Power generation (GWh)
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For natural gas utilization in electricity generation, Thailand uses 74
percent of its natural gas supply for power generation and 70 percent of its power
comes from gas-based technology and the rest based on coal, hydropower and
renewable energy (Energy Policy and Planning Office, 2010a). Nakawiro (2007)

express high dependence on natural gas in power generation raises concerns about
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security of electricity supply that could affect competitiveness of Thai manufacturing
and other industries at the global level (Figure 16). Although natural gas supply of
Thailand is from domestic resources, the country could be vulnerable from high gas

dependence in its power generation (Energy Policy and Planning Office, 2010a).

In 2008, natural gas utilization at EGAT’s own generation facilities
amounted to 339,786 million cubic feet or 302,471 billion Btu equivalents. The gas
supplies came from various gas fields including the Gulf of Thailand, Nam Phong,
Phu Hom, Sirikit, the A-18 field of the Thai-Malaysian joint development area (JDA)
in the Gulf of Thailand, ‘Asthit, and _1}4yanmar’s Yadana and Yetakun gas fields.
EGAT’s gas utilization deereascd. 0.74 percent fiom the prior year but produced
electric energy 3.56 percent merc (Energ|y Policy and Planning Office, 2010d).
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Figure 16_ . Natural Gas Consumption for Eleéctricity Generation

Source: Using data from Ministry of Energy (2010)

Nakawiro and Bhattacharyya (2007) indicated natural gas has played
its crucial role for electricity generation in Thailand for years. Although the country
obtains various benefits from gas-based generation technology, it has been recently
revealed that high gas dependence in power generation makes the Thai economy
vulnerable over time. In the near future, continued growth in electricity demand is

likely to make the country vulnerable from gas dependence in power generation. The
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Office of the Energy Regulatory Commissioner (OERC) (2010) reported the installed
capacity of natural gas based power plant in Thailand reached 26,216 MW. Of this,
the power capacity from 9,036 MW from EGAT, 12,832 MW from IPP, 4,307 MW
from SPP and 39.94 MW from VSPP power plant.
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Figure 17 Distribution of Major Power Plant Classified by Fuel

Source: Using data from OERC (2010)
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3.2.3.2 Diesel and Oil utilization

For diesel and fuel oil utilization in electricity generation, shares of oil
in Thailand’s Total Primary Energy Supply (TPES) have been relatively stable in the
range between roughly 40 percent and 50 percent in the last 35 years. Oil represented
42 percent of TPES in 2006 while natural gas accounted for 28 percent of TPES in the
same year. EGAT has continuously reduced its dependence on the high-priced oil for
its own power generation. Oil procurement management was aimed at substituting for
other types of fuel only in emergency. As.a result, fuel oil consumption at EGAT’s
power plants was reduced-by. 68.52 pe_t}cent 10786 million liters in the previous

year to 247 million liters,
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Figure 19 FEuel Oil and Diesel Oil Consumption ifr Electric Generation
from*1986-2007

Source: Using data from.Energy, Policy.and-Planning Office (2008)

Electricity Generating Authority of Thailand (2008) reported the
utilization of diesel oil also decreased 16.46 percent to 7.26 million liters in 2008.
This utilization used for primary combustion of the fossil fuel-fired boilers of Mae
Moh, South Bangkok, and Krabi thermal power plants; as standby fuel for running
peak load power plants; and used in fuel swapping tests of gas-fired power plants.
However, the consumption of diesel oil for the country’s electricity generation

increased considerably from 8 million liters in 2007 to 50 million liters in 2008 as
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IPPs’ power plants had to use diesel oil as natural gas substitute during the period of
gas short supply caused by damage on Myanmar’s Yetagun pipeline system and the
production delay of PTT’s Arthit gas field. The Office of the Energy Regulatory
Commissioner (OERC) (2010) reported the installed capacity of oil based power plant
(diesel and fuel oil) in Thailand reached 26,216 MW. Of this, the power capacity from
954.9 MW from EGAT (grid connected), 19.92 MW from EGAT (isolated), 12.14
MW from SPP and 8.37 MW from VSPP power plant.

3.2.3.3 Coal and Lignite

Lignite is another major“'domestic energy source for power generation
and industry. In 2008, the average prodpction of lignite was 49,468 tons per day. For
coal and lignite utilizatié 'fi-fe]ectricityiigeneration, EGAT’s Mae Moh Lignite Mine
produced and supplied ?&Ily 16.41:n_1i11ion tons of lignite to Mae Moh power plants

in 2008, an increase off2.1§ parcent ffom*fhe;_ prior year. Figure 20 illustrate pattern of

!

coal and lignite consumpftion'in electricity gencration.
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Figure 20 Coal and Lignite Consumption for Electricity Generation

Source: Using data from Ministry of Energy (2010)

The Office of the Energy Regulatory Commissioner (OERC) (2010)

reported the installed capacity of coal fired power plant (lignite and bituminous) in
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Thailand was 4,766.37 MW. Of this, the power capacity from 2,400 MW from EGAT
(lignite), 1,436.96 MW from IPP (bituminous), 899.17 MW from SPP and 30.20 MW
from VSPP power plant.

3.2.4 Renewable energy utilization

Since energy demand is projected to keep increasing, renewable energy

and alternative energy are considered potential options to accommodate the increasing

will help reducing not only the

country's dependency on impoited e ut also risks of volatility of imported fuel
prices. At present, the w f n@aﬁve energy has become a
] ewable energy to replace

ating people to use energy efficiently and

N
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Figure 21 Renewable Energy in Electricity Generation in 2009

Source: Using data from Ministry of Energy (2009)
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3.2.4.1 Biomass

Thailand is an agricultural country with huge agricultural stocks, such
as rice, sugarcane, rubber sheets, palm oil, and cassava. The processing of these
agricultural products generated large amounts of residues, which some parts are used
as fuel in several industries. The amount of agricultural residues is about 61 million
ton a year, of which 41 million tons, which is equivalent to about 426 PJ of energy,
was left unused. Currently, biomass is, the primary source currently covered

approximately 4 percent of the country low €arbon electricity.

Ministry ofEnergy (2008) indicated three main biomass sources in
Thailand are from agricultusal zeSidues, forest industry and residential sector. The
employable biomass cnergy ua Thailand mainly includes crop residues, firewood,
manure, domestic garbage; industrial organic waste residue, and wastewater. The
most promising residues fused: as- fuel sources in electricity generation and
cogeneration are rice husk, bagasse, oil ﬁgﬁn residue and rubber wood residue (See
also in Figure 23). The utilization of bianaés applies in wide range of conversion
technologies such as direct combustion, fii}éymo-chemical conversion, biochemical
conversion, direct liquefaction, physical/méchgﬁical extraction, and electrochemical
conversion. Based on commercial applicatiaﬁ'éb'far, direet combustion and thermo-
chemical conversion-are the most applicable technologies for utilizing biomass for
heat and power generation (Suramaythangkoor and Glicewala, 2010). The potential
from biomass supply is, widely distributed throughout the country depending on
seasons. Particulatly, #ic¢e s iiaifi agricultutal | product:~The rice statistics data in
Thailand were zoughly represented according to major harvest and second harvest.
Major _harvest .would .be.. from .May/June. until> November/Decémber and second

harvest 18 from December/Jantary until May/June (Figure-24).

The Office of the Energy Regulatory Commissioner (OERC) (2010)
reported the installed capacity of biomass power generation in Thailand reached 1,751
MW. Of this, the power capacity from 632 MW from rice husk, 106 MW from
bagasse and 32 MW from wood residue. EPPO (2010b) reported in March 2010, there
are 76 biomass power plants in operation (637 MW), 30 plants in the negotiation

period with PEA and MEA (234 MW), 40 plants in acceptable period but not yet
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singing PPA contract (290 MW) and 211 power plants in the construction period and
waiting for Commercial Operation Date (COD) at 1,586 MW (Energy Policy and
Planning Office, 2010c). Under the 15-years of AEDP, government set targets of
biomass utilization in electricity generation in 2022 into three periods, short-term
(2008-2011) at 2,800 MW, mid-term (2012-2016) at 3,220 MW, and long-term
(2017-2022) at 3,700 MW respectively.

3.2.4.2 Biogas

Thailand is known as a food producing and supplying country. Food
and agro industry generated significant amount of organic wastes, which are good
ingredients for biogas producuion. The productions of biogas are mainly from
anaerobic digestion or fermentation of biodegradable materials such as biomass,
manure, sewage, municipal’waste, and energy crops. In Thailand, biogas resources are
from industrial wastewaterand livestock manure, which have potential of 7,800 and
13,000 TJ per year, respectively. Centraf;_region produced highest BOD loading of
2,233 ton/day, which was more than half fdf the total BOD loading. The amount of
wastes can be used to produce 620 million m’3 9f biogas, which is equivalent to about
13,000 TJ or 308 ktoe of energy, i1 anacrobie jc!ﬁgesters (Prasertsan and Sajjakulnukit,
2006). Although cattle residues show the h1ghe§t energy potential of 41 percent of the
total energy potential, the ongoing biogas promotion ‘program is emphasized on
manure utilization from pig farms. In the future, the government certainly has to put

more focus to utilize resources from cows as well (Figure 25).

Thel@QERC @2010) reportedcthe installed capacity of biogas power in
Thailand reached 146 MW. Of this, the power capacity from ,74.96 MW from
industrial waste water, and 97 MWh from| pig manure.~EPPO(2010c) reported in
March 2010, there are 41 biogas power plants in operation and sale power to grid at
capacity of 43 MW, 15 plants in the negotiation period with PEA and MEA (41 MW),
31 plants in acceptable period but not yet signing PPA contract (44 MW) and 33
plants in the construction period and waiting for COD (72 MW). Under the 15-years
of AEDP, government set targets of biogas utilization in electricity generation in 2022
in three periods, short-term (2008-2011) at 60 MW, mid-term (2012-2016) at 90 MW
and long-term (2017-2022) at 120 MW respectively.



7 y Al y p;m group
(= ass
L] othermal

= Hydropower
o MSW

400 U 8pp

"
0 50 100 ,
: 1 Kilometers

Figure 22 Distribution of Renewable Power Plants in 2010

Source: Using data from OERC (2010)




68

w
&
L
17}
=
o

Distribution of Major Biomass Power Plant in 2010

Figure 23

Using data from OERC (2010)

Source:



0 50 500 " 200 © 300 400 500
Kilometers

Figure 24

Source:

Estimated Potential of Biomass for Electricity Generation in
2009

Using data from OERC (2010), Department of Alternative Energy
Development and Efficiency (2009) and Office of Agricultural
Economics (2009)
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Source:

Estimated Potential of Biogas for Electricity Generation in 2009

Using data from OERC (2010), Department of Alternative Energy
Development and Efficiency (2009), Office of Agricultural
Economics (2009) and Department of Livestock Development (2010)



71

3.2.4.3 Municipal Solid Waste

Management of municipal solid waste (MSW) has continued to be an
important environmental challenge due to increase in production and consumption of
goods. The threat of global climate change become a driving force and great
opportunity to change MSW management practices to reduce greenhouse gas
emissions in Thailand (Liamsanguan and Gheewala, 2008). Huge amounts of waste
are generated daily and its management is a considerable task to not only promote
recycling and reuse, efficient waste collection"and disposal system, but also increase
financial capability and effective participatton.ef government, public and private

sectors.

Thailand gemerates approximately 14.5 million tons of Municipal Solid
Waste (MSW) annually. Chiemchaisri et al. (2007) clarify the physical composition
of MSW varies according to ¢onsumer ﬁatte_:rns, lifestyle, and economic status. The
detailed composition off MSW in Thail:%}an dominated by food waste (41-61%),
followed by paper (4-25%) and-plastic (3. 6 —28%). Within landfills, microorganisms
that live in organic materials such as food wastes or paper cause these materials to
decompose and produce landfiti gas typrcally comprised of roughly 60 percent
methane and 40 percent carbon dioxide. Total numbers of landfills in Thailand that
actively operate are¢ iunety while total incinerators are-three. There are more than
three hundred opened-disposal sites in the country. Despite large numbers of landfills,
only a few of them properly operate and maintain (with methane gas collection)

because no regtilation thandates/fof'méthane collection.

The OERC (2010) reported the installed capacity, of electricity from
municipal selid waste, in; Thailand reached 13 MW. EPPO reported-in March 2010,
there are'8 municipal solid waste power plants in operation and sale electricity to grid
at 11 MW, 10 power plants in the negotiation period with PEA and MEA (305 MW),
15 plants in acceptable period but not yet signing PPA contract (68 MW) and 14
plants in the construction period and waiting for COD (96 MW). Under the 15-years
of AEDP, government set target of biogas utilization in electricity generation in 2022

in three periods, short-term (2008-2011) at 78 MW, mid-term (2012-2016) at 130



72

MW and long-term (2017-2022) at 160 MW respectively (Energy Policy and
Planning Office, 2010c).
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Figure 26 Potential of Municipal Solid Waste for Electricity Generation in
2009

Source: Using data from OERC (2010) and Department of Alternative Energy
Development and Efficiency (2009)
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3.2.4.4 Hydropower

Water supply for the whole part of Thailand is plentiful, except in the
northeastern part of the country during the dry season. Thai's culture has long been
intimately related with water, but not in a seafaring way, instead mainly in a local
transport and irrigation mindset. Based on geographical characteristics watershed of
Thailand divided into 25 river basins, average of annual rainfall is about 1,700 mm
and total annual rainfall of all river basins is about 800,000 million m? of which 75
percent of the amount is lost through €vaperation, evapotranspiration and the
remaining is in streams, rivers, and reservoits.-Hydropower is the second major

source of low-carbon electrieity for Thailand.

Hydropowesproduces only small amounts of CO; as a byproduct from
dam construction and opegation. but in some cases may produce significant amounts
of another greenhousesgas, methane. However, hydropower resources are difficult to
exploit due to the envirgnmental impact 6"9 »the resource areas a power project would
entail. Therefore, future development of hydfopower resources will be limited to a
few small-scale projects that aré considé’ff‘ejd_ most economical and environmental
friendly. As part of the rural electriﬁc;atigﬁ program, the small hydropower
developments are promising plan. From surVey of MOE presented Thailand has

potential to development of small hydropower at existing-irtigation project.

According to the PDP-2010, EGAT planned to increase capacity by
constructing small hydropewer at total capacity of 49 MW within 2012 (Ministry of
Energy, 2009)." Thete are jnany existing Arrigation dams, and reservoirs of Royal
Irrigation Department (RID) designed and constructed for irrigation and flood control.
Six existing and madet construction dams’ of | RID "wete |studied and proposed by
EGAT to develop the small hydropower projects with the total installed capacity of
78.7 MW. High potential micro-hydro powers are clustered in the northern areas of
the country (Electricity Generating Authority of Thailand, 2010b; Pienpucta and
Pongtepupathum, 2009).

EPPO (2010e) indicated hydropower existing potentials for
development is at 15,155 MW. By the end of December 2009, the OERC (2010)
reported the installed capacity of hydropower in Thailand reached 3,438 MW. EPPO
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reported in March 2010, there are 7 hydropower projects in acceptable period waiting
for COD at capacity of 6.3 MW. Under the 15-years of AEDP, government set target
of hydroelectric utilization in electricity generation in 2022 in three periods, short-
term (2008-2011) at 165 MW, mid-term (2012-2016) at 281 MW and long-term
(2017-2022) at 324 MW respectively.

3245 Wind

Wind energy technology /curtently has conquered many startup
problems and has attained in a new, more mature phase. It is one of the promising
alternatives to implement for low-carbon clectricity generation. The average wind
speed in Thailand is moderate tortather low, usually lower than 4 meters per second;
therefore, wind energy iss€uwrently used almost exclusively for propelling rooftop
ventilators and water-pumping turbines. Throughout Thailand’s long coastline, there
is a rich resource ofiwind cacrgy With great development potential. Currently, a
further detailed study istbeing ecarried out in areas where the wind potential is high,
mainly along the southern coastlines of Th:ai'l'and, to obtain more data with a view

determining the feasibility to develop préj_é,?:_ts_ for wind power generation (Energy

Policy and Planning Office, 2010e; True Wiﬁdqzéolutions, 2001).

The study of Prabamroong et al, (2009) estimated total feasible areas
for wind farm installations with respect to total area in €ach region of the country is
found to be 95 percent for Central region, 88 percent for Eastern region, 94 percent
for Northern region, 79 petéent for Northeastern region, and 91 percent for Southern
region. This study suggested that most ofareas in_Thailand have high potential for

installing wind farms.

By the end of December 2009, the OERC(2010) reported the installed
capacity of wind power in Thailand are in very small amount about 0.38 MW. As of
March 2010, EPPO (2010c) reported there are 3 wind power projects in operation, 19
in the negotiation period with PEA and MEA (762 MW), 16 projects in acceptable
period but not yet signing PPA contract (560 MW) and 6 power plants in the
construction period and waiting for COD (26 MW). Under the 15-years of AEDP,
government estimated potential of wind energy utilization with 1,600 MW capacity

and set target of wind energy utilization in 2022, short-term (2008-2011) at 115 MW,
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mid-term (2012-2016) at 375 MW and long-term (2017-2022) at 800 MW
respectively. Noticeably, the government proposed to increase renewable energy from
wind power to 800 times more from the current capacity in 2022. This will require
significant amount of investment, which the government needs to carefully develop

an appropriate driving policy to succeed this ambitious goal in 12 years.

3.2.4.6 Solar

Almost every area in Thailand exposes to high sunlight intensity since
locating near the equator. ‘Thereforc, highpetential for solar utilization exists.
Government promoted solar cells or photovoltaic*(PV) cells for power generation
with a demonstration projecéfortiiilization of solar energy and integrated systems of
PV/hydropower and PV/wind.energy (Jivacate, 1994). Since 1976, the Ministry of
Public Health and the Medical Volunteers Foundation used solar electricity for
communication equipmentin rural hicalth station in isolated area that far from grid
system. Several government agencies under the MOE have been undertaking studies
and development of PV tee¢hnelogy:. For exér'nble, DEDE has studied and explored the
potential of solar energy utilization by eéf;iB]i‘shment of solar cell battery-charging
station in various rural villages and Border.}’é&ol Police Schools located outside the

grid system (Green, 2004).

By the‘end of December 2009, the OERC (2010) reported the installed
capacity of solar powerin Thailand are 7.8 MW. EPPO2010c¢) reported in the end of
March 2010, there are 51 sGlar power projécts in operation with capacity of 7.7 MW,
121 projects in thesnegotiation period with PEA _and MEA« (996 MW), 61 power
plants in acceptable period but not yet signing PPA contract (218 MW) and 341 plants
in the construction period and waiting for COD (3,265 MW). Under the 15-years of
AEDP, government set target of solar energy utilization in 2022, short-term (2008-
2011) at 55 MW, mid-term (2012-2016) at 95 MW and long-term (2017-2022) at 500
MW, respectively. The proportion of solar energy is about 10 percent compared to
total renewable energy target, which seems to be relatively low, despite the great
potential of solar intensity throughout the whole country. High investment cost per
unit of electricity might be a major barrier, which suggests the government should

find the way to develop R&D and support domestic solar industry.
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Figure 27 Average Solar Radiation

Source: Using data from OERC (2010) and Department of Alternative Energy
Development and Efficiency (2009)
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3.2.4.7 Geothermal

Geothermal energy is natural energy from the internal heat of the earth;
the temperature varies with respect to the distance from the earth surface (geothermal
gradient) - the deeper from the earth surface, the higher temperature. At the depth of
about 25-30 kilometers, the average temperature will be around 250-1,000°C. There
are approximately 64 geothermal resources in Thailand, but major ones are in the
northern part of the country, especially the geyser field at Fang District in Chiang Mai
Province (Figure 28).

Currently,«EGAT 1s operating-a~300-kW binary cycle geothermal
power plant at Fang District, génetating electricity at about 1.2 million kWh per year,
which helps reduce oil and«€oal consumption for power generation. In addition, other
benefits derived from theswaste heat oLf,,-hot water used in the power plant. The
temperature of hot water, after being us‘ed_in the power plant, will decrease from
130°C to 77°C, which gan be usea for d‘iymg agricultural products and feeding the
cooling system for EGAT's site-office s’p‘-a'cé' Seme other non-energy uses of hot
water from geothermal sour€es aré for physrcal therapy and tourism (Energy Policy
and Planning Office, 2010e). Due to hmﬂ;.éd ‘geothermal resources in the country,

Thailand has small potential to produce mofe renewable energy from this area.
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3.2.5 Transmission and distribution

Electric power is brought from the power generating plant to the end
user through a complex system of high-voltage, medium-voltage, and low-voltage
power lines that are collectively known as the grid. The grid was never “designed” in
the sense that a group of sophisticated engineers looked over the entire county’s
collection of power plants and load centers and laid out an optimized system of wires
to connect them all (Figure 29). On the contrary, it mainly just grew from what we
had years ago by adding a patchwork of transmission lines to get the power to load
centers that changed over time. Generating plants used to be near cities and the grid
was mainly local. Power plants were then moved away from cities as real estate

values went up, and the gridbegan to stretch out (Richter, 2010).
\
Most grid-management Systems aim. to- transport electricity over as

short a distance as possible.JIn/many. larnglcountries, the overall system consists of a
number of separate gridsy sometimes w1th ci‘hite different characteristics, that can be
linked together (Chi-Jen, 2009; Hammeré;ihlag, Pratt et al., 2007; The International
Energy Agency, 2005; 2009b). The Intefi:éti_c)nal Energy Agency (2009b) reported
much more electricity is produced than 15%\/13:’5 used. Transmission and distribution
(T&D) losses and direct use in-power plants 'e-quJates to 14.3 percent of the electricity
produced worldwide «(8.8% 1s lost through T&D —whieh-includes commercial and
technical losses). While losses are significantly higher in developing countries, in
absolute terms, the United States and Europe lose the most electricity — because of the
sheer size of their electricity marketss, The.two most-efficient countries are Canada
and Japan, with_losses‘ef only 9 to-1'l percent. For-Thailand, EGAT (2010a) reported
T&D loss in EGAT, MEA and PEA transmissiofisline only 2.5,73/6 and 5.1 percent

respectively.
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Figure 29 Distribution of Transmission Line

Source: Using data from Office of the Energy Regulatory Commissioner
(2010) and Electricity Generating Authority of Thailand (2010a)
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3.3 Summary of Findings

Thailand is facing an urgency to enhance its energy security and
capacity to cope with global warming impacts, as demands on fossil fuel consumption
keep rising. This paper reviewed the latest situation on renewable powers and
developmental strategies toward low carbon electricity generation in Thailand.
Government recently has spent tremendous financial and legislative supports to
promote the uses of indigenous renewable energy resources and fuel diversification
while contributing in reduction of global greenhouse gas. Major policy challenge is on
which types of renewable energy should be“inere pronounced to ensure sustainable
future of the country. Regiens in Thailand present-different potentials for renewable

supply on biomass, muni€ipakwastes, hydropower, and wind.
|

To maximize renewable energy development in each area, location is
matter. Currently, energy.derived biomass is widely utilized within the country,
however if droughts happen more ofteﬁ, aﬁd severe, it will not only affect food
security but also energy sgcurity. Life cyc'l;é';o’f‘ biomass energy production may cause

-

other social issues on land and, chemical ques Meanwhile, deployment of wind and
solar energy has been slow and needs to sp?éd. up to the large extent in comparison
with energy proportien from biomass. Nuclear _ﬁ[){)ver has already been included in the

Thai power developmeﬁplan 2010 (PDP-2010).

Next chapter, I reviewed the electricity ‘€xpansion policy that include
Power Development Plan (PDP), Alternative' Energy Development plan (AEDP), the
concept of low [carbon electricity abatément and_emission scenario to understand

Thailand’s characteristics under different assumption.



CHAPTER IV
ELECTRICITY EXPANSION POLICY AND PROSPECT FOR LOW
CARBON ELECTRICITY DEVELOPMENT

4.1 Thailand’s electricity expansion policy

This section reviewed the ‘electricity expansion policy that include
Power Development Plan (PDP), Alternative Encigy Development plan (AEDP), the
concept of low carbon electricity abatemeit and-emission scenario to understand

Thailand’s characteristics under different assumption.

4.1.1 Power DevelopmentPlan (PDP) .

The cheice of felectricity “generation. technologies not only directly
affects the amount of C@; emission from:"ghé power sector, but also indirectly affects
the economy-wide CO, emission. It is be(;éu's'é electricity is the basic requirement of
economic sectors and final ¢onsuinptions wit‘hm the economy. In Thailand, although
the power development plan (PDP) has bee;n j;),;ianned for the committed capacity to
meet the future electricity demand, there é%éébrhe undeeided electricity generation
technologies that wallbe studied for technological: options. Thailand Power
Development Plan 2010 — 2030 (PDP 2010) was formulated by the Electricity
Generating Authority of Thailand (EGAT) under the policy framework of the

Ministry of Energy, in‘terms)of reliability of powet supply, fuel diversification, power

purchase from neighboring countries, and power demand forecast, etc.

To power [future energy supply, Thailand-issued“the-20 years Power
Development Plan covered a period 2010 to 2030 (PDP-2010), to enhance reliability
of power supply, fuel diversification, power purchase from neighboring countries,
power demand forecast and others. The PDP-2010 was approved by the National
Energy Policy Council (NEPC) and endorsed by the cabinet in April 2010. The PDP-
2010 aims to reduce the country’s dependence on natural gas from 68.2 percent to

55.6 percent in 2030 while increasing the use of renewable fuel from 14.7 to 19.0
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percent and nuclear to 5.3 percent (Electricity Generating Authority of Thailand,

2009).

At the same time, the use of lignite will be cut from 9.0 percent to only
6.3 percent. If the plan remained unchanged, the power system would reflect with
high reserved margin. Furthermore, the power development projects in Lao PDR,
which tariff MOU have expired or were terminated, are required to review and re-
negotiate their proposed tariff. Under PDP-2010, the total install capacity is 36,335
MW and the total capacity of tetirement of oldpewer plants is 19,973.7 MW which is
divided into 3,046 MW of EGAT thermat=power plants; 4,776 MW of EGAT
combined cycle power planis;2,926.6 MW of Thermal IPP power plants and 9,225.1
MW of IPP combineeyclerpower plants (Electricity Generating Authority of
Thailand, 2010b). For mere details on PDP 2010 see also in Appendix D.

4.1.2 Alternative EnergyDevelopmeént fjlan (AEDP)

Renewable energy systemsf‘glr_,.eady reduce greenhouse gas emissions
from the energy sector, although ' on a rr_lpgest scale. As an agricultural country,
Thailand is full of agricultural’ products, HigH-"potential for all types of renewable
energies exists in the country. and strengi_he'n the national energy security. The
Ministry of Energy has launched an ambitious program to increase investments in
renewable energy c¢:g. wind, solar, biomass, and other clean renewable energy
sources. Ministry has also initiated the 15-Year Alternative Energy Development plan
(AEDP) from 2008 to 2022 to speed up the important of renewable energy usage.
These policies willéptomote enetgy security: of \the kingdom by reducing energy
imports and increasing energy resources, building competitivegenergy market for
sustaindble economic ‘growth, and help reducing the emission of greenhouse gases in

the long-run (Ministry of Energy, 2009).

The Energy Industry Act, BE 2550 (2007) came into force on
December 11, 2007 and established a new regulatory regime for electricity and
natural gas business. One of the main objectives of this act includes promotion of the
use of renewable energy. The cabinet approved a 15-Year of AEDP on January 28,
2009. The announced goal is to speed up the utilization of renewable energy to

constitute up to 20 percents of total energy consumption by 2022. Policies that came
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out from the plan will promote energy security of the kingdom by reducing energy
imports and increasing domestic energy resources, building competitive energy
market for sustainable economic growth, and help reducing the emission of

greenhouse gases in the long-run (Ministry of Energy, 2009).

For increase sharing of renewable energy mixed to 20% of the final
energy demand in 2022, the AEDP is divided in to three phases: the short term from
2008 to 2011, the mid-term from 2012 to 2016, and the long term from 2017 to 2022.
The AEDP detailed target for electricity’ géneration from renewable sources is
summarized in Table 7. The short-term focuses-on extending renewable energy
proportion to 15.6 percent.of the total -energy consumption by promoting of proven
renewable technologies.and high<potential renewable resources such as biofuels and
thermal energy generation from biomass and biogas with full financial supports. The
mid-term expansion goalds to boost up r.e‘{{éwable consumption to 19.1 percent of the

total energy consumption,

The mid-term strategy is c:(-inééntrated on the efforts to promote the
renewable technology industry, to- supporﬁihﬁ: new renewable technology prototype
development to make it economicélly sounél,—’;cg encourage cutting-edge technologies
in the biofuels production-and the green c1ty model development, and to strengthen
the local energy production: The long-term development goal is to develop the
renewable energy at720.3 percent of the total encrgy Consumption. The long-term
development plan focuses on adoption of economically viable cutting-edge renewable
technology including the! furthér inipleinentation of'the gréen €ity and decentralization

of the technology to local community, as well as on promotion Thailand to become

the ASEAN biofuels and renewable energy technology.hub.



Table 7 Target for Electricity Generation of Renewable Energy from
2008 to 2022
Unit (MW) Actual Target

2009 2008-2011 | 2012-2016 | 2017-2022
Biomass 1,610 2,800 3,220 3,700
Mini/micro hydropower 56 165 281 324
Municipal solid waste 46 78 130 160
Solar 32 55 95 500
Biogas 5 60 90 120
Wind 1 115 375 800
Total 1,750 3,273 4,191 5,605
Source:

Ministry of Bancrgy (2009) and EGAT (2010b)

4.2 Abatement opportuniiesfor low carbon eleciricity development

Energy modeling is a pophlar and widely used approach to identify the
energy consumption, polliition /emissions, technology pathway, energy policy and
global scenarios. Scenarioplanning is a u‘;eful approach to design and plan long-term
electric infrastructure to‘cope with the un(;e_rtain future demand for power (Ko, Huang
et al., 2010; Mulugetta, Mantajit-‘ et al. 2007) Randolph and Masters (2008) discuss
on three complicating factors “forl ‘impler‘l;g‘:;;‘t,‘,;,low carbon emission policies. First,

progress is slow toward alternatives to con\_@tipnal fuel and reduces demand growth.

i

We are nearly as dependent oﬁ’-fossil fuelsJ ﬁc;w as we were in the 1970s. Although
demand growth in dre)}ac')m%s'has slowed, it offsei by the increasing demand
in the developing Worlgi. World energy usage nearly doubled from 1975 to 2005, and
we remain dependent onsfossil fuels, especially oil. Second, transition to sustainable
energy faces barricrs to- change, ineluding uncertainty about supply options and their
impacts, economic and political interests that fight to protect their status quo, and
consumers” resistant té' change their behaviot.|Constimeérs continué'to desire bigger

cars andthouses and more energy-consuming products. Lastly, time is short.

Over the past three decades, the economy and environment have
provided clear signals that our energy patterns are not sustainable. Despite these
warnings, we have done little to alter our patterns of use. The international
community has begun to assess a range of possible options for strengthening the
international climate change effort after 2012. Thailand also does its best to help

reduce global GHG targets while (minimizing impact on) maintaining economic
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growth. This study analyzed the realistic implementation potential for GHG emissions
reduction from electricity sector in Thailand. Comparison mitigation options are

crucial to identify cost-effective alternatives for the country.

4.2.1 Framework for identification of emission abatement opportunities

Emissions abatement in the Power sector is achieved by reducing
demand for electricity, or by replacing fossil-fuel power generation with low-carbon
alternatives. To identify the contributions’ and the challenges of establishing a
sustainable energy supply system, three scetiatios‘are prepared in this research, which
includes Business as usual (BAU), with nuclear scenario (WNC) and without nuclear
(NNC) electricity development options. Appendix B explained detailed assumptions
in the study. This study presents three scenarios for Thailand’s energy consumption
and related carbon dioxide'emissions up te 2030. It explains the crucial technologies
for Thailand as it leaves‘a business-a§1u§_ual trajectory and joins a low carbon

pathway.

The energy modeling techniques was employed to quantitatively
analysis all three scenarios and‘¢ompare am@g‘.'-éach scenario. Each scenario is linked
to frame particular policies and deﬁneéj_-!_t'he supply side characteristics and
assumptions used. ln order to assess the carbon dioxide eémissions reduction potential
of Thailand’s electricity sector, this research employs three scenarios based on the
“Long-range Energy-environment Alternatives Planning” (LEAP) software
framework, deyveloped by ‘the Stockholm Environment Institute at Boston Center to
simulate the different development.paths in'this sector. However, scenario analysis is
not a prediction of the future; it ds a valuablestool for explering the impact of
particular sets of ‘policiés on énergy. and emissions. The scope of the modeling
exercise was restricted to energy and energy-related greenhouse gas (GHG) emissions
(predominantly CO;). The major sources of energy consumption and emissions in

Thailand — industry, buildings and transport — are captured in the analysis.

For cost estimation from power generation, cost data were collected
from 43 power plants. This comprises 4 coal-fired power plants, 19 gas-fired power
plants, and 20 plants based on other fuels or technologies. The cost estimates

presented in the study were calculated based on the International Energy Agency
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(IEA) (2010) methodology, using input parameters provided by literature reviews, site
visiting, and interviewing. The data provided for the study highlight the increasing
interest in renewable energy sources for electricity generation, in particular in
combined heat and power plants. The technologies considered were all conventional

boilers except two advanced integrated coal gasification plants.

Most of the coal-fired power plants for which cost estimates were
provided would be equipped with pollution control devices that reduce atmospheric
emissions of sulfur and nitrogen oxides, dustsand particulate. Hydropower plants are
excluded from this study-because their costs.are site specific and, therefore, not
relevant for comparison to.ether alternaﬁves in the framework adopted (More details

of cost calculation described m"Appendix C).

4.2.1.1"" Refergnge seenario(BAU)

The BAU ;scenatio represgnts the energy pathway that is implied of
current energy policies, supply and demaﬁc_l_s ];rend in Thailand persist. This scenario
will also take into account current and arit_i*_cjpated government policy related to the
power sector and how these policies actuall}}_éhépe the direction of the sector in future
(Mulugetta, Mantajit et al., 2007). The aimf_-c)_fj BAU scenario is to show the future
through the prism of current policies and strategies, and delineate the relationship of

the power sector with*political economics and environmental institutions.

The BAU . scenario computes energy consumption and emissions for
the base year (2010). The BAU scénario was designed acéording to the assumption of
the PDP-2010 energy development plan and time period covers up to 2030. The
growth~ingelectricity demand.prejectionpsof this-scenario, requires a; corresponding
increase in'electricity generation; capacity, types of power plants'likely to be added,
on the mix of electricity generation capacity, output over the study period and
summarize the implications of BAU case electricity sector development on the

emissions of greenhouse gases from the electricity sector.

In BAU scenario, the total install capacity is 65,547 MW and the total
capacity of retirement of old power plants is 19,928.70 MW which is divided into
3,046 MW of EGAT thermal power plants; 4,776 MW of EGAT combined cycle
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power plants; 2,926.6 MW of Thermal IPP power plants and 9,225.1 MW of IPP
combine cycle power plants (Electricity Generating Authority of Thailand, 2010b). At
the same time, the use of lignite will be cut from 9.57 percent to only 2.47percent;
however proportion of bituminous will be increased from 7.54 percent to 21.15
percent during the plan. Nuclear power plants will be constructed up to a maximum of
five new units. The first new commercial operation will begin from 2020 onwards and
then one new unit every 2 years until 2030 (Electricity Generating Authority of
Thailand, 2010a). As illustrated in Table &/t is assumed that final energy demand

continues to rise in the long run.

4.2.1.2 _Fhe'With-nuclear scenario’(WINC)

Purposes ofithesabatement scenarios focuses on how the power sector
could reduce its emissions©f greenhouse gases and other pollutants by reduce energy
demand, switching to dow garbon entission fuel and changing technologies. Increased
investment in energy efficiency would take place mostly in those technologies that
use oil products, or natural gas or that use ‘el:ec"t'ricity in countries where gas represents

I

a substantial share in the power generation mix.

Early this year, EGAT in .-'T_c'o_ioperation with a research institute,
conducted an opinion_poll asking about 40,000 citizens their feelings towards nuclear
power plants. Most réspondents supported the construction of the plants, with a few
disagreeing out of safety concerns. EGA'T has to speed up the delivery of a clear
message to people - especially those in the“16 places listed for establishing a nuclear
plant - that nuclear¢power ds a clean [energy and does not pollute the environment
(Thongrung, 2010). However, nuclear power generation has been gonsidered by many
policymakers to be ‘the most important technological ~options, and Thailand has
availability to reduce national green house gas emission. The future of nuclear power
will therefore depend on whether it can meet several objectives simultaneously such
as economics, operating safety, proliferation safeguards and effective solutions to
waste disposal. Within 2012, the cabinet will make the final approval on the
construction of the first nuclear power plant based on the results of the feasibility

study on infrastructure information, utility and public acceptance.
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The “With-Nuclear” (WNC) demonstrates an overview of alternative
energy utilization in Thailand in several aspects including technological and
supplying potential, including biomass, biogas, municipal solid waste, hydropower,
wind, solar, geothermal and nuclear energy to check out in reality how obtainable for
Thailand to achieve the latest AEDP target leading toward a low carbon electricity by
promoting renewable energy in 2022. On the other hands, the “Without-nuclear”
(NNC) differs from With-Nuclear scenario in that it incorporates the following aspect
(Table 8). First, increase proportion of renewable energy in electricity generation
increase from 4,191 MW (14.07 %) in 201010°9,085 MW (19.98 %) in 2030. Refer to
the AEDP target, the Wath=Nueclear scenarto. Second, implementation of demand
reduction from 2010 at 15.pecicents within 2030 and electricity consumption in
Without-Nuclear scenario_is projected to reduce from 152.95 TWh in 2010 to 295.75
TWh in 2030. Third, this séenario includes and substitution of some of the candidate
fossil fuel plants by reméwable energy basedlplants under AEDP Plan target (800 MW
of wind, 500 MW of solar, /160 MW of :MSW, 120 MW of biogas and 3,700 MW

from biomass respectively).

The WNC scenario-differs from ' BAU scenario in that it incorporates
the following aspect (Table 8§). First, ina;ésg_ proportion of renewable energy in
electricity generation- increase from 43.85 TWh (8.81%) in 2010 to 131.21 MW
(13.59 %) in 2036¢ Refer to the AED target, the“WNC scenario. Second,
implementation of demiand reduction at 15 percents within 2030 (70.30 TWh) and
electricity consumption ineWNC scenario ‘is’ projected to reduce from 468.70 TWh
under BAU scenario/in 2030 to 398.40 TWh under WNC in 2030. Third, this scenario
includes and substitution of some of the candidate fossil fuel plants by renewable
energybased plants 'under AEDP target. Under WINC sc¢enario, the total capacity of
retirement of old power plants is 19,928.70 MW which is divided into 3,046 MW of
EGAT thermal power plants; 4,776 MW of EGAT combined cycle power plants;
2,926.6 MW of Thermal IPP power plants and 9,225.1 MW of IPP combine cycle
power plants (Electricity Generating Authority of Thailand, 2010b). At the same time,
the use of lignite will be cut from 9.57 percent to only 2.88 percent; however

proportion of bituminous will be increased from 7.54 percent to 17.47 percent during

the plan.
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Table 8 List of Scenarios in This Study
Scenario Policies and measures Scenario description
Scenario 1: Follows continuous Of the three scenarios, this is the most
Baseline trends in existing conservative in project technical development in
scenario technologies and the electricity sector.
(BAU) policies.
Growth of demand in residential, commercial and
industrial to follow Load Forecast Report 2010,
reduced reserve margin from 28.10 % in 2010 to
15.0£6f12030.
ELectricity expansion and fuel diversification
follow PDP-2010 electricity development
pathways.
Scenario 2: Maxinuze growthof | Reduced eleetricity demand 15% at 2030 when
With-Nuclear | renewableencrgyand co'mpared with BAU scenario by implementation
(WNC) nuclear energy demand side management, energy efficiency
poliey, renovation of existing electricity plants to
inci}tas'e output per unit of fuel or energy input
andxeplacement of older, less-efficient plant with
latest technologies.
£ )
Maximizewtilization of low carbon content fuel
o renewable energy, hydropower and nuclear in
fuel mixed to reach Alternative Energy
7 Development plan (AEDP)’s target
Scenario 3: Maximum growth of | Same energy demand as With-Nuclear scenario
Without- renewable and no and increase proportion of renewable energy. But
Nuclear nuclear this scenario represent expansion pathway if
(NNCO) nuclear development cannot implement because
of unaccepted by public.

4.2.1.3 _The Without-nuclear scenario (NNC)

Under Without-Nuclear (NNC) scenario, the total capacity of
retirement of old power plants is 19,928.70 MW which is divided into 3,046 MW of
EGAT thermal power plants; 4,776 MW of EGAT combined cycle power plants;
2,926.6 MW of Thermal IPP power plants and 9,225.1 MW of IPP combine cycle
power plants (Electricity Generating Authority of Thailand, 2010b). At the same time,

the use of lignite will be cut from 9.57 percent to only 2.91 percent; however
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proportion of bituminous will be increased from 7.54 percent to 25.20 percent during

the plan.

4.3 Results from energy modeling

4.3.1 Impact on energy consumption

Over the study period, the electricity generation is projected to rise to
468.70 TWh by 2030 in order to meet BAU electricity demand (plus transmission and
distribution losses), implying an average anntial'growth rate of 2.97 percent per year
from 2010 to 2030. Demand for electricity 1s expected to rise sharply over the coming
two decades with nearly179.6 1% increase predicted between 2010 and 2030.1n 2010,
over 74.09 percent of“thes€leciricity, generated to power Thailand’s economic
recovery was derived from mnatural gas (L_Ta}_ble 9). The remaining balance came from
lignite (and coal), hydre and oil-fired péy\}er stations with a small, albeit important,

proportion of electricity imported from neighboring countries.

By 2030, the BAU s'cenari(-_j: ':'r;e{i-‘eals that the share of natural gas drops
to about 52.79 percent, coal increases its shai"e to 23.62 percent; however, due to the
low quality of Thailand’s coal resources 1 —the Northern part, in this scenario the
incremental growth in coal will have to be 1mported and setirement of thermal plants
using coal. The posmvemon of coal is somewhat tempered when viewed
from an env1ronmental stand point. Under BAU scenario, renewable entering the
picture as an 1mportant contributor to overall electr1c1ty generation; moreover,
government’s [plan; to increase the share ofjrenewable energy systems to 20.30% by
2030 to whichfhydro, solar and wind make modest contributions. Moreover, the
generationifuelmix-of T hailand undernBAUsecenarionin 2030-wilhbei23.62 percent of
coal, 52,79 percent of natural gas, '11.44 percent of ‘nuclear power and about 12.15
percent fuel for generation based on other indigenous resources including,
hydropower, geothermal, wind, solar and biomass. Diesel and natural gas fired power

stations contribute 7.9% of total electricity power in 2030 as illustrated in Figure 30.
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Table 9 Composition of Energy Supply Compared with Base year
Base year Capacity at 2030
Fuel 2010 BAU WNC NNC
MW % MW % MW % MW %

Natural Gas 21,378.00 | 71.76 | 28,692.00 53.62 | 23,048.78 50.68 | 24,335.78 53.51
Coal 3,897.00 | 13.08 | 10,827.00 20.24 8,026.47 17.65 | 11,029.48 24.25
Oil 320.00 1.07 315.00 0.59 315.00 0.69 315.00 0.69
Diesel 4.00 0.01 4.00 0.01 4.00 0.01 4.00 0.01
Renewable 4,191.00 | 14.07 8,667.00 16.20 9,085.00 19.98 9,795.00 21.54
Hydropower 3,453.94 | 11.59 4,138.00 7.73 3,663.94 8.06 3,777.94 8.31
Wind 163.32 0.55 475.19 0.89 963.32 2.12 963.32 2.12
Solar 65.61 0:7% 1,218.09 228 815.61 1.79 565.61 1.24
MSW 79.53 O] 118.27 0.22 239.53 0.53 239.53 0.53
Biogas 22.18 0.07 638.38 0.13 136.18 0.30 142.18 0.31
Biomass 406.43 1.36 2,649.07 4.95 3,266.43 7.18 4,106.43 9.03
Nuclear 0.00 0400 5,000.00 9.34 5,000 10.99 0.00 0.00
Total 29,790.00 100,00 |7 58,503.00 | "100.00 | 45.479.25 | 100.00 | 45,479.25 | 100.00

i -

it

Compared with abatementa’scenarlo the growth in electricity demand

projection in With-Nuclear (WNC) and ‘Without Nuclear (NNC) scenario were
reduced energy demands in BAU seenario usmg energy efficiency improvement at 15
percent of total energy at 2030 ‘of 70.30 TWh_When compared with BAU scenario. In
the With-Nuclear (WNC) Seceénatio; the eleetrlcﬁy demand generation must rise from
260.96 TWh in 2010 -t0-397:40-FWh-in-2030-in-order to meet WNC electricity
demand (plus transmission and distribution losses), implying an average annual

growth rate of just undér 2.14 percent per year from 2010 to 2030.

For fuel'shared in WNC scenario, the electricity generation by natural
gas consumption' of WNC scenario will remain dominant, which accounts for 369.48
TWh in 2010 t0413.78 TWhin-2030 while  nuclear/and rénewable energy sources
supply 109.50 and 131.21 TWh of electricity in this scenario until 2030. The
generation fuel mix of Thailand under WNC scenario will be 20.35 percent of coal
(2.88 percent from lignite and 17.47 percent from bituminous), 50.36 percent of
natural gas, 9.53 percent of nuclear power and about 15.97 percent fuel for generation
based on other indigenous resources including, hydropower, geothermal, wind, solar

and biomass as illustrated in Figure 30.
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4.3.2 Impact on energy-related greenhou:s_e. gas emissions

The evolution of greenhoﬁrséigas emissions from power generation,
measured in terms of tones of carbon di@&é equivalent (tCO,-eq.), shows three
distinct patterns representing the- different scenarios. As the development process
continues, each scenario will experience decreasing enorgy intensity and carbon
dioxide intensity. This is because energy-saving practices and environmental
protection awareness ‘have influenced each sector’s development plans, rendering
these measures..as, basic principles ,that all” observe..However, when we compare
amongst the three scenarios, an obwvious ‘trénd emerges, namely that more aggressive
scenarios have lower energy and carbon dioxidesemission intensity. From all of the
energyand ‘carbon,dioxide emission intensity pesspectives in 2030, ' when compared
with BAU scenario both abatement scenarios can affect an even greater reduction, the
WNC can reduce 161.78 MtCO;-eq or 15.95 percent and NNC pathway can reduce
116.78 MtCO,-eq or 10.88 percent when compared with BAU scenario.

Table 10 illustrates the contributions of each carbon dioxide emission
reduction activities. The BAU scenario represents the most conservative emissions
projection, this scenario shows that if no controls were made in Thailand from 2010 to

2030, there is likely to be 1.11 million tons more carbon dioxide emitting from
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Thailand’s electricity sector every year. Over the study period of BAU scenario the
amount of greenhouse gases emissions increase from 118.97 MtCO, in 2010 to 141.07
MtCO; in year 2030. However, natural gas is the cleanest burning of fossil fuels and
its utilization has increased dramatically in many part of the world during the last two
decades. Of the total power sector emission in Thailand as of 2030, nearly 80.71
percent of the GHGs emissions come from natural gas combustion (113.86 MtCO,-
eq), 17.61 percent from coal based (1591 MtCO,-eq or 11.28 percent from
Bituminous and 8.93 MtCO,-eq or 6.33 pergent from lignite), and 1.38 percent from

oil based, as shown in Figure 32 and Figure 33:

)

Table 10 Carbon diextde Emission Comparison Summary
- | Year .
Scenario 20 j}f o1sl 2020 2025 2030 (201TOO-t2aé30)
y L3
Emission (MtCO,-eq) y -
BAU 118.97 .136.28,‘ QBT 27.12 141.07 2,505.63
With-nuclear (WNC) 11887 130.894,  126.73 109.43 117.78 2,289.73
Without-nuclear (NNC) | 11897 |, 13065 | . 127.81 114.99 124.68 2,337.69
Cost of electricity , '
(million USD) — =3
BAU S4477673.83 355.89 2,571.22 | 3,750.44 33,918.03
With-nuclear (WNC) AL 1674.40 —1,099_85 2,213.73 | 3,096.04 29,097.61
Without-nuclear (NNC) - 66423 | 946.04 1,826.22 | 2,649.15 25,428.22

In the- alternative scenarios under PDP-2610 thermal power plant at
capacity of 5,972.6 MW and 14,001 MW of combined cycle power plant were
decommissioned (illustrated;ifi Table 10)~The replacement of these amounts comes
mainly from natural gas and renewable energy in both abatement scenario and from
nuclear-energy.sources,(mainly).in the case of the' WNC, scenario. The with-nuclear
scenario (WNC), “which' considers' the' current hational-~and sectoral polices, can
achieve emission reduction of 118.97 MtCO, in 2010 and 117.79 MtCO, in 2030. The
without-nuclear scenario (NNC), which considers the current national and sectoral
polices, can achieve emission reduction of 118.97 MtCO; in 2010 and 124.68 MtCO,
in 2030.
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In the alternative scenarios under PDP-2010 thermal power plant at
capacity of 5,972.6 MW and 14,001 MW of combined cycle power plant were
decommissioned (illustrated in Figure 34). The replacement of these amounts comes
mainly from natural gas and renewable energy in both abatement scenario and from
nuclear energy sources (mainly) in the case of the WNC scenario. The with-nuclear
scenario (WNC), which considers the current national and sectoral polices, can
achieve emission reduction of 118.97 MtCO, in 2010 and 117.79 MtCO, in 2030. The
without-nuclear scenario (NNC), which co_ps}ders the current national and sectoral
polices, can achieve emission reduction of | 1:81§TZMtC02 in 2010 and 124.68 MtCO,
in 2030. 4

Emission (tCO;-eq)

119.0 /
Biomass-. 4
Bituminous ﬂ

Lignite 18.0
Diesel— 20

. / , 872
Natural gas 85.3 ) 93311
Y -t
I =
- r '_L
i
2010 BAU NNC WNC

Figure 34 Comparison of GHGs emission.ef three scenarios in 2030

4.4  Abatement cost comparison

The question of how much tackling climate change is going to cost is a
recurrent issue in today’s global discussion about how to transition to a low-carbon
economy. How large will capital investments need to be? Which sectors offer the
highest returns on those capital outlays? Answering such questions is one of the main
objectives of our research and our analysis allows us to assess not only the cost but

also the opportunity of investing in carbon abatement. Many of the measures we have
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identified can be captured at a relatively low cost and many would even produce a
positive net return. In aggregate, our research indicates that future energy savings
compensate for a huge share of the initial investments of an ambitious abatement
drive, if the most cost-effective abatement options are pursued. It also demonstrates

how much can be saved through policy that incentivizes the lowest cost alternatives.

As mentioned in previous chapters, this is not to say that the
implementation of such an abatement program will be easy. On the contrary, as
described in Chapter 3, it will require a significant mobilization challenge to capture
the opportunities that we have identified, It is alsodikely that shortfalls in realizing the
low cost options will mean.that higher ctost alternatives will have to be pursued. There
will also be transaction and pregram costs as well as dynamic macro-economic effects
that we have not included fin/our anélysis. Abatement costs are defined as the
incremental cost of a low-emission técﬁnology compared to the reference case
(BAU), measured as USD per tCO,-eq 'z}ba'ted emissions. Abatement costs include
annualized repayments”for/capital expenditure and operating expenditure. The cost
does therefore represent the pure “projeé@ic.:ost” to install and operate the low-
emission technology. For calculation of cdrbéi_il dioxide emission saving, this study
use methodology based on IEA(The Iﬁtér_r}atjonal Energy Agency, 2009c) for
calculating carbon dioxide emission saving under différent of emission reduction
options then chart the'marginal abatement cost curve (MACC) which is the valuable
tools for driving forecast of carbon allowance prices, prioritizing low carbon
investment opportunities and shaping polie€y discussions around a national climate

strategy (Bloombertg New Energy Finance, 2010; Ellerman and Decaux, 1998).

Numbers of cost and,econeomic.assumptions, are made to construct the
scenarioS. The abatement'poteitialis the amount of carbon‘dioxide emissions avoided
each year using the new technology, more efficient machinery and fuel substitution to
low carbon sources. Table 11 provides fuel prices (based on 2010) assumed in
scenarios for estimated electricity generation cost under different scenario
assumption. From emission estimation shows 194.62 MtCO, of abatement in 2030 in
WNC development pathway at a cost less than $17.29/ton and WNC and NNC the
abatement cost are 146.66 MtCO; and $27.89/ton respectively.
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Table 11 Cost Comparison between Three Scenarios
Scenario Year Total
2010 2015 2020 2025 2030 (2010-2030)
Cost per kWh
(USD/kWh)
BAU - | 202.252 104.964 49.438 37.615 73.873
With-nuclear (WNC) - 194.091 115.225 49.431 38.043 78.691
Without-nuclear )
(NNC) 196.691 135.104 62.967 47.063 91.933
Emission per MWh J f
(tCO,/MWh) P
BAU 0.456 042507270391 | 0333] 0301
With-nuclear (WNC) | _0.456 0.424 0406, 0323 0.296
Without-nuclear SOHEC |
AS50a":0.423 0.41T0%* 0.339 0.313
(NNC) 7
BAU vs. WNC A a5 S99 1638|2198 1194.62
reduction |
% reduction - 412 & -4.02 -16.17 -19.77 -9.43
NPCWNC - NPCBAU -
(Billion USD) 0.36
Abatement cost TJ-,
(USD/CO,-¢q) i = 7.29
BAU vs. NNC 'l e e
reduction oAb 4.825&:_ 2.70 10.82 15.09 146.66
P e i
0 - S 1rld
/o reduction =3 314| 1054| 13.15 7.18
NPCNNC = NPCB AU "‘-;r'"';'fi‘: !‘-‘_}:-1. -
(Billion USD) b £ 0.09
Abatement cost ~ == :rj
(USDACO,-eq) E - 7.89

4.5 Summary of Findings

Thailand is facing an urgency to enhance its energy security and

capacity. to.cope, with global warming impacts,.as.demands on.fossil fuel consumption

keep rising. "This“paper’ reviewed- the' latest 'sitaation’~on renewable powers and

developmental strategies toward low carbon electricity generation in Thailand.

However, there are also many opportunities to reduce emission and these options fall

into four board categories: renewable energy, carbon capture and storage (CCS),

nuclear energy and demand reduction through energy efficiency. The emission

abatement potential in power sector is achieved by various groups of abatement

measures as follow. First, implement energy efficiency improvements and demand

reduction. The 468.70 TWh of electricity demand in the BAU would be reduced to
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398.39 TWh if all electricity saving measures were realized in electricity consuming
sector and the total net emissions saving from this approximately 119.91 MtCO,-eq in
2030. Second, diversification to low carbon sources fuel in short-term and long-term
fuel switching. There are many promising renewable energy technologies and the key
technologies providing abatement are wind, solar photovoltaic (PV), biomass,
geothermal and hydropower. Then expansion of nuclear energy in fuel mixes and

lastly, introduced CCS technology that can be used to address the emission from large

"‘ ”y
Next chap aten e@nﬁies and identify barrier and
| —

constrains for low carb - developmentin Thailand were presented.

point sources.
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CHAPTER V
CONSTRAINS FOR LOW CARBON
ELECTRICITY DEVELOMENT

5.1 Important constrains hindering the low carbon electricity development

The power industry plays a unique role in climate change, being by far
the largest sector both in emissions and eppoOrtunities to reduce them. However,
power sector has many characteristics that make implementation of greenhouse gases
mitigation less challenging tham in most other sectors. First, this sector consists of a
relatively small numbet of large companies. which arc used to regulation and to take
regulatory incentives.anto account when prioritizing 1nvestments. Second, consumer
implications are relatiyely limited (excei;t for a potentially higher electricity price)
and third, compliance isfcomparatively éasgl to measure and monitor (Blyth, 2010;
McKinsey and Company, 2009). Reduciné-:,.the GHG intensity of energy will require
development and deployment of imajor bfé'ékthroughs in energy efficiency, demand
reduction, fuel diversify to lower émissioniélféﬁ as renewable energy, nuclear, clean
coal, capturing GHGs emission-with carboif"c’:‘épb‘ture and storage (CCS). This chapter
aims to present important-and-potential-roles-of low-carbon electricity development
based on current GHG emission abatement opportunities and options for promoting

low carbon electricity in Thailand.

This section examined why low carbon electricity development are not
fully implemented. Constrains related to regulation, nature of electricity development,
technical and economic iSsues-ateidentified. Understanding ‘thesciconstrains are very
important parts led to future improvement of the functions and success of low carbon
electricity development. Major number of obstacles inhibiting the expansion of low
carbon electricity development can be divided into three categories: regulatory-related
barriers; technical and environmental-related barriers and economic-related barriers.

The following sections describe each category in more detail.
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5.2 Institutional Constrains

Politics and regulatory on energy and environment are key factors that
could accelerate or delay the development. The most obvious barriers relate to the
inconsistent political support for renewable energy development. Unlike subsidies and
incentive for conventional fuel technologies, policies aimed at encouraging renewable
energy have changed frequently; despite of high potentials to generate electricity from
renewable sources in Thailand, these policy uncertainties prolong the speed of
development and wide adoption of renewable. energy. To be a force for change,
governments must help to-reduce uncertainty dor investments in higher cost. By
supporting in the following-areas will Lemove barriers and uncertainty, facilitate the

establishment of efficientmackets, and drive technological innovation and investment.
|

To reducing / the poli_cy inconsistency between government
organizations (in numbers) and policies’ that promote clean energy expansion in
regulation (siting and ligénsing), generatiﬁ"gna' (typically fueled by renewable energy);
financial support (e.g. fuel subsidize, soff‘3"'ldans, etc.) and expansion policies. For
example, to obtain licenses for pewer plant‘é:t Construction and operation required a lot
of processes before obtained the license. Pdrwié!]flplants shall obtain (1) license for the
energy industry operation'®, (2) licensed from. Department of Industrial Work for
Industrial Operations(3) Environmental Mitigation Mecasures of Environmental
Impact Assessment (EIA), under section 46 of the Enhancement and Conservation of
National Environmental Quality Act 1992 (B.E. 2535) required an EIA report before

submitting forlicefise, {4) permission from-local adninisttation and (5) Health Impact

Assessment (HIA) report.

Mendonga; Jacobs et al. (2010) expressed-renewable energy investor,
manufacturer or operator already knows, the variability of policy relating to
renewable energy technologies serves as a serious impediment. Entrepreneurs seeking

investment from individuals and institutions often require consistent conditions upon

'8 Section 47 of the Energy Industry Act B.E. 2550 (2007) define roles of power industry shall
obtained license from the commissioner before starting operation. The ERC has issued 5 types of

licenses in the electricity and 4 types of licenses in the natural gas.
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which to make decisions. Forecasts of profitability (usually require data concerning
tax credits, depreciation schedules, cash flows and the like, well into the future)
introduce an extra level of uncertainty into the decision-making process when policy
makers frequently change the factors that go into these financial calculations. Most (if
not) all technologies for generating electricity will require multiple permits. These
permits are intended to consider the local impacts on the land, water, and air that
occur during the installation and operation of these technologies. Depending on the
size and location of the generating facility, permits from local zoning boards, state
agencies, and federal agencies may be requited. la the case of traditional electricity-
generating facilities, such.as-those that'use coal-and natural gas, there is a long and

evolving licensing process thathas been applied across the country.

Social opposifion or- NIMBY " effects for new power plant
development has delayedithe dofstriction of several major renewable energy projects.
While proponents cite the environmental’}l economic, and energy security benefits to
be gained from these ‘projects, opponeﬁts cite the negative impacts, which often
include potential damage to local ecosysfe;l.;rls', loss of aesthetic value to the natural
landscape, and the opportunity cost.of land use For example, biomass and biofuels
require large amounts of land. that could 1rTste_ad be used for agricultural purposes.
Hydropower is becoming increasingly difficult to locate .potential site; most major
potential sites are already being used, and ecological considerations are preventing the
exploitation of remaining ones. Siting rcnewable energy projects can also lead

environmentalists againstesone another. Although an exhaustive review of local

impacts and permitting issues 1§ beyond the.scope of this study.

Permitting issues for biomass, winid; geothermal, and photovoltaics is
discussed; ‘most of the! areas ‘that thave 'high Cpotential for> alternatives energy
development in Thailand e.g. wind, small hydropower and geothermal are belonging
to government and inaccessible by the project investor. The government has been

promoting biomass power plants among the private sector. At the present time,

' Not in My Backyard or NIMBY refer to someone who objects to siting something in their
own neighborhood but does not object to it being sited elsewhere.
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biomass power plants - most of which fall into the category of Very Small Power
Producer (VSPP), referring to a generating capacity of not more than I0MW - using
bagasse, cornstalks, woodchips, rice husk, and waste from palm trees sell electricity
to EGAT. However, government should reduce gap between different organization in
roles and activities collaborating on similar documentation requirement for shortening
complex process and long period of licensing. For biomass, geothermal, and solar, the
guidance for permitting is less well developed. Most of the opposition against
biomass power plants is based on the air pollution that results in burning the organic
matter to create energy. As well, many locals are angry that they have been left out of

the decision-making process:

Article 6Z.0f the'Constitution™ says that individuals and communities
have the right to conseave, protect' and to benefit from local natural resources and
biodiversity, and prohibits any projécts or activities which can cause serious negative
impacts to the environment, mnatural rest-)lurces and public health. The Constitution
further states that if the‘authorities want té"pprsue a project with the potential to cause
these negative impacts a eomprehensive E:I;Air'nust be conducted. This must include a
public hearing process with the patticipation of}:_locals and independent environmental
and public health organizations.: Local ;:Er_r_l_'munities can file a lawsuit against
government agencies.!local authorities or state enterprises if they do not follow the
rules. Table 12 summérizes some of the most important regulations that apply to all
large electricity generating facilitics. Local communities feel the rules are being
manipulated to deny thémsparticipation in.the process and they are distrustful of
assurances from the government and the.companies involyed that environmental
impacts will be"minimal. They feel a thorough study is essential to ensuring the

protection 'of their hfestyle and,environment.

%% Under Thai Constitution 2007 (B.E. 2550), section 67 paragraph 2, states that project or
activity which may seriously affect the quality of environment, natural resources or health shall not be
permitted, unless its impacts on the quality of environment and on health of people in affected
communities has been studied and evaluated, and consultation with the public and interested parties has

been organized.
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Table 12 Some of the important regulations that apply to all electricity generating facilities
7
Criteria Statutory Citation / /j/:;’, Law and Regulations
Siting and Defines qualifications, procedures and conditions of the Notification. of Energy Regulatory Commissioner (B.E. 2552)
Licensing application for license issued Pursuant to the Energy Industry Act B.E. 2550 issue on 12

October 2552

—

Define qualifications, procedure and conditionfor
licensing

The Ministerial Regulation, No. 19 (B.E. 2549) issued Pursuant to

| the Factory Act B.E. 2535 issue on 10 May 2549

Prescribed types of industries, rules, proeedure and |
criteria for Environmental Impact Assessment Report
Preparation

| Notification of the Ministry of Natural Resources and Environment

;(B‘.E. 2552) issued on 31 August 2552

Prescribed qualification and condition for apply =
industrial permit :

f'll-\’i'bfiﬁcation of Ministry of Industry No. 22 (B.E.2551), issued on
22.July 2551

Type and period of Energy Industry License

I@iﬁcation of Energy Regulatory Commissioner (B.E. 2551)
issued. Pursuant to the Energy Industry Act B.E. 2550 issue on 4

December255 k

Procedure for applied the Energy Industrial License |

Notification—0f Energy Regulatory Commissioner (B.E. 2551)
issued Pursuant to the Energy Industry Act B.E. 2550 issue on 4
December 2551

Defines qualifications, procedures and conditions for
COD

Notification of Energy Regulatory Commissioner (B.E. 2552)
issued Putstuant to“the Energy Industry Act B.E. 2550 issue on 12
October2552

Prescribe rule, Procedure, Method and Guideline for
Preparation of the Environinental lipact Assessment

Notification of the Ministry of Natural Resources and Environment
(BE: 2552) 1ssued on'29 December 2552

SO1
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Criteria Statutory Citation 7 Law and Regulations
Report for Project or Activity which may Seriously 7/
Affect Community with respect to Quality of
Environment, Natural Resources and Health o
Rules and Procedures for the Health Impact Assessment | Declaration of the National Health Commission (B.E. 2552)
of Public Policies
Emission Prescribed type, level and concentration of aipollution | Notification of Ministry of Science and Technology (B.E.2538),
standard emission from power plant | 1ssued on 25 December 2538

Prescribed type, level and concentration of air pollutien
emission from power plant

“Notification of Ministry of Science and Technology (B.E.2549),
sissued on 5 April 2549

Control emission standard from power plant, v
measurement, report and verification methodology

Notification of Ministry of Industry (B.E.2547), issued on 28
September 2547

Control emission standard from power plant,
measurement, report and verification methodology

thjﬁcation of Ministry of Science and Technology (B.E.2538),
issued on 25 December 2538

Emission control from MSW power plant

Notification of Ministry of Science and Technology (B.E.2550),
issued on 17June 2550

Prescribe power plant with capacity higher than 29 MW
in must install Continuous Emission Monitoring
(CEMs)

Notification of Ministry of Industry (B.E.2544), issued issue on 11
December 2544

Prescribed type, period and methodology fen
information transfer from CEMSs

Notification of Department of Industrial Works (B.E.2550), issued
on 11\ December 2550

Prescribe emission control of Mae Moh power plant

Notification of Ministry of Science and Technology No. 3
(B.E.2545), issued on 27January 2545

Prescribe emission standard/ from old power plants

Notification | of | Ministry of Science and Technology No. 2

901
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Criteria Statutory Citation y Law and Regulations
(BfE.2542), issued issue on 2 December 2542
Emission Prescribe emission standard from power plants Notification of Industrial Estate Authority of Thailand No. 79
standard (B:E:2549), issued on 4 September 2549
Emission control from cement and co-firing in power The Ministry of Industry Notice (B.E. 2548), issued on 8
generator . | November 2549
Control emission from MSW power plant Notification of Ministry of Science and Technology (B.E.2540),
| 1ssued on 17 June 2540
Emission Environmental monitoring and reporting "Notification of Department of Industrial Work (B.E.2528), issued
monitoring Lon 16 December 2528

Environmental monitoring and reporting

Notification of Ministry of Industry No. 11 (B.E. 2544), issued on
11 December 2544

Prescribe roles and responsibility of pollution controt
officer in power plant operation =

Th‘e Ministerial Regulation, No. 2 (B.E. 2535) issued Pursuant to
tﬁ_é’féctory Act B.E. 2535 issue on 24 September 2535

Prescribe the monitoring and reporting methodology of
pollution monitoring

Notification of Department of Industrial Work (B.E.2551), issued
on 21 March 255]

Prescribe the environment and safety fr’eﬁort of power
plant '

‘The Ministerial Regulation, No. 3 (B.E. 2535) issued Pursuant to
the Factory Act B.E. 2535 issue on 24 September 2535

Prescribe qualification of environmental staff in power
plant with capacity higher than 10 MW

Notification of Department of Industrial Works (B.E.2547), issued
on'24 December 2547

LOT
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Renewable energy tends to be strongly supported by public opinion,

while activities such as the use of nuclear and fossil energy, the burning of waste,
chemical factories and the construction of roads are often met with resistance. This
has implications for the nature of local siting conflicts. However, the opposition
against a specific project is often connected to local residents having a negative
perception of the developer and of the limited opportunity they have to influence the
planning process. Moreover, renewable energy, notably the readily available biomass,
is good for Thailand but the government has to ensure investors carry out their
projects responsibly. However, many smallspower plants avoid the EIA process
because regulations state.that-plants with less-than-a 10 MW capacity don't need to
conduct an EIA. For examplesbiomass power plant which will use coconut waste as
its energy source in Tap Sakac«district of Prachuab Khiri Khan Province has faced a
strong protest from the'locals, €ven though many will carn extra income from selling
coconut waste to thesplant. The coml_;flunity's skepticism looms when investors
consistently build 9.9-megawatt planté_ J-to avoid the environmental impacts
assessments required by law for any powe‘r-pla-'nt exceeding 10 megawatts in capacity,

initially the plan was for a 5 MW _capacity pignt_but this was changed to 9.6 MW.

5.3 Technical and Environmefital Related Barriers

As discﬁssed in previous chapter, renewable energy can potentially
play an important role in stabilizing greenhouse gas emissions and mitigating climate
change. Renewable energyshas many envirenmental benefits as well as some negative
attributes. To 'secure broad public and policy support to promote renewable energy
development, it"is essential to include not only the climatic aspects, but also other
broader, economic,-cnyironniental, and social benefits' in any analysis. It is therefore
not possible to link the global scenario analysis directly to requirements for specific
policies at a national level. The fact that a project is concerned with renewable energy
does not mean that it will be automatically welcomed by everybody. The lessons
concerning inclusive planning processes are as important here as in the siting of other
facilities. People who oppose a facility are not usually negative towards renewable
energy per se, even if they are critical of the location chosen and the way in which it

has been selected.
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5.3.1 Environment opposition for renewable energy development

Most potential impact of renewable are hydropower, wind, biomass
projects have been increasingly associated with negative ecological and socio-
economic impacts. Various techniques implemented to minimize the ecological
impacts: e.g., fish ladders, careful operation of reservoirs, and integration of
powerhouses into the landscape, and noise reduction. Since most impacts are site-
specific, each plant design requires, individually appropriate environmental
safeguards. Generally small hydropower projects have a higher level of public
acceptance, as these sites can frequently be adapted to remediate local environmental
concerns. On the positive side of other rencwable energy technology, e.g. wind
turbines generate electricitywithout air pollutants that conventional power plants emit
in great quantities. Howewer, much of the negative impact of wind turbines has been

associated with avian collisions gspecially with birds and potential noise pollution.

Perhaps the meost Vociferoﬁjs environmental concern relates to the death
of birds (“avian mortality”) and . bats f—(_‘_.‘chiropteran mortality””) resulting from
collisions with wind turbine blade$ (Mend()nga, Jacobs et al., 2010). Randolph and
Masters (2008) show evidence -of avian éélii’é‘ion in the northern California wind
farms cause unacceptably high-mortality ré_té.;of birds the public cares most about
raptors. Moreover, teiewable energy facilities have many characteristics in common
that distinguish themfrom the siting of other facilities, and 1t is useful to discuss them

in general terms.

Centralized and large-scale utility réenewable power plants can require
large amounts 6f land, and when these systems are built in densely forested areas or
ecosystems wichy in~flosa<and:fauna, they, cam fragmentolarge tracts of habitat. For
example, the ‘enormous tracts of land requirement for construction wind turbine have
seen extensive technical development during recent years. If located in a pristine area,
more development of road and another facility will certainly impact the native
environment. Although most renewable technologies use only a fraction of the water
used by thermoelectric plants, some renewables, such as geothermal, hydroelectric,
and solar thermal, can be water intensive. Energy technologies that withdraw and
consume less water will have both public benefit and economic advantages in the

marketplace moving forward. One option is to develop electricity from sources that
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use very little water, such as wind and PV. Other options include developing
technologies that limit the use of water with fossil-fuel electricity sources or use

alternate sources of water, such as reclaimed or saline water.

5.3.2 High variability of renewable energy cause unstable of grid security

Ensuring power supply security requires a deeper understanding of
grid- related issues than those related to energy supply availability. Naturally varying
renewable energy sources certainly provide secure quantities of energy when
considered over a specific duration but de not necessarily guarantee the secure
delivery of power as and when needed. The Significance of the separation of
requirements for energywdeliveiv_and power delivery gives rise to separate power
supply-related questions; sueh as thoseé concerning plant capacity, generation load
factors, system capacity planning marg%_n% probabilistic measures of system power
supply security, and backup plant requiréments. From the viewpoint of a power
system operator, some of/the/difficulties éssbciated with renewable source variability
affecting the delivery ofl eclectrical povgigr care as follows: (1) uncertainties in
predictions of power available at,any givéﬂitime, leading to scheduling difficulties,
although obviously the degreés-of uncert@t-y} vary with the length of forecasting
horizon; (2) magnitude of fluctuations n poizv’e‘r- output, where small fluctuations can
be accommodated easily, but larger fluctuations require special countermeasures; and
(3) speed of fluctuations, where slow changes in resource availability and, hence,

power output are usually predictable, but fast changes are'less so.

In all national “electricity. Supply systems,” the power demand varies
over the course‘of a day; there is a rise and fall every 24 hours, with usually a night-
time minimum-and-a_daily, maximun: To @assess“the contribution that renewable or
other sources of energy can make to electricity supply, the"distinction between energy
and power has to be kept clearly in mind. Whereas the commercial operation of each
generation plant is measured against total energy delivered, in Thailand the EGAT

acting in its roles as Thailand System Operator (SO) under Energy Industry Act
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2007, has to ensure that the power generated (the rate of delivery of energy)
balances the power demand at all times, otherwise the system fails. The related issues

are indentified as following;

5.3.2.1 Plant availability

In addition, there are generating plant performance abilities to be
considered, such as power conversion limits where generating plant can operate
efficiently only within certain limits of energy availability. This is an important
concern because even a brief power outage can _cause millions of dollars in damage.
Two of the most talked-about forms ‘of renewable energy, solar and wind power,
suffer from intermittency, whichsteans they cannot produce power 24 hours a day,
seven days a week. For example, wind farms generate power only when the wind is
blowing within a certain range of speed. Wind and hydropower are site specific;
excellent locations cam'produge very high power densities. When there is too little
wind, the towers do not generate power; bﬁt when the wind is too strong, they must be
shut down for fear of being blown dowr';;'?"Ahd even when they function properly,

wind farms’ average output is less than 30 p":é:_lj‘qe_nt of their theoretical capacity.

Wind farms unfavorably im@cﬁgrjd related power system operations.
However, this is an.inherent consequence of the application of wind power but not
attributable to an individual turbine. With the expansion of wind power and the
increase of wind power ratio in a local grid, such unfavorable impact will likely
become the technical bottlesneck for wind power integration. Wind power decreases
accuracy of load forecast and therefore affects power grid dispatching and operation.
Moreover, wind power impacts frequency control of power grid, voltage regulation,
power supply qualityfault level and stability of power grid. At'present, it is hard to

say whether building wind farms and running a grid will be possible without fossil

! Under section 87 of Energy Industry Act 2007 (B.E. 2550) describe roles and responsibility
of EGAT System Operator (SO) to control, management and overseeing of the energy system for
ensure the overall system balance, security, stability, efficiency and reliability. However, the system
operator shall fairly instruct licensee operating the electricity industry to generate electricity and shall

not exert unjust discrimination.
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fuels, especially because no viable renewable fuel in ‘liquid’ form is evident
(Laughton, 2007; Moomaw, 2008; Tzimas, A.Georgakaki et al., 2009; Verbruggen,
Fischedick et al., 2010).

5.3.2.2 Variation of raw material supply

Theoretically, the earth can feed all the people alive today, yet even
now 800 million people are affected by hunger. They suffer from hunger because they
are too poor to buy food, not because too little food is available or insufficient land on
which to grow it, however, vast areas arc taken up with the production of feed crops
for the livestock industries-an industrialized eountries (Solino, Prada et al., 2009).
Government currently has lawnched ambitious programs to enhance investments in
renewable energy e.g. wand,Solar, biomass, and other clean renewable energy
sources. Biomass power plants arec believed to have less environmental impacts,
which is not really true:” Fossil fuels-tike coal, oil, and gas are good and convenient
sources of energy, and they meet the eﬁ@fgy demands of society very effectively.
Fossil fuel resources are finite and not reri’e;'v'veible. Biomass, on the other hand, grows
and is renewable. A crop cut this ¥ear willérbyv again next year; a tree cut today may
grow up within a decade. Th¢-intensive 'érnjgi.‘\/ation of biomass may stress water
resources, depleting soil nutrients, and disp'léié_é‘iépen space-by withdrawing land from
other natural uses. karge-scale production of biomass.for energy purposes could
compete with use of land, water, and energy for production of foods or woods and

grasses for construction of shelters.

The Jimitation 'of [raw material Supply hass recently become the
prominent barrier for expansion of renewable_ energy utilization especially for
biomass. Due to seasonal and Spatial variation of biomass supply, moreover, the
quantity “and quality of renewable resources has become the prominent barrier. It
restricts the power plants unable to have a continuous operation or operate to the full
capacity. This greatly affects the cost-effectiveness of the business, Most of biomass
resources can only produced during harvesting season; for example, period of sugar
harvesting is limited (5 months from December to April, see also in Figure 35). Thus,

electricity from the sugar factory is mostly seasonal (Baguant, 1984; Krewitt, 2008)
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The potential from biomass supply is widely distributed throughout the

country depending on seasons. Particularly, rice is main agricultural product. The
rough estimate of rice statistics data in Thailand were represented as major harvest
and second harvest. Major harvest would be from May-June until November-
December. Second harvest is from December-January until May-June. Accordingly
the data are represented as wet season (major harvest) and dry season (second
harvest). Table 13 present variation of some agricultural product in year 2008 to 2009,
according to major harvest and second: harvest. Ubon Ratchathani, Nakon
Ratchasima, Burirum, Surin.and Roi-Et province covered 75 percent of total yield
(capacity), however, majoi harvest ~weould-be from May/June until
November/December and secend-haryest is from December/January until May/June
(see example of seasonal wariation of rice production of Thailand in Figure 35 and
Table 13). Figure 36 (Ieft) andicates, the fiqe production data (both seasonal variation
and spatial distribution) in' the ‘year 2d@9 and while Figure 36 (right) gives the
information on density of rige straw prodﬁcéd, 1.e. tones of rice straw produced with
respect to the provincial area in Thailand.”;Fighre 36 to Figure 42 presented potential

s T
area for biomass energy development in Thailand.
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Table 13 Seasonal Variation of Major Agriculture Produc

£

— f‘:“ Harvest

Products 2008 -l 2009 e
Jun Jul | Aug | Sep | Oct | Nov Feb ay | Jun Jul | Aug | Sep | Oct | Nov | Dec
Major Rice 337 | 540 | 793 | 4930 | 263 231 |[0.98 Nov-Dec
Second Rice 10 523 | 14.50 | 6.68 | 0.62 | 0.16 Apr-May
Corn Maize 13.76 | 27.70 | 18.01 | 17.32 | 1 .96 | 0.64 Q 0.03 Sep-Nov
Millet 5.09 2 07 Y Dec-Jan
Cassava 541 11099 [ 1 / 12,08 [19.36 ‘Qﬁ 085 | 1.85 |241 [336 Dec-Feb
Sugarcane 0.11 41403 28647118, 3 A Jan-Feb
Pineapple 29,08 1R A 3.95 | 11.69 | 3.66 | 230 |529 |830 | 10.46 | 10.04 | May-Jun
Soybean 0.52 | 11.00 | 9.11 |2.14 [3.72 4473 - |88 65 9 Mar-Apr
Green bean 6.87 | 1.62 | 0.82 | 791 |33.04 | 29.1 8 0334 [1092 - |- / 0 | 1.10 Nov-Dec
Peanut 2.57 | 21.34 [ 18.01 | 9.89 | 933 | 6.5 8 |23 1518 | 3.53 | 0.59 Aug-Sep
Rubber 1.622"3 04— 249 675 800 |878 |955 [1036 [ 1092 | 835 | 11.31 | Sep-Oct
Palm oil 6. 9724146284 . 54 1834 | 752 [730 [7.72 | 841 [944 | 996 | 873 | Oct-Nov
—L =

Source:

Using data from Office of Agricultural Economffé-'-
el

T 7 :
(2009), " £
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5.4 Economic Related Barriers

5.4.1 Lack of available start-up finance for renewable

Thailand has much potential to generate power from renewable energy.
Nevertheless, systematic support and promotional policy guidelines of the
government is currently necessary to help alleviate the investment cost for renewable
energy-fueled power generation deyvelopment so as to eventually enhance its
commercially competitiveness, which will'beé a'key mechanism to further promote the
development of appropriate power generaion technology from each domestic
renewable energy sources, Renewable energy. project developers face financial
barriers of a long paybacketimes lack of bank confidence and a shortage of money for
feasibility studies. Specifi€ couniry situations, such as policies that restrict PPA length
and political instability further compliéate the prospects of attracting foreign

investors and earning 10ans.

Renewable energy projects;'-_are unique 1n their demands on project
financing because the necessary of feasibiﬁf—y studies, the long payback period due to
the high initial project costs, and the perce-ig_i:féﬁ of high risk for some technologies.
Expensive feasibility studies must be undertaken to identify the proper site for
development. The resouice-assessient-and-initial-cavironmental impact reports are
considered pre-investment and may or may not be rcpaid, depending on whether or
not the project is developed. It is usually taken on by the company interested in
development withy they expectation that eapital; invested-during this time will be
recovered through ‘the'eperation ‘of*the plant. However, in'countries with significant
political risk, this investment is lacking and prevents projects<'from even being

considered (Lokey;32009).

The project developers can struggle to secure financing since
renewable energy projects tend to have a long payback time before the high capital
costs will be recovered. Table 14 summarized an overview of the levelized and
investment costs of renewable energy versus the levelized cost of conventional energy

and Appendix C presented more detailed on levelized cost of Thai’s power industry.
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Table 14 Investment and Average Generation Costs for Various Energy
Technologies
From Literature Review This study (Appendix C)
Average Average
Technology generation Investment generation Investment
costs costs costs CO/StS
(US ¢/kWh) (US $/Watt) (US ¢/kWh) (US $/Watt)
Natural gas combined cycle 3.5 0.6 4.50 1.725
Coal 4.8 1.2 4.76 1.52
Nuclear 4.8 1.8 - -
Wind S 1.4 - -
Biomass () 2 7.20 2.03
Geothermal 6.5 o = - -
Small hydropower - 1 - -
Photovoltaics 25 %, - -
Source: Using data'from The IEA (2010) and Lokey (2009)

4

Generation €osts finclude “the initial cost of investment and fuel;
whereas the investment/costs onlil take f'mto account the construction costs of the
system. Typically, an acceptable internal rgite of return on a power plant project is 25
percent; however, investment funds willi"{;c_;ca_sionally not accept lower than a 30
percent return on investment. This translaté,—;i'l_fito approximately a four to five year
payback. Hydro projects will sometimes have‘ up to a ten year payback. In many
countries, power utilittes=stili-controi-~a-monepely e ¢lectricity production and
distribution. In these restrictions in the absence of a legal framework, independent
power producers may not be able to invest in renewable energy facilities and sell
power to the utility or ol third:parties mnder Power Purchase«Agreements (PPA). The
reason these projects are still pursued is that they can operate for over 100 years and
recover.the costs of inyestment over a long period' of time. Because of these special
circumstances, renéwable enefgyprojécts will often need'along-term.PPA of up to 20
years to get financing. This agreement will ensure to the bank that the project owners
have off-takers, will purchase the electricity for a set price or utilities, and may
negotiate power purchase agreements on an individual ad-hoc basis. This making it
difficult for project developers to plan and finance projects on the basis of known and

consistent rules.
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Ministry of Energy defines a Small Power Producer (SPP) as either a
private or state enterprise that generates electricity either (1) from non-conventional
sources such as wind, solar and mini-hydro energy or fuels such as waste, residues or
biomass, or (2) from conventional sources (natural gas, coal, oil) and using
cogeneration (combined cycle units capable of producing power and steam). Both
IPPs and SPPs have long-term power purchase agreements with EGAT as the single
buyer. The PPAs allocate market risk to EGAT (and its captive ratepayers) leaving
SPPs and IPPs to manage the operating and fuel price risks. SPP contracts are
between 5 and 25 years with terms and spe€ifieations set by EGAT, the national

power monopoly.

EGAT has" defined two types of purchasing rates for buying SPP
power, non-firm and fiem power. /The \value of non-firm power is determined by
EGAT’s short- run avoided energy cost.."'IEirm power means the SPP can guarantee
availability of electricity sSupply during '-ghe' system peak months. Payment to firm
SPPs is determined by EGAT’S long-run “é_vlo_i_ded capacity and energy costs. Indeed,
the barrier to greater renewable enefgy pen_?_t;étion 1s the lack of enabling policy and
regulatory frameworks, policy for what purpbée or to promote which subject usually
favor traditional energy sources. SPPs to dét; are not very cost effective but investors
still do it because it.is the policies from the government to promote SPPs by provide
adder, for example;Some of the benefits derived could be the sale of steam to
industries. SPPs incentives come from several sources to make the business cost-

effective.

As for other sources of renewable energy, especially the biomass, this
is the time.for biomass,in.Thailand. Usually power producers are free to make these
PPAs with'large consumers, but'soimé countries do not permit it."Lokey (2009) give
an example on PPA arrangement, the Power producers in Mexico are free to arrange
PPAs, but they must be structured so that the off-taker has at least a 1 percent share in
the power producers’ operations. Also in Nicaragua (Lokey, 2009), the power
producer must pay from 15 to 30 percent of the price negotiated in the PPA to the
state utility as a transmission tariff and there is currently no wholesale electricity
market. Regarding to CDM project development, the multilateral development banks,

that understand the risks of renewable energy CDM projects, can offer project
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financing, but often do so in exchange for taking most of the CERs revenues by
offering low CERs prices or a small percentage of CERs for the project owner. CDM-
specific financial barriers like penalties for not producing the CERs promised,
difficulty choosing the legal rules to follow for enforcement of the ERPA*. However,
language barriers and asymmetric CERs price information create complex and
confusing financial negotiations for project developers (The United Nations

Framework Convention on Climate Change, 2010c).

If a project begins producing encrgy before it is registered, it cannot
qualify for CDM. The projeet started CDM process in 2002. The first PDD which was
prepared by Mitsubishi Securities was f;inished in-May 2003. In October 2003, EB 11
approved the proposedebasgline and '‘monitoring methodology of Pichit Project.
Unfortunately, Thailandy as a host couﬂtry, is still in the process of adopting CDM
framework and regulations. @nge this pfoé'éss 1s done, expected sometime in March-
April 2006, the application and approval Tpro‘cess of CDM project in Thailand will be
started. Such a time-consuming process ﬁfgvgnted the Company from being able to
proceed for the EB registration with thej_Apf)roved Methodology 0004 (AMO0004)
within 2005. The Company has {e revise 'thé{_-PDD by changing from AMO0004 to
ACMO006 instead. However, the Companyis_ expecting to complete the registration
process by the end of 2006.

A key 1ole for government is to focus on policy design and legislation
to attract private sector investment. As renewable energy technology becomes more
commercially fatiré, fgoverninent’ willbécotne! 18ss Sighificant as providers of the

direct capital support needed to make up the cost difference relative to conventional

2 Emissions Reduction Purchase Agreement (ERPA) means transaction that transfers carbon
credits between two parties under the Kyoto Protocol. The buyer pays the seller cash in exchange for
carbon credits, thereby allowing the purchaser to emit more carbon dioxide into the atmosphere. The

standards for this agreement are outlined by the International Emissions Trading Association.

This agreement usually involves two countries; however, it may occur between a country and
a large corporation. Buyers expect their carbon emissions to be above the level allocated to them by the
Kyoto Protocol, while the seller expects to produce less. Often, the seller has implemented new

technology or is developing a new project that is expected to lower its greenhouse gas emissions.
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generation. Mallon (2006) express the importance of cost internalization
(environmental and social damage cost) made cost of renewable comparable with
thermal (nuclear and fossil) electricity generation. Siegel et al. (2008) expressed
investments of renewable energy companies not only generate revenues by providing
clean, green power for consumers, but they can also generate additional revenues by
simply offering an “offset” to companies that emit less greenhouse gas emissions
(GHGQ). It is clearly beyond the budgets of most government to directly inject money
into renewable in order to fast track a' competitive industry. A handful of
demonstration projects might be uscful,” good examples of financial incentive
provided by the Ministry-of Energy is “ESCO Venture Capital Funds” for providing
equity for small renewable cnergy and energy efficiency projects undertaken by small
entrepreneurs with limited” capital. The fund should also be provided financial
assistance for equipment l€asing, credit: guarantec facility, technical assistance and

carbon market (Amranand, 2009). 4

5.4.2 Renewable energy is ‘more expensive than conventional fuel when the
externalities are not priced :

Fossil fuel always subsidized by 'government, government set price at
which they can sell their renewable power'_._t_(_')r_the grid, thus effectively providing
essentially a guaranteed return on the renewable energy.investment and making it
easier for renewable-énergy projects to obtain banking approval for the capital costs
of the project. For examiple, waste incineration is not likely to be cost-effective at this
time in Thailand. Incineration of municipal.solid waste is a costly and operationally
complex, as compared to landfills.Government subsidies are only possible sources of
financing, however this issue is mot a widely. discussion upon by the public,
politicians, and international financial institutions. Feed-in taritfs in practice have
definitely provided a hugh boost for renewable energy projects. Another barrier or
driven constrains of biomass utilization are still high in price. Fluctuation of fossil
fuel price also affects the competitiveness and utilization of renewable energy.

Moreira expressed most of modern biomass utilization are being more favorable or

more attractive driven by energy security motivation (2008).

Fossil fuel price has been increasing in the last 3 year due to various

reasons, when fuel price are high, some industries change their main fuels from fossil
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fuel to use rice husk for lowering price. Average price of rice husk has increased from
767-799 THB/ton in 2006 to 864-1,042 THB/ton in 2009. However, when the fossil
price was dropped, demands for biofuels also decreased. The government should
refocus its energy development strategy and consider more on how to deliver the
actual price of energy to the citizens, instead of lowering the price to favor industrial
development without carefully considering externality environmental and social costs.
For example, Tester et al. (2005) indicated that if fossil fuel prices rise to include cost
of carbon management, consumers may  also. modify their consumption patterns.
Through a system known as carbon trading,.a market - based mechanism that helps
mitigate the increase ofearbon dioxXide 1 theatmosphere, renewable energy
companies (as well as other entiti€s that provide offsets, such as forestry management
companies, for instance) can sell ¢arbon credits to companies that emit carbon dioxide

into the atmosphere and want to balance out their emissions.

Mallon (2006) expressed; current renewable energy is only more
expensive than thermal’(nuglear and fossil) generation if the environmental and social
impacts, the ‘externalities™ * jare nof priced_.;;_lfallilure to acknowledge this in some way
leads to distorting policy frameweorks. Fur'thélf_'more, renewable prices are declining
and even in the most hostile markets the&iv_ijl continue to converge in price with
conventional energy sources without externality pricing.-The prices of goods bought
and sold in markets' prior to this form of intervention tend not to include the
environmental cost of production, consumption and disposal, this costs are known as
‘externalities’ (Connelly“and. Smith, 2006; Goodstein, 2005; Prindle, Zarnikau et al.,
2010). The use of economic-instruments is not only concerned:-with providing internal
incentives to polluters and resource users to reduce their emissions,or to reduce their
inputs.plt also seeks\ to/ intetnalize the external costs-of pollution and resource
depletion. The challenge is how to internalize all externality (e.g. environmental

damages cost) caused by using fossil fuels, and set up a financial structure i.e. tax

system to bring the right energy price to consumers. This will help promoting the fair

* Economists define “pollution” as a negative externality described as a cost of a transaction
not borne by the buyer or seller. Pollution is termed an externality because it imposes cost on people

who are “external” to the producer and consumer of the polluting product.
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competition between renewable energy and traditional fuels and bring the country to a
sustainable future. It should be noted that without subsidies, biomass power projects
are unable to compete with fossil fuel power plants due to the difference in scale on
which conventional plants and renewable energy plants operate (Sookkumnerd, Ito et

al., 2005).

5.4.3 Lack of Research and Development to reduced cost on imported technology

Photovoltaics are already am economically competitive technology in
several niche applications. Small applications are often supplied with small batteries
or button cells, compared to householdselectricity prices of around 20 cents/kWh in
Germany. For exampleythe costs.with photoveltaics'ean quickly explode to several
hundred Euros per kWh: It takes about 2|8O mignon cells** to store one kilowatt hour
using high-quality alkalinesmanganese bq‘_cteries (Quaschning, 2010). Now, no one
would ever think aboutbuying 230 migndﬁ cells to run a washing machine just once.
However, with small applications we oftéh tend to be willing to pay whatever it costs
to buy batteries. It is often the infrequeﬁg'.use of these small applications that even
makes using electricity affordable. Photonltaics can compete with this type of high
energy cost even under the cloudiest condi@ﬁgJ. It is often an economic alter- native
even to large battery systems.-However, phO%O‘;v’éltaiCS will have to relinquish its niche
role if it is to become effective in protecting the climate: ‘This will only happen if it

becomes a grid-connected system and replaces conventional power plants.

Whereas ssmall-scale photovoltaic island systems” are already
competitive today, the energy production costs- for grid-connected photovoltaic
systems are in ‘most cases still higher than normal market prices. It currently only
makessSensé to install large atmberts (ofl grid-Conniected photoveltaic systems if state
incentive schemes are available. Even if the quantity of solar power is still relatively
small, in the medium term photovoltaics will be able to provide the largest share of
environmentally compatible electricity supply. From a purely mathematical

standpoint, it could be used to supply the world’s entire energy needs. This would

# Mignon cell or AA battery is a standard size of battery

* Isolated system or non grid connected system
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only take a fraction of the surface of the Sahara Desert to accomplish. Even countries
like Great Britain, Germany and France would be able to cover all their electricity
requirements through photovoltaics. On the other hand, from a technical perspective it
is not a good idea to rely solely on one technology for the future supply of energy.
Photovoltaic systems work well in combination with other renewable energy systems,
such as wind power, hydropower and biomass systems. A well-planned combination
of systems will increase supply reliability and avoid the building of large storage

systems to ensure sufficient supplies are available at night and during the winter.

Costs will have o drop furtherbeiore large numbers of countries start
using photovoltaics on a_considerably lérger scale than at present. Past experience has
shown that major cost.weductions arc possible. Whereas the price of photovoltaic
modules was still around'60 inﬂation-adjusted US dollars per watt in 1976, by 2007 it
had already dropped to around 3 dollars per watt (Quaschning, 2010). What is crucial
for cutting costs is an increase in producéon‘. If production quantities rise, then costs
will drop noticeably du€ tosthe effecis of “S't_(e:_;l_mlined production and also because of
technical advances. During the past 30 ye‘qf_si éost savings of around 20% have been
achieved due to a doubling in the total quahﬁﬁ_'es of photovoltaic modules produced.
There is nothing to indicate that this develorpr_i_l:lgint, will not continue. It is possible that
the prices of photoyeltaic modules could fall below USS$. 1 per watt by 2020. As a
result, the current cost to generate electricity using photo-wvoltaic systems would have

shrunk to about one fourth (See also in Figure 43).

Thi§ woéuld thén"make) photovoltaic |systems Very interesting to end
users in CentralyEurope, even without the need for any government subsidy schemes.
A photoyoltaic.system would.be.able,to, produce €lectricity more. Cost-effectively for
household use than an energy“supply ‘€ompany ‘could deliver to ‘the household. In the
sunniest parts of the world photovoltaics could produce energy more cost-effectively
than any conventional alternatives. For that reason, the main markets for solar energy
in the long term will be in places other than Western Europe. The absence of efficient
renewable energy generation technologies and supports of skilled manpower and

spare parts is one of the prime technical barriers (Quaschning, 2010).
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For example domesﬁc Wmd/ pevyer technology has not well developed

in the country, so the advanced and la1 ae Wffﬁ‘d power sector has to rely on imported

3
technology. Given the available Wlnd resources and chrnatlc conditions, it is difficult

to further develop W._l_l‘_{;l power sector in Thailand by usmg }npoﬂed technologies. The
technology has to be tailored to adopt in the hot and ﬁumid climate and low wind
speeds prevalent in Thailand. In long-term, this can f;dse substantial barrier if we
continue imparting foreigh itechnology for, wind energy: dévelopment in Thailand.
Another example in solid waste utilization, characteristic of solid wastes in Thailand
has high, moisture eontents, therefore haye lows calonific walue, which is unsuitable to
use in power generator and required additional processes-to improve-fuel quality e.g.
installation of waste separation unit or manual waste separation (Tchobanoglous,
Theisen et al., 1993). Increase efficiency of waste separation can help increasing the

yield of biogas generation but it also requires public education on waste management.

Proven, cost-effective technologies may still be perceived as risky if
there is little experience with them in a new application or region. The lack of visible

installations and familiarity with renewable energy technologies can lead to
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perceptions of greater technical risk than for conventional energy sources. These
perceptions may increase required rates of return, result in less capital availability, or
place more stringent requirements on technology selection and resource assessment.
“Lack of utility acceptance” is a phrase used to describe the historical biases and
prejudices on the part of traditional electric power utilities. Utilities may be hesitant to
develop, acquire, and maintain unfamiliar technologies, or give them proper attention

in planning frameworks. Finally, prejudice may exist because of poor past

performance that is out of ste erformance norms. In next chapter,

policy suggestion for low ¢ pment will be presented.

§
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CHAPTER VI
CONCLUSION

6.1 Challenges Faced by Low Carbon Electricity Systems

Thailand faces energy and environmental challenges as being both a
contributor and victim of the effects from ¢limate change. Renewable energy was
identified as having great peotentials for grcenhouse gases emission reduction, due
mainly to ample physicalssupply of the agricultural-and industrial by-product such as
rice husk, wood chips, bagasscy and other available biomass on fields. Based on
potential installment of energy.technology, the major proportion of renewable energy
will mainly derive from biemass to fulfill target of 3,700’ MW in 2022, Thailand need
to increase about 230" percents: from ctirrent capacity 1,610 MW in 2009. The
expected goal under AEDP is mot too hard to achieve, but government must help
increase efficiency of technology and fﬁ'éthodology of biomass utilization, and
explore other energy-derived bidiiiass thi%_f@hould be more utilized. The climate
change is a direct threat to ehergy securlllty, particularly to existing energy
infrastructure. Examples. of distuptions to-éﬁéf'g}’f supplies that cause disruptions to
power supply include droughts reducing hydropower availability and withering field
crops and other foodrsupplies. The effects of climate change may affect the trade-off

between food supplies in term of food plantation areas and purposed uses for biomass

energy suppliesS,

For solar energy utilization, it is_still uncertain about technological
breakthrough to drivesdown the €conomic cost! for this type of technology. This is a
major challenge that government has to solve in order to promote widely
implementation of the solar energy. Government released many tools for motivate
utilization of electricity generation from renewable energy in many different ways.
For example BOI investment scheme in renewable energy by giving fiscal incentives
and tax exemption in hardware and equipments using in construction of renewable
power plants, special soft loans via ESCO funds. Before implement financial

incentives for renewable development, the government may need to assess actual
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renewable potential and should revise the potential of renewable energy development
in order to set up “precise” and “effective” target before implementation. In addition,
government should promote the zoning policy for renewable energy because of each
part of country containing different types of supplying potential on biomass,
hydropower, and wind. Thailand has plenty of resources to generate electricity from
the sun and wind, however, the challenging action for government is whether it
should wait for technology to maturely developed and later adopt the cost-effective
technology or should strongly subsidy research to develop low cost solar cell by

encouraging the co-operation of research and.deyelopment.

Moreover, government r;qay urgently set up a policy to promote the
roof-top solar energy systém to reduce energy demand and increase energy efficiency
as in Europe. Promotion of degentralized energy production in household sector is
important and collectively cotlld create ablg impact, including technology transfer to
the public to become energy self-sufﬁciépt at local level. In summary, Thailand has
set a very ambitious intention for developing low carbon electricity sector. With the
government strong will in providing ﬁnar‘};e_iiall & regulatory incentives for business
investment, R&D and public invelvement to ’B,e_'_-'part of the development, is really the
key to build a strong foundation te secure.r.t'_i_le__}country’s economy and environment.
Another excuse to sit'by and do nothing, maybe it is alréady too late, or perhaps the
debate has already been shaped by various political agendas to polarize the right and
the left to a point wheré one must pick a side, despite the amazing ability of humans
to rationalize, and create‘this.as an either/oridiscussion about our economic model and
its future. It seems.asininesto belicye that-the human civilization has not held any
impact upon the global weather/climate system in the last four hundred years since the
Industrial Revolutieny, Effective” policy and regulation ‘will bevat the core of the
responseito global warming. In fact, the transition to a low-carbon economy might be

the first global economic transition of this scale to be driven largely by policy.

Designing the low carbon electricity policy is a huge challenge to
political leaders and regulators: it needs to achieve aggressive emission reductions,
incorporate many sectors of the economy, be acceptable by many countries, be cost
effective, and be equitable among the many stakeholder groups that are concerned.

However, this study does not take a view of what regulation should be put in place
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and how aggressively targets should be set. These are political decisions that need to
be made considering all the aspects above, and also considering many non-climate

related political priorities.

6.2 Policy Recommendation for Low Carbon Electricity Development

Thailand’s Electricity demand 1is rising and there are no indications
that this demand will be curbed significantly in the short and medium term, despite
the energy savings and improved efficiency measures that have been implemented. At
the same time, the electricity generation‘ infrastructure is aging and a large number of
power plants are scheduled.for retireméﬁt. Unless new electricity generation capacity
is developed to fill the*emerging gap between electricity demand and supply,
Thailand’s power gencuation’ sector will be under severe constrain in the coming
years, with negative comSequences for the economy and the standard of living of
citizens. Specific strategies may. be re(i‘uired to be developed for a low carbon

electricity developmentas follows. .

6.2.1 Promotion of energy efficiency and &qrnand reduction

i

Conventional or {ossil fuels'_._ar,e- highly polluting and non-renewable.
Reducing use has both environmental ‘and ‘h_c_e;l-th benefits. Those on fixed incomes
such as the elderly afé vulnerable to fuel poverty and higher efficiencies can reduce
the amount spent on fuel. Energy efficiency and renewable energy are tending to be
the “twin pillars” of a sustainable energy policy. Both strategies must be developed
concurrently im order ‘to ‘stabilize and reduce'carbon dioxide emissions. Efficient
energy use is ¢ssential to slowing the energy demand growth so that rising clean
energy supplies can'make:deep cuts inifossil fuel-uses If energy use grows faster than,
renewable energy development, this will chase a receding carbon emission target.
Likewise, unless clean energy supplies come online rapidly, slowing demand growth
will only begin to reduce total carbon emissions; a reduction in the carbon content of
energy sources is also needed. A sustainable energy economy thus requires major

commitments to both efficiency and renewable.

Energy efficiency is the lowest cost and most immediately accessible

way to reduce carbon emissions and it reduces the extent to which abatement must be
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delivered through other means. Improving efficiency is both a technological and
social challenge. Energy efficiency is a low-cost, rapidly deployable, and large-scale
energy resource. Reducing growth in energy demand is essential to any clean energy
strategy: without efficiency advances, clean energy supplies might not keep up with
demand and carbon emissions could continue to grow. Policy makers are now
focusing on ways in which different policy instruments can influence technological
developments and users’ behavioral changes with respect to energy efficiency.
End-use energy efficiency improvements imean that fewer resources are consumed
and emissions are avoided. The use of such tesources is expensive, and at such times
there is marked upwards pressure on electricity prices. Measures on the demand side,

the electricity consumer offeiimportant opportunities to reduce system costs.

6.2.2 Strengthening cellaberative efforts and coordination among all governmental
agencies

Government should strengfphen collaborative efforts and coordination
among all governmental ageneies will crégtq the great momentum to speed up the
process toward low carbon Society. Howfai_vier, it is essential to reduce the policy
inconsistency between governtrient organizaifi{jns as well as policies that promote
clean energy expansion in regulation, gene;ration, financial support and expansion
policies. Making progress on energy and climate will require greater public
understanding of the“challenges we face, the sacrifices that must be made, and the
opportunities that lie ahead. Any new policy initiatives' must be accompanied by a
coordinated effort to commiunicate directlywith the public about the role they will
play in helping to reach these goals. It is recommended {to set a national agenda for
becoming a low carbon society in year 2030 by.establishes a vision for the future.
Articulate a long-term vision for addressing energy security “and-¢limate change
against which all policies will be measured. Integrate energy security and climate
change priorities into all aspects of domestic and international policymaking.

Governments can take a number of steps to reduce uncertainty, including:

— Removing non-economic barriers, such as legal obstacles to grid

access and financial rules that foster inefficient electricity market

— Improving worker training;
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— Sponsoring education campaigns that promote acceptance of

renewable technologies;
— Creating a predictable and transparent investment framework; and

— Offering incentives that are tied to a technology’s maturity and

promise.

6.2.3 Providing incentives for fuel diversification into low carbon emission

6.2.3.1 Identification of new.kind of renewable energy

The world+is not running out of energy. But it is becoming more
difficult to access, produce,-and convert energy resources and deliver them to the
people who need them. For .dnstance,| supplies of oil, natural gas, and coal are
increasingly located far fiomsdemand centers. Moving' these products requires an
increasingly complext™ dglivery  infrastructure that increases vulnerability to
disruptions. The adequacy and securit};"; of this infrastructure, which is already
transporting large volumes of oil and ga's-'-b\?'er long distances through increasingly
crowded transit points, is a critical cor-f('::!'e}_n,‘ For improving grid securities and
decreasing emission from power generatioir, éovernment should strengthen energy

security through greater effort in increasing access tofurther utilize renewable energy

and other alternative efiergy as fiitiife energy choices is essential.

However, government should concern-and promote the ‘small and
distributed” mode of energy production and consumption at the rural community
levels where | several| hundred | units of ccommunity, biodiesel, biogas, biomass
electricity and PV-solar units have been installed.in the past decades. Some of such
community is a classi¢, showcase that “small can be beautiful and*competitive’. In this
regards, ‘the small farm holders and SME energy producers can be part of the
development process of the country and can in fact energize the revival of rural

community developments into the new modes of knowledge bio-based economy.

6.2.3.2 Revised the potential area for renewable energy development

Logistics and transportation of renewable resources especially biomass

fuel are the another barrier of renewable energy utilization. Most of renewable energy
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is bulky and distributed over vast areas, which could cause high transportation
expenses such as the transportation of rice husk for biomass power plant, is averagely
farther than 200 km to the plant location. If the policy is to minimize the use of
petroleum fuels, biomass resources should be utilized by nearby facility. Biomass has
to be transported by farm equipment much over 100 km to a processing point or use
facility, a substantial fraction of the energy content of biomass itself is consumed in
the transportation process, therefore, carbon emission from renewable energy are not
nil, as is generally assumed while evaluating.carbon credits. Also the more promotion
of biomass to generate electricity could alse lcad to further forest destruction and

encroachment.

6.2.3.3 Applied vatious policies for renewable energy expansion

Provides prvate-sector energy incentives to promote low-carbon fuels
and technologies, and"remoye barriers to_their deployment. The current mix of
regulatory regimes and incentive structures favor conventional fuels and have created
significant barriers to new forms of energy that require different production and
delivery infrastructure. In addition, the ":!_'6141:r‘ent system of frequently expiring
incentives, such as the tax credits offeredff(;f. energy efficient appliances, inhibits
technology progress:, The new"administra‘ti(‘t;ﬁ;_should eyaluate the effectiveness of
these current regulations and incentives in promoting efficiency, fuel diversity, new
technologies and fuels, and reducing greenhouse gas emissions. Successful programs

should be extended for a longer period.

Thelgovernment controls just a subset of clean technology incentives
and regulatory barriers. Many of these entities are.far ahead of goyernment and would
welcome greater detion and leadership. For long-term -policys \government should
align private-sector economic and financial incentives and remove barriers to promote
investments in low-carbon energy technologies and also implementation of financial
incentives such as loans guarantees and grants (See also in Appendix F for more

information of renewable promotion policies in many countries).
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6.2.4 Introduction of Clean Coal Technology (CCTs)

Coal used worldwide is projected to increase significantly and is
expected to be the fastest growing primary energy source in the next 20 years
primarily due to the increasing demand for fuel for electricity generation and in the
industrial sector. At present, there are already substantial capacities of coal-fired
power plants and coal resources remain largely untapped (The Energy Data and
Modelling Center, The Institute of Energy Economics et al., 2009; The International
Energy Agency, 2006).

In Thailand, its energy plans indicate the rapid growth of coal
utilization for power generation-and this presents itself an opportunity to promote and
increase cleaner coal-use and .clean cc|)al technology that could bring in benefits
towards national energy security [Despite growing environmental controls, more coal
power projects are mowing forward, WlIh increasing preference to use clean coal
technologies. The impertance of coliecﬁve action to strengthen cooperative
partnerships, promotion and utilization of ‘coal and clean coal technologies among
government, private sector and NGOs are :s‘cmngly required. For the sake of national
energy security in the long term; Thailand,@r-d'ﬁgly encourages the use of clean coal
technologies and promotes. collaborative i‘rhégé-building for coal and CCTs in the

light of global envirénmental concerns.

Government should promote CCTs by conducting studies, among
others, on upgraded brown coal, coal liquefaction and integrated coal gasification and
looking into thé paotential of carbon capture and storage (CCS) technology as well as
encouraging private sector investment and participation. While enhancing
environmental “plafining “and- assessient’ 0f coal Pprojects; tharm@nizing emission
standards and minimum efficiency requirements for coal-fired power plants is also
important. To support future CCTs, it is essential to establish coal laboratory and
standards, development strategy and action towards harmonization of local practices
to encourage coal utilization, resources and facilities. Moreover, education, positive
perception and public understanding are key success factor for implement CCT

technology today.
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6.2.5 Encouraging and Promotional of Local Research and Development

Government could support researchers for carry out their research to
extend country potential, and create in-house technology to promote industrial start-
up. It should be note that accelerating the pace of technology improvement and
deployment could significantly reduce cost of achieving emission reduction goals.
The critical role of new technologies is underscored by the fact that most
anthropogenic greenhouse gases emitted over the next century will come from
equipment and infrastructure built in the future:s Energy research is facing tremendous
challenges to enhance knowledge and develop.neéw technologies for cleaner and more
efficient energy production, transport, conversion and final use. Therefore, measuring
the best state of the art of*@iven technologies against a set of relevant parameters,
identifying ambitious butfrealistic' objectives to be attained over various time lines,
and assessing the progres§ madeé over time are major issues for program managers,
researchers or decision-makess. For exar-ﬁple, domestic wind power technology has
not well developed in the country, so the e{ldvanced and large wind power sector has to
rely on imported technelogy. Given the a-'\:/ailable wind resources and climatic
conditions, it is difficult to further develoﬁ-__-\;&/%i!gd power sector in Thailand by using
imported technologies. The technology has_to be tailored to adopt in the hot and
humid climate and low wind spé‘eds prevalen‘f 1;1 Thailand. In long-term, this can pose
substantial barrier ifJwe continue importing foreign technology for wind energy

development in Thailand.

As a result, néw technologies and, energy sources have the potential to
transform the nation’s 'energy system while‘meeting climate change as well as energy
security and other important goals” The internatienal political ftameworks must be
aligned"with' the long-range business investment cy¢le so! that investments in GHG
abatement technologies can be justified commercially. Many technology projects
require government policies on issues such as R&D, risk management and large
demonstration projects. The utilization of possible instruments, price signals should
be created to promote innovative product and technological design. Policies that

promote GHG emissions reductions will send the required signals to capital markets.

Moreover, policies must include education programs encouraging

consumers toward low-GHG products and services. Strong financial commitments by
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multilaterals will encourage development and transfer of leapfrog technologies to
developing countries. Good governance must accompany additional financing and
technical support for energy and technology markets. Most of the technologies needed
to achieve dramatic reductions in energy use and a significantly increased use of
renewable energy already exist and have been used successfully in at least some
jurisdictions. There is, nevertheless, a role for continued technological development in
reducing the cost and increasing the market penetration and technical performance of
many technologies. However, government support for research and development in
the areas of energy efficiency and rencwable cnergy has been stagnant for the past
decade, in spite of increasing-awareness of the-urgency of dealing with the global
warming problem. Governments<Can provide ineentives and promotion for research
such as; Biomass cogeneiation, €lcctricity generation from biogas, Capturing CO;

emission using algae, Battery forenergy storage, etc.

6.2.6 Gaining More Benefits ftom CDM =

The CDM was designed fé-be flexible since new types of carbon
reductions are being devised every day. This.flexibility allows new methodologies to
be proposed. In Thailand, the-project devéloﬁérs of Rice Husk Power Plant (A.T.
Biopower) decided to propose-a new metho’délogy called New Methodology 0006
(ACMO0006: Consolidated methodology for electricity ‘generation from biomass
residues). The logic behind proposing this methodology-was that it would allow more
reduction credits to bé earned from renewable energy €DM projects in the country.
The rice husk power,plant.was, eriginated under , Thai Government policy, which was
to encourage private€seetor to develop and invest in-renewable‘energy under the Small
Power Producers (SPPs) scheme. This energy poliey has major objéctives to promote
alternative energy 1o eomplement and. sttengthen: Thai (Electrieity [system by using
own resources from biomass such as rice husk, sugar cane-bagasse, corn leaves,
tapioca, palm shell and woodchip, to reduce the import of fossil fuels and to replace

Thai’s supply of fossil fuels which is forecasted to run short in the next 30 years.

Project developers have had difficulty timing the start of their projects
with CDM registration because of all of the complicated steps and unforeseen delays
that can occur in the process. Having uncertainty about the methodology one is using

and the timing of when the project will be registered adds a layer of complexity to the
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CDM process that has discouraged project developers. Significant CDM-specific
procedural and methodological barriers have discouraged the development of some
projects. However, each complex procedure in the CDM project cycle has a purpose
that attempts to filter out the non-additional projects. As the process of CDM rule
refinement continues and new versions of methodologies are released, the process
gets more complicated. Sometimes these changes further discourage development, but
they can also stimulate it as is the case with the methodology. The flexible nature of
the CDM process allows project developers and consultants to propose changes to the
operating and build margin ratios and existing_imethodologies, but sometimes these
changes can have unexpeeted consequences that-donot generate more CERs. Future
adjustments to CDM renewable energy methodologies to account for countries with
low emission factors and high deyels of imported energy could help level the playing

field for all countries:. 1 4

As the CDM' develops, ";lissues of regulatory additionality®® will
continue to be clarified and hopefully will be modified to clearly allow state-run
utilities to register CDMiprojects even if Ehgy are planned capacity additions. Also,
the EB will hopefully make arruling to é-l'aﬁ_fy issues of financial and regulatory
additionality for host countries that have lgié_latjon that mitigates greenhouse gases
so as to prevent these countries from having a perverse incentive to do nothing about
climate change. The necessity for more, local carbon consultants and DOEs obvious
as the cost of hiring foreign firms is often prohibitively expensive for developers.
These consultants and DOEs.need to be mote' careful in their evaluation of projects to

pass the Executive Board’s new stringent requirements.

%% Additionality of CDM is defined as follows: “A CDM project activity is additional if
anthropogenic emissions of greenhouse gases by sources are reduced below those that would have

occurred in the absence of the registered CDM project activity”.
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Summary of solution for gain more benefit from CDM

Barrier

Segment

Solution

Technical
Barrier

Project
developer

Train local experts; create system for ordering parts; include
a budget for replacement parts; create strict quality control;
and include technical best practices in monitoring plan

Social
Barrier

Project
developer

Follow documented best practices of groups experienced
from IPCC

Government

Provide incentives for municipalities to develop projects;
mandate that communities be part owners of projects in
exchange fors'water or land permit; offer income tax
exemptions if'some CERs are reinvested in community; have
companies comply~~with international standards for
environmental responsibility; create incentives to stimulate a
culture of paying for electricity; and make a policy for how
developeﬁs should handle land and water permit disputes

Financial
Barrier

Project
developer

Utilize.a CER insurance product to ensure delivery

Government

Haye DNK‘ office explain value of CERs to local banks;
provide mf)‘ney for feasibility studies; create incentives for
the.same developer or DOE to engage in more than one CDM
pro_|ect redee excessive paperwork for renewable energy
interconnectionin grid; require power wheelers to charge
“uniform transm‘i’Ssmn and distribution rates; eliminate the

_iimport \tax Qxl-sy‘s_tgm requirements and annual income tax;

require CDM revenues to /be included in future state-run

7—}east=cest—p%aﬂﬂmg—proeessbs, and incorporate CDM in the

long-term energy policy strategy

International
Barrier

Government

Have DNA offices take a small percentage of CERs and use
it for advertising, assisting project developers in the early
DM stagess.and the creation of.clear registration guides in
the host country language, CDM: workshops, CDM website,
CDM databases and CER price guides. Host countries could
also pressure CDM-¢apacity building-organizations for equal
access to information.

Source:

Modified from Lokey (2009)
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6.2.7 Preparing for Post-Kyoto

The Bali Action Plan (BAP) highlighted the importance of

“Measurable, Reportable and Verifiable?”

(MRYV) greenhouse gas mitigation actions
and commitments, as well as support for GHG mitigation actions, in the post-2012
climate framework. This language on MRV was introduced to apply both to
developed countries’ commitments and actions, as well as to “nationally appropriate
mitigation actions by developing country Parties in the context of sustainable
development, supported and enabled by technology, financing and capacity-building”.
However, extending MRV prowvisions to actions undertaken in developing countries
(as well as in developed countries) could-have many benefits, including more
comprehensive information”on global GHG mitigation actions, more information
available to assess the efféctiveness of such actions, and greater recognition of GHG
mitigation actions undertaken/in/developing countries. Developing a reporting and/or
recording framework"that cellects infcﬁm_ation on GHG mitigation actions and

commitments in a single place and that is flexible enough to evolve over time, could

also help the international comrﬁuﬁity bet_t%r Jkeep track of global mitigation efforts,

and to enhance them as needed. =l

At present, inforimation on gi'eéﬁhouse gas mitigation (GHG) actions,
and the support for such actions, is reported internationally in countries’ National
Communications.” This information is patchy, particularly from non-Annex I
countries, as current requirements allow for very irrégular reports. There is thus
growing interest in having, a.more, comprehensive, .and-timelier, picture of GHG

mitigation actions partieulatly in' developing countries where ‘information is scarcest.

" Measurable, Reportable and Verifiable (MRV) was introduced to apply both to developed
countries’ commitments and actions, as well as to “Nationally Appropriate Mitigation Actions by
developing country Parties in the context of sustainable development, supported and enabled by

technology, financing and capacity-building”

*® As well as including information on GHG mitigation actions, countries’ National
Communications also contain information on several other issues, including a country’s adaptation
measures; national circumstances; activities in research and systematic observation; education and
public awareness; and technology transfer. Non-Annex I countries also need to include a national GHG

emissions inventory.
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A reporting or recording mechanism could thus identify enhanced GHG mitigation
actions, and also support for these actions, in a measurable, reportable and verifiable
(MRV) manner, as per the Bali Action Plan. Suggestions for a “registry” and for
“National Schedules”, both of which could perform the function of recording and
reporting GHG mitigation actions in developing and developed countries, have been

made in UNFCCC negotiations for a post-2012 framework (Ellis, Moarif et al., 2009).

Table 16 presents list of jactivities for greenhouse gas emission
reduction from Ministry of Energy in 2010-2012. It should be noted that the
developing countries are also likely to nced io-provide more information than at
present. This could include~a more ;:omprehensive and timely picture of GHG
mitigation actions (implémented and| planned, as well as those contingent on
provision of support), as well as information on support received. Information may
also be needed on the expected/actual GHG impacts of mitigation actions. Moreover,
in a post-2012 agreement, developed cQun‘tries may need to expand reporting to
strengthen information‘in two @areas: on GHG actions, and also on support provided,
where the latter includes financing and:_@gﬁer support for capacity building and
technology development and/or transfer. The ’fr«_squency and detail of reports may also
need to be increased, particularly regardingiqjv much support (and of what type) is
provided. This may,.in furn, require increased co-ordination, within governments and
the various divisions' and agencies dealing with provision of support, as well as
between governments,, multilateral development banks and other international
institutions (such as the OE€D, IEA) involvéd in the provision and/or monitoring of
support. Increased seporting on support received for climate-specific and climate-
relevant support by developing countries would be a useful step forward in improving

the effectiveness of'support.

Currently, the internationally agreed guidance on quantifying the
effects of GHG mitigation actions focuses on projects or programmes undertaken via
the CDM. Extending such guidance to methodologies, approaches and/or tools to
quantify the effects of GHG mitigation actions while not straightforward, this would
facilitate countries’ MRV-related efforts, and could thus help in developing a more
comprehensive and timely system for measuring, reporting and verifying enhanced

action on GHG mitigation in the post-2012 climate framework.
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Table 16 List of GHGs emission reduction activities in 2010-2015
Amount of emission fé’;—'
Activities Organization reduction 2 em— CDM Methodology
tCO@,: 4 i
( — >
Fuel switching from fuel oil Bangchak Plc. 60,000 ACMO011 ~ Consolidated baseline methodology for fuel switching from coal and/or
to natural gas petrdjlleum fuels to natural gas in existing power plants for electricity generation (version
r 2.2y
Install new co-generation for Bangchak Plc. 100,000 ACMO048 — New cogeneration facilities supplying electricity and/or steam to multiple
electricity generation F 4 cgstor‘gers and displacing grid/off-grid steam and electricity generation with more
; |, carbon-intensive fuels (version 2)
Boiler efficiency Bangchak Plc. 75,000 , A»MOET-!_M ~ Energy efficiency improvement of a boiler by introducing oil/water
improvement . -
Install new PV system for Bangchak Plc. 25,000 ' "A:M001;9’7 Renewable energy project activities replacing part of the electricity
electricity generation i .’produci‘i,ﬁn.pf one single fossil-fuel-fired power plants that stands alone or supplies
/- |electricity tofa grid, excluding biomass projects (version 2)
Utilization of waste gas in Department of - AMO0055 — Baseline and monitoring methodology for the recovery and utilization of
refinery Mineral Fuels . | waste gas in refinery facilities (version 1.2)
Replacement of high efficient EGAT 3,208,722 AMO0046 — Distribution ©f efficient light bulbs to households (version 2)
light bulb in residential sector ) =1
Improvement of boiler EGAT v AMO0054 — Energy efficiency improvement of a boiler by introducing oil/water
efficiency in electricity '
generation ks -
Energy efficiency EGAT AMO006 I+ Methodology for rehabilitation and/or energy efficiency improvement in
improvement in existing existing-powet plants
EGAT power plants
Electricity generation from EGAT ACMO0002 — Consolidated methodology for grid-connected electricity generation from
wind renewable resotirces (version 10)
Flare gas utilization PTT Ple. AMO0055 — Baseline'and-monitoring'methodology for the recovery and utilization of
waste gas in refinery facilities (version 1.2)
Fuel switching from fuel oil PTT Plc. ACMO011 — Consolidated baseline methodology for fuel switching from coal and/or

ol
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Amount of emission
Activities Organization reduction CDM Methodology

to natural gas in PTT power Jpet@eugmatural gas in existing power plants for electricity generation (version
plant 20 -
Electricity generation from Energy Policy {;‘E idated baseline methodology for grid-connected electricity
biogas and Planning /' generation from r ewable sources (version 10)

Office
Electricity generation from Energy Policy JAC 10 l 0 k Co led baseline methodology for grid-connected electricity
biomass and Planning on able sources (version 10)

Office Y 0 Con: 11 d methodology for electricity generation from biomass residues
Waste heat utilization Department of 36 — Fuel switch from fossil fuels to biomass residues in heat generation

Alternative enit (version 3)
Energy Methodology for Grid connected electricity generation plans using natural gas
Development =

Source: Using data from Cheif of Climate Change Officer Ig,ﬁergy >

ﬂﬂﬂ?ﬂﬂﬂ’iﬂﬂ’]ﬂi
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Status and Outlook for Thailand’s Low Carbon Electricity Development!
Narumitr Sawangphol” and Chanathip Pharino’

Abstract

Thailand is facing an urgency to enhance its energy security and capacity to
cope with global warming impacts, as demands on fossil fuel consumption keep rising. This
paper reviewed the latest situation on renewable powers and developmental strategies toward
low carbon electricity generation in Thailand.“Gevernment recently has spent tremendous
financial and legislative supports..to profnote the uses of indigenous renewable energy
resources and fuel diversification while contributing in reduction of global greenhouse gas.
Major policy challenge is onawhigh types ofi renewable energy should be more pronounced to
ensure sustainable future of the country. Regions in Thailand present different potentials for
renewable supply on biomass, municipal wastes, hydropower, and wind. To maximize
renewable energy development in each area‘ Iocatlon is matter. Currently, energy-derived
biomass is widely utilized within the .country;.;_however if droughts happen more often and
severe, it will not only affect food security bu,t' also energy security. Life cycle of biomass
energy production may causé othér social issues‘on land and chemical uses. Meanwhile,
deployment of wind and solar energy has been :slow, and needs to speed up to the large extent
in comparison with cnergy proportion from biomass. Nuclear power has already been
included in the Thai power development plan 2010 (PDP-2010) However, public acceptance
is a major issue. Setting up strategic renewable energy zone to support power producer
according to pre-deterfnined potential location may essist development direction.
Furthermore, government has) to/ sttongly subsidize' research land development to lower
technology cost and promote private investment on renewable energy industry. In the future,
revision of electricity price is needed to allow fair competition between non-renewable and

renewable energy once subsidysprogramssare ended.; Environmentalytax! according to fuel

types could help government progressing toward low carbon electricity. Stimulating
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renewable energy development and utilization at local community is a key for Thai

sufficiency economy.
Keywords

Low carbon electricity, renewable energy expansion, fuel diversification

1 Introduction

Power generation is the main source of carbon dioxide emissions and
accounts for four in every ten tons of carbon/dioxide dispatched to the Earth’s atmosphere.
How countries generate electricity, how much they generate, and how much carbon dioxide
gets emitted with each unitefenecrgy produced is critical'in shaping the prospect for stringent
climate change mitigationsIntemational Enprgy Agency expressed the use of energy by far
the largest source of GHGs emissions fr|0m human  activities, dominated by the direct
combustion of fuels [1] #Energy accounfs “for over 80 percent of the anthropogenic
greenhouse gases in Annex [ jcountries, \;ith; emissions resulting from the production,
transformation, handling and consumption ofiall kinds of energy commodities. With climate
change threats, the levels of GHG fleed to be.-_'é-iliéb‘i-lized and eventually reduced. Clearly, our
consumption of fossil fuels must decrease, partl‘yddlllJe to a limited and uncertain future supply
and partly because of undesirable"‘effnects on tﬁé;éﬁvironment [2]. Essentially, a sustainable
supply of energy for societal needs Thust be sceured in long term for our future generations.
With well-founded scientific-suppoits-and-inteinational-agieement, renewable energy sources
must be urgently developed and widely adopted to meet cnvironmental and climate related

targets and to reduce our-dependence on oil and secure futuré-energy supplies.

As deyeloping| country 'that heavily depending on-imported fossil fuels for
power generation;Thailand already experienced adverse impacts of energy crisis that could
become major barriers for the country’s future development. The country improves its power
development plan for the next decades to,enhance higher proportion ofl rénewable energy
generation. The critical questions are how realistic of the plan’ s targets compared to existing
physical supplies and technical potentials, which technology should be more pronounced, and
how fast the plan’s impacts can be acknowledged [3]. During 1993 to 2008, carbon dioxide
emissions from electricity generation in Thailand have increased by 16.5 percent and this
largely amount is the result of demand growth in electricity production (27.8 percent between
1993 and 2008). Department of Alternative Energy Development and Efficiency (DEDE)
reported the forecasted amount of GHGs emission from Thailand would reach 559 MtCO,

over period 2005-2020 (Figure 1). Average growth of total GHGs emission is estimated to be
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3.2 percent per year while estimated emission from energy sector is 4.7 percent per year [4].
Ministry of Energy (MOE) reported the CO, emission per capita of Thailand increased from
1.85 to 3.06 during 1993 to 2008 and electricity consumption per population raised from 965
to 2,129 kWh per capita during 1993 to 2008 respectively [5]. The study of the Electricity
Generating Authority of Thailand (EGAT) estimated every one kilowatt-hour of electricity
produced in Thailand emits CO, approximately 0.5 kilogram. To strengthen national energy
security and reducing GHG emission from energy sector, Thailand could effectively promote

renewable energy generation from its main agricultural products and residues.

Agriculture is a major business for Thailand. High potentials for all types of
renewable energies based on.agricultural products-exist.in the country and can help strengthen
the national energy security. Thai Governn;ent currently has launched ambitious programs to
enhance investments in remewable energy e.g. wind, solar, biomass, and other clean
renewable energy sources.sn fact, to secure future energy supply and incorporate the
government renewable energy cfforts into actual utilization, it'1s not quite a straight thinking.
There are some hurdles after implementation: One is that the commission of power plants and
the transmission of power into grid may: take:"bé‘-[ween five to seven years. Thailand‘s power
purchase from a foreign source is limited. P(;Wer-,-plant investments especially in renewable
energy involve large number of stakehelders, th’erefore require all partners to understand and
negotiate their trade-offs, benefits'and impactsf_ "fh‘ﬁs, the power development plan must be
strategically designed. Inevitably, a ‘reliable: .-'ﬁlefiium and long run load forecasts are

prerequisites for a well-¢onceived power development plan.

This paper intends to review a recent situation of power generation and renewable energy
development strategies 'in Thailand including the natui¢ of business operation, the
governmental regulations,, power .development plan .and..its_.implementation/performance.
Mainly, the analyticalievaluation of the current technaelogical capagity and country pathway
toward low carbon electricity generation is a highlight of this review. The existing physical
potentials and technoloegical | feasibility “are examined and ‘compared with the country’s
development targets. Factors supporting and hindering the achievement of future low carbon
electricity in Thailand are elucidated. The paper aims to present useful information and lesson

learned for other countries that may face similar situations.

2 General situation in Thailand’s electricity sector

Electricity is one of the necessities in the ordinary business of life, and a

major driving force for world economic growth and development, Thailand without
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exception. With un-storable nature of electricity, the supply of electricity must always be
available to satisfy the growing demand. Since 1968, Thailand electricity supply services
have all been taken over by the state government and operated under state enterprises under a
law empowering its monopoly. The state utilities accumulated assets and built up their
manpower to expand and operate the power system to serve the whole country [6]. Thai
power system has a single buyer structure that the Electricity Generating Authority of
Thailand (EGAT) currently provides about 53 percent of the country’s electricity supply.
EGAT plays the main role not only in generating country’s electricity but also in operating all
high voltage transmission lines and monopol_,izing the buying power of the country’s
electricity [7]. EGAT sells bulk power to two ‘.-di'§'tribution utilities; (a) the Metropolitan
Electricity Authority (MEA) responsible for the sale of electricity within Bangkok and
surrounding areas; and «(b)*the Ptovincial Electricity “Authority (PEA) responsible for
electricity sale in the remdini Parts of the country. Additionally, private power producers
sell electricity to the ele;ﬁzuihtles under power purchase agreements or to users located
nearby. Since early 1990s¢when high’ growth in power demands existed, the government
developed several initiatives to privatize statd electric utilities and engage independent power
producers (IPPs) with loré:’r,ﬁl powerﬂpurchase agreements (PPAs) for supply of electrical
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Figure 1 Carbon dioxide emissions from electricity generation in Thailand

Source: Ministry of Energy [8]
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_ 20 g Office (EPPO) [9] reported the total
e By
electricity consumption in 2009 ca}"frbi:categlgjby economic sector as residential 30,258

A 5
GWh (22.5 %), conﬂlercial 32,634 GWh n 0),'ﬁ dustrial 59,402 GWh (44.1%),
" ' ‘ 1%), and other 9,289 GWh

agricultural 316 GW’{I (0.2%), direct customer 2,894 GWh (

(6.9%) respectively (Figure 3). ]:I_lg power se : ke in many other developing
countries is heavily depelrf‘dent on fogsilfuels (Figure 4). Theﬂé‘ectricity installed capacity can
be categorized eﬁzﬁ lant_types a power of 3,764 MW (13.6%), thermal
power plants 0§6 ﬁﬁ,mm gj:v}e] ;ﬁfif 12,806 MW (46.0%),
gas turbine and c%‘Lsel power plants of 972 MW (3.5@, and renewabl&yower plants of 279

MW (1@%@1@@5 @E 1a§ﬂa¢!ﬂ@6?%%]q E]V (1.1%). Much

of this capacity based on t 1 and combined cycle generation where natural gas alone

contributes to over 73.9 percent of total electricity generation, followed by lignite and coal at
about 17.4 percent, hydropower at 3.6 percent and fuel oil at 1.4 percent respectively [10-11].
Figure 5 illustrated the distribution of conventional and non-conventional power plant in

Thailand.
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3 Expansion policy and power plant technologies

ﬂ}auﬁj @Me&lm%t{%rﬂafﬂ@icny generation and its

utilization accoulgb!s for about 74 percenJ. of the total fuel used to produce electricity. About 75

=3 ./
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Thailandqmd he rest fro yanmar and could be vulnerability for power generation. The

country may face a risk of natural gas shortages as industrial activity rises in response to the
improving economy, resulting in higher power demand; however, high dependence on single
fuel type in power generation raises concerns about security of electricity supply that could
affect competitiveness of Thai industries at the global level. The country has faced shortages

of natural gas recently that could become a serious threat in the near future [10, 13-16].

To power future energy supply, Thailand issued the 20 years Power
Development Plan covered a period 2010 to 2030 (PDP-2010), to enhance reliability of
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power supply, fuel diversification, power purchase from neighboring countries, power
demand forecast and others. The PDP-2010 was approved by the National Energy Policy
Council (NEPC) and endorsed by the cabinet in April 2010. The PDP-2010 aims to reduce
the country’s dependence on natural gas from 68.2 percent to 55.6 percent in 2030 while
increasing the use of renewable fuel from 14.7 to 19.0 percent and nuclear power to 5.3
percent. At the same time, the use of lignite will be cut from 9.1 percent to only 6.4 percent.
Under PDP-2010, the total install capacity is 36,335 MW and the total capacity of retirement
of old power plants is 19,974 MW which is divided into 3,046 MW of EGAT thermal power
plants; 4,776 MW of EGAT combined cycle power plants; 2,927 MW of Thermal IPP power
plants and 9,225 MW of IPP combine cycle powerplants [11].

The Energy Industey Act, BE 2550.(2007) came into force on December 11,
2007 and established a new regulatory regime for electricity and natural gas business. One of
the main objectives of thissact dncludes promotion of the use of renewable energy. The
cabinet approved a 15-Yearof Alternatives Energy Development Plan (AEDP) on January
28, 2009. The announced'goal'is to speed up the utilization of renewable energy to constitute
up to 20 percents of total energy consumptioﬂ by 2022. Policies that came out from the plan
will promote energy security of the kingdor;i-_.-by reducing energy imports and increasing
domestic energy resources, building competiﬁ’yg energy market for sustainable economic
growth, and help reducing the emissiof of greeﬁgbﬁe gases in the long-run [17]. For increase
sharing of renewable energy mixed to' 20 percént_;pf, the final energy demand in 2022, the
AEDP is divided in to-three phases: the short term from 2008, to 2011, the mid-term from
2012 to 2016, and the loﬁg term from 2017 to 2022.

The ADEP detailed target for electricity generation from renewable sources
is summarized in.Table L. The short-term.focuses.on extending.renewable energy proportion
to 15.6 percent ofl-the fotall energy. consumption by promoting of proven renewable
technologies and high-potential renewable resources.such as biofuels, and thermal energy
generation fiom biomass and biogas with full”financial supports. Thel mid-term expansion
goal is tojboot up renewable consumption to 19.1 percent of the total energy consumption.
The mid-term strategy is concentrated on the efforts to promote the renewable technology
industry, to support the new renewable technology prototype development to make it
economically sound, to encourage cutting-edge technologies in the biofuels production and
the green city model development, and to strengthen the local energy production. The long-
term development goal is to develop the renewable energy at 20.3 percent of the total energy
consumption. The long-term development plan focuses on adoption of economically viable

cutting-edge renewable technology including the further implementation of the green city and



172

decentralization of the technology to local community, as well as on promotion Thailand to

become the ASEAN biofuels and renewable energy technology hub.

Table 1 Target for electricity generation from renewable energy during 2008 to 2022

Unit (MW) Actual Target

2009 2008-2011 | 2012-2016 | 2017-2022

Solar 32 55 95 500
Wind 1 115 375 800
Mini/micro hydropower 56 165 281 324
Biomass 1,610 2,800 3,220 3,700
Municipal solid waste 46 78 130 160
Biogas b, 60 90 120
Total 750 S 3 4,191 5,605
Source: Ministry of Energy [17] and EGAT [ 11}

The National Encigy Committee (NEC) approved tariff adders for certain
categories of alternative energy on March 9'1 2009. This allows government to encourage the
renewable energy investmeni'by, awar_ding ;“aldder tariff? or special purchasing rate higher
than the price of power gemerated fiom Zmainstream fuels to private power producers
depending on the types of: tenéwable fuel ul.sed (Table 2). The efforts have been made to
diversify the economy away from.the use olE'giL_.and natural gas for power generation by,

among others, increasing the use of indigenous renewable energy resources and implementing

fuel energy-efficient technologies for power generation to enhance the security of national

)

power supply as well as to reduce local-and glo_@l_‘_e'py_ironmental impacts.

Table 2 Adder fo-the-normal-tariff-for-inerease-inceritives for renewable energy
expansion ) ot
t) Adder 1] Target in 2009-2021

FuelType ™ Banukwh US cents/kWh (MW)
Biomass 3,700
<1 MW 0.50 143
>1 MW 0:30 0.86
Biogas 120
<1 MW 0.50 1.43
>1 MW 0:30 0.86
Waste 160
Fertilization/ Landfill 2.50 7.14
Thermal process 3.50 10
Wind 800
<50kW 4.50 12.86
> 50 kW 3.50 10
Hydropower 324
50 kW to <200 kW 0.80 2.29
<50 kW 1.50 4.29
Solar 8.00 22.86 500
Total Capacity 5,604

Source: Ministry of Energy [17]
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4  Status of renewable energy utilization

Since energy demand is projected to keep increasing, renewable energy and
alternative energy are considered potential options to accommodate the increasing energy
demand. Renewable energy utilization will help reducing not only the country's dependency
on imported energy but also risks of volatility of imported fuel prices. At present, the
development of renewable/alternative energy has become a country focus by promoting wider
utilization of renewable energy to replace conventional energy consumption and motivating
people to use energy efficiently and. economically. This section gives an overview of
alternative energy utilization in Thailand in sSeveral aspects including technological and
supplying potential of biomass, biogas, municipal selid waste, hydropower, wind, solar,
geothermal and nuclear energy to-check orf- how obtainable for Thailand to achieve the latest

AEDP target leading toward.a‘low€arbon electricity in 2022.

4.1 Biomass

Thailand'is an agricultural C(;ﬁntry with huge agricultural stocks, such as rice,
sugarcane, rubber sheets, palm oil; and cassa\;a_. The processing of these agricultural products
generated large amounts of fesidues, which sdﬁie Jj-)arts are used as fuel in several industries.
The amount of agricultural residues-is-about 6-I':"1i1'_il_lion ton a year, of which 41 million tons,
which is equivalent to about 426 PJ-of energy.,—_vi;.é.‘s left unused. Currently, biomass is the
primary source about 4 percent of the country low carbon electricity. MOE indicated three
main biomass sources-in.lhailand arc from agricultural -residues, forest industry and
residential sector [18]. The employable biomass energy in-Thailand mainly includes crop
residues, firewood, manure, domestic garbage, industrial” organic waste residue, and
wastewater. The most promising residues used'as fuel sources in electricity generation and
cogeneration are rice husk, bagasse, oil palm residue'and rubber woed residue. The utilization
of biomass applies in wide range of conversion technologies such as direct combustion,
thermo#cheinical donvetsion; biochemical conversion, direct liquefaction,
physical/mechanical extraction, and electrochemical conversion. Based on commercial
application so far, direct combustion and thermo-chemical conversion are the most applicable

technologies for utilizing biomass for heat and power generation [19].

The potential from biomass supply is widely distributed throughout the
country depending on seasons. Particularly, rice is main agricultural product. The rice
statistics data in Thailand were roughly represented according to major harvest and second
harvest. Major harvest would be from May/June until November/December and second

harvest is from December/January until May/June. Table 3 summarized the potential of major
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crops for biomass development in Thailand. The Office of the Energy Regulatory
Commissioner (OERC) reported the installed capacity of biomass power generation in
Thailand reached 1,751 MW. Of this, the power capacity from 632 MW from rice husk, 106
MW from bagasse and 32 MW from wood residue [12]. EPPO [9] reported in March 2010,
there are 76 biomass power plants in operation (637 MW), 30 plants in the negotiation period
with PEA and MEA (234 MW), 40 plants in acceptable period but not yet singing PPA
contract (290 MW) and 211 power plants in the construction period and waiting for
Commercial Operation Date (COD) at 1,586 MW [20]. Under the 15-years of AEDP,
government set targets of biomass utilization in electricity generation in 2022 into three
periods, short-term (2008-2011) at 2,800 MW+ imid-term (2012-2016) at 3,220 MW, and
long-term (2017-2022) at 3,700 MW respectively.

4.2 Biogas

Thailandis knowa as a food producing and supplying country. Food and agro
industry generated significant/amount of oig'anic wastes, which are good ingredients for
biogas production. The productions of bicéga’é are mainly from anaerobic digestion or
fermentation of biodegradable materials such_fé_s_. biomass, manure, sewage, municipal waste,
and energy crops. In Thailand, biogas resource_é-__ a}fe from industrial wastewater and livestock
manure, which have potential'of 7,800 and 13,00{),_‘_.71" J per year, respectively. Central region
produced highest BOD loading of 2,233 ton/dqﬁwh_ich was more than half of the total BOD
loading. The amount of wastes caﬁ be used to ﬁr;dﬁce 620 miillion m’ of biogas, which is
equivalent to about 13,000 TJ or 308 ktoe of energy, in anaérobic digesters [21]. Although
cattle residues show the highest energy potential of 41 percent of the total energy potential,
the ongoing biogas promotion program is emphasized on manure utilization from pig farms.
In the future, the’government-certainlyshasito put more focusitomutilize resources from cows as

well.

TherOERC teported the installed; capatity (of biogds power in Thailand
reached 146 MW. Of'this, the power capacity from 74.96 MW from"industrial waste water
and 97 MWh from pig manure [12]. EPPO [20] reported in March 2010, there are 41 biogas
power plants in operation and sale power to grid at capacity of 43 MW, 15 plants in the
negotiation period with PEA and MEA (41 MW), 31 plants in acceptable period but not yet
signing PPA contract (44 MW) and 33 plants in the construction period and waiting for COD
(72 MW). Under the 15-years of AEDP, government set targets of biogas utilization in
electricity generation in 2022 in three periods, short-term (2008-2011) at 60 MW, mid-term
(2012-2016) at 90 MW and long-term (2017-2022) at 120 MW respectively.
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Table 3 Evaluation of biomass potential in 2009
) Yield ) P(?tential Estimated potential energy
No Main crop o1 Biomass ; biomass
(million ton) ) ‘ (million ton) T ktoe
1 | Rice 31.50 Rice Husk " 1.38 18,611.76 444.53
Rice Straw NN % 4.48 55,193.31 1318.27
2 | Sugarcane 73.50 Sugarcane leaves AN S 6.87 106,384.76 2,540.96
3 Casava 8.22 Casava trunks L N0 N 0.30 4,727.26 112.91
Casava rhizome " 1.08 5,955.03 142.23
4 | Cormn 6.91 Corn cobs 1.16 11,160.29 266.56
Corn trunk 3.40 33,397.17 797.68
5 | Palm 8.16 Palm cluster 0.99 7,185.02 171.61
6 | Rubber 232,008.94 (rai) | Rubber slap 0.29 1,874.89 44,78
Roots 1.10 7,240.42 172.93
7 | Other wood Woodchips 1.89 12,407.45 296.35
Total 22.94 264,137.36 6,308.81

Source: Office of Agricultural Economics, Ministry of Agriculture [ [22]; W_art

2

estock Ministry of Agriculture [23]
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4.3  Municipal Solid Waste

Management of municipal solid waste (MSW) has continued to be an
important environmental challenge due to increase in production and consumption of goods.
The threat of global climate change become a driving force and great opportunity to change
MSW management practices to reduce greenhouse gas emissions in Thailand [24]. Huge
amounts of waste are generated daily and its management is a considerable task to not only
promote recycling and reuse, efficient waste collection and disposal system, but also increase
financial capability and effective participation of government, public and private sectors.
Thailand generates approximately 14.5 million" tons of municipal solid waste (MSW)
annually. Chiemchaisri et al:+{25] clarify th.e physical.eomposition of MSW varies according
to consumer patterns, lifestyle,.and econo;nic status.. The detailed composition of MSW in
Thailand dominated by foodswaste (41-61%), followed by paper (4-25%) and plastic (3.6—
28%). Within landfills, microorganisms that live in organic materials such as food wastes or
paper cause these materialsgto decompose and produce landfill gas typically comprised of
roughly 60 percent methane jand 40 percent ca}_rbon dioxide. Total numbers of landfills in
Thailand that actively operate @are' ninety wh;i}e total incinerators are three. There are more
than three hundred opened-disposal’ sites in thé-'ct)untry. Despite large numbers of landfills,
only a few of them properly operate-and mairi@éin (with methane gas collection) because no

regulation mandates for methane coflection.

The OERC repdﬁéd the install-e.d-: Esf;aicity of electricity from municipal solid
waste in Thailand reached 13 MW [12]. EPPO tépoited ifi March 2010, there are 8 municipal
solid waste power planfs in operation and sale electricity to grid at 11 MW, 10 power plants
in the negotiation period with PEA and MEA (305 MW), 15 plants in acceptable period but
not yet signing PPAycontract-(68;M W) jandy 1 4-plants in jthe, construction period and waiting
for COD (96 MW). Underthell 5=years-‘oft AEDP, igovernment set target of biogas utilization
in electricity generation in 2022 in three periods, short-term (2008-2011) at 78 MW, mid-term
(2012-2016) at 130 MWiand long=term (2017-2022) at 160 MW respectively [20].

4.4  Hydropower

Water supply for the whole part of Thailand is plentiful, except in the
northeastern part of the country during the dry season. Thai's culture has long been intimately
related with water, but not in a seafaring way, instead mainly in a local transport and
irrigation mindset. Based on geographical characteristics watershed of Thailand divided into
25 river basins, average of annual rainfall is about 1,700 mm and total annual rainfall of all

river basins is about 800,000 million m* of which 75 percent of the amount is lost through
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evaporation, evapotranspiration and the remaining is in streams, rivers, and reservoirs.
Hydropower is the second major source of low-carbon electricity for Thailand. Hydropower
produces only small amounts of CO, as a byproduct from dam construction and operation, but
in some cases may produce significant amounts of another greenhouse gas, methane.
However, hydropower resources are difficult to exploit due to the environmental impact on
the resource areas a power project would entail. Therefore, future development of
hydropower resources will be limited to a few small-scale projects that are considered most
economical and environmental friendly. As part of the rural electrification program, the small
hydropower developments are promising plan/From survey of MOE presented Thailand has
potential to development of small hydropower at existing irrigation project. According to the
PDP-2010, EGAT planned_to_increase capacity by constructing small hydropower at total
capacity of 49 MW within2012 [17].-There are many existing irrigation dams and reservoirs
of Royal Irrigation Department” (RID) designed and constructed for irrigation and flood
control. Six existing andsunder constructiol‘n dams of RID were studied and proposed by
EGAT to develop the smallthydropower projéc?fs with the total installed capacity of 78.7 MW.

High potential micro-hydro powers are clusteted in the northern areas of the country [11, 26].

EPPO [20] indicated hydrob(;Wer,t existing potentials for development is at
15,155 MW [27]. By the end of December 2069:,1116 OERC reported the installed capacity of
hydropower in Thailand reached 3,438 MW [12 EPPO reported in March 2010, there are 7
hydropower projects in acceptable period waitiné_— er COD at capacity of 6.3 MW. Under the
15-years of AEDP, government set target of hydroelectric utilization in electricity generation
in 2022 in three periods; short-term (2008-2011) at 165 MW, inid-term (2012-2016) at 281
MW and long-term (2017-:2022) at 324 MW respectively.

4.5 Wind

Wind energy technology currently has conquered many startup problems and
has attained’ifi aiew, motenature phasellti§ione ofithe promisingaltCtnatives to implement
for low-carbon electricity generation. “The “average wind" speed in'Thailand is moderate to
rather low, usually lower than 4 meters per second; therefore, wind energy is currently used
almost exclusively for propelling rooftop ventilators and water-pumping turbines. Throughout
Thailand’s long coastline, there is a rich resource of wind energy with great development
potential. Currently, a further detailed study is being carried out in areas where the wind
potential is high, mainly along the southern coastlines of Thailand, to obtain more data with a
view determining the feasibility to develop projects for wind power generation [27-28]. The

study of Prabamroong et al, [29] estimated total feasible areas for wind farm installations with



178
respect to total area in each region of the country is found to be 95 percent for Central region,
88 percent for Eastern region, 94 percent for Northern region, 79 percent for Northeastern
region, and 91 percent for Southern region. This study suggested that most of areas in

Thailand have high potential for installing wind farms.

By the end of December 2009, the OERC reported the installed capacity of
wind power in Thailand are in very small amount about 0.38 MW [12]. As of March 2010,
EPPO reported there are 3 wind power projects in operation, 19 in the negotiation period with
PEA and MEA (762 MW), 16 projects in acceptable period but not yet signing PPA contract
(560 MW) and 6 power plants in the construction period and waiting for COD (26 MW) [20].
Under the 15-years of AEDP, government estimated potential of wind energy utilization with
1,600 MW capacity and set target.of wind énergy utilization in 2022, short-term (2008-2011)
at 115 MW, mid-term (2012<2016). at 375 MW and long-term (2017-2022) at 800 MW
respectively. Noticeably, thefgoveérnment proposed to increase renewable energy from wind
power to 800 times more fiom the current capacity in 2022. This will require significant
amount of investment, which the government needs to carefully develop an appropriate
driving policy to succeed this ambitious goal in 12 years.

4.6  Solar 7_‘ ,

Almost every aréa-in Thailaﬂ@ té%poses to high sunlight intensity since
locating near the equator. Therefore; high poterit-iél-f for solar utilization exists. Government
promoted solar cells o photovoltaic (PV) cells for power generation with a demonstration
project for utilization of solar energy and integrated systems of PV/hydropower and PV/wind
energy [30]. Since 1976, the Ministry of Public Health- and the Medical Volunteers
Foundation used solar electrigity for communication equipment in rural health station in
isolated area that far from| grid system. Several government agencies under the MOE have
been undertaking studies and development of PV technology. For example, DEDE has
studiedrandiexplored-the’potential ©0f Solar|energyutilization'by€stablishinient of solar cell
battery-charging station in ‘various rural “villages and Border Patrol Police” Schools located

outside the grid system [31].

By the end of December 2009, the OERC reported the installed capacity of
solar power in Thailand are 7.8 MW [12]. EPPO [20] reported in the end of March 2010,
there are 51 solar power projects in operation with capacity of 7.7 MW, 121 projects in the
negotiation period with PEA and MEA (996 MW), 61 power plants in acceptable period but
not yet signing PPA contract (218 MW) and 341 plants in the construction period and waiting
for COD (3,265 MW). Under the 15-years of AEDP, government set target of solar energy



179
utilization in 2022, short-term (2008-2011) at 55 MW, mid-term (2012-2016) at 95 MW and
long-term (2017-2022) at 500 MW, respectively. The proportion of solar energy is about 10
percent compared to total renewable energy target, which seems to be relatively low, despite
the great potential of solar intensity throughout the whole country. High investment cost per
unit of electricity might be a major barrier, which suggests the government should find the

way to develop R&D and support domestic solar industry.
4.7  Geothermal

Geothermal energy is natural energy from the internal heat of the earth; the
temperature varies with respect to the distance fronuthe earth surface (geothermal gradient) -
the deeper from the earth-surface, the higher temperature. At the depth of about 25-30
kilometers, the average temperaturcwill be around 250-1,000°C. There are approximately 64
geothermal resources in” Thailandy but majpr ones are in the northern part of the country,
especially the geyser field at'Fang Distric; in Chiang Mai Province. Currently, EGAT is
operating a 300-kW binary eycle geotheripelll power plant at Fang District, generating
electricity at about 1.2 million kWh per yeaf;, which helps reduce oil and coal consumption
for power generation. In"addition, other ben:f::jﬁ_tsa derived from the waste heat of hot water
used in the power plant. The temperatuie of 'ljig-);td\;gfater, after being used in the power plant,
will decrease from 130°C to 77°C; shich can fb:éi,l}sed for drying agricultural products and
feeding the cooling system for EGAT's site—of@ space. Some other non-energy uses of hot
water from geothermal sourcesa are for physicJal- ‘;fle;apy and/tourism [27]. Due to limited
geothermal resources m the country, Thailand has small potehtiail to produce more renewable

energy from this area.
4.8  Nuclear energy

Thai Government is considering installing nuclear power to cope with future
energy demand increases, Growing.electricity demand, fluctuation of fossil fuel prices and
climate change pressure bring alllinia-favor of nuclearipower. The use of nuclear power will
also help achieving emission reduction goal for climate change in the future. Therefore,
Under PDP-2010, five thousand megawatt of nuclear power plant (5,000 MW) are expected
to start operations during 2020-2030 and the first nuclear power plant will operate in 2020

[11].

Government believes that modern nuclear plants are safe and have high
quality-control standards. Within 2012, the cabinet will make the final approval on the

construction of the first nuclear power plant based on the results of the feasibility study on



180
infrastructure information, utility and public acceptance. However, human factor is often
weak point in the use of advanced nuclear technologies; education is very important, training
also a key issue to develop specific behavior that can make the different between industrial
culture and safety culture, which is critically required by nuclear operation. Now, the
systematic process of nuclear development program will require both a strong political will
and people’s acceptance to be open and transparent in order to create public trust by
providing essential and precise information to the public along with the benefits to the

country.

5 Barriers for renewable energy development

Despite high=potentials to generate eleetricity from renewable sources in
Thailand, several barriersestillprolong the speed of development and wide adoption of
renewable energy. Systematic support and pfomotional policy guidelines of the government is
currently necessary to helprallgviate the investment costs for renewable power generation
development so as to eventually enhance it; commercial and competitiveness. Appropriate
financial support is key mechanism to further"l,,promote the development of power generation
technologies from each type ‘of ddmestic"‘ "'{leﬁewable energy sources. Based on our
investigation, major factors hindes progreséé'sf of remewable energy implementation in

sl he

Thailand are following: —
5.1  Fuel supply

The liniitation of raw material supply has Tecently become the prominent
barrier for expansion of renewable energy utilization especially for biomass. Due to seasonal
and spatial variation ofsbiomass ssupply; st #estrictssthe~power-plants unable to have a
continuous operation‘or operate to the'full'capacity. This-greatly affects the cost-effectiveness
of the business. Moreover, the quantity and quality of renewable resoureces has become the
prominent batrier. Most, of ibiomass resources;can only produced during harvesting season;
for example, period of sugar harvesting is limited (5 months from December to April). Thus,
electricity from the sugar factory is mostly seasonal [32-33]. Moreover, the intensive
cultivation of biomass may stress water resources, depleting soil nutrients, and displace open
space by withdrawing land from other natural uses. Large-scale production of biomass for
energy purposes could compete with use of land, water, and energy for production of foods or

woods and grasses for construction of shelters.
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Logistics and transportation of renewable resources especially biomass fuel

are the another barrier of renewable energy utilization. Most of renewable energy is bulky and
distributed over vast areas, which could cause high transportation expenses. Biomass
resources should be utilized by nearby facility. If biomass has to be transported by farm
equipment much over 100 km to a processing point or use facility, a substantial fraction of the
energy content of biomass itself is consumed in the transportation process [34]. According to
government policy on fuel diversification to renewable energy, the declaration of sufficient
fuel supply to prevent fuel shortage is the main criteria used for selecting the small projects to

receive feed-in tariff or “adder” from EGAT ot PEA.
5.2  Technical barrier

The absence eof cfficient renewable energy generation technologies and
supports of skilled manpower and spare parts is one of the prime technical barriers. For
example, domestic wind power technologyj_ has not well developed in the country, so the
advanced and large wind power sector ha;s'to rely on imported technology. Given the
available wind resources and climatic conditi@nég it is difficult to further develop wind power
sector in Thailand by using imported te_:chnoldé_ig:sj_The technology has to be tailored to adopt
in the hot and humid climate and low wind spj.e_a_e_ids prevalent in Thailand. In long-term, this
can pose substantial barrier if we,continue imp‘dging foreign technology for wind energy
development in Thailand. Anoth;r example in_?_q_ﬁd_ waste utilization, characteristic of solid
wastes in Thailand hashigh mf‘)iét‘r‘ure contents fh;rei"ore have low calorific value which is
unsuitable to use in poWer generator and required additional procésses to improve fuel quality
e.g. installation of waste separation unit or manual waste separation [35]. Increase efficiency

of waste separation can help increasing the yield of biogas generation but it also requires

public education"oniwaste management.

For technological R&D, Thailand needs to support researchers to carry out
their research’to extendfout country; potentialiand create linzhouse fSchfiology to promote
industrial start-up. Many believe that accelerating the pace’of technology improvement and
deployment could significantly reduce the cost of achieving this goal. The critical role of new
technologies is underscored by the fact that most anthropogenic greenhouse gases emitted
over the next century will come from equipment and infrastructure built in the future. As a
result, new technologies and energy sources have the potential to transform the nation’s
energy system while meeting climate change as well as energy security and other important

goals [36-37].
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5.3  Financial barrier

A key role for government is to focus on policy design and legislation to
attract private sector investment. As renewable energy technology becomes more
commercially mature, government will become less significant as providers of the direct
capital support needed to make up the cost difference relative to conventional generation.
Mallon [38] express the importance of cost internalization (environmental and social damage
cost) made cost of renewable comparable with thermal (nuclear and fossil) electricity
generation. Siegel et al. [39] express investment of renewable energy companies not only
generates revenues by providing clean, green pewer for consumers, but they can also generate
additional revenues by simply-offering an “foset” to.companies that emit less greenhouse gas
emissions (GHQG). It is clearly.beyond th; budgets of most government to directly inject
money into renewable inworder” to. fast track a competitive industry. A handful of
demonstration projects might be useful, good examples of financial incentive provided by the
Ministry of Energy is “ESCOs Venture Capital Funds” for providing equity for small
renewable energy and energy efficiency prg‘ijegts undertaken by small entrepreneurs with
limited capital. The fund should also be prov;iged financial assistance for equipment leasing,

credit guarantee facility, technical assistance and ¢arbon market [7].
)

It should be noted thdt withou‘: j_-s;113§jdies, biomass power projects are unable
to compete with fossil fuel power plants due togﬁé ;ﬁfference in scale on which conventional
plants and renewable energy plaﬁt'é‘ operate [40-].. -'(_}_agfej:rnment set price at which they can sell
their renewable power ¢ the grid, thus effectively providing essentially a guaranteed return
on the renewable energy investment and making it easier for renewable energy projects to
obtain banking approval for the capital costs of the project. For example, waste incineration is
not likely to be cestreffective-at this time insThailand; Incineration of municipal solid waste is
a costly and operationally-complex, as-compared to landfills. Goveinment subsidies are only
possible sources of financing, however this issue is=not a widely discussion upon by the

public, politicians, and“international financ¢ial institutions. Feed-in tariffs: in practice have

definitelyprovided a hugh boost for renewable energy projects.

Another barrier or driven constrains of biomass utilization are still high in
price. Fluctuation of fossil fuel price also affects the competitiveness and utilization of
renewable energy. Moreira expressed most of modern biomass utilization are being driven by
energy security motivation [41]. Fossil fuel price has been increasing in the last 3 year due to
various reasons, when fuel price are high, some industries change their main fuels from fossil

fuel to use rice husk for lowering price. Average price of rice husk has increased from 767-
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799 THB/ton in 2006 to 864-1,042 THB/ton in 2009. However, when the fossil price was

dropped, demands for biofuels also decreased.

Tester et al. [34] indicated that if fossil fuel prices rise to include cost of
carbon management, consumers may also modify their consumption patterns. Through a
system known as carbon trading, a market - based mechanism that helps mitigate the increase
of carbon dioxide in the atmosphere, renewable energy companies (as well as other entities
that provide offsets, such as forestry management companies, for instance) can sell carbon
credits to companies that emit carbon dioxide into the atmosphere and want to balance out
their emissions. The government should refocus'its' energy development strategy and consider
more on how to deliver the actual price of energy.to'the citizens, instead of lowering the price
to favor industrial development without ca}.efully considering externality environmental and
social costs. The challenge isshow to internalize all externality (e.g. environmental damages
cost) caused by using fossilficlss and set up a financial structure i.e. tax system to bring the
right energy price to consumers. This will help promoting the fair competition between

renewable energy and traditional fucls and bring the country to a sustainable future.

5.4 Institutional and legislafive constrains

Today, even environmental fifél_;idly energy projects are also facing public
protest. Hydropower projects can be particula:gl}fl‘{:ontroversial because they can displace
communities as large areas of land are flooded %ﬁr&«'prevent communities from having access
to the water for current and future needs. Communities can be/impacted greatly by having
their water regime changed. Some hydro projects face several oppositions from groups that
are not just local communities. No one wants this type of project to be located nearby his or
her neighborhood. Though, renewable-energy fprojects would reduce pollution and combat
climate change but on' the other hands, the trade-off is“that many people would have to see
wind turbines, solar panels and other energy infrastructure near their homes in order to
diminishtherneed for, coal ymines: andCotherfossil-fuel S facilitics. Balls [42] express the
increment of renewable energy development issues on public concern'such as environmental,
energy securities and social impact was the key parameters for policy-maker or project

developer to concern.

In Thailand, the laws require the project that may potentially cause
environmental damage and health impact to conduct an environmental impact assessment and
require public participation. For instance, the hydropower development project must concern
on the ecological environment warrants close scrutiny and should be evaluated in a systematic

manner before and during construction and operation of hydropower station. In Thailand,
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most of the areas that have high potential for renewable energy development e.g. wind, small
hydropower and geothermal are belonging to government and inaccessible by the project
investor. For example, under Section 46 of the Enhancement and Conservation of National
Environmental Quality Act B.E. 1992 required an environmental impact assessment (EIA)
report before submitting for license. Therefore, government needs to set up a special task
force to examine potential areas for renewable energy development, and set up a fast track of
permit procedure that help fasten the development. Moreover, government should strengthen
environmental regulation and enforcement especially emission controls from very small
private power producer (VSPPs) because curtently there are no rules and regulation to control

emission from power plant that has capacity below10 MW.

6 Conclusion

Thailand facessthe energy 'and environmental challenges as being both a
contributor and victim of thé effects of climate change. Renewable energy was identified as
having great potentials, due mainly fo ample Ehysical supply of the industrial by-product such
as rice husk, wood chips,bagasse, and .other "la_vailable biomass on fields. Based on potential
installment of energy technology (in Table 1),111 2022, the major proportion of renewable
energy will mainly derive from biomass 33.9';361‘_ccnts of total energy. To meet a target of
3,700 MW biomass electricity generation capa&y!1i£ 2022, Thailand need to increase about
129.8 percent from current capacity 1,610 MW ‘iﬁ*2009. The expected goal under AEDP is
not too hard to achieved, but government-must -help-increase, efficiency of technology and

methodology of biomass-utilization, and explore other energy-derived biomass that should be

more utilized.

The'lclimate” change (is & /directthreat [to ‘energ¥y-security, particularly to
existing energy imfrastructure. Examples of disruptions to energy supplies that could cause
disruptions to_power supply include droughts reducing-hydropower availability and withering
field crop and otheryfood supplies.;The effects of climate change may affect the trade-off
between food supplies in term of food plantation area and purposed uses for biomass energy
supplies. According to target of wind energy development under AEDP, the government
estimated that our future would very much depend on wind energy (800 MW in 2022).
However, development of wind energy utilization must be as fast as possible, comparing with
biomass. For solar energy utilization, it is still uncertain about technological breakthrough to
drive down the economic cost for this type of technology. This is a major challenge that

government has to solve in order to promote widely implementation of the solar energy.
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The government released many tools for motivate utilization of electricity

generation from renewable energy in many different ways e.g. BOI investment scheme in
renewable energy by giving fiscal incentives and tax exemption in hardware and equipments
using in construction of renewable power plants, special soft loans via ESCO funds. Before
implement financial incentives for renewable development, the government may need to
assess actual renewable potential and should revise the potential of renewable energy
development in order to set up “precise” and “effective” target before implementation. In
addition, government should promote the zoning policy for renewable energy because of each
part of country containing different types of supplying potential on biomass, hydropower, and
wind. The location is important, however, some'technology might not depend on location in

term of solar energy.

Thailand haseplenty of resources to generate electricity from the sun and
wind, however, the challenging action for government is whether it should wait for
technology to maturely developed/ and dater adopt the cost-effective technology or
government right now should strongly-subsidy research to develop low cost solar cell by
encouraging the co-operation jof iresearch a‘hdydevelopment. Moreover, government may
urgently need to set up a policy topromote che decentralized solar system to household to
reduce energy demand from the whole systerfu"and increase energy efficiency as in Europe.
Promotion of decentralized  energy productik)_flt!'ih household sector is important and
collectively could create a big impact, illcludingj_teghnology transfer to the public to become

energy self-sufficient atlocal level.

In summary, Thailand has set a very ambitious intention for developing low
carbon electricity sector.”With high potentials of various rencwable resources existed in the
country, Thailand,could potentially.achieve it, but eventually how soon. With the government
strong will in providing financ¢ial (& regulatorytincentives for busingss investment, R&D and
public involvement to be part of the' development,. is really the key, to build a strong

foundation to secure thewcountry’s economy and environment.
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Assessment of electricity development pathway *
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Abstract

The international community has begun to assess a range of possible options
for strengthening the international climate change effort after 2012. Thailand also try its best
to help reduce global GHG targets while '(minimizing impact on) maintaining economic
growth. This paper analyzed the realistic implementation potential for GHG emissions
reduction from electricity sector in Thaila;ld. Comparison mitigation options are crucial to
identify active, cost-effective.altemnatives for the country. Modeling possible developmental
pathway that include BusingsS as‘usual (BAU), Maximum growth of renewable energy and
nuclear energy (WNC)and Maximum growtll of renewable and no nuclear (NNC) electricity
development options. ' d

"o

Similar results are obtained :for nuclear scenario, although the dependence
shifts from coal and oil towards natural gas—ba,sed power generation. This may represent a
better environmental pathway but an all out sh1ft er;m coal to natural gas is likely to increase
Thailand’s dependence on 1mported fuel and m?rk_fng it more vulnerable to unstable global oil
and gas prices. The without nucleéar scenatio that allows the eountry to confront its energy
security dilemma whilst-fulfilling its environmental commitments by giving renewable energy
technologies a prominellt'place in the country’s power generation mix. Over the study period,
our result showed little difference between the three scenarios in terms of financing new
generation plantsydespite, an early smisgiving about, the yiability of.an ambitious renewable

energy program.
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1 Introduction

Electricity is the most prominent target for climate policy because it is the
largest sources of carbon dioxide emission and of potential carbon dioxide emission reduction
however, growth in electric use is often correlated with a rise in GDP and improvements in
the quality of life [1-2]. The energy sector is the major sources of anthropogenic greenhouse
gas emissions; accounting for 61 percents of global GHG emissions (and almost 75 percents
of all CO,). According to IPCC, carboen dioxidg emissions caused by the energy supply sector
can be reduced with the use of some or all ofithe following options; increase more efficient
conversion of fossil fuels; switching {0 low-carbonf0ssil fuels; decarbonisation of Flue Gases
and Fuels, and carbon dioxide Storage and Sequestering; switching to nuclear power; and

switching to renewable sources of Encrgy [3].
|

Recently, cabon’dioxide emissions from elcetricity generation in Thailand
increased by 16.5 percent duning 1993 te 20;)8 and this increase is largely result of demand
growth in electricity production (27.8 percv'eng between 1993 and 2008). Department of
Alternative Energy Development and Efﬁcief;(';_y (DEDE) reported the forecasted amount of
GHGs emission from Thailand would reach 5594 MtCO, over period 2005-2020 (Figure 1).
Average growth of total GHGs emission is esﬁ_ﬁi&fed to be 3.2% per year while estimated
emission from energy sector is 4.7% per year [4]_._.F_j:gqre 2 illustrate pattern of carbon dioxide
emissions by fuel types in Thailand since 1986, showing both the substantial growth in
emissions during the 1996 and a transition in fuel from oil to natural gas and coal. Ministry of
Energy (MOE) reported the carbon dioxide emission per capita of Thailand increased from
1.85 to 3.06 during 1993 t0:2008 and electricity consumption per population raised from 965
to 2,129 kWh per'capita’during 1993to 2008 respectively (5] To strengthen national energy
security and reducing GHG emission from energy sector, Thailand could effectively promote

renewable energy. generation from its main agricultural:products and residues.

To find appropriate mitigation options, the LEAP model is used to
characterize the composition and structure of electricity, fuel consumption and evaluate
greenhouse gas emissions for each scenario from 2010 to 2030. The BAU scenario serves as a
reference scenario based on assumptions that reflect actual plans and forecasts by government
body. The With-Nuclear and Without-Nuclear scenarios are constructed with some plausible
policies and choices considered to be rational within the parameters of each scenario
storyline. The year 2010 is used as the base year that provides the basis for building the

various scenarios and establishes the analysis within the current energy system in Thailand.
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This year is the first year of Thailand‘s power development plan and electricity generation
calculation follows the load forecast for each sector under PDP-2010 assumption. The inputs
of model required for demand analysis include the levels of activities and final energy
intensity for each sector. In this case, levels of activities are the number of electrified
customer units, while final energy intensity used is electricity consumption per electrified
consumer. This study assumed that the effects of energy efficiency programs on the demand

structure are already taken into account b 11 National Load Forecast assumption.
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scenarios. Scenario planning is a useful approach to design and plan long-term electric
infrastructure to cope with the uncertain future demand for power [2, 9]. The power industry
plays a unique role in climate change, being by far the largest sector both in emissions and
opportunities to reduce them [10]. Most development concepts have achieved good quality of
life in sense of GDP, but also resulting in a high-carbon and high resource society. Currently

impact of climate change and international pressure from mitigate greenhouse gases emission,
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they need to achieve low-carbon economy and low emission from electricity generation as a

new paradigm.

In order to assess the carbon dioxide emissions reduction potential of
Thailand’s electricity sector, this research employs three scenarios based on the “Long-range
Energy-environment Alternatives Planning” (LEAP) software framework, developed by the
Stockholm Environment Institute at Boston Center to simulate the different development
paths in this sector. Many application \ifif r energy-environment modeling carried out
in many part of the world, Muh@ %l' d LEAP model for characterize the
comparison and structure om elgstrlmégnsumption and greenhouse gases

emission under various € ) Msent moment, Thailand’s energy

structure is made up of fi i orgies: il (diesel oil and residual fuel oil),
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To identify the contributions and the challenges of establishing a sustainable
energy supply system, three scenarios are prepared in this paper, which includes Business as
usual (BAU), with nuclear scenario (WNC) and without nuclear (NNC) electricity
development options. The energy modeling techniques was employed to quantitatively
analysis the three scenarios, evaluate and compare against each other. The BAU scenario
represents the energy pathway that is implied of current energy policies, supply and demands
trend in Thailand persist. This scenario will also take into account current and anticipated
government policy related to the power secton'and how these policies actually shape the
direction of the sector in future [2]. The aim of BAlWscenario is to show the future through
the prism of current policiessand strategies; and delineate the relationship of the power sector
with political economics and environmental institutions. The BAU scenario computes energy

consumption and emissions forthebase yeag (2010).

However, the divefsification-of energy sources is essential to reduce carbon
dioxide emission. It helps to reduce the deper?depce on oil and coal imports and thus promote
the security of supplies. It 1s not necessatily. f‘lb_eneﬁcial in terms of climate change. For fuel
diversification policy, the cabinet approved a 15-Year of Alternatives Energy Development
Plan (AEDP) on January 28, 2009. Eo¢ incroase :;ﬁgting of renewable energy mixed to 20% of
the final energy demand in 2022, the AEDP-is dﬂl(JIJed in to three phases: the short term from
2008 to 2011, the mid-term from-2012 to 201'6;'-'éﬁd the long term from 2017 to 2022. The
ADEP detailed target forelectricity generation from rencwable sources is summarized in
(Table 1). Like renewable, nuclear power produces no GHG emissions during operation, but
there are too many global'carbon dioxide emitting generation-sources. It will take decades for
these plants to be replaced=by cleaner techiiologies, such as “clean” coal, nuclear, or
renewable [11]. Nuclear;power generation has been|considered by many policymakers to be
the most important technological options and Thailand has availability to reduce national
green housé! gas emission. The'fiiture ofinuclearpower will thérefore depend on whether it
can meet;several objectives simultaneously such as economics, operating safety, proliferation
safeguards and effective solutions to waste disposal. Within 2012, the cabinet will make the
final approval on the construction of the first nuclear power plant based on the results of the

feasibility study on infrastructure information, utility and public acceptance.

Purposes of the abatement scenarios focuses on how the power sector could
reduce its emissions of greenhouse gases and other pollutants by reduce energy demand,
switching to low carbon emission fuel and changing technologies. Increased investment in

energy efficiency would take place mostly in those technologies that use oil products, or
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natural gas or that use electricity in countries where gas represents a substantial share in the
power generation mix. The “With-nuclear” (WNC) demonstrates an overview of alternative
energy utilization in Thailand in several aspects including technological and supplying
potential, including biomass, biogas, municipal solid waste, hydropower, wind, solar,
geothermal and nuclear energy to check out in reality how obtainable for Thailand to achieve
the latest AEDP target leading toward a low carbon electricity by promoting renewable
energy in 2022. On the other hands, the “Without-nuclear” (NNC) differs from With-Nuclear
scenario in that it incorporates the following /aspeet (Table 2). First, increase proportion of
renewable energy in electricity generation increasc.from 4,191 MW (14.07 %) in 2010 to
9,085 MW (19.98 %) in 2030 Refer to ther AEDP target; the With-Nuclear scenario. Second,
implementation of demand reduetion from 2010 at 15 percents within 2030 and electricity
consumption in Without-Nuclear scenario islprojected to reduce from 152.95 TWh in 2010 to
295.75 TWh in 2030. Third, this scenario il’l_Cl}_ldCS and substitution of some of the candidate
fossil fuel plants by renewablé energy based 'plants under REDP Plan target (800 MW of
wind, 500 MW of solar, 160 MW of MSW. i’:?.O‘-MW of biogas and 3,700 MW from biomass
respectively). -
)

Each scenario is linked to fr;il;%gg of particular policies and defines the
supply side characteristics and assumptions usle-,fch;:n employ energy modeling techniques to
quantitatively analyze“the three ;Stc‘enarios, ev-dlﬁ;a_fé thefin and compare them against each
other. In this study, cost data were provided for more than 43 power plants. This comprises 4
coal-fired power planté, 19 gas-fired power plants, and 10 plants based on other fuels or
technologies. The data provided for the study highlight the increasing interest in renewable
energy sources for electricity~generationyin particularin combined heat and power plants.
The technologies ‘considered Wwere all.conventional 'boilers ‘exceptitwo advanced integrated
coal gasification plants. Most of the coal-fired power,plants for which cost estimates were
provided, would be equipped withipollution control devices that-reduce atmospheric emissions
of sulfur and nitrogen oxides, dust and particulate. Hydropower plants are excluded from this
study because their costs are site specific and, therefore, not relevant for comparison to other

alternatives in the framework adopted.

The cost estimates presented in the study were calculated based on the
International Energy Agency (IEA) [12] methodology, using input parameters provided by
literature reviews, site visiting, and interviewing. The coverage of capital, O&M and fuel

costs is described in the main body of the report. In the context of the studies in the series, all
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the components of the capital, O&M and fuel costs falling on the utility that would, therefore,
influence its choice of generation options are taken into account. Levelized cost of electricity
is comprised of three components: capital charge, operation and maintenance costs and fuel
costs. Capital cost is generally the largest component of COE. The levelized lifetime cost per
kWh of electricity generated is the ratio of total lifetime expenses versus total expected
outputs, expressed in terms of present value equivalent. This cost is equivalent to the average
price that would have to be paid by consumers to repay exactly the investor/operator for the
capital, operation and maintenance and fuel expenses, with a rate of return equal to the
discount rate. The date selected as the base yeaifordiscounting purpose does not affect the
levelized cost comparison between different plants:~The absolute values of levelized costs
will, however, differ from base year to|base year in periods of inflation or deflation.
Generally, levelized cost'estimationsare catried out in constant money, i.e. in real value, and
inflation is not taken intefaccount in cost clements. Nevertheless, projected price escalation or
decrease is taken into account in the real pricé_:lc')f goods or services such as fossil fuels or staff

salaries (within O&M costs); when applicabléj,

3 Scenario description -‘_.-_,7

The BAU scenario was dcmgn—d accordlng to the assumption of the PDP-
2010 energy development plan and fime perlod covers uprto 2030. The growth in electricity
demand projection of this scenario requires a corresponding inerease in electricity generation,
capacity, types of power plants likely to be added, on the mix of electricity generation
capacity, output over the study period and summarize the implications of BAU case
electricity sectorydeyelopment on.the emissions,of greenhouse gases from the electricity
sector. In BAU! scenario,.the (fotal installl capdcity is 65,547 MW fand the total capacity of
retirement of old power plants is 19,928.70 MW which is divided intog3;046 MW of EGAT
thermalgpower plants; 4,776 MW of EGAT combined cycle power plants; 2,926.6 MW of
Thermal IPP power plants and 9,225.1 MW of IPP combine cycle power plants [8]. At the
same time, the use of lignite will be cut from 9.57 percent to only 2.47percent; however
proportion of bituminous will be increased from 7.54 percent to 21.15 percent during the
plan. Nuclear power plants will be constructed up to a maximum of five new units. The first
new commercial operation will begin from 2020 onwards and then one new unit every 2 years
until 2030 [13]. As illustrated in Table 2, it is assumed that final energy demand continues to

rise in the long run.
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Greenhouse gas mitigation potential depends on the underlying assumption,
ambition and timing of reduction targets, the overlap among competing mitigation options
and often-subjective assessment of technical and social feasibility. For example, more
ambition reduction targets can shift the emphasis from technologies with less costly but often
limited incremental mitigation potential (e.g. fossil fuel power plant efficiency or current
generating biofuel) to technologies that are more costly in the near term, but can deliver far
lower GHG emission per unit of output,service (e.g. solar power or advance combustion)
[14]. As a rule, natural gas generates less carbon dioxide per unit of heat than oil, and oil
generates less than coal. Fuel switching to low earben sources is thus an important strategy
for emission reduction. However; renewable resources-are both essential energy producers

and important drivers of progress-at the national and global lTevels.

The WNG#Scendrio differs from BAU seenario in that it incorporates the
following aspect (Table 2). First, increase.—f)"roportion of renewable energy in electricity
generation increase from 43:85 T Wh (8.81%) in 2010 to 131.21 MW (13.59 %) in 2030.
Refer to the AED target, the WNC scenario. é@cond, implementation of demand reduction at
15 percents within 2030 (70.30 TWh) and electricity consumption in WNC scenario is
projected to reduce from 468.70 TWh under-B:’A_U_ scenario in 2030 to 398.40 TWh under
WNC in 2030. Third, this scenario indudes anél—sﬁfl;stitution of some of the candidate fossil

fuel plants by renewable energy baséd plants uﬁ&é'r"REDP Plan target.

Undet. WNC scenario, the total capacity of reticement of old power plants is
19,928.70 MW which is divided into 3,046 MW of EGAT thermal power plants; 4,776 MW
of EGAT combined cyclespower plants; 2,926.6 MW of Thermal IPP power plants and
9,225.1 MW ofl IPP'combine cycle power plants [8], At the same time, the use of lignite will
be cut from 9.57 percent to only 2.88 percent; however proportion of bituminous will be

increased from.7.54 percent to 17.47 percent during the plan,

Under Without-nuclear (NNC) scenario, the total capacity of retirement of
old power plants is 19,928.70 MW which is divided into 3,046 MW of EGAT thermal power
plants; 4,776 MW of EGAT combined cycle power plants; 2,926.6 MW of Thermal IPP
power plants and 9,225.1 MW of IPP combine cycle power plants [8]. At the same time, the
use of lignite will be cut from 9.57 percent to only 2.91 percent; however proportion of

bituminous will be increased from 7.54 percent to 25.20 percent during the plan.
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4  Results and Discussion

4.1 Electricity consumption and emissions reduction spectrum

4.1.1 BAU

Over the study period, the electricity generation must rise to 468.70 TWh by
2030 in order to meet BAU electricity demand (plus transmission and distribution losses),
implying an average annual growth rate of 2.97 percent per year from 2010 to 2030. Demand
for electricity is expected to rise sharply over the coming two decades with nearly 179.61%
increase predicted between 2010-and 2030.In 2010;70ver 74.09 percent of the electricity
generated to power Thailand’s-econoemic recovery was derived from natural gas (Figure 1).
The remaining balance camefromlignite (and coal), hydre and oil-fired power stations with a

small, albeit important, proportion of electrieity imported from neighboring countries.

By 2030,the BAU scenaric%reveals that the share of natural gas drops to
about 52.79 percent, coal in€reases its shatre 19.23.62 percent; however, due to the low quality
of Thailand’s coal resources in the.Notthern VIS'Qrt,.‘.‘in this scenario the incremental growth in
coal will have to be importéd, and in due course retire thermal plants using coal. The positive
contribution of coal is somewhat tempered when. s;zsi_fewed from an environmental stand point.
Under BAU scenario, renewable ¢ntering the E‘aire as an important contributor to overall
electricity generation; moreover, govemment’s pfan to increasg the share of renewable energy
systems to 20.30% by 2030 to which hydro, solar and windrmake modest contributions.
Moreover, the generation fuel mix of Thailand under BAU scenario in 2030 will be 23.62
percent of coal, 52.79 percent of natural gas, 11.44 percent of nuclear power and about 12.15
percent fuel fot, generation based|oii lother“indigenous tesoutces, including, hydropower,

geothermal, wind,;solar and biomass. Diesel and natural gas fired power stations contribute

7.9% of total electricity power in 2030 as illustrated in-Figure 3.

4.1.2  The abatement scenario

Compared with abatement scenario, the growth in electricity demand
projection in With-Nuclear (WNC) and Without Nuclear (NNC) scenario were reduced
energy demands in BAU scenario using energy efficiency improvement at 15 percent of total
energy at 2030 of 70.30 TWh when compared with BAU scenario. In the With-Nuclear
(WNC) Scenario, the electricity demand generation must rise from 260.96 TWh in 2010 to
397.40 TWh in 2030 in order to meet WNC electricity demand (plus transmission and

distribution losses), implying an average annual growth rate of just under 2.14 percent per
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year from 2010 to 2030. For fuel shared in WNC scenario, the electricity generation by
natural gas consumption of WNC scenario will remain dominant, which accounts for 369.48
TWh in 2010 to413.78 TWh in 2030 while nuclear and renewable energy sources supply
109.50 and 131.21 TWh of electricity in this scenario until 2030. The generation fuel mix of
Thailand under WNC scenario will be 20.35 percent of coal (2.88 percent from lignite and
17.47 percent from bituminous), 50.36 percent of natural gas, 9.53 percent of nuclear power
and about 15.97 percent fuel for generation based on other indigenous resources including,

hydropower, geothermal, wind, solar and biomass as illustrated in Figure 3.

In the Without-nuelear (NNC) Scenario, the electricity demand generation is
expected to rise from 260.96+TWh.im 2010 to 397.40°TWh in 2030 in order to meet NNC
electricity demand (plus_transmission and distribution losses), implying an average annual
growth rate of just under!2r-.‘14 pereent/per }ear from 2010 to 2030. For fuel shared in NNC
scenario, the electricity get}efation by natural gas consumption of NNC scenario will remain
dominant, which accoufs fof 369.48 TWh in 2010 t0.434.66 TWh in 2030 while rencwable
energy sources supply shares 149.51 TWh.'.i“);f electricity in this scenario until 2030. The
generation fuel mix of Thailand liﬁdér: NN(jj@'ce"ﬁario will be 28.11 percent of coal (2.91
percent from lignite and 25.20 pqr_cé;fll't' from‘bf@g}inous), 53.49 percent of natural gas and
about 18.40 percent fuel for géﬁéfa;ﬁbn base_d,—gf; other indigenous resources including,
hydropower, geothermal, wind, solar- and bioméﬁ“&s"iﬂustrated_jn Figure 4.
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Figure 3 Comparison of production mix between BAU and WNC scenario
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4.2  Carbon dioxide emission from each sceﬂgi:i_p

The evolution of greenhouse gas emissions from power generation, measured

“ersl )

in terms of tones of carbon dioXide: equivallé'ﬁt'!{-'“tC-Oz—eq.), shows three distinct patterns

representing the diffetetit scenarios. As the development process. continues, each scenario will

experience decreasing" e‘fl_ergy intensity and carbon dioxide intefisity. This is because energy-
saving practices and environmental protection awareness _have influenced each sector’s
development plans, rendering-these measures assbasic principles that all observe. However,
when we compare amongst the three scenarios, an obvious trend emerges, namely that more
aggressive scenarios have lower energy and carbon dioxide emission intensity. From all of the
energy randpearbon «dioxidesemission intensitysperspeetives in (2030,~when compared with
BAU scenario both "abatement scenarios ‘can affect'an“even'greater'reduction, the WNC can
reduce 161.78 MTCO,-eq or 15.95 percent and NNC pathway can reduce 116.78 MTCO,-eq

or 10.88 percent when compared with BAU scenario.

Table 6 illustrates the contributions of each carbon dioxide emission
reduction activities. The BAU scenario represents the most conservative emissions projection,
this scenario shows that if no controls were made in Thailand from 2010 to 2030, there is
likely to be 1.11 million tons more carbon dioxide emitting from Thailand’s electricity sector

every year. Over the study period of BAU scenario the amount of greenhouse gases emissions
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increase from 118.97 MtCO, in 2010 to 141.07 MtCO, in year 2030. However, natural gas is
the cleanest burning of fossil fuels and its utilization has increased dramatically in many part
of the world during the last two decades. Of the total power sector emission in Thailand as of
2030, nearly 80.71 percent of the GHGs emissions come from natural gas combustion (113.86
MtCO;-eq), 17.61 percent from coal based (1591 MtCO,-eq or 11.28 percent from
Bituminous and 8.93 MtCO2-eq or 6.33 percent from lignite), and 1.38 percent from oil

based, as shown in Figure 5 and Figure 6.

o altemm@\'
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4.3  Cost comparison and abatement opportunities

Abatement costs are defined as the incremental cost of a low-emission
technology compared to the reference case (BAU), measured as USD per tCO,-eq abated
emissions. Abatement costs include annualized repayments for capital expenditure and
operating expenditure. The cost does therefore represent the pure “project cost” to install and
operate the low-emission technology. For calculation of carbon dioxide emission saving, this
study use methodology based on IEA [15] for calculating carbon dioxide emission saving
under different of emission reduction options then chart the marginal abatement cost curve
(MACC) which is the valuable tools for driving forecast of carbon allowance prices,
prioritizing low carbon investment opport-{mities and shaping policy discussions around a
national climate strategy [16-177.

1
As givewsin TableS,; numbers of cost and economic assumptions are made to

construct the scenarios. The abatement poterlti'al is the amount of carbon dioxide emissions
avoided each year using the'new technology';:‘. more efficient machinery and fuel substitution
to low carbon sources. Table 4 prov_idf;s fuel pf'r_lipqs_ (based on 2010) assumed in scenarios for
estimated electricity generation cost under &iffefent scenario assumption. From emission
estimation shows 194.62 MtCO, of dbatemen:j_i;li;_p30 in WNC development pathway at a
cost less than $17.29/ton and WNC-and Wﬁhe abatement cost are 146.66 MtCO, and
$27.89/ton respectively Howeveqr;,rtfhere are alsom;my opportunities to reduce emission and
these options fall into fouii board categories: renewable energy, carbon capture and storage
(CCS), nuclear energy and demand reduction through eficrgy efficiency. The emission
abatement potential in power sector is achieved by various groups of abatement measures as
follow. First, implementenergy efficiency, improyements and demand reduction. The 468.70
TWh of electricity démand in'the BAU would be reduced to 398:39 TWh if all electricity
saving measures were realized in eleefricity consuming sector and thetotal net emissions
saving from /this approximately 119.91 MtCO-eq|in 2030. Second; diversification to low
carbon sources fuel in short-term and long-term fuel switching. There are many promising
renewable energy technologies and the key technologies providing abatement are wind, solar
photovoltaic (PV), biomass, geothermal and hydropower. Then expansion of nuclear energy
in fuel mixes and lastly, introduced CCS technology that can be used to address the emission

from large point sources.
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5 Discussion

5.1  Limitation of raw material supply

The carbon dioxide mitigation from the power sector in Thailand can be
accomplished through both the technological substitutions in supply-side options, and the
reduction of power generation through adoption of demand-side-management options. The
traditional power generation expansion planning has focused only on supply-side options. The
potential from biomass supply is evenly distribute throughout the country. In the North and
Northeastern parts, farmers prefer open-ficld buining of the residue. However, in Southern
part, rice straw is used as-a-fodder and would be-collected by the farmers. Farmers in the
central part of Thailand prefer tosburn the rice straw duc to wet conditions (rain/flooding at
the time of harvest) and added expenses Ifor waste collection. The rice statistics data in
Thailand were roughly sepresented accordihg_to major harvest and second harvest. Major
harvest would be from May/June until No‘zémber/December and second harvest is from
December/January until May/Jung. ‘Table ?lsummarized the potential of major crop for

biomass development in Thailand.

The limitation of raw materi'aiif' supply has recently become the prominent
barrier for expansion of renewablé energy utiliz;lﬁ;(ilﬁ especially for biomass. Due to seasonal
and spatial variation of biomass—supply, it restricts  the power plants unable to have a
continuous operation:ot.operate to the full capacity, This greatly.affects the cost-effectiveness
of the business. Morcover, the quantity and quality of rencwable resources has become the
prominent barrier. Most.of biomass resources can only produced during harvesting season;
for example, period of sugar harvesting is limited (5 months from December to April). Thus,
electricity from“the sugar factory is mostly. seasonal [18-19]. Moreover, the intensive
cultivation of biomass may stress water resources, depleting soil nutrients, and displace open
space byywithdrawing land<fromother natunalfuses./Tiargesscalesproduction of biomass for
energy purposes could compete with use of land, water; and energy forproduction of foods or

woods and grasses for construction of shelters.

Logistics and transportation of renewable resources especially biomass fuel
are the another barrier of renewable energy utilization. Most of renewable energy is bulky and
distributed over vast areas, which could cause high transportation expenses. Biomass
resources should be utilized by nearby facility. If biomass has to be transported by farm
equipment much over 100 km to a processing point or use facility, a substantial fraction of the

energy content of biomass itself is consumed in the transportation process [20]. According to
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government policy on fuel diversification to renewable energy, the declaration of sufficient
fuel supply to prevent fuel shortage is the main criteria used for selecting the small projects to

receive feed-in tariff or “adder” from EGAT or PEA.

5.2 Political and regulatory obstructers

Indeed, the barrier to greater renewable penetration is the lack of enabling
policy and regulatory frameworks, which usually favor traditional energy sources. The key
role for government is to focus on policy design and legislation to attract private sector
investment. As renewable energy technology” becomes more commercially mature,
government will become less-significant as providers-of-the direct capital support needed to
make up the cost difference welative to conventional generation. Mallon express the
importance of cost internalization (envirorllmental and social damage cost) made cost of
renewable higher when compared with thermal’ (nuclear and fossil) electricity generation [21].
Siegel et al. express invesiment of renewable energy companies not only generates revenues
by providing clean, greengpowen for COHé},ll’l’Iél‘S, but they can also generate additional
revenues by simply offering an “offset” to com’panies that emit less greenhouse gas emissions
(GHG). 1t is clearly beyond the budgets of] mqst government to directly inject money into
renewable in order to fast track a competitive - mpipstry [22]. A handful of demonstration
projects might be useful, good examples of ﬁnanmal incentive provided by the Ministry of
Energy is “ESCO Venture Capltal Funds” for prov1d1ng equity for small renewable energy
and energy efficiency projects tundertaken by simall entreprencurs with limited capital. The
fund should also be pfovided financial assistance for cquipment leasing, credit guarantee

facility, technical assistance and carbon market [23].

It shouldbe noted that without subsidies, biomass power projects are unable
to compete with fossil fuel power plants due to the difference in scale on which conventional
plants afid refiewable enetgy platitssoperate [24]: Government set priceat which they can sell
their renewable power to the ‘grid, thus effectively providing ‘essentially a“guaranteed return
on the renewable energy investment and making it easier for renewable energy projects to
obtain banking approval for the capital costs of the project. For example, waste incineration is
not likely to be cost-effective at this time in Thailand. Incineration of municipal solid waste is
a costly and operationally complex alternative to landfills. Government subsidies are only
possible sources of financing, however this issue is not a widely discussion upon by the
public, politicians, and international financial institutions. Feed-in tariffs in practice have

definitely provided a hugh boost for renewable energy projects. Another barrier or driven
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constrains of biomass utilization are still high in price. Fluctuation of fossil fuel price also
affects the competitiveness and utilization of renewable energy. Moreira expressed most of
modern biomass utilization are being driven by energy security motivation [25]. Fossil fuel
price has been increasing in the last 3 year due to various reasons, when fuel price are high,
some industries change their main fuels from fossil fuel to use rice husk for lowering price.
Average price of rice husk has increase from 767 THB/ton in 2006 (maximum price is 799
THB/ton) to 864 THB/ton in 2009 (maximum price is 1,042 THB/ton). However, when the

fossil price was dropped, demands for biofuel also decreased.

Tester et al. [20] mndicated, that it f0ssil fuel prices rise to include cost of
carbon management, consumers may also modify their consumption patterns. Through a
system known as carbon tiadingga market - based mechanism that helps mitigate the increase
of carbon dioxide in the atmosphere, renewable energy companies (as well as other entities
that provide offsets, such as forestry mallagefhent companies, for instance) can sell carbon
credits to companies that emit carbon dioxi(fe into_the atmosphere and want to balance out
their emissions. The govesnment should refoc';l_s its energy development strategy and consider
more on how to deliver the aetual price of enefg’y to the citizens, instead of lowering the price
to favor industrial development withotit carefﬁﬁy considering externality environmental and
social costs. The challenge is how'te Vinternalizééﬁf externality (e.g. environmental damages
cost) caused by using fossil fuel§,-and-set up a ﬁﬁéﬁ'cial structure i.e. tax system to bring the

right energy price to- eonsumers.. This will_help promoting-the fair competition between

renewable energy and traditional fuels and bring the country to a sustainable future.
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Unit (MW) Actual Target
2009 2008-2011 | 2012-2016 | 2017-2022

Solar 32 55 95 500
Wind 1 115 375 800
Mini/micro hydropower 56 165 281 324
Biomass 1,610 2,800 3,220 3,700
Municipal solid waste 46 y 78 130 160
Biogas ] 60 90 120
Total 1750 3973 4,191 5,605
Source: Ministry of Brergy [7] and EGAT [8]
Table 2 List of scenarios in this study.

Scenario Poli(y{ a)é %ea'surés ”'?,3 ' Scenario description
Scenario 1: Follows eontinuots Of the three scenarios, this is the most conservative

Baseline scenario

(BAU)

trends in existing ,
technologies and——
policies. :

in project technical development in the electricity
séctor.

a4 :1_‘
Growth of demand in residential, commercial and

industrial to follow Load Forecast Report 2010,
reduced reserve me_lrgin from 28.10 % in 2010 to 15.0

% in 2030. |
Electricity expansion and fuel diversification follow
PDP-2010 electricity development pathways.

Scenario 2:
With-Nuclear
(WNCO)

Maximize growth of
renewablerenergy and
nuclear energy

Reduced electricity demand 15% at 2030 when
comipared with BAU scenario by implementation
demand side ‘management, energy efficiency policy,
rénovation-of existing'electricity plants to increase
output per unit of fuel or energy input and
replacement of older, Jess-efficient plant with latest
technologies:

Maximize utilization of low carbon content fuel e.g.
renewable energy, hydropower and nuclear in fuel
mixed to reach Alternatives Energy Development
Plan (AEDP)’s target

Scenario 3:

Without- Nuclear

(NNC)

Maximum growth of
renewable and no
nuclear

Same energy demand as With-Nuclear scenario and
increase proportion of renewable energy. But this
scenario represent expansion pathway if nuclear
development cannot implement because of
unaccepted by public.
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Table 3 Composition of energy supply compared with base year
Base year Capacity at 2030
Fuel 2010 BAU WNC NNC
MW % MW % MW % MW %
Natural Gas 21,378.00 71.76 28,692.00 53.62 23,048.78 50.68 24.335.78 | 53.51
Coal 3,897.00 13.08 10,827.00 20.24 8,026.47 17.65 11,029.48 | 24.25
Oil 320.00 1.07 315.00 0.59 315.00 0.69 315.00 0.69
Diesel 4.00 0.01 4.00 0.01 4.00 0.01 4.00 0.01
Renewable 4,191.00 14.07 8,667.00 16.20 9,085.00 19.98 9,795.00 21.54
Hydropower 3,453.94 11.59 4,138.00 7.73 3,663.94 8.06 3,777.94 8.31
Wind 163.32 0.55 475.19 0.89 963.32 2.12 963.32 2.12
Solar 65.61 0.22 1,218.09 2.28 815.61 1.79 565.61 1.24
MSW 79.53 0.27 118.27 U8 239.53 0.53 239.53 0.53
Biogas 22.18 0.07 68.38 0.13 136.18 0.30 142.18 0.31
Biomass 406.43 1.36 2,649.07 4.95 3,266.43 7.18 4,106.43 9.03
Nuclear 0.00 0.00 5,000.00 9.34 5,000 10.99 0.00 0.00
Total 29,790.00 99/ 53,505.00 100.00° | 45,479.25 | 100.00 | 45,479.25 | 100.00
|
Table 4 Fuel prices (based on 2010) assumed in emission estimation
f [E—
Fuel type / Fuel priEe (‘USD/MWh) Escalation rate (%)
Domestic coal (Lignite) il4.76 1.5
Imported coal (Bituminous) 24.78 1.5
Diesel Oil 137.61 3.0
Domestic natural gas (GOT) 4543 2.0
Domestic natural gas (Myanmar) *./ 61.29/ 2.0
Biomass 77.96 2.0
Biogas 8.90" 2.0
Nuclear 9.33 -
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Table 5 Carbon dioxide emission comparison summary (million tones of CO,)
Year Total
Scenario (2010-
2010 2015 2020 2025 2030 2030)
Emission (MtCO,-eq)
BAU 118.97 136.28 131.82 27.12 141.07 2,505.63
With-nuclear (WNC) 118.97 130.89 126.73 109.43 117.78 2,289.73
Without-nuclear (NNC) 118.97 130.65 127.81 114.99 124.68 2,337.69
Cost of electricity (million USD)
BAU - 673.83 1,255.89 2,571.22 3,750.44 33,918.03
With-nuclear (WNC) - 674.40 1,099.85 2,213.73 3,096.04 29,097.61
Without-nuclear (NNC) - 664.23 946.04 1,826.22 2,649.15 25,428.22
Emission per kWh (tCO,/kWh)
BAU 0.0004559.4 .0.0004249 | 0.0003908 | 0.0003329 | 0.0003010 | 0.0003354
With-nuclear (WNC) 0:00045510:0004240" | 0.0004061" | 0.0003229 | 0.0002956 | 0.0003339
Without-nuclear (NNC) | 0400045597 |70:0004232" | 0.0004096 | 0.0003393 | 0.0003129 | 0.0003409
Cost per kWh (USD/kWh) JET
BAU - __0.2022?'2 | 10.104964 0.049438 0.037615 0.073873
With-nuclear (WNC) / 0.194091 | 0115225 | 0.049431 | 0.038043 | 0.078691
Without-nuclear (NNC) ] 0.196691 [ 10.135104 | 0.062967 | 0.047063 | 0.091933
BAU vs. WNC reduction ; sty 39 -16.38 21.98 -194.62
% reduction y 4 1T, 4P -16.17 -19.77 -9.43
NPCWNC — NPCBAU ::
(Billion USD) TIE .36
Abatement cost ) s
(USD/tCO2-¢q) 7.29
BAU vs. NNC reduction = 4.82 270 - -10.82 115.09 146.66
o .
Vo reduction 431 304 -1054 [13.15 7.18
NPCNNC — NPCBAU
(Billion USD) .09
Abatement cost
(USD/tCO2-¢q) 7.89
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Table 6 Adder to the normal tariff for increase incentives for renewable energy
expansion
Fuel Type Adder Target in 2009-2021
Baht/kWh US cents/kWh (MW)
Biomass 3,700
<1 MW 0.50 1.43
>1 MW 0.30 0.86
Biogas 120
<1 MW 0.50 1.43
>1 MW 0.86
Waste 160
Fertilization/ Landfill 14
Thermal process
Wind 800
<50 kW
> 50 kW
Hydropower 324
50 kW to <200 kW
<50kW
Solar 500
Total Capacity 5,604
. 1 O al
Source: Ministry of Energ £7'1! 5 .*r 4 4
Table 7 Evaluation of bio
No Main crop .Y.idd el nas Es;é?xllzzzd Non Hse Il:(i)(tfxrllzllszisl
(million t S R fraction il t5m)
- L
1 Rice 20 R 0.19 1.38
0.29 4.48
2 Sugarcane | 73. 5|0 "~ | Sugarca 0.55 6.87
3 Cassava 8.2 Casava trunks 74 0.41 0.30
Cassava rhizome 1.64 0.66 1.08
4 Corn - g Fa o ¥ — 0.70 1.16
ﬂ ﬂw , f.% P 0.61 3.40
5 Palm 5 8.16 Palm cluster 261 | 038 0.99
6 Rubber 232,008.94 | Rubbér slaps A 0.70 0 041 0.29
A0 € £rROv Q 190 AN QNP1 A Iy P 1.10
7 herwood |51 o Waodc Y 1g AN: 1.89
Total 51.35 6.15 22.94
Source: Office of Agricultural Economics, Ministry of Agriculture [26], Department

of Livestock, Ministry of Agriculture [27]
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Projected costs of generating electricity in Thailand*

Narumitr Sawangphol® and Chanathip Pharino®

1 Abstract

This study, cost data were provided for more than 43 power plants.
This comprises 4 coal-fired power plants, 19 gas-fired power plants, and 10 plants
based on other fuels or technologies. The data provided for the study highlight the
increasing interest in renewable energy sourees+for electricity generation, in particular
in combined heat and power plants. The technologies considered were all
conventional boilers excepirtwoadvanced integrated coal gasification plants. Most of
the coal-fired power planis forwhich cost estimates were provided would be equipped
with pollution control devices /that reduce atmospheric emissions of sulphur and
nitrogen oxides, dust and particulate. Hy(ffopower plantsare excluded from this study
because their costs arefsite specifie and;lr-_therefore, not relevant for comparison to

other alternatives in the framework adoptedf# -

The cost estimates do not subsfi'fUte for detailed economic evaluations
required by investors and utilities-at the stagje‘-éf project decision and implementation
that should be based -en_project specific assumptions, using a framework adapted to
the local conditions and a methodology adapted to the particular context of the
investors and other stakeholders. Nevertheless, the projected costs provided by the
present study,.together with the assumptions,adopted in, cest calculations, are of
interest to investors for-benchmarking 'purpose as well as'to ifvestigate the impact of

various factors on generation costs.

1 Already submitted to Energy Policy since November 2009

2 International Postgraduate Program in Environmental Management, Graduate School,
Chulalongkorn University and Center of Excellence for Environmental and Hazardous Waste
Management (EHWM), Chulalongkorn University

3 Department of Environmental Engineering, Faculty of Engineering, Chulalongkorn
University
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2 Objectives and scope

The overall objective of the studies in the series is to provide reliable
information on the economics of electricity generation. The study is to serve as a
resource for policy makers and industry professionals as an input for understanding
generating costs and technologies better. For this purpose, cost data provided by
gathering information from literature review, environmental impact assessment report,
site visiting, interviewing, etc., to estimate generation costs using a commonly agreed

methodology and generic assumptions follovwed [1].

3 Background

Levelized.Energy Cost (LEC, also called Levelized Cost of Energy or
LCOE) is a cost of gencrating energy (usually electricity) for a particular system. It is
an economic assessmentsof the cost theréhergy-generating system including all the
costs over its lifetime: initial investment, operations and maintenance, cost of fuel,
cost of capital. LCOE is equivalent to the average price consumers would have to pay
to exactly repay the investor for capital O&M and fuel costs with a rate of return
equal to the discount rate. A net-present valué calculation is performed and solved in
such a way that for the value of the LEC chesen, the project's net present value

becomes zero [1-2].

The LCOE is one analytical tool that can be used to compare
alternative technologies when different scales of operation, investment or operating
time periods existy For example, thecl:COE rcould jbeyused«to compare the cost of
energy generated by a PV power plant ‘with that of a fossil Tfuel generating unit or
another_renewable technology. [1]. Nevertheless,"i*COE approach-often used to help
assess economic! profitability of a'planned electricity generation:plant or to compare
two or more alternative plant investments. LCOE approach usually does not capture

the following components:

— Systems factors like transmission costs and other network costs

such as impact on system balancing, impact on state/system energy security.
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— Externalities like government funded research, residual insurance

responsibilities that fall to government, external costs of pollution damage or external
benefits (e.g. value of learning to future generations).

— Business impacts like option value (differences in future

flexibility), cost of information gathering, effects of fuel price and future revenue

volatility, future changes in legislation, portfolio value (reduction of risks by

diversifying plant structure), strategic meaning for the specific company.

The LCOE approach does not substitute for the economic analysis of
electricity systems that needs to be carried _out at the national level. However, it
provides robust cost estimates for different generation sources and technologies that
can serve as a reference for'more detailed case-specific studies. The costs calculated
are intended to include all the direct cost elements borne by electricity generators
which, thereby, have an impact/on their technology and energy source choices. The
nature of the data collected and the choice to carry out cost calculations with generic
assumptions for key parameters imply that the results presented in the report are not
comparable with the outcomes of economi(_ﬁ studies performed by investors or plant

owners to support their decision-making prOCésg on a specific project.

4 Research Methodology and Tools

The cOst estimates presented in the study were calculated based on
(The International Energy Agency [1] methodology, using input parameters provided
by paper analysis, site visiting, and interviewing. The.coverage of capital, O&M and
fuel costs is describedin the main‘body 'of‘the report. Inthe context of the studies in
the series, all the components of the‘capital, O&Msand fuel costsfalling on the utility
that would, \thereforey, influence lits .choiCe of generation options' are taken into
account. ‘For example, station specific overheads, insurance premium and R&D
expenditures borne by producers are included, as well as the costs associated with
environmental protection measures and standards, e.g., implementation of abatement

technologies.

In the other hand, tax on income and profit charged to the utility and
any other overheads that do not influence the choice of technology are excluded.

External costs that are not borne by the utility, such as costs associated with health
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and environmental impacts of residual emissions, are excluded also. Capital
expenditures in  each year, including construction, refurbishment and
decommissioning expenses when applicable, are provided in a table of expense
schedule covering the entire period during which expenses are expected to be
incurred. O&M costs per unit of net installed capacity and per year are provided for
the period covering the entire economic lifetime of the plant. Fuel costs, at the power
plant boundary, are provided for the year of commissioning and an escalation rate in
each year is given, when applicable, during the economic lifetime of the plant. As
most of the expenditures occur in multiple ansiances during the course of the year,
rather than one single event, annual costs have been assumed to occur at mid-year for
discounting purposes. \Wath™ regard to outputs from the power plants, electricity
generation in the year.iswas galculaied taking into account the net capacity of the unit

and the assumed capacity/load factor.

The constant-money Levelized lifetime cost method was adopted to
calculate the generation.costestimates preSented in this study. The formula applied to
calculate, for each power plant, the Ievelized éiectricity generation cost (LCOE) is the

following:

3| (1+ M+ F)(@Fr)
Z[Et (1+ r)"}

LCOE =

With

LCOE = Average lifetime levelized electricity generation cost

I = Investment expendituresfrthe year t

M; = Operations and maintenance expenditures in the year t
Ft = Fuel expenditures in the year t

E: = Electricity generation in the year t

r = Discount rate
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The levelized lifetime cost per kWh of electricity generated is the ratio

of total lifetime expenses versus total expected outputs, expressed in terms of present
value equivalent. This cost is equivalent to the average price that would have to be
paid by consumers to repay exactly the investor/operator for the capital, operation and
maintenance and fuel expenses, with a rate of return equal to the discount rate. The
date selected as the base year for discounting purpose does not affect the levelized
cost comparison between different plants. The absolute values of levelized costs will,
however, differ from base year to base year in periods of inflation or deflation.
Generally, levelized cost estimations are earfied out in constant money, i.e. in real
value, and inflation is not takeninto accountin-eost elements. Nevertheless, projected
price escalation or decrease IS taken into account inthe real price of goods or services

such as fossil fuels or siaff salaries (within O&M costs), when applicable.

5 Results :
5.1 Overnight construction costs

The overnight construction costs IS defined as the total of all costs
incurred for building the plant accounted for as if they were spent instantaneously.
For coal-fired power. plant, the overnight construction casts vary between 29,319.75
THB/KW and 50,125:00 THB/kW: For natural gas power plant, the overnight
construction costs vary between 55,015.65 THB/KW and 192,217.26 THB/KW.
Renewable power plant, the overnight construction costs vary between 6,946.67
THB/KW and (64,428.64! THBIKW. Thespecific overnight, eenstruction costs of the

power plants ineluded in this study are displayed on figure 1.
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5.3 Levelized cost of energy

At 5% discount rate, the levelized costs of generating electricity from
coal-fired power plant vary between 29,155.33 THB/KW and 72,289.66 THB/kW.
The levelized costs of generating electricity from natural gas power plant vary
between 6,795.59 THB/kW and 70,969.50 THB/kW. The levelized costs of
generating electricity from renewable power plant (vary between 53.19 THB/kW and
88,721.41 THB/KW.

At 10% dlscoum.r\.\‘ ,30 ;osts of generating electricity from

coal-fired power plant v@en 31.9 /KW and 79,338.31 THB/kW,

natural gas power plan \ en 7, 45&@ and 242,085.35 THB/KW,
37\T~K(’.‘1 and 97,372.25 THB/KW
presen
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Figure 7 Levelized cost of coal generation electricity at different discount rate
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No Abbrev name Plant type/emission control equipment Net capacity Net thermal Cost estimation
of the plant incl. in cost (MW) efficiency [LHV] (%) source/date

1 COAL-1 PFC/low NO, burner (LNB), ESP, FGD . 38.7 P/2008

2 COAL-2 PFC/LNB, ESP, FGD 39.3 P/2008

3 COAL-3 CCGT, ESP,FGD 45.3 P/2008

4 COAL-4 STC/FGD 37.0 P/2009

Note:

STC = Steam turbine condensing plant, PFC = P
FGD = Fuel gas desulphurization, NS = not specified,

AUINENINYINg
RIAINTUNNIINYIAL
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Table 2 Natural gas plant specifications
Abbrev name | Plant type/emission control equipment . 1’ . Net thermal efficienc Cost estimation
A of the plant P incl. in cost o Tulh detaﬁ/ /’Net capacity (MW) [LHV] (%) ’ source/date
1 NG-1 CCGT/LNB 2x271.3, 2x284 1,600 55.0 P/2008
2 NG-2 CCGT/LNB 2X271.3, 2x284 1,600 55.4 P/2008
3 NG-3 CCGT/LNB, Water injection, Air filter NA ¥ 1,468 56.1 P/2008
4 NG-4 CCGT/LNB 8x103; 4x100 1,232 54.4 P/2008
5 NG-5 CCGT/LNB %280 | 700 60.0 P/2008
6 NG-6 CCGT/NS 2x230; 1x260 720 57.0 P/2008
7 NG-7 CCGT/FF, ESP, FGD 6x456529, 2x64.70 286 56.1 P/2008
8 NG-8 CCGT/NS 6x50.80 = ™ 216 57.0 P/2008
9 NG-9 CCGT/ESP,FGD NSt 130 57.6 P/2008
10 NG-10 CCGT, CFB boiler/NS WS VA & 130 57.0 P/2008
11 NG-11 CCGT/NS 2x93.0- 14 R 7 60.0 P/2008
12 NG-12 CCGT/NS NS hdy b 122 57.3 P/2008
13 NG-13 ST/INS NS L) 112 55.7 P/2008
14 NG-14 CCGTINS = =3 110 54.0 P/2009
15 NG-15 CCGT/FF, ESP, FGD BX5E260 = 77 57.3 P/2009
16 NG-16 CCGT/NS S5 T 60 57.8 P/2008
17 NG-17 GTINS . "~ NS i 23, 61.0 P/2009
18 NG-18 CCGT/NS Tom 1x24.33, 1x1.82 205 59.1 P/2009
19 NG-19 GT/NS W 2x9.75 e 57.4 P/2008
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Table 3 Renewable plant specifications
Abbrev name Plant type/emission control . | . Net thermal Cost estimation
A of the plant equi)p/)Enent incl. in cost Turkig dEta"f/’ Y. NI (G efficiency [LHV] (%) source/date
1 REN-1 ST/NS 4x3.91,1x21.1,1x31425 43.5 P/2008
2 REN-2 CCGT/NS NS 42.0 P/2008
3 REN-3 ST/NS 3x12 ¥ 36.0 P/2008
4 REN-4 ST/Multi-cyclone, ESP NS 23.0 P/2008
5 REN-5 ST/NS NS 27.5 P/2008
6 REN-6 ST/NS 2804116, 1x12.0 19.6 P/2008
7 REN-7 ST/NS X2 /1x6 18.0 P/2008
8 REN-8 Condensing turbine/NS 2~ SN 12.0 P/2008
9 REN-9 ST/Multi-cyclone, ESP 1X10— — 9.9 P/2008
10 REN-10 ST/NS NS i ’ 9.9 P/2008
11 REN-11 ST/NS NS 9.5 P/2008
12 REN-12 ST/FF, NS NS oy 4 8.64 P/2008
13 REN-13 ST/NS NS ) 8.5 P/2008
14 REN-14 ST/ESP -NS == 4.8 P/2008
15 REN-15 GT/NS EEE iy 3.0 P/2008
16 REN-16 STINS X3 LAl 3.0 P/2008
17 REN-17 ST/NS -7 NS Y 3.0 P/2008
18 REN-18 GT/NS NS 2.48. P/2008
19 REN-19 GTINS NS 0.31 P/2008
20 REN-20 GT/NS NS 0:16 P/2008
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Table 4 Coal fired plant investment cost coverage
Cost coverage LGS
COAL-1 | COAL -2 | COAL -3 | COAL 4
Overnight capital costs: Construction
Direct costs
Site preparation v v v 4
Civil work 4 v v v
Material, equipment & manpower for v v v v
construction
Indirect costs
Design, engineering & supervision v v v v
Provisional equipment & operation v v v v
Worksite administrative expenses v v v
Owner’s costs
General administration NS v v v
Pre-operation v v v v
R&D (plant specific) x x v X
Spare parts ' v v v 4
Site selection, acquisition, licensing & v v v v
public relations
Taxes (local/regional, plant specific) - X x x x
Others
Major refurbish X v x X
Decommissioning _ o 4 x x x
Credits - x x x
Contingency i, x x x x
Miscellaneous o) 1) NS NS NS
O&M cost e
Operation T v v v
Maintenance v v v v
(materials, manpower; services)
Engineering support staff v v v 4
Administration v v v 4
General expenses of central services v v v v
(outside the site)
Taxes & dutiesi(plant specific) v v v v
Insurance (plant specific) v v v v
Major refurbishment v v v 4
Operatingywaste disposal 4 v v 4
(e.g. coal ash, sludge)
Credit X v v 4
Others v v v 4

Abbreviations: v'=include, x = exclude, NS = not specified
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Cost coverage

Power plant Name

NG-1 NG-2 NG-3 NG-4

Overnight capital costs: Construction

Direct costs

Site preparation v v v v

Civil work v v v v

Material, equipment & manpower for v v v v

construction

Indirect costs

Design, engineering & supervision v v v v

Provisional equipment & operation Y x x x

Worksite administrative expenses ¥ v v v

Owner’s costs

General administration NS v x x

Pre-operation v v v v

R&D (plant specific) X x x x

Spare parts & NS NS x

Site selection, acquisitionglicensing & v v v v

public relations

Taxes (local/regional, plant specific) NS NS NS NS

Others

Major refurbish v v v v

Decommissioning 4 NS NS v

Credits v v v v

Contingency Vv v v v

Miscellaneous NS NS NS v
O&M cost =

Operation - v v v

Maintenance v v v v

(materials, manpower,-services)

Engineering support staff v X x x

Administration v X v v

General expenses of central services v v v v

(outside the site)

Taxes & duties (plant specific) i % x x

Insurance (plant specific) X x x x

Major refurbishment v NS NS v

Operating waste disposal NS NS v v

(e.g. coal'gsh, sludge)

Credit v v v v

Others v v v v
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Cost coverage

Power plant Name

NG-5 NG-6 NG-7 NG-8

Overnight capital costs: Construction

Direct costs

Site preparation v v v v

Civil work v v v v

Material, equipment & manpower for v v v v

construction

Indirect costs

Design, engineering & supervision NS v v v

Provisional equipment & operation NS NS v x

Worksite administrative expenses v v x x

Owner’s costs

General administration NS v v v

Pre-operation v v v x

R&D (plant specific) v v v v

Spare parts v v v v

Site selection, acquisitionglicensing & v v v v

public relations

Taxes (local/regional, plant specific) NS x x v

Others

Major refurbish v v v v

Decommissioning v v v v

Credits " Vv v v v

Contingency v v v v

Miscellaneous NS NS NS NS
O&M cost -

Operation V- v v v

Maintenance v v v v

(materials, manpower,-services)

Engineering support staff v v v v

Administration x NS NS v

General expenses of central services NS NS NS NS

(outside the site)

Taxes & duties (plant specific) x v v v

Insurance (plant specific) x X x x

Major refurbishment x v x v

Operating waste disposal v v v v

(e.g. coal'esh, sludge)

Credit v x x

Others X X x x
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Cost coverage

Power plant Name

NG-9

NG-10

NG-11

NG-12

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &
public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others

i
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Natural gas fired plant investment cost coverage
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Cost coverage

Power plant Name

NG-13

NG-14

NG-15

NG-16

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &

public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others
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Table 5 Natural gas fired plant investment cost coverage

Cost coverage

Power plant Name

NG-17

NG-18

NG-19

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &
public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others

P

11 k

SN RFRARS S AN

ke

&

TR A AR

< R

NI N A

ANANEN

CATECL xR x  Sxx xRS

LK

NN N N S N N N N A NE N NE NN ANANEN

AANENEY

X

Abbreviations:

v'=include, x = exclude, NS = not specified
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Renewable power plant investment cost coverage
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Cost coverage

Power plant Name

REN-1

REN-2

REN-3

REN-4

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &

public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others
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Abbreviations:

v'=include, x = exclude, NS = not specified
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Renewable power plant investment cost coverage
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Cost coverage

Power plant Name

REN-5

REN-6

REN-7

REN-8

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &
public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others
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Cost coverage

Power plant Name

REN-9

REN-10

REN-11

REN-12

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &
public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others
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Cost coverage

Power plant Name

REN-13

REN-14

REN-15

REN-16

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &
public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others
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Cost coverage

Power plant Name

REN-17

REN-18

REN-19

REN-20

Overnight capital costs: Construction

Direct costs

Site preparation

Civil work

Material, equipment & manpower for
construction

Indirect costs

Design, engineering & supervision
Provisional equipment & operation
Worksite administrative expenses
Owner’s costs

General administration
Pre-operation

R&D (plant specific)

Spare parts

Site selection, acquisitionylicensing &
public relations

Taxes (local/regional, plant specific)
Others

Major refurbish

Decommissioning

Credits

Contingency

Miscellaneous

O&M cost

Operation

Maintenance

(materials, manpower,-services)
Engineering support staff
Administration

General expenses of central services
(outside the site)

Taxes & duties (plant specific)
Insurance (plant specific)
Major refurbishment

Operating waste disposal

(e.g. coal'esh, sludge)

Credit

Others
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6 Conclusion

Cost estimates for power plants burning coal or lignite were provided
by inspection of four power plants. The technologies considered were all conventional
boilers except two advanced integrated coal gasification plants. Most of the coal-fired
power plants for which cost estimates were provided would be equipped with
pollution control devices that reduce atmospheric emissions of sulphur and nitrogen
oxides, dust and particulate. Although the unit capacities of the coal plants considered
range from 40 to 1,434 MW. Their net thermal efficiencies are generally close to or

above 40 percent based on their lower heatingvalue.

The cost estimates do nat substitute for detailed economic evaluations
required by investors andeutiliiies at the stage of project decision and implementation
that should be based onsproject/specific assumptions, using a framework adapted to
the local conditions and"a methodolog'yl""adapted to the particular context of the
investors and other stakeholders. Nevertxheless, the projected costs provided by the
present study, together with the assumbt‘i_qn__s_, adopted in cost calculations, are of
interest to investors for benchmarking purp_QS@ as well as to investigate the impact of

various factors on generation costs.
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Capacity under Thailand Power Development Plan (PDP-2010)
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Capacity Peak Reser\_/e
Year Power plants (MW) Demand | Margin
(MW) (%)

2009 | Total installed capacity (as of December 2009) 29,212 | 22,044.9 27.6
2010 | VSPP +367

SPP renewable + 90

Power purchased from Lao PDR (Nam Theun 2) +920

North Bangkok combined cycle power plant #1 +670

SPP Cogeneration +90

2010 Capacity 31,349 23,249 28.1
2011 | Retirement of Kha Nom #1 -70

VSPP +258

EGAT Renewable +18

Power purchased from Lae'PPR (Nam Ngum 2) +597

Chao Phraya Dam #1-2 +12

SPPs renewable \ +160

Naraesuan Dam | +8

Geco-one - +660

2011 Capacity v i 32,992 24,568 27.1
2012 | VSPPs - ) +162

Mae Klong Dam #1-2 +12

Khun Dan Prakarn Chol Dam +10

Pasak Jolasit Dam i +7

SPPs renewable = +65

SPP Cogeneration — +704

Power purchased from Lag PDR (Theun Hinboun) +220

2012 Capacity ' e 34,172 | 25,913 23.7
2013 | VSPP e — . +187

Kwae Noi Dam.#1-2 +30

EGAT Renewable +24

SPP Cogeneration 720

Siam Energy #1-2 +1,600

National’Power Supply,#1-2 +270

2013 Capacity. 37,003 27,188 25.4
2014 | Retirement of Bang Pakong #1-2 -1,052

VSPP +192

EGAT Renewable +18

National Power Supply #3-4 +270

Wang Noi #4 +800

SPP Cogeneration +90

Power Generation Supply #1-2 +1,600

Chana #2 +800

2014 Capacity 39,720 28,341 23.4
2015 | Retirement of Rayong Power Plant #1-4 -1,175

VSPP +167

EGAT Renewable +14

Bang Lang Hydropower +12

Power purchased from Lao PDR (Hong Sa #1-2) +982

SPP Cogeneration +270
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Capacity Peak Reser\_/e
Year Power plants (MW) Demand | Margin
(MW) (%)

2015 Capacity 39,990 29,463 26.0
2016 | Retirement of Kha Nom #2 -70

Retirement of Kha Nom Unit 1 -678

EGAT Renewable +17

Power purchased from Myanmar (Mai-Kok #1-3) +369

Power purchased from Lao PDR (Hong Sa #3) +491

VSPP +231

SPP Cogeneration +270

New Southern EGAT power plant +800

2016 Capacity 41,419 30,754 27.2
2017 | Retirement of Bang Pakong Unit 3 -314

Retirement of SPP J -180

\/SPP +229

EGAT Renewable +11

Power purchasedsfromi£aoPDR (Nam Ngum 3) +440

Lam Takong ChonWattana Hydropéwer #3-4 +500

SPP Cogeneration A & +270

2017 Capacity e 42,374 32,225 23.2
2018 | Retirement of Bang Rakang Unit 4 -314

Retirement of NamPong Unit 1 ' -325

Retirement of SPP -42

VSPP ; +176

EGAT Renewable id s +30

SPP Cogeneration ‘ 223344 +270

Power purchased from Nelghbor Count y +450

2018 Capacity - 42,619 33,688 17.3
2019 | Retirement of SPP -185

\/SPP - +177

EGAT Renewable +8

SPP Cogeneration +270

Power purchased from Neighbor Country +600

New EGAT Clean coal#1 +800

2019 Capacity 44,289 34,988 15.0
2020 | Retirement of South Bangkok'Unit 1 -316

Retirement of Nam Pong Unit 2 -325

Retirement of T ri-Energy 7700

Retirement of SPP -188

\/SPP +190

EGAT Renewable +22

SPP Cogeneration +270

EGAT Nuclear Power plant #1 +1,000

Power purchased from Neighbor Country +600

2020 Capacity 44,842 36,336 15.6
2021 | Retirement of SPP -200

VSPP +135

EGAT Renewable +61

SPP Cogeneration +380

EGAT Nuclear Power plant #2 +1,000
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Capacity Peak Reser\_/e
Year Power plants (MW) Demand | Margin
(MW) (%)

Power purchased from Neighbor Country 600

New EGAT Clean coal #2 800

2021 Capacity 47,618 37,856 15.4
2022 | Retirement of Nam Pong Unit 3 -576

Retirement of SPP -150

VSPP +294

EGAT Renewable +36

SPP Cogeneration +360

New EGAT Natural Gas Unit 1 +800

Power purchased from Neighbor Country. +600

2022 Capacity 48,982 39,308 16.0
2023 | Retirement of Wang Noi #1-3 J -1,910

Retirement of South Bangkok Unit 2 -562

Retirement of Bang Pakong#4 -576

Retirement of Teun Hiaboun \ -214

Retirement of Eastern Pewer ) -350

Retirement of SPP =T -41

\/SPP x +146

SPP Cogeneration i 4 +360

New EGAT Natural Gas Unit 2 AN +4,000

New EGAT Clean coal #3 +800

Power purchased from Nelghbor Countﬂ +600

2023 Capacity da 51,235 40,781 16.7
2024 | Retirement of SPP i i L- ~2 M -680

Retirement of Mae Moh #4 — -140

VSPP - = +148

SPP Cogeneration +360

EGAT Nuclear-Powerplant#3— = +1,000

Power purchased:from Neighbor Country ~ 4600

2024 Capacity = 52,523 42,236 16.5
2025 | Retirement of Mae Moh #5-6 -280

Retirement of SPP -244

Retirement of Independence Power -700

Retiremept of Ratchaburi #1-2 1,440

VSPP +163

SPR,Cogeneration +360

EGAT Nuclear Power plant #4 +1,000

New EGAT Natural Gas Unit 7 +800

Power purchased from Neighbor Country +600

2025 Capacity 52,782 43,962 16.3
2026 | Retirement of Mae Moh #7 -140

Retirement of SPP -5

\/SPP +159

SPP Cogeneration +360

New EGAT Natural Gas Unit 8-9 +1,600

New EGAT Clean coal #4-5 +1,600

Power purchased from Neighbor Country +600

2026 Capacity 56,956 45,621 15.9
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Capacity Peak Reser\_/e
Year Power plants (MW) Demand | Margin
(MW) (%)

2027 | Retirement of SPP -15

Retirement of Ratchaburi Unit 1-2 -1,360

Retirement of Ratchaburi Unit 3 -681

\/SPP +169

SPP Cogeneration +360

New EGAT Natural Gas Unit 10 +800

Power purchased from Neighbor Country +600

2027 Capacity 56,830 47,344 15.4
2028 | Retirement of SPP -95

Retirement of Glow IPP -713

VSPP +173

SPP Cogeneration J +360

EGAT Nuclear Power.plant #5 +1,000

New EGAT Natural Gas'Unit 11-12 +1,600

New EGAT Clean coal#6-7 ‘i +1,600

Power purchased from Neighbor Country +600

2028 Capacity ; \ & 61,355 49,039 16.3
2029 | Retirement of Mag/Moh #8 4 -270

\/SPP ; | +179

SPP Cogeneration v +360

New EGAT Natural Gas Unit 13~ +800

New EGAT Clean coal #8 - +800

Power purchased from Nelghbor Countvy— +600

2029 Capacity ] 20 d 63,824 50,959 16.3
2030 | Retirement of Mae Moh #9 — -270

Retirement of Huay Ho -~ oIS -126

\/SPP +179

SPP Cogeneratian < +540

New EGAT Clean coal #9 "~ +800

Power purchased from Neighbor Country +600

2030 Capacity 65,547 | 52,890 15.0

Source:

Electricity Generating Authaority of Thailand (2010: 123)
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Approved CDM methodology under UNFCCC related with electricity generation
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Methodology Methodology Title {:‘" Version Sectoral Approval
number (including baseline and monitoring methodologies) .. Scope History
AMO0007 Analysis of the least-cost fuel option for seasonally-operating biomass cogeneration plants 1 1,4 NM0028
AMO0014 Natural gas-based package cogeneration 4 1,4 NMO0018-rev
AMO0009 Recovery and utilization of gas from oil wells thaewould otherwise be flared or vented 4 10 NMO0227
NMO0026
AMO0017 Steam system efficiency improvements by replagingSteam traps and returning condensate 2 3 NMOO017-rev
AMO0018 Steam optimization systems — 2.2 3 NMO0037-rev
AMO0019 Renewable energy project activities replacing part/of the eIectncﬁy production of one single 2 1 NMO0053
fossil-fuel-fired power plant that stands alone or supplies electrlcu_y toa gr|d excluding biomass
projects
AMO0024 Methodology for greenhouse gas reductions through waste heat recovery and utilization for 2.1 1,4 NMO0079-rev
power generation at cement plants .
AMO0025 Avoided emissions from organic waste through alternative waste treatment processes 12 1,13 NMO0174-rev
— NMO0178
= NMO0127
NMO0090
AMO0023 Methodology for zero-emissions grid-connected electricity generation from renewable sources 3 1 NMO0076-rev
in Chile or in countries with merit order based dispatch grid
AMO0029 Methodology for Grid Connected Electricity Generation Plants using Natural Gas 3 1 NMO0080-rev
' ' NMO0153
AMO0035 SF6 Emission Reductions in Electrical Grids 1 1,11 NMO0135
AMO0036 Fuel switch from fossil fuels to biomass residues in heat generation equipment 3 1,4 NMO0140-rev
AMO0042 Grid-connected electricity generation” using biomass=from newly" developed dedicated 2.1 1,14 NMO0133-rev
plantations
AMO0044 Energy efficiency improvement projectss boiler-rehabilitation erreplacement 4in dndustrial, and 1 1 NMO0144-rev
district heating sectors
AMO0045 Grid connection of isolated electricity systems --- Version 2 (286 KB) 2 1 NMO0152-rev
AMO0048 New cogeneration facilities supplying electricity and/or steam to multiple customers and 3 1 NMO0141-rev

vvé
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Methodology Methodology Title Version Sectoral Approval
number (including baseline and monitoring methodd}(;}s) Scope History
displacing grid/off-grid steam and electricity generation with more carbon=intensive fuels
AMO0049 Methodology for gas based energy generation in an industrial facility 3 1,4 NMO0161-rev
AMO0052 Increased electricity generation from existing hydropewer stations through Decision Support 2 1 NMO0186
System optimization
AMO0053 Biogenic methane injection to a natural gas distribution.grid 2 1,5 NM0210
AMO0055 Baseline and Monitoring Methodology for the secovery and utilization of waste gas in refinery 1.2 1,4 NMO0192-rev
facilities
AMO0056 Efficiency improvement by boiler replacement.or rehapilitation aﬂd optional fuel switch in fossil 1 1 NM0211
fuel-fired steam boiler systems ,
AMO0058 Introduction of a new primary district heating system ' )= 3.1 1 NMO0181-rev
AMO0060 Power saving through replacement by energy.efficient chillers - = 1.1 3 NMO0197-rev
AMO0061 Methodology for rehabilitation and/or energy effiCiency improvement in existing power plants 2.1 1 NMO0202-rev
AMO0062 Energy efficiency improvements of a power plant through retrofitting turbines 2 1 NM0203-rev
AMO0067 Methodology for installation of energy efficient transfermers in a powe( distribution grid 2 2 NM0243
AMO0072 Fossil Fuel Displacement by Geothermal Resources for-Space Heating 2 1 NM0261
AMO0074 Methodology for new grid connected power plants using permeate .g_agqpr_eviously flared and/or 2 1 NMO0270
vented ‘
AMO0075 Methodology for collection, processing and-supply. cf biogas to end-users for production of heat 1 1,5 NM0248
AMO0076 Methodology for implementation of fossil fuel trigeneration systems in existing industrial 1 1 NMO0264
facilities
AMO0084 Installation of cogeneration system supplying electricity and chilled water to new and existing 1 1 NMO0288
consumers
AMO0085 Co-firing of biomass residues for electrigity generatienringridiconnected power-plants 1 1 NMO0304
AMO0087 Construction of a new natural gas power plantsupplying electricity to/the grid orsa single 2 1 NM0322
consumer NMO0080-rev
NMO0153
Source: UNFCCC (2010)

15144
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Approved Consolidated Methodologies under UNFCCC related with electricity generation

Methodology
number

Methodology:Title

e

(including baseline and monitoring methg;iologiéé)

Version

Sectoral
Scope

Approval History

ACMO0002

Consolidated methodology for grid-connected electrieity generation from renewable sources

#

11

1

NMOO001-rev
NMO0012-rev
NMO0023
NMO0024-rev
NMO0030-rev
NMO0036
NMO0043
NMO0055

Replaces:
AMO0005

ACMO0006

Consolidated methodology for electricity generation frop biomass ré__éi—dy@s

10.1

NMOO050-rev
NMO0081
NMO0098

Replaces:
AMO0004
AMO0015

ACMO0007

Consolidated methodology for conversion.from single cycle to combined-cycle power

generation

NMO0070
NMO078-rev

ACMO0009

Consolidated methodology for industrial-fuel-switching-from coal or petroleum-fugels to-natural

gas

3.2

NMO0131
NMO0132

Replaces:
AMO0008

ACMO0011

Consolidated baseline methodology forifuelsswitching: from -coal fand/or: petroleum fuels| to

natural gas in existing power plants for electricity generation

2.2

NMO0200-rev
NMO0213
NMO0226

]74
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Methodology Methodology Title f Version Sectoral Approval Histor
number (including baseline and monitoring methodolé}gi(?) Scope PP y
ACMO0012 | Consolidated baseline methodology for GHG emission reductions from“\Wwaste energy recovery 3.2 1,4 NMOQ155-rev
projects NMO0179
NMO0192-rev
Replaces:
, ACMO0004
AMO0032
ACMO0013 | Consolidated baseline and monitoring methodology for new grid: connected fossil fuel fired 3 1 NMO0215
power plants using a less GHG intensive technelogy o NMO0217
ACMO0017 Production of biodiesel for use as fuel ’ 1.1 1,5 NMO0228
NMO0233
f Replaces:
dda AMO0047
ACMO0018 | Consolidated methodology for electricity generation fram-biomass residues in power-only plants 1.1
Source: UNFCCC (2010) = -

A4
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Renewable Energy Promotion Policies
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Hungary - v Vi v
Ireland . v v v ) v
Israel v -
Japan @ v v v v v
Korea v 4 v v v
Latvia A v v
Lithuania v v v v
Luxembourg v v v
Malta v v
Netherlands v v/ v v v
New Zealand v v
Norway 4 v v v
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Note: Entries with an asterisk (*) mean_that some states/provinces within
thesey, countries- have (state/province:level jpolicies ¢out there is no
nationaly level palicy. (©nly ‘enacted [policies are' included in table;
however, for some policies shown, implementing regulations may not
yet be developed or effective, leading to lack of implementation or
impacts. Policies known to be discontinued have been omitted. Many
feed-in policies are limited in scope or technology. Some policies
shown may apply to other markets beside power generation, for
example solar hot water and biofuels.
Source: REN21 (2008: 51)
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Generation Description of LEAP Model

The Long-range Energy Alternatives Planning system (LEAP) is a
scenario-based energy-environment modeling tool. Its scenarios are based on
comprehensive accounting of how energy is consumed, converted and produced in a
given region or economy under a range of alternative assumptions on population,
economic development, technology, price and so on. With its flexible data structures,
LEAP allows for analysis as rich in technological specification and end-use detail as
the user chooses. With LEAP, user can go-beyond simple accounting to build
sophisticated simulations.and daia structures. Unlike macroeconomic models, LEAP
does not attempt to estimate.theimpact of energy policies on employment or GDP,
although such models ean be ran'in conjunction with LEAP. Similarly, LEAP does
not automatically generate optimum or rrja{}ket-equilibrium scenarios, although it can
be used to identify least-cost 'seenarios. Important advantages of LEAP are its
flexibility and ease-of-use, which allow decision makers to move rapidly from policy

ideas to policy analysis without having to resort to more complex models.

LEAP serves several purpoéés: as a database, it provides a
comprehensive system for maintaining enérgy"information; as a forecasting tool, it
enables the user to make projections of energy supply and demand over a long-term
planning horizon; as a policy analysis tool, it simulaies and assesses the effects -
physical, economic, and environmental - of alternative energy programs, investments,

and actions.

A Short History of LEAP

LEAP was created ‘in 1980 for the“Beijer-Institute’s Kenya Fuelwood
Project, to provide a flexible tool for long-range integrated energy planning. It was
conceived and designed by Paul Raskin, President of Energy Systems Research Group
(ESRG was renamed Tellus Institute in 1990). LEAP provided a platform for
structuring data, creating energy balances, projecting demand and supply scenarios,
and evaluating alternative policies, the same basic goals as the current version of
LEAP. Major funding was provided by Swedish SIDA, German GTZ, the
Government of the Netherlands (DGIS), and US-AID.
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LEAP was originally implemented on a mainframe computer. In 1983,
ESRG, with funding from US-AID, converted it for use on a minicomputer and a first
user-interface was added with the aim of transferring it to energy planners in Kenya
and elsewhere. By 1985, LEAP had been ported again, this time to the newly
emerging IBM PC microcomputer, making wider dissemination and a more user-
friendly interface possible. In the course of the 1980s, LEAP-based studies were
conducted in a dozen countries in Africa, Latin America, and Asia as collaborations
between ESRG, Beijer Institute, and in-country partners. When the Stockholm
Environment Institute (SEI) was established.in 1989, Tellus Institute became host to
the SEI-Boston Center (SEI-Boston).” Development of LEAP continued at SEI-
Boston. With concern abouirthe environmental impact of energy systems growing,
LEAP was one of the firsisenergy modeling tools to address this concern through the
addition of the Environmental Database (EDB) and enhancements for computing
emissions loadings inEEAP. The United Nations Environment Programme provided

major funding for this phase of development.

The early 1990s saw a broadening of LEAP's user-base. In 1991, the
first major LEAP- based ‘study-in an OECD country was conducted by Tellus,
America's Energy Choices: an-analysis of the potential for energy efficiency and
renewables in the USA. In 1992, the first global energy study using LEAP was
published by SEI-Boston, Towards a Fossil Free Energy Future (a report to
Greenpeace). Meanwhile, studies continued througheut the developing world,
including a World Bank “Sponsored project to integrate LEAP with an emission
dispersion model for studying air quality in:Beijing. The spread of the Internet in the
mid-1990s allowed for much wider dissemination.of LEAP. Withthe issue of climate
changearising on the international agenda, /LEAP was further enhanced as a tool for
Greenhouse Gas (GHG) mitigation assessments. Many countries used LEAP for their
national communications to the UNFCCC, and for their contributions to the U.S. and

UNEP Country Studies Programs on Climate Change.

By the late 1990s, with support from the Dutch Government (DGIS), a
new Windows- based version of LEAP was created by Charlie Heaps, allowing the
original goal of a highly user-friendly energy and environment planning tool to be
more fully realized. The first version of the new tool was made public in early 2001.
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LEAP for Windows continues to be maintained and further developed
based on user- requirements. Recent years have seen major initiatives to develop
vehicle stock-turnover modeling capabilities, better modeling of electric power
systems. LEAP has also been enhanced to support multi-regional modeling of energy
systems for use in major Global and regional energy studies. By 2003, with the
number of LEAP users approaching 500 with most in the developing world, a new
project was launched to upgrade the support provided to these users and to foster a
community among Southern energy analysts working on sustainability issues. With
support from DGIS, a new web-based.~community called COMMEND
(http://www.energycommunity.org ) was created, with the number of participating

LEAP users growing to over4500 in mare than 130 countries by early 2006.
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