REFERENCES

Amranand, P. 2009. Crucial strategy for sustainability of Thailand's energy sector.

2nd. Bangkok: Energy for Environment Foundation.

Ansolabehere, S., Beer, J., Ellerman, D. A., Friedmann, J. S., Herzog, H., et al. 2007.

The future of coal, options for carbon-constrained world. Cambridge:

Massachusetts Institute of Technology.

Baguant, J. 1984. Electricity production from the biomass of the sugarcane industry in

mauritius. Biomass 5 (4): 283-297.

Baumert, K. A., Herzog, T. and Pershing, J. 2005. Navigating the numbers

greenhouse gas data and international climate policy. Washington DC:

The World Resources Institute.

Bloomberg New Energy Finance. 2010. A fresh look at the costs of reducing US

carbon emissions. Carbon Markets - North America - Research Note.

New York: Bloomberg New Energy Finance.

Blyth, W. 2010. The Economics of Transition in the Power Sector. Information Paper.

Paris: International Energy Agency.

Board on energy and environmental systems. 2010. Electricity from renewable

resources: Status, prospects and impediments. Washington DC: The

National Academies Press.

Chandler, H. 2008. Empowering variable renewables: Options for flexible electricity

systems. Paris: International Energy Agency.

Cheif of Climate Change Officer in Energy Sector. 2010. Greenhouse gas emission

reduction under Ministry of Energy. GHG emission reduction.

Bangkok: Ministry of Energy.



149

Chi-Jen, Y. 2009. Electrical Transmission: Barriers and Policy Solutions. CCPP

Technology Policy Brief Series. Durham: Climate Change Policy
Partnership. Duke University.

Chiemchaisri, C., Juanga, P. J. and Visvanathan, C. 2007. Municipal solid waste
management in Thailand and disposal emission inventory.

Environmental Monitoring and Assessment 135 (1-3): 13-20.

Chirarattananon, S. and Nirukkanaporn, S. 2006. Deregulation of ESI and

privatization of state electric utilities in Thailand. Energy Policy 34:
2521-2531.

Collaborative Economics. 2010. The Clean Energy Economy: Repowering jobs,

bussiness and investment across America. Washington, DC: The Pew

Charitable Trusts.

Connelly, J. and Smith, G. 2006. Politics and the environment: From theory to

practice. 2nd ed. New York: Routledge.

Department of Alternative Energy Development and Efficiency. 2009. Thailand

energy statistics. Bangkok: Ministry of Energy.

Department of Energy and Climate Change. 2010. Beyond Copenhagen: The UK

Government’s International Climate Change Action Plan. London: The

UK for The Stationery Office.

Department of Livestock Development. 2010. Livestock Infrastructure Information.

[Online]. Available from: http://www.dld.go.th [2010, September 30]

Department of Mineral Resources. 2010. Hot spring in Thailand. [Online]. Available

from: http://www.dmr.go.th/main.php?filename=hotthai [2010,
September 30}

Eerkens, J. W. 2010. The Nuclear Imperative: A Critical Look at the Approaching

Energy Crisis. London: Springer Science+Business Media.



150

Electricity Generating Authority of Thailand. 2007. Annual Report 2006 : Strengthen

electricity security. Bangkok: Electricity Generating Authority of
Thailand.

Electricity Generating Authority of Thailand. 2008. Annual Report 2008. Bangkok:

Electricity Generating Authority of Thailand.

Electricity Generating Authority of Thailand. 2009. Thailand Power Development
Plan 2007 - 2021 (PDP 2007: Revision 2). Bangkok: Electricity

Generating Authority of Thailand.

Electricity Generating Authority of Thailand. 2010a. Thailand Power Development
Plan 2010 - 2030 (PDP 2010). Bangkok: Electricity Generating
Authority of Thailand.

Electricity Generating Authority of Thailand. 2010b. Thailand Power Development
Plan 2010 - 2030 (PDP 2010). Electricity Generating Authority of
Thailand.

Ellerman, D. A. and Decaux, A. 1998. Analysis of Post-Kyoto CO2 Emissions

Trading Using Marginal Abatement Curves. Joint Program Report

Series.

Ellis, J., Moarif, S. and Kim, J. A. 2009. Reporting and recording post-2010 GHG

Mitigation Comitments, Actions and Support. Paris: International

Energy Agency.

Energy Policy and Planning Office. 2008. Energy statistic : Electricity. Energy
statistic [Online]. Available from:

http://www.eppo.go.th/info/5electricity_stat.htm [2008, July 20]

Energy Policy and Planning Office. 2010a. Electricity. Energy statistic [Online].

Available from: http://www.eppo.go.th/info/Selectricity stat.htm
[2010, September 30]



151

Energy Policy and Planning Office. 2010b. Energy statistic. Energy statistic [Online].

Available from: http://www.eppo.go.th/info/index.html [2010, March
15]

Energy Policy and Planning Office. 2010c. IPP, SPP and VSPP status. Energy

statistic [Online]. Available from:

http://www.eppo.go.th/power/data/index.html [2010, April 19]

Energy Policy and Planning Office. 2010d. Petroleum Statistics. Energy statistic

[Online]. Available from: http://www.eppo.go.th/info/3ng_stat.htm
[2010, September 30]

Energy Policy and Planning Office. 2010e. Thailand Energy and Natural Resources.
[Online]. Available from: http://www.eppo.go.th/doc/NIO-
EnergyAndNaturalResource2003.html [2010, September 30]

Environmental Defense Fund. 2009. Green Jobs Guidebook: Employment

Opportunities in the New Clean Economy. New York: Environmental
Defense Fund.

Freris, L. and Infield, D. 2008. Renewable Energy in Power Systems. Chichester:
John Wiley & Sons.

Gellings, C. W. and Parmenter, K. E. 2008. Demand side management. In F. Kreith

and Y. D. Goswami, (eds.), Energy management and conservation

handbook, pp. 1-22. Boca Raton: CRC Press.

Goodstein, E. S. 2005. Economics and the environment. 4th edition. Hobokén: John

Wiley & Sons.

Green, D. 2004. Thailand’s solar white elephants: an analysis of 15 years of solar

battery charging programmes in northern Thailand. Energy Policy 32
(6): 747-760.

Hammerschlag, R., Pratt, R., Schaber, C. P. and Widergren, S. 2007. Energy Storage,

Transmission, and Distribution. In F. Kreith and Y. D. Goswami,




152

(eds.), Energy management and conservation handbook, pp. 33. Boca

Raton: CRC Press.

Harvey, D. L. 2010. Energy and the new reality: Energy efficiency and the demand

for energy services. London: Earthscan.

Jaccard, M. 2005. Sustainable fossil fuels: The unusal suspect in the quest for clean

and enduring energy. Cambridge: Cambridge University Press.

Jivacate, C. 1994. PV development in Thailand. Solar Energy Materials and Solar
Cells 34 (11): 171-179.

KEMA Consulting. 2009. Low Carbon Electricity Systems: Electricity in the next

decade. Arnhem: European Copper Institute — Leonardo ENERGY.

Ko, F.-K., Huang, C.-B., Tseng, P.-Y., Lin, C.-H., Zheng, B.-Y, et al. 2010. Long-
term CO, emissions reduction target and scenarios of power sector in

Taiwan. Energy Policy 38 (1): 288-300.

Krewitt, W. 2008. Integration of renewable energy into future energy systems. In

IPCC Scoping Meeting on Renewable Energy Sources, 192. Liibeck,

Germany: The Intergovernmental Panel on Climate Change.

Labatt, S. and White, R. R. 2007. Carbon finance : the financial implications of

climate change. New Jersey: John Wiley & Sons.

Lackner, K. S. 2010. Comparative impacts of fossil fuels and alternative energy

sources. In R. E. Hester and R. M. Harisson, (eds.), Carbon capture,

sequestration and storage, pp. 1-34. Cambridge: The Royal Society of

Chemistry.

Laughton, M. 2007. Variable renewables and the grid: an overview. In G. Boyle,

(eds.), Renewable electricity and the grid, the challenge of variability,

pp- 1-29. London: Earthscan.

Lewis, J., Chai, Q. and Zhang, Z. 2010. Low-Carbon Electricity Development in
China: Opportunities and Challenges. In F. Sioshansi, (eds.),



153

Generating electricity in a Carbon constrain world, pp. 473-500.

London: Academic Press.

Liamsanguan, C. and Gheewala, S. H. 2008. The holistic impact of integrated solid
waste management on greenhouse gas emissions in Phuket. Journal of

Cleaner Production 16 (17): 1865-1871.

Lokey, E. M. 2009. Renewable energy project development under the Clean

Development Mechanism: a guide for Latin America. Gateshead:

Earthscan.

Mallon, K. 2006. Myths, Pitfalls and Oversights. In K. Mallon, (eds.), Renewable

Energy Policy and Politics: A Handbook for Decision-making, pp. 5-

34. London: Earthscan.

McKinsey and Company. 2009. Pathways to a low-carbon economy: Version 2 of the

global greenhouse gas abatement cost curve. McKinsey and Company.

Mendonga, M., Jacobs, D. and Sovacool, B. 2010. Powering the green economy : the

feed-in tariff handbook. London: Earthscan.

Ministry of Energy. 2008. Thailand 15 year Renewable Energy Development Plan
(2008-2022). Bangkok: Ministry of Energy.

Ministry of Energy. 2009. Thailand's renewable energy and its energy future:

Opportunities and challanges. Bangkok: Ministry of Energy,.

Ministry of Energy. 2010. Thailand energy outlook. Bangkok: Ministry of Energy.

Moomaw, W. 2008. Renewable energy and climate Change : an overview. In IPCC

Scoping Meeting on Renewable Energy Sources, 7. Liibeck, Germany:

The Intergovernmental Panel on Climate Change.

Moreira, J. R. 2008. Biomass for energy: Uses, present market, potential and costs. In

IPCC Scoping Meeting on Renewable Energy Sources, 192. Liibeck,

Germany.



154

Mulugetta, Y., Mantajit, N. and Jackson, T. 2007. Power sector scenarios for

Thailand: An exploratory analysis 2002—-2022. Energy Policy 35 (6):
3256-3269.

Nakawiro, T. and Bhattacharyya, S. C. 2007. High gas dependence for power

generation in Thailand: The vulnerability analysis. Energy Policy 35:
3335-3346.

Odeh, N. A. and Cockerill, T. T. 2008. Life cycle GHG assessment of fossil fuel

power plants with carbon capture and storage. Energy Policy 36: 367—
380.

Office of Agricultural Economics. 2009. Fundamental of Agriculture Production

2009. Statistical Division, Office of Agricultural Economics.

Palmer, K. L. and Burtraw, D. 2007. The electric sector and climate policy. In R. J.
Kopp and W. A. Pizer, (eds.), Assessing U.S. Climate Policy options :

A report summarizing work at RFF as part of the inter-industry U.S.

Climate Policy Forum, pp. 148-159. Washington DC: Resources for

the Future.

Papagiannis, G., Dagoumas, A., Lettas, N. and Dokopoulos, P. 2008. Economic and
environmental impacts from the implementation of an intelligent

demand side management system at the European level. Energy Policy
36: 163-180.

Pienpucta, N. and Pongtepupathum, W. 2009. Small Hydropower Development At
Existing Irrigation Dams For Clean and Renewable Energy In

Thailand. In RIO 9 - World Climate & Energy Event, Rio de Janeiro,

Brazil.

Pocklington, D. and Leese, R. 2010. Towards Zero Emission Production — Potential
of Carbon Capture in Energy Intensive Industry. In R. E. Hester and R.
M. Harisson, (eds.), Carbon capture, sequestration and storage, pp.

126-154. Cambridge: The Royal Society of Chemistry.




155

Prabamroong, A., Manomaiphiboon, K., Chanaprasert, W. and Rajpreeja, N. 2009.
Development of a GIS decision support system for wind farm
installations in Thailand: Current state and results. In The 3rd

International Conference on “Sustainable Energy and Environment

(SEE 2009), 690-695. Bangkok, Thailand.

Prasertsan, S. and Sajjakulnukit, B. 2006. Biomass and biogas energy in Thailand:
Potential, opportunity and barriers. Renewable Energy 31: 599-610.

Prindle, B., Zarnikau, J. and Allis, E. 2010. Barriers and Policy Solutions to Energy
Efficiency as a Carbon Emissions Reduction Strategy. In F. Sioshansi,

(eds.), Generating Electricity in a Carbon-Constrained World, pp. 205-

239. Burlington: Academic Press.

Quaschning, V. 2010. Renewable Energy and Climate Change. West Sussex: John
Wiley & Sons.

Randolph, J. and Masters, G. M. 2008. Energy for sustainability : technology,

planning, policy. Washington DC: Island Press.

Reddy, S. B., Assenza, G. B., Assenza, D. and Hasselmann, F. 2009. Energy
Efficiency and Climate Change: Conserving Power for a Sustainable

Future. Delhi: SAGE Publications.

REN21. 2008. Renewables 2007 Global Status Report. Paris: REN21 Secretariat.

RENZ21. 2009. Renewables Global Status Report: 2009 Update. Paris: REN21

Secretariat.

Richter, B. 2010. Beyond Smoke and Mirrors: Climate Change and Energy in the 21st

Century. Cambridge, UK: Cambridge University Press.

Rothwell, G. and Graber, R. 2010. The Role of Nuclear Power in Climate Change

Mitigation. In F. Sioshansi, (eds.), Generating Electricity in a Carbon-

Constrained World, pp. 175-206. Burlington: Academic Press.

Schumacher, K., Pehnt, M. and Praetorius, B. 2009. Carbon capture and storage. In B.

Praetorius, D. Bauknecht, M. Cameset al., (eds.), Innovation for



156

sustainable electricity systems: Exploring the dynamics of energy

transitions, pp. 77-112. Heidelberg: Physica-Verlag.

Sell, M. 2007. Climate Change and Energy. In A. Najam, M. Halleand R. Meléndez-

Ortiz, (eds.), Trade and environment : a resource book, pp. 59.

International Institute for Sustainable Development, International
Centre for Trade and Sustainable Development, the Regional and

International Networking Group.

Siegel, J., Nelder, C. and Hodge, N. 2008. Investing in renewable energy : making

money on green chip stocks. Hoboken: John Wiley & Sons.

Solino, M., Prada, A. and Vazquez, M. X. 2009. Green electricity externalities: Forest

biomass in an Atlantic European Region. Biomass and Bioenergy 33:

407-414.

Sookkumnerd, C., Ito, N. and Kit, K. 2005. Financial viabilities of husk-fueled steam

engines as an energy-saving technology in Thai rice mills. Applied
Energy 82 (1): 64-80.

Staley, B. C. and Freeman, C. 2009. Tick Tech Tick Tech: Coming to agreement on

technology in the countdown to copenhagen. WRI working paper.

Washington DC: World Resources Institute.

Stern, N. 2007. The economics of climate change: the Stern review. Cambridge:

Cambridge University Press.

Suramaythangkoor, T. and Gheewala, S. H. 2010. Potential alternatives of heat and

power technology application using rice straw in Thailand. Applied
Energy 87 (1): 128-133.

Tamiotti, L., Teh, R., Kulacoglu, V., Olhoff, A., Simmons, B., et al. 2009. Trade and

climate change: a report by the United Nations Environment

Programme and the World Trade Organization. Geneva: WTO

Publications.



157

Tchobanoglous, G., Theisen, H. and Vigil, S. 1993. Integrated solid waste

management: Engineering principles and management issues.

McGraw-Hill series in water resources and environmental engineering.

New York: McGraw-Hill Inc.

Tester, J. W., Drake, E. M., Driscoll, M. J., Golay, M. W. and Peter, W. A. 2005.

Sustainable energy : choosing among options. Cambridge,

Massachusetts: MIT Press.

Thailand Greenhouse Gas Management Organization. 2010. Thailand CDM projects
which approved and received LoA. Approved Projects [Online].

Available from:

http://www.tgo.or.th/english/index.php?option=com_content&task=vie

w&id=17&Itemid=29 [2010, June 30]

The Energy Data and Modelling Center, The Institute of Energy Economics and The
National ESSPA Project Teams. 2009. The 2nd ASEAN Energy

Demand Outlook. Tokyo: Ministry of the Economy Trade and

Industry.

The Intergovernmental Panel on Climate Change. 2006. IPCC Guidelines for National

Greenhouse Gas Inventories, Prepared by the National Greenhouse

Gas Inventories Programme (Energy). Kanagawa, Japan: Institute for

Global Environmental Strategies.

The Intergovernmental Panel on Climate Change. 2007. Climate Change 2007:

Synthesis Report. Contribution of Working Groups I, 11 and III to the

Fourth Assessment Report of the Intergovernmental Panel on Climate

Change. IPCC Fourth Assessment Report (AR4). Geneva: The

Intergovernmental Panel on Climate Change.

The International Energy Agency. 2005. 30 Key Energy Trends in the IEA and

Worldwide. Paris: The International Energy Agency.

The International Energy Agency. 2006. IEA focus on ASEAN. Paris: The

International Energy Agency.



158

The International Energy Agency. 2007. Coal information 2007 with 2006 data. Paris:

The International Energy Agency.

The International Energy Agency. 2009a. CO, Emissions from Fuel Combustion
(2009 edition). IEA Statistics. Paris: The International Energy Agency.

The International Energy Agency. 2009b. Electricity Information 2009 with 2008

data. IEA Statistics. Paris: The International Energy Agency.

The International Energy Agency. 2009¢c. World Energy Outlook 2009. World Energy
Outlook. Paris: The International Energy Agency.

The International Energy Agency. 2010. Projected Costs of Generating Electricity:

2010 edition. Projected Costs of Generating Electricity. Paris: The

International Energy Agency.

The Office of the Energy Regulatory Commissioner. 2010. License status of energy
industry operation. Statistics [Online]. Available from:
http://www.erc.or.th/ ERCWeb/Front/Permit.aspx?p=20&tag=%C3%D
2%C2%AA%D7%E8%CD%BC%D9%E9%A2%CD%E3%BA%CD
%B9%D8%AD%D2%B5%CF [2010, September 30]

The United Nations. 1998. Kyoto protocol to the United Nations Framework

Convention on climate change. Series Kyoto protocol to the United

Nations Framework Convention on climate change. The United

Nations.

The United Nations Framework Convention on Climate Change. 2010a. CDM
Statistics. [Online]. Available from:

http://cdm.unfccc.int/Statistics/index.html [2010, September 30]

The United Nations Framework Convention on Climate Change. 2010b. CERs issued
by host party. [Online]. Available from:
http://cdm.unfccc.int/Statistics/Issuance/CERsIssuedByHostPartyPieC
hart.html [2010, August 2]



159

The United Nations Framework Convention on Climate Change. 2010c. Clean
Development Mechanism (CDM). [Online]. Available from:
http://cdm.unfccc.int/index.html [2010, August 1]

The World Bank. 2008. International Trade and Climate Change: Economics, L.egal

and Institutional Perspectives. Washington DC: The World Bank.

The World Bank. 2010. World development report 2010: Development and Climate

Change. World Development Report. Washington DC: Office of the
Publisher. The World Bank.

The World Bank, Ministry of Science and Technology. P.R. China, The Deutsche
Gesellschaft fiir Technische Zusammenarbeit, German Technical
Cooperation Unit and Federal Ministry of Economic Cooperation and
Development. Swiss State Secretariat for Economic Affairs. 2004.

Clean development mechanism in China : Taking a proactive and

sustainable approach. 2 nd. Washington DC.

The World Energy Council. 2008. Energy Efficiency Policies around the World:

Review and Evaluation. London: The World Energy Council.

The World Resources Institute. 2008. World Greenhouse Gas Emissions. Series

World Greenhouse Gas Emissions. Series 2008. City: The World

Resources Institute.

Thongrung, W. 2010. Nuclear power plant faces strong resistance. The Nation
[Online]. Available from:
http://www.nationmultimedia.com/search/read. php?newsid=30116406
[2010, July 24]

Tondeur, D. and Teng, F. 2008. Carbon Capture and Storage for Greenhouse Effect

Mitigation. In T. Letcher, (eds.), Future energy: Improved, sustainable

and clean options for our planet, pp. 305-331. Amsterdam, the

Netherlands: Elsevier.

True Wind Solutions. 2001. Wind energy resource atlas of southeast asia. Washington

DC: The World Bank Asia Alternative Energy Program.



160

Tzimas, E., A.Georgakaki and S.D.Peteves. 2009. Future Fossil Fuel Electricity

Generation in Europe: Options and Consequences. JRC Refernces

Report. Petten. The Netherlands: Joint Research Centre Institute for

Energy. European Commission.

UNEP GRID-Arendal. 2009. Climate in Peril: a popular guide to the latest IPCC

reports. Trykkeri: GRID-Arendal.

UNFCCC. 2010a. Amendment to Annex B of the Kyoto Protocol. [Online].
Available from:

http://unfecc.int/kyoto_protocol/amendment to annex b/items/4082.p
hp [2010, March 2]

UNFCCC. 2010b. Essential background. [Online]. Available from:
http://unfcce.int/kyoto protocol/items/2830.php [2010, March 1]

UNFCCC. 2010c. Kyoto Protocol data. Greenhouse Gas Inventory Data [Online].

Available from:

http://unfcce.int/ghg_data/kp data unfccc/items/4357.php [2010,
March 2]

UNFCCC. 2010d. The United Nations Climate Change Conference in Bali. Kyoto

Protocol [Online]. Available from:

http://unfcce.int/meetings/cop 13/items/4049.php [2010, March 2]

United Nations Development Programme. 2007. Human Development Report

2007/2008: Fighting climate change - Human solidarity in a divided

world. Human Development Report. New York: Palgrave Macmillan.

Verbruggen, A. 2009. Beyond Kyoto, plan B: A climate policy master plan based on

transparent metrics. Ecological Economics 68: 2930-2937.

Verbruggen, A., Fischedick, M., Moomaw, W., Weir, T., Nadai, A., et al. 2010.
Renewable energy costs, potentials, barriers: Conceptual issues.

Energy Policy 38 (2): 850-861.



161

Volpi, G. 2005. Renewable Energy for Developing Countries: Challenges and

Opportunities. In V. Lauber, (eds.), Switching to Renewable Power: a

framework for the 21st century, pp. 83-96. London: Earthscan.

Watkins, K., Ugaz, C., Carvajal, L., Coppard, D., Nieva, R. F., et al. 2007. Human

Development Report 2007/2008: Fighting climate change - Human

solidarity in a divided world. Human Development Report. New York:

P. Macmillan.

World Bank Carbon Finance Unit. 2006. CDM and JI Methodology Status Report on

Progress and Lessons Learned May 2005 — June 2006. Washington
DC: The World Bank Carbon Finance Unit.

Zhang, L., Zhuo, Y., Chen, L., Xu, X. and Chen, C. 2008. Mercury emissions from

six coal-fired power plants in China. Fuel Processing Technology 89

(11): 1033-1040.




APPENDICES



APPENDIX A



164

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. 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 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, location 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 but also energy security. Life cycle of biomass
energy production may cause other 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 energy 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-determined potential location may assist development direction.
Furthermore, government has to strongly subsidize research and 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 subsidy programs are ended. Environmental tax 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 unit of energy produced is critical in shaping the prospect for stringent
climate change mitigation. International Energy Agency expressed the use of energy by far
the largest source of GHGs emissions from human activities, dominated by the direct
combustion of fuels [1]. Energy accounts for over 80 percent of the anthropogenic
greenhouse gases in Annex [ countries, with emissions resulting from the production,
transformation, handling and consumption of all kinds of energy commodities. With climate
change threats, the levels of GHG need to be stabilized and eventually reduced. 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 [2]. 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 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 conipared 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 Government currently has launched ambitious programs to
enhance investments in renewable energy e.g. wind, solar, biomass, and other clean
renewable energy sources. In fact, to secure future energy supply and incorporate the
government renewable energy efforts into actual utilization, it is 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 between five to seven years. Thailand‘s power
purchase from a foreign source is limited. Power plant investments especially in renewable
energy involve large number of stakeholders, therefore require all partners to understand and
negotiate their trade-offs, benefits and impacts. Thus, the power development plan must be
strategically designed. Inevitably, a reliable medium and long run load forecasts are

prerequisites for a well-conceived power development plan.

This paper intends to review a recent situation of power generation and renewable energy
development strategies in Thailand including the nature of business operation, the
governmental regulations, power development plan and its implementation/performance.
Mainly, the analytical evaluation of the current technological capacity and country pathway
toward low carbon electricity generation is a highlight of this review. The existing physical
potentials and technological 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 monopolizing the buying power of the country’s
electricity [7]. EGAT sells bulk power to two distribution utilities; (a) the Metropolitan
Electricity Authority (MEA) responsible for the sale of electricity within Bangkok and
surrounding areas; and (b) the Provincial Electricity Authority (PEA) responsible for
electricity sale in the remaining parts of the country. Additionally, private power producers
sell electricity to the electric utilities 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 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 (Figure 2).
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Figure 1 Carbon dioxide emissions from electricity generation in Thailand
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During the past 15 years (1993-2009), the electricity consumption in
Thailand increased from 56,279 to 135,420 GWh and peak demand of electricity increased
from 9,730 to 23,051 MW. As of January 2010, peak demand of electric power system was
recorded at 12,569 MW and peak consumption of electricity was 148,518 GWh with 78.5
percent of load factor. Energy Policy and Planning Office (EPPO) [9] reported the total
electricity consumption in 2009 can be categorized by economic sector as residential 30,258
GWh (22.5 %), commercial 32,634 GWh (24.2%), industrial 59,402 GWh (44.1%),
agricultural 316 GWh (0.2%), direct customer 2,894 GWh (2.1%), and other 9,289 GWh
(6.9%) respectively (Figure 3). The power sector in Thailand like in many other developing
countries is heavily dependent on fossil fuels (Figure 4). The electricity installed capacity can
be categorized based on power plant types as hydropower of 3,764 MW (13.6%), thermal
power plants of 9,667 MW (34.8%), combined cycle power plants of 12,806 MW (46.0%),
gas turbine and diesel power plants of 972 MW (3.5%), and renewable power plants of 279
MW (1.0%) including the Thailand-Malaysia interconnection grid at 300 MW (1.1%). Much
of this capacity based on thermal 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

Thailand is highly dependent on natural gas for electricity generation and its
utilization accounts for about 74 percent of the total fuel used to produce electricity. About 75
percent of the gas used for all purposes, including for industry comes from the Gulf of
Thailand and the rest from Myanmar 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 power plants [11].

The Energy Industry Act, B.E. 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 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 consumption by 2022. Policies that came 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 [17]. For increase
sharing of renewable energy mixed to 20 percent 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 ADEP detailed target for electricity generation from renewable sources
is summarized in Table 1. 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
goal is to boot 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
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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 5 60 90 120
Total 1,750 3,273 4,191 5,605
Source: Ministry of Energy [17] and EGAT [11]

The National Energy Committee (NEC) approved tariff adders for certain
categories of alternative energy on March 9, 2009. This allows government to encourage the
renewable energy investment by awarding “adder tariff” or special purchasing rate higher
than the price of power generated from mainstream fuels to private power producers
depending on the types of renewable fuel used (Table 2). The efforts have been made to
diversify the economy away from the use of oil 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 global environmental impacts.

Table 2 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 0.30 0.86

Waste 160

Fertilization/ Landfill 2.50 7.14

Thermal process 3.50 10

Wind 800

<50 kW 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 several aspects including technological and
supplying potential of biomass, biogas, municipal solid waste, hydropower, wind, solar,
geothermal and nuclear energy to check on how obtainable for Thailand to achieve the latest

AEDP target leading toward a low carbon electricity in 2022.

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 about 4 percent of the country low carbon electricity. MOE indicated three
main biomass sources in Thailand are 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 wood residue. The utilization
of biomass applies in wide range of conversion technologies such as direct combustion,
thermo-chemical conversion, 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, mid-term (2012-2016) at 3,220 MW, and
long-term (2017-2022) at 3,700 MW respectively.

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 production. 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 wastewater and livestock
manure, which have potential of 7,800 and 13,000 TJ per year, respectively. Central region
produced highest BOD loading of 2,233 ton/day, which was more than half of the total BOD
loading. The amount of wastes can be used to produce 620 million m’ of biogas, which is
equivalent to about 13,000 TJ or 308 ktoe of energy, in anaerobic 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 certainly has to put more focus to utilize resources from cows as

well.

The OERC reported the 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 [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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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 the physical composition of MSW varies according
to consumer patterns, lifestyle, and economic status. The detailed composition of MSW in
Thailand 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 landfill gas typically comprised of
roughly 60 percent methane and 40 percent carbon dioxide. Total numbers of landfills in
Thailand that actively operate are ninety 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

regulation mandates for methane collection.

The OERC reported the installed capacity of electricity from municipal solid
waste in Thailand reached 13 MW [12]. 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 MW and 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 within 2012 [17]. There are many existing irrigation dams and reservoirs
of Royal Irrigation Department (RID) designed and constructed for irrigation and flood
control. Six existing and under construction dams of RID were 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 [11, 26].

EPPO [20] indicated hydropower existing potentials for development is at
15,155 MW [27]. By the end of December 2009, the 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 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.

4.5 Wind

Wind energy technology currently 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 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
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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 energy 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, 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.

4.6 Solar

Almost every area in Thailand exposes to high sunlight intensity since
locating near the equator. Therefore, high potential for solar utilization exists. Government
promoted solar cells or 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 electricity 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
studied and explored the potential of solar energy utilization by establishment 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
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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 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. Currently, EGAT is
operating a 300-kW binary cycle geothermal power plant at Fang District, generating
electricity at about 1.2 million kWh per year, which helps reduce oil and coal consumption
for power generation. In addition, other benefits derived from the waste heat of hot water
used in the power plant. The temperature of hot water, after being used in the power plant,
will decrease from 130°C to 77°C, which can be used for drying agricultural products and
feeding the cooling system for EGAT's site-office space. Some other non-energy uses of hot
water from geothermal sources are for physical therapy and tourism [27]. Due to limited
geothermal resources in the country, Thailand has small potential 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 all in a favor of nuclear power. 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
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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 electricity from renewable sources in
Thailand, several barriers still prolong the speed of development and wide adoption of
renewable energy. Systematic support and promotional policy guidelines of the government is
currently necessary to help alleviate the investment costs for renewable power generation
development so as to eventually enhance its commercial and competitiveness. Appropriate
financial support is key mechanism to further promote the development of power generation
technologies from each type of domestic renewable energy sources. Based on our
investigation, major factors hinder progresses of renewable energy implementation in

Thailand are following:
5.1  Fuel supply

The limitation of raw material supply has recently become the prominent
barrier for expansion of renewable energy utilization especially for biomass. Due to seasonal
and spatial variation of biomass supply, 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. Moreover, the quantity and quality of renewable 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 [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 or PEA.

5.2  Technical barrier

The absence of efficient renewable energy generation technologies and
supports of skilled manpower and spare parts is one of the prime technical barriers. For
example, domestic wind power technology has not well developed in the country, so the
advanced and large wind power sector has to rely on imported technology. Given the
available wind resources and climatic conditions, it is difficult to further develop wind 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 speeds prevalent in Thailand. In long-term, this
can pose substantial barrier if we continue importing foreign technology for wind energy
development in Thailand. Another example in solid waste utilization, characteristic of solid
wastes in Thailand has high moisture contents therefore have low calorific value 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 [35]. Increase efficiency
of waste separation can help increasing the yield of biogas generation but it also requires

public education on waste management.

For technological R&D, Thailand needs to support researchers to carry out
their research to extend our country potential, and create in-house technology 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 power for consumers, but they can also generate
additional revenues by simply offering an “offset” to companies that emit less greenhouse gas
emissions (GHG). 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 useful, good examples of financial incentive provided by the
Ministry of Energy is “ESCO Venture Capital Funds” for providing equity for small
renewable energy and energy efficiency projects undertaken by small entrepreneurs with
limited capital. The fund should also be provided financial assistance for equipment leasing,

credit guarantee facility, technical assistance and carbon market [7].

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 [40]. Government set price at 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, as compared 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 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
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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 carefully considering externality environmental and
social costs. 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 competition between

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

5.4  Institutional and legislative constrains

Today, even environmental friendly energy projects are also facing public
protest. Hydropower projects can be particularly controversial because they can displace
communities as large areas of land are flooded and 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 projects 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
diminish the need for coal mines and other fossil-fuel facilities. Ball [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 currently there are no rules and regulation to control

emission from power plant that has capacity below 10 MW.

6 Conclusion

Thailand faces the energy and environmental challenges as being both a
contributor and victim of the effects of climate change. Renewable energy was identified as
having great potentials, due mainly to ample physical supply of the industrial by-product such
as rice husk, wood chips, bagasse, and other available biomass on fields. Based on potential
installment of energy technology (in Table 1), in 2022, the major proportion of renewable
energy will mainly derive from biomass 33.9 percents of total energy. To meet a target of
3,700 MW biomass electricity generation capacity in 2022, Thailand need to increase about
129.8 percent from current capacity 1,610 MW in 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 climate change is a direct threat to energy security, particularly to
existing energy infrastructure. Examples of disruptions to energy supplies that could cause
disruptions to power supply include droughts reducing hydropower availability and withering
field crop and other food 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 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
government right now should strongly subsidy research to develop low cost solar cell by
encouraging the co-operation of research and development. Moreover, government may
urgently need to set up a policy to promote the decentralized solar system to household to
reduce energy demand from the whole system and increase energy efficiency as in Europe.
Promotion of decentralized energy production in household sector is important and
collectively could create a big impact, including technology transfer to the public to become

energy self-sufficient at local level.

In summary, Thailand has set a very ambitious intention for developing low
carbon electricity sector. With high potentials of various renewable resources existed in the
country, Thailand could potentially achieve it, but eventually how soon. With the government
strong will in providing financial & regulatory incentives for business investment, R&D and
public involvement to be part of the development, is really the key to build a strong

foundation to secure the country’s economy and environment.
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Assessment of electricity development pathway ;

toward low carbon electricity development for Thailand
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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 Thailand. Comparison mitigation options are crucial to
identify active, cost-effective alternatives for the country. Modeling possible developmental
pathway that include Business as usual (BAU), Maximum growth of renewable energy and
nuclear energy (WNC) and Maximum growth of renewable and no nuclear (NNC) electricity

development options.

Similar results are obtained for nuclear scenario, although the dependence
shifts from coal and oil towards natural gas-based power generation. This may represent a
better environmental pathway but an all out shift from coal to natural gas is likely to increase
Thailand’s dependence on imported fuel and making it more vulnerable to unstable global oil
and gas prices. The without nuclear scenario that allows the country to confront its energy
security dilemma whilst fulfilling its environmental commitments by giving renewable energy
technologies a prominent 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 plants despite an early misgiving about the viability 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, carbon dioxide emissions caused by the energy supply sector
can be reduced with the use of some or all of the following options; increase more efficient
conversion of fossil fuels; switching to low-carbon fossil fuels; decarbonisation of Flue Gases
and Fuels, and carbon dioxide Storage and Sequestering; switching to nuclear power; and

switching to renewable sources of Energy [3].

Recently, carbon dioxide emissions from electricity generation in Thailand
increased by 16.5 percent during 1993 to 2008 and this increase is largely 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 3.2% per year while estimated
emission from energy sector is 4.7% per year [4]. Figure 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 to 2008 and electricity consumption per population raised from 965
to 2,129 kWh per capita during 1993 to 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 by the National Load Forecast assumption.
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2 Methodology

Energy modeling is a popular and widely used approach to identify the
energy consumption, pollutants emissions, technology pathway, energy policy and global
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 of LEAP for energy-environment modeling carried out
in many part of the world, Mulugetta et al. [2] applied LEAP model for characterize the
comparison and structure of Thailand electricity, fuel consumption and greenhouse gases
emission under various energy production assumption. At present moment, Thailand’s energy
structure is made up of following primary energies: coal, oil (diesel oil and residual fuel oil),
natural gas, hydraulic, geothermic, wind and biomass ( for example, bagasse of sugar cane,
wood and forest waste, municipal solid waste, etc.). To power future energy supply, Thailand
issued the 20 years Power Development Plan covered a period 2010 to 2030 (PDP-2010) aims
to reduce the country’s dependence on natural gas to 55.59 percent in 2030 while increasing
the use of renewable fuel to 19.03 percent and added 5,000 MW of nuclear for sharing 5.31

percent of total energy.
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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 sector and how these policies actually shape the
direction of the sector in future [2]. The aim of 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).

However, the diversification of energy sources is essential to reduce carbon
dioxide emission. It helps to reduce the dependence on oil and coal imports and thus promote
the security of supplies. It is not necessarily beneficial 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. 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
ADEP detailed target for electricity generation from renewable 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 technologies, 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 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.

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 aspect (Table 2). First, increase proportion of
renewable energy in electricity generation increase from 4,191 MW (14.07 %) in 2010 to
9,085 MW (19.98 %) in 2030. Refer to the AEDP target, the With-Nuclear scenario. Second,
implementation of demand reduction from 2010 at 15 percents 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 scenario includes and substitution of some of the candidate
fossil fuel plants by renewable energy based plants under REDP 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).

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. In 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 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, 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 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 carried out in constant money, i.e. in real value, and
inflation is not taken into account in cost elements. Nevertheless, projected price escalation or
decrease is taken into account in the real price of goods or services such as fossil fuels or staff

salaries (within O&M costs), when applicable.

3  Scenario description

The BAU scenario was designed according to the assumption of the PDP-
2010 energy development plan and time period covers up to 2030. The growth in electricity
demand projection of 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 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 carbon 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 levels.

The WNC scenario differs from BAU scenario in that it incorporates the
following aspect (Table 2). First, increase proportion of renewable energy in electricity
generation increase from 43.85 TWh (8.81%) in 2010 to 131.21 MW (13.59 %) in 2030.
Refer to the AED target, the WNC scenario. Second, implementation of demand reduction at
15 percents within 2030 (70.30 TWh) and electricity consumption in WNC scenario 1is
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 energy based plants under REDP Plan target.

Under WNC 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 2.88 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, over 74.09 percent of the electricity
generated to power Thailand’s economic recovery was derived from natural gas (Figure 1).
The remaining balance came from lignite (and coal), hydro and oil-fired power stations with a

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

By 2030, the BAU scenario reveals that the share of natural gas drops to
about 52.79 percent, coal increases its share to 23.62 percent; however, due to the low quality
of Thailand’s coal resources in the Northern part, in this scenario the incremental growth in
coal will have to be imported, and in due course retire thermal plants using coal. The positive
contribution of coal is somewhat tempered when viewed from an environmental stand point.
Under BAU scenario, renewable entering the picture as an important contributor to overall
electricity generation; moreover, government’s plan to increase the share of renewable energy
systems to 20.30% by 2030 to which hydro, solar and wind make 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 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 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-nuclear (NNC) Scenario, the electricity demand generation is
expected to rise from 260.96 TWh in 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 2.14 percent per year from 2010 to 2030. For fuel shared in NNC
scenario, the electricity generation by natural gas consumption of NNC scenario will remain
dominant, which accounts for 369.48 TWh in 2010 to 434.66 TWh in 2030 while renewable
energy sources supply shares 149.51 TWh of electricity in this scenario until 2030. The
generation fuel mix of Thailand under NNC scenario will be 28.11 percent of coal (2.91
percent from lignite and 25.20 percent from bituminous), 53.49 percent of natural gas and
about 18.40 percent fuel for generation based on other indigenous resources including,

hydropower, geothermal, wind, solar and biomass as illustrated in Figure 4.
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Figure 3 Comparison of production mix between BAU and WNC scenario
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Figure 4 Comparison of production mix between BAU and NNC scenario

4.2  Carbon dioxide emission from each scenario

The evolution of greenhouse gas emissions from power generation, measured
in terms of tones of carbon dioxide equivalent (tCO,-eq.), shows three distinct patterns
representing the different scenarios. As the development process continues, each scenario will
experience decreasing energy 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 obvious trend emerges, namely that more
aggressive scenarios have lower energy and carbon dioxide emission intensity. From all of the
energy and carbon dioxide emission intensity perspectives 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 (15.91 MtCOs-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.

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 Table 5). 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 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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Figure 5 Comparison of GHGs emission between BAU and WNC scenario
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Figure 6 Comparison of GHGs emission between BAU and NNC scenario
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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 opportunities and shaping policy discussions around a

national climate strategy [16-17].

As given in Table 5, numbers of cost and economic assumptions are made to
construct the scenarios. The abatement potential 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 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 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 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 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-field burning 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 to burn the rice straw due to wet conditions (rain/flooding at
the time of harvest) and added expenses for waste collection. 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 7summarized the potential of major crop for

biomass development in Thailand.

The limitation of raw material supply has recently become the prominent
barrier for expansion of renewable energy utilization especially for biomass. Due to seasonal
and spatial variation of biomass supply, 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. Moreover, the quantity and quality of renewable 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 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.

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 relative to conventional generation. Mallon express the
importance of cost internalization (environmental and social damage cost) made cost of
renewable higher when compared with thermal (nuclear and fossil) electricity generation [21].
Siegel et al. express investment of renewable energy companies not only generates 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
(GHG). 1t is clearly beyond the budgets of most government to directly inject money into
renewable in order to fast track a competitive industry [22]. A handful of demonstration
projects might be useful, good examples of financial incentive provided by the Ministry of
Energy is “ESCO Venture Capital Funds” for providing equity for small renewable energy
and energy efficiency projects undertaken by small entrepreneurs with limited capital. The
fund should also be provided financial assistance for equipment leasing, credit guarantee

facility, technical assistance and carbon market [23].

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 [24]. Government set price at 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] 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 carefully considering externality environmental and
social costs. 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 competition between

renewable energy and traditional fuels and bring the country to a sustainable future.
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Table 1 Target for electricity generation from renewable energy during 2008 to 2022

: Actual Target
) 2009 [730082011 | 2012-2016 | 20172022

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 5 60 90 120

Total 1,750 3.273 4,191 5,605

Source: Ministry of Energy [7] and EGAT [8]

Table 2 List of scenarios in this study

Scenario Policies and measures Scenario description

Scenario 1: Follows continuous Of the three scenarios, this is the most conservative

Baseline scenario | trends in existing in project technical development in the electricity

(BAU) technologies and sector.

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

Scenario 2: Maximize growth of Reduced electricity demand 15% at 2030 when

With-Nuclear renewable energy and | compared with BAU scenario by implementation

(WNC) nuclear energy demand side management, energy efficiency policy,
renovation of existing electricity plants to increase
output per unit of fuel or energy input and
replacement of older, less-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: Maximum growth of | Same energy demand as With-Nuclear scenario and

Without- Nuclear

(NNC)

renewable and no
nuclear

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 2433578 | 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 0.22 239.53 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 | 100.00 | 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
Fuel type Fuel price (USD/MWh) | Escalation rate (%)
Domestic coal (Lignite) 14.76 1.5
Imported coal (Bituminous) 24.78 1.5
Diesel Oil 137.61 3.0
Domestic natural gas (GOT) 45.43 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 | 0.0004249 | 0.0003908 | 0.0003329 | 0.0003010 | 0.0003354
With-nuclear (WNC) 0.0004559 | 0.0004240 | 0.0004061 | 0.0003229 | 0.0002956 | 0.0003339
Without-nuclear (NNC) 0.0004559 | 0.0004232 | 0.0004096 | 0.0003393 | 0.0003129 | 0.0003409
Cost per kWh (USD/kWh)
BAU - 0.202252 0.104964 0.049438 0.037615 0.073873
With-nuclear (WNC) - 0.194091 | 0.115225 | 0.049431 | 0.038043 | 0.078691
Without-nuclear (NNC) . 0.196691 | 0.135104 | 0.062967 | 0.047063 | 0.091933
BAU vs. WNC reduction : -4.57 -3.79 -16.38 -21.98 -194.62
% reduction - -4.12 -4.02 -16.17 -19.77 -9.43
NPCWNC - NPCBAU
(Billion USD) .36
Abatement cost
(USD/tCO2-eq) 7.29
BAU vs. NNC reduction -4.82 -2.70 -10.82 -15.09 -146.66
Ve Redii -4.31 -3.14 -10.54 -13.15 .18
NPCNNC - NPCBAU
(Billion USD) .09

Abatement cost
(USD/tCO2-eq)

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 0.30 086
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
<50 kW 4.50 12.86
> 50 kW 3.50 10
Hydropower 324
50 kW to <200 kW 0.80 2.29
<50 kW 1,50 8 4.29
Solar 8.00 i 22.86 500
Total Capacity 5,604
Source: Ministry of Energy [7]
Table 7 Evaluation of biomass potential in 2009
. Estimated Potential
No | Main crop .Y.leld Biomass biomass e s biomass
(miifign don) it licn et o | e e b
1 Rice 31.50 Rice Husk Ti2d 0.19 1.38
Rice Straw 15.55 0.29 448
2 Sugarcane 73.50 Sugarcane leaves 12.49 0.55 6.87
3 Cassava 8.22 Casava trunks 0.74 041 0.30
Cassava rhizome 1.64 0.66 1.08
4 Comn 6.91 Corn cobs 1.66 0.70 1.16
Corn trunk 5.66 0.61 3.40
5 Palm 8.16 Palm cluster 2.61 0.38 0.99
6 Rubber 232,008.94 | Rubber slaps 0.70 0.41 0.29
(rai) Roots 1.16 0.95 1.10
7 Other wood Woodchips 1.89 1.00 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 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 sulphur 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 do not substitute for detailed economic evaluations
required by investors and utilities at the stage of project decision and implementation
that should be based on 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 cost calculations, are of

interest to investors for benchmarking purpose as well as to investigate 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 followed [1].

3 Background

Levelized Energy Cost (LEC, also called Levelized Cost of Energy or
LCOE) is a cost of generating energy (usually electricity) for a particular system. It is
an economic assessment of the cost the energy-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 value calculation is performed and solved in

such a way that for the value of the LEC chosen, 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 exist. For example, the LCOE could be used to compare the cost of
energy generated by a PV power plant with that of a fossil fuel generating unit or
another renewable technology [1]. Nevertheless, LCOE 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 economic studies performed by investors or plant

owners to support their decision-making process 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 described in the main body of the report. In the context of the studies in
the series, all 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. 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 1s given, when applicable, during the economic lifetime of the plant. As
most of the expenditures occur in multiple instances during the course of the year,
rather than one single event, annual costs have been assumed to occur at mid-year for
discounting purposes. With regard to outputs from the power plants, electricity
generation in the year t was calculated 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 cost estimates presented in this study. The formula applied to

calculate, for each power plant, the levelized electricity generation cost (LCOE) is the

following:

S|4+, +F)(1+r) "]
z[E, (m)"]

LCOE =

With

LCOE = Average lifetime levelized electricity generation cost

I, = Investment expenditures in the year t

M, = Operations and maintenance expenditures in the year t
F, = 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 carried out in constant money, i.e. in real
value, and inflation is not taken into account in cost elements. Nevertheless, projected
price escalation or decrease is taken into account in the real price of goods or services

such as fossil fuels or staff 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 costs 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 THB/kW. The specific overnight construction costs of the

power plants included in this study are displayed on figure 1.
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Figure 2 Cost of electricity classified by fuel type
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Figure 5 Cost of renewable generation electricity classified by technology

5.2 O&M costs

The O&M costs is defined as the total of all costs incurred for building
the plant accounted for as if they were spent instantaneously. The specific overnight

construction costs of power plants included in this study is displayed on Figure 6.
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Figure 6 Specific annual O&M cost (per kW) of different types of fuel
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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% discount rate, the levelized costs of generating electricity from
coal-fired power plant vary between 31,998.14 THB/kW and 79,338.31 THB/kW,
natural gas power plants vary between 7,458.20 THB/kW and 242,085.35 THB/kW,
renewable power plant vary between 58.37 THB/kW and 97,372.25 THB/kW
respectively. It should be noted that fuel cost represents in average nearly 23.26 % of

the total levelized cost.

1.000,000
900,000 |
800,000
700,000
600.000

500,000 |

Cost(THB)

® LCOE at 5% discount
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400,000 |
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Figure 7 Levelized cost of coal generation electricity at different discount rate
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Table 4 Coal fired plant investment cost coverage
Cost coverage Name
COAL-1 | COAL-2 | COAL -3 | COAL -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 4 v
Provisional equipment & operation v v v v
Worksite administrative expenses v v v v
Owner’s costs
General administration NS v L v
Pre-operation v v v v
R&D (plant specific) x x v x
Spare parts v v v v
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 v x x x
Credits x x x x
Contingency x x x x
Miscellaneous NS NS NS NS
O&M cost
Operation 4 v v v
Maintenance v v v v
(materials, manpower, services)
Engineering support staff v v v v
Administration v v v
General expenses of central services v v v
(outside the site)
Taxes & duties (plant specific) v v v v
Insurance (plant specific) v v v v
Major refurbishment v v v v
Operating waste disposal v . v v
(e.g. coal ash, sludge)
Credit x v 4
Others v v v v

Abbreviations: v'= include, % = 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 &

Civil work v v v v

Material, equipment & manpower for 4 v v v

construction

Indirect costs

Design, engineering & supervision v v v v

Provisional equipment & operation v x x x

Worksite administrative expenses v v v v

Owner’s costs

General administration NS v x x

Pre-operation v v v v

R&D (plant specific) = 2 X e

Spare parts X NS NS X

Site selection, acquisition, licensing & v v v v

public relations

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

Others

Major refurbish v v v v

Decommissioning 7 NS NS v

Credits v v v v

Contingency v v v v

Miscellaneous NS NS NS v
O&M cost

Operation v v v v

Maintenance ‘/ v v v

(materials, manpower, services)

Engineering support staff v x x *

Administration v x ¥ v

General expenses of central services v v v v

(outside the site)

Taxes & duties (plant specific) v x x x

Insurance (plant specific) x £ x o

Major refurbishment v NS NS v

Operating waste disposal NS NS v v

(e.g. coal ash, sludge)

Credit v v v v

Others v v v v

EsEancn

ANy
[\
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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, acquisition, licensing & v v v v

public relations

Taxes (local/regional, plant specific) NS 2 X v

Others

Major refurbish v v v v

Decommissioning v v v v

Credits v v v v

Contingency v v v v

Miscellaneous NS NS NS NS
O&M cost

Operation v v v 4

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 ash, sludge)

Credit v x 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 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 x v v x

Worksite administrative expenses v v x x

Owner’s costs

General administration NS x ] x

Pre-operation v v v v

R&D (plant specific) v v v v

Spare parts v v v 4

Site selection, acquisition, licensing & v v v 4

public relations

Taxes (local/regional, plant specific) X x x x

Others

Major refurbish v v v v

Decommissioning v 4 v v

Credits v v v v

Contingency v v v x

Miscellaneous o v NS x
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 v NS v

General expenses of central services v v NS v

(outside the site)

Taxes & duties (plant specific) v v v v

Insurance (plant specific) & x x v

Major refurbishment v v x v

Operating waste disposal 4 v v v

(e.g. coal ash, sludge)

Credit x x x x

Others x X NS x
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Table 5 Natural gas fired plant investment cost coverage
T — Power plant Name
NG-13 NG-14 NG-15 NG-16
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 v v v v
Worksite administrative expenses v v v v
Owner’s costs
General administration x x v x
Pre-operation x v x x
R&D (plant specific) x ¥, x x
Spare parts v v v v
Site selection, acquisition, licensing & v v v v
public relations
Taxes (local/regional, plant specific) x X X x
Others
Major refurbish v v v v
Decommissioning v v v v
Credits v v v v
Contingency v .4 v v
Miscellaneous x x x X
O&M cost
Operation v v v v
Maintenance v v v v
(materials, manpower, services)
Engineering support staff v v v v
Administration v v v v
General expenses of central services NS x X x
(outside the site)
Taxes & duties (plant specific) NS NS v v
Insurance (plant specific) NS NS NS x
Major refurbishment NS v NS x
Operating waste disposal v v v v
(e.g. coal ash, sludge)
Credit NS NS NS NS
Others NS NS NS NS
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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, acquisition, licensing &
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 ash, sludge)

Credit

Others

S NN x SN %X S X% NN B R

S

SaS N BR S I NANANAN X X X S % NN S X

AN NI NI

x

NS

AN NN NN NN X e e R T NN N

SN X

x

Abbreviations: v'= include,

= exclude, NS = not specified
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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, acquisition, licensing &
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 ash, sludge)

Credit

Others

R AN x AN I N N NN SRR

AN

NSNS

DN N

NN R’ LI NIANIANIN x NN NSNS S NS

AN N N

SNNSN SN NN N R L S T SIS,

ANENENE

AN N NN CESEImSESEET R N K ANIANIAN

AN NI Y

Abbreviations:

v'=include, x = exclude, NS = not specified
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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, acquisition, licensing &
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 ash, sludge)

Credit

Others

SN N SeN NN x R RURES ST SN NS

DN NI N

L IANANA N X W BN TN K A

N

ANANEN

AN N

L NI N NN RS 5 NI AN

S %

N AK

AN N

AN NI N AN N N N A N NN N AV NI I N N A Y AN

X X
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Costicoverge Power plant Name
REN-9 REN-10 | REN-11 | REN-12
Overnight capital costs: Construction
Direct costs
Site preparation v o 4 v
Civil work v v i v
Material, equipment & manpower for v v A v
construction
Indirect costs
Design, engineering & supervision v v v v
Provisional equipment & operation v v v v
Worksite administrative expenses v 4 v v
Owner’s costs
General administration v v v v
Pre-operation v v ¥ v
R&D (plant specific) X x S X
Spare parts v v a v
Site selection, acquisition, licensing & v v v v
public relations
Taxes (local/regional, plant specific) X 23 b3 X
Others
Major refurbish v v v 4
Decommissioning v v v v
Credits v v v v
Contingency v v v v
Miscellaneous % X * X
O&M cost
Operation q v v v
Maintenance v v v v
(materials, manpower, services)
Engineering support staff v v 4
Administration v v v v
General expenses of central services v v v
(outside the site)
Taxes & duties (plant specific) X £ = %
Insurance (plant specific) v v v v
Major refurbishment v v v v
Operating waste disposal v v v ¥
(e.g. coal ash, sludge)
Credit x x 2 &<
Others NS NS NS NS
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Table 6 Renewable power plant investment cost coverage

Power plant Name
Cost coverage

REN-13 | REN-14 | REN-15 | REN-16

Overnight capital costs: Construction
Direct costs

Site preparation v v v v
Civil work v - v v
Material, equipment & manpower for v v 4 v
construction

Indirect costs

Design, engineering & supervision v v v v
Provisional equipment & operation 4 i v v
Worksite administrative expenses v v v v
Owner’s costs

General administration v v v v
Pre-operation v v v v
R&D (plant specific) < X . &
Spare parts v v v v
Site selection, acquisition, licensing & v v 4 v

public relations
Taxes (local/regional, plant specific)

x
x
x
x

Others

Major refurbish v v v v

Decommissioning v v v v

Credits v v v v

Contingency 4 v v v

Miscellaneous x x X X
O&M cost

Operation v v v v

Maintenance v v v v

(materials, manpower, services)

Engineering support staff v v v

Administration v v v v

General expenses of central services v v v v

(outside the site)

Taxes & duties (plant specific) x x x x

Insurance (plant specific) v v v v

Major refurbishment v v v v

Operating waste disposal v v v v

(e.g. coal ash, sludge)

Credit x X x x

Others NS

x
Z
»
Z
7
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Table 6 Renewable power plant investment cost coverage

Clestoovetage Power plant Name

REN-17 | REN-18 | REN-19 | REN-20

Overnight capital costs: Construction
Direct costs

Site preparation v v v v
Civil work * v v v
Material, equipment & manpower for v v v v
construction

Indirect costs

Design, engineering & supervision v v v 4
Provisional equipment & operation v v v v
Worksite administrative expenses v i v v
Owner’s costs

General administration v v v v
Pre-operation v v v v
R&D (plant specific) x X x x
Spare parts v v v v
Site selection, acquisition, licensing & v 4 v v

public relations
Taxes (local/regional, plant specific)

x
x
x
x

Others

Major refurbish v v v v

Decommissioning v v v v

Credits v v v v

Contingency v 4 v v

Miscellaneous X x x X
O&M cost

Operation v v v v

Maintenance v v v v

(materials, manpower, services)

Engineering support staff 4 4 v

Administration v v v v

General expenses of central services v 4 v v

(outside the site)

Taxes & duties (plant specific) x x x x

Insurance (plant specific) o v v v

Major refurbishment 4 v 4 v

Operating waste disposal 4 v v v

(e.g. coal ash, sludge)

Credit x x X x

x

Others NS NS NS
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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 heating value.

The cost estimates do not substitute for detailed economic evaluations
required by investors and utilities at the stage of project decision and implementation
that should be based on 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 cost calculations, are of

interest to investors for benchmarking purpose as well as to investigate the impact of

various factors on generation costs.
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Sty Peak Reserye
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 Lao PDR (Nam Ngum 2) +597

Chao Phraya Dam #1-2 12

SPPs renewable +160

Naraesuan Dam +8

Geco-one +660

2011 Capacity 32,992 24,568 27.1
2012 | VSPPs +162

Mae Klong Dam #1-2 +12

Khun Dan Prakarn Chol Dam +10

Pasak Jolasit Dam +7

SPPs renewable +65

SPP Cogeneration +704

Power purchased from Lao PDR (Theun Hinboun) +220

2012 Capacity 34,172 25,913 23.7
2013 | VSPP +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 Frak Reserye
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 -180

VSPP +229

EGAT Renewable +11

Power purchased from Lao PDR (Nam Ngum 3) +440

Lam Takong Chon Wattana Hydropower #3-4 +500

SPP Cogeneration +270

2017 Capacity 42,374 32,225 23.2
2018 | Retirement of Bang Pakong Unit 4 -314

Retirement of Nam Pong Unit 1 -325

Retirement of SPP -42

VSPP +176

EGAT Renewable +30

SPP Cogeneration +270

Power purchased from Neighbor Country +450

2018 Capacity 42,619 33,688 17.3
2019 | Retirement of SPP -185

VSPP +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 Tri1 Energy -700

Retirement of SPP -188

VSPP +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




241

Capacity Peak Reserye
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 -1,910

Retirement of South Bangkok Unit 2 -562

Retirement of Bang Pakong #4 -576

Retirement of Teun Hinboun -214

Retirement of Eastern Power -350

Retirement of SPP -41

VSPP +146

SPP Cogeneration +360

New EGAT Natural Gas Unit 2-6 +4,000

New EGAT Clean coal #3 +800

Power purchased from Neighbor Country +600

2023 Capacity 51,235 40,781 16.7
2024 | Retirement of SPP -680

Retirement of Mae Moh #4 -140

VSPP +148

SPP Cogeneration +360

EGAT Nuclear Power plant #3 +1,000

Power purchased from Neighbor Country +600

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

Retirement of Ratchaburi #1-2 -1,440

VSPP +163

SPP 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

VSPP +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 Reserye
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

VSPP +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 +360

EGAT Nuclear Power plant #5 +1,000

New EGAT Natural Gas Unit 11-12 +1,600

New EGAT Clean coal #6-7 +1,600

Power purchased from Neighbor Country +600

2028 Capacity 61,355 49,039 16.3
2029 | Retirement of Mae Moh #8 -270

VSPP +179

SPP Cogeneration +360

New EGAT Natural Gas Unit 13 +800

New EGAT Clean coal #8 +800

Power purchased from Neighbor Country +600

2029 Capacity 63,824 50,959 16.3
2030 | Retirement of Mae Moh #9 -270

Retirement of Huay Ho -126

VSPP +179

SPP Cogeneration +540

New EGAT Clean coal #9 +800

Power purchased from Neighbor Country +600

2030 Capacity 65,547 52,890 15.0
Source: Electricity Generating Authority of Thailand (2010: 123)
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Renewable Energy Promotion Policies
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= o 1= D B0 O o &0
s |8 . | % 8 E @ 8
2 | g R g > g 3
o a0 o S = fo] o ()
o # = >3 | 8 S = 2
Country 1 .9 © B3 | = g 5] =
gl 8 |2 5 | 82| 3 2 me B b
§= a TEEN, o 8 =)
S| 2 |5 = v Rl E2g| e8| E 2 g
< | 3 @ 5} L | o 2| BO| B Zow| o
S8 |g=e| B 8> | 28| 55|35 | S8
Sl b | B S B nE | SE| x| E | 282
8|l g |as8| 9 |2 STE| 88| - |S8|3
(5 Q < o 2 < X = 0O S L) == =
~| |[OL| 8 |uS|=F8|ms |z |&&|&
Developed and transition countries
Australia v v v v
Austria v v v v v
Belgium v v v v v
Canada ()™ v v v (*) v *
Croatia v v v
Cyprus v v
Czech Republic v v v v v v
Denmark 4 v v v v v
Estonia v v
Finland v v v v
France 4 v v v v v v
Germany v v v v v
Greece 4 v v
Hungary v v v v
Ireland v v v v v
Israel v
Japan ™| v v v v v
Korea v v v v 7
Latvia 4 v v
Lithuania 4 v v v
Luxembourg v v v
Malta v v
Netherlands v v v v v
New Zealand v v
Norway v v v v
Poland v v v v
Portugal v v v v
Romania v
Russia v v
Slovak Republic v v v
Slovenia 4 v
Spain v v v v
Sweden v v v v v v
Switzerland v
United States ™M ™ v v * (*) v N ®» ™
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| & OEB|&8 |88 |mB8lz |&&] &
Developing countries
Algeria v % o v
Argentina v v (*) v v
Brazil v v v
Cambodia v
Chile v
China v v v v v v
Costa Rica v
Ecuador v v
Guatemala v v
Honduras v v
India ) | (%) v v v v v v
Indonesia v
Mexico o v
Morocco v
Nicaragua v v o
Panama ¥
Philippines ¥ v v v
South Africa v
Sri Lanka v
Thailand v v v v
Tunisia v v
Turkey v v
Uganda v v
Note: Entries with an asterisk (*) mean that some states/provinces within
these countries have state/province-level policies but there is no
national level policy. Only 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 data structures. Unlike macroeconomic models, LEAP
does not attempt to estimate the impact of energy policies on employment or GDP,
although such models can be run in conjunction with LEAP. Similarly, LEAP does
not automatically generate optimum or market-equilibrium scenarios, although it can
be used to identify least-cost scenarios. 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 purposes: as a database, it provides a
comprehensive system for maintaining energy 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 simulates 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 about the environmental impact of energy systems growing,
LEAP was one of the first energy modeling tools to address this concern through the
addition of the Environmental Database (EDB) and enhancements for computing
emissions loadings in LEAP. 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 throughout 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. With the issue of climate
change rising 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 over 1500 in more than 130 countries by early 2006.
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