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ABSTRACT

This study investigated the clean coal technology options for coal-fired power plants in
Thailand for CO2 emissions and costs of CO2 reduction (Abatement Cost) using the Long-
range Energy Alternative Planning (LEAP) framework. The analysis was divided into 3 parts:
(1) a business-as-usual (BAU) scenario, which was constructed based on the current
Thailand’s Power Development Plan Revision 3 (PDP 2010 Rev 3), (2) alternative scenarios,
which focused on fuel choice, and combustion technology option, and (3) alternative
scenarios, which carbon dioxide capture and storage(CCS) was applied to the electricity
generation system. For fuel option, three types of coal, including bituminous, sub-bituminous,
and lignite were selected. Five technological options were assessed in this study, included
Subcritical Pulverized Coal (SubPC), Supercritical Pulverized Coal (SuperPC), Subcritical
Circulating Fluidized bed (SubCFB), Integrated Gasification Combined Cycle (IGCC), Ultra-
Supercritical Pulverized Coal (Ultra-SuperPC) and Oxy-fuel Combustion. And, for the
carbon capture and storage, the Monoethanolamine (MEA) chemical absorption technique,
the most widely used technique, was selected in this study. The results showed that the Oxy-
fuel combustion of bituminous fuel without CCS and the UltraSuperPC combustion of
bituminous fuel with CCS would emit CO2 lowest (CO2 emission of 117 million ton CO2
equivalents) in year 2030. When considering cost of reduction and amount of CO2 reduced,
integrated gasification combined cycle (IGCC) technology burning subbituminous coal and
augmented with CCS would offer the lowest abatement cost (57.9 USD per ton of CO2) at
CO2 emission of 117.1 million tons of CO2 equivalent. While, the SuperPC combustion of
bituminous fuel without CCS would offer the lowest average annual costs of 1,196 million
USD.
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daiiles nelin e ndnuiatlszimnalne (nWed) U e UT R NN RIS AT w RN S AR TN 8
lsziwnalne (Power Development Plan; PDP) MamaLauasnNdeens i ndsnulninsesssimne Tutlaqiiuld
WAL N A9A R I veedssnalne w.A.2553-2573 ﬂ?uﬂ@qﬂ%ﬁ 3 (Power Development Plan 2010-2030
Revision3 ; PDP2010 Rev3) [1] tfulkuatiuagn Tmﬂsl,uLLmuﬁﬂﬂmﬂumunmﬁwiiﬂw?ﬂﬁmuﬁummmLﬁlﬁyu
wiifisannnisnaalniinann s ludisemaaesda (ANTEFINTNE WA LL@%ﬁyﬂﬁu) Wuawauanlunig
dantasefngafuenlaean’dd (Carbon Dioxide; CO,) aangusstinimuazluilaqiiulssmalnadalidinng
AILANNIILARY CO, LﬁmmniﬂﬁmiﬁqﬁuLﬂuéﬁﬂﬁwummqngmmﬂ nssusdnnIsNslantaesfingian
nazanuiludedn ity faqiufuananisdneifgafuniadenlimalulafazernuazlsnduiugulunisannis
s CO, Shin et al., 2005. AnfmaluladfimanzanuaziuenlunissiisieRnganuguilinauiandaiy
TN ludszmannald Inelfuuuanasaiauniaaennasnuluszazang (LEAP) wudmalulagiveelselniinye
ﬁﬁmmur‘ﬁﬁuﬁwﬁﬁmﬁunuqnﬁ@mwﬁﬁu 24.4 q@uﬁﬂﬁiaffmﬁ%‘imLL@xwudwquﬁanammmmimﬁ‘w
nawuLarandnanwlunainanazlanteuligeansesas 75 Saaniuninsesfnad munusssugf [2]
Bundit et al., 2007. Usnfumaluladazernlunisudsliiuileantiun co, lulssnalng wodanasiden
walulaiazaananinfinuanaindanasian1santiunm CO, annAnaNLLardsinan1adenlun1santFan
n1stlaas CO, vaiAsEgniagag [3] Cai et al., 2007. lAAnmLENMNsaeY CO, 1asnsnantninlullszmeau
el LEAP Model nudnunalula@fiaiu wiennesznmaedlaslwiinfiazenadudanaliitinnn CO, anas
svannidesaz 4.2 - 19.4 mnmwm&;mmﬁﬁyugm [4] Song et al., 2007. AnwnsanifEunninisiass CO, tne
ﬂ?&ﬁ%ﬂﬂﬂiﬁ‘w%mwLL@zﬁunumﬁmﬂﬂﬁﬂ%@ﬁiLﬂﬁTNTt&L@%W@@L@ﬁu (Monoethanolamine; MEA) aadyl CO,
Tulszwmeniuanusd mﬂTu‘Eaﬁ‘ﬁ'ﬁﬂi:am%qu:ﬁﬂizﬁw%mwlumiﬂﬁﬁm@qLL@:FL%’unu”Lumiﬁﬁmﬁmm

CO, " [5] Lee et al., 2008. THuULANABdMALNNIANNANWIWITeze9 (LEAP) Usuiiudnaninaaanalulad

2

v o

snduuaztnifuRtgafuatlneanlad (CCS) saufaFuammuiiuansineiy 4 naluladlutlszmainiud wud
walulagninenlviilan ldeanTiauiqns (Oxy-fuel) fsz@nanmiunisan CO, uniigauaslifuamuiien
figo [6]

miﬁm:mLﬁ'mﬁmmﬁ@ﬂﬁmﬂTu‘Eaﬁdmﬁummmmxﬂmﬁuﬁunu’tuﬂwmmmi'ﬂ@'@ﬂ CO, 194133 lu#n
dnuiiuazennlulsmindlnadaqiudsliauysaluasliaseunquisiadeiifinasanisannisilaes o, aniilu
aurAndsendlnaetainistiimalulagnnssndunazinifiuinganfueulaeenlss (Carbon Capture and
Storage: CCS) inun14 fafunAdefadnenadefiinasdenisannislaes CO, tsznaufiag (1) AT MRS
dnuiiu (2) malulaginiawnludl (3) naluladl CCS uay (4) Sunuuazanlfanalunisuanluiin e I )
ansnuenfeiununisdaes CO, ‘1’7{Lﬁmfumnmﬁﬂwmamiﬂ/@%é”\fsmvmiu‘l?@ﬁrfmj sandafuulunsannig

Uaaer O, anlsslwilntulivazann (Abatement Cost)
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naiiususandeyalunisanasen nmen1salfee) ‘lfﬁ%]mqummm'a"l,ﬂ‘f:(w A NBaIN g wasANAINEs
Tinaestlszinalnalutaqiiuuaznisainnisalluauiantl w.a. 2553-2573 198ediayaannniginildie
nanwisdszmalng (nvle.) (8] (2) eyaanuiuuarilszinnaadlsalniinluifaqiugrsdedagyaann (8] - [9]
(3) da3yatlsz@nBnn (Energy Efficiency) uazpnAaundanlieugeqn (Maximum Availability) 81984964
NN9ANEN210489ANI9ENI U s ARIUNATIY [10] me\muﬁﬁmmdﬁuj 22979 UsTmA [11] - [13] &N
dszneunsiiansan (4) dayalsslifinduiivazenn lun @awdsdiiu maluladnasunlndldniio
avenm walulad CCS mufamademauaziunuitnaunfun diumumudeyaaniclulsznduaz
mmmﬁﬁuw‘ﬁmj WRNENLFEWA [13] = [14]

ada o 1

nsATuanENIuNIslaet CO, ”L%gﬂw’ﬂmﬂ@ FaAIMBazAdNUTZEaNENTUARLNAN Y (Emission
factor) mnﬂmzﬂﬁumiiwdﬁﬁgm@%ﬁqamﬂﬂaﬂuuﬂmmwwqﬁmmﬂ 289 The Intergovernmental
Panel on Climate Change; IPCC (2006) [15] LL@&H%H@N@WNVIN@WW Tier1; Default Emission factor

/1N 2006 IPCC Guidelines for National Greenhouse Gas Inventories [16]

LULRNADILEUMGLANNARIN Ul UsEaze9 (Long-rang Energy Alternatives
Planning System; LEAP)

WLLRNABILE UG NNAI U lUIzZE 2819 (Long-rang Energy Alternatives Planning System:; LEAP) 1l
Tsunsungniunaulaaaniiiis Stocknolm Environment Institute [17] 1 miunisainuazanananin
wisn1s0iesruuns ndsnuiuansaiumNannigiu santeannsnldlinssinnafenaesnisaniiu
Aanssunisanfingiseunszanuuusne] e ldiinuaulaunadiundseusardauonfenatiniuszuy
wananillsunsuigelfisusnguieyadiumalulauaziudeuanden (The Technology and
. v o 1 AJ vy 09/1 v a
Environmental Database; TED) 284013 nasnutlszinnsine asazliideyarnsludumeaila satuas
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222 n'lsfi']amn'\wmqmicﬁﬁug'm (Business as Usual; BAU scenario)
mi@immmwmrf;mmiﬁ”uﬂm‘lﬁlﬂumwmrf;mmi‘ﬁ‘mmdwuﬁm@yu‘lu@mmmLﬂmzﬂmm 20T (w.p.
2554-2573) HannAgunsiulanaAsegiauuulng §1989n13 PDP2010 REVS iludiayavan tnad
muuﬁgmoﬁ”\iﬁ (1) Avndiesnisinihresdszimalnaaindeyadszuimnisuunliumse gialneise
nanA i NaamNlulsznA (Gross Domestic Products: GDP) Lﬂu%mgu@ﬁwuﬂmiumﬁmﬁﬂmwmmtﬁ
ANEIN TN T w.A. 2573 Usesinalnaaziidiaannsiasnisiindsyaunns 346,767 dumiae (2)
foyarnaudnlniinuanmuidamasluaqiuuaznsaianisaiinguaniiinsesszmdlnglueuan
mudeBunnlhiiaansondalfuanmusiiademas uenanilifeyaludouiug dudeaiunis

AvunanuRgulunisdnring udeya (Current Account) Ugu
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miffimmmwm&lmirﬁmﬁLﬁ@ﬂLﬂumiffimmamumatﬁmmﬂ@ﬁﬂﬁmm@m:mu&i@miﬂd@ﬂ co,lu
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Avualiluldniuninmenisnivugau (BAU scenario)
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Cl = CO, Emissions / kWh from electricity generation (1)
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\He Cl Aa ANdTENsRAATUaasszULNTHAR 1WA (gCO, KWh)

kWh from electricity and generation Ae 1w eanlfasa
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uazfiunulunisaBunisuaziinga¥ne (Operation and Maintenance Cost) lun Anldanalunisiiuszuy
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AxNIg NPV =L/ (140" NPV (i,n) =L,/ (1+0) "+ ...+ L, / (1+1)" 2)
A =[1-(7Q+0)] /T (3)
EAC (Equivalent Annual Cost) = NPV (Net Present Value) / A o (4)

e NPV (Net Present Value) e Yarans lutlilaqiiu (yar)

EAC (Equivalent Annual Cost) Aa Aldane9et (yar/al)
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J3unou CO, Mintiald (shwiin CO, sell) = nstivugnuilifinnsaruAx — nsainnadeniinisasuAw (5)

A1519% 1 91ALTRNAIDNWHY [13]-[14]
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] % o °o a ° o
A15199 2 Funulunisasuuasfiunulunisaifiunisuaziingeinm [13]

AunulunIsamU sunulunsadumsuaziingasnm
walulas (Investment Cost) (Operation and Maintenance Cost)
(raaasausgaanladng) (aussanladnadalug)
LiRnsunalulad ccs
Subcritical Pulverized Coall 1,280 0.75
Supercritical Pulverized Coal 1,330 0.75
Subcritical Circulating Fluidized Bed 1,330 1
Integrated Gasification Combined Cycle 1,430 0.9
Ultra-Supercritical Pulverized Coal 1,360 0.75
Oxy-fuel w/o CCS 1,900 1.45
Aasamalulad ccs
Supercritical Pulverized Coal 2,140 1.6
Subcritical Circulating Fluidized Bed 2,270 1.85
Integrated Gasification Combined Cycle 1,890 1.05
Ultra-Supercritical Pulverized Coal 2,090 1.6

2.6 Mmamuansunulumsannisilaasfitgaiuaulnaanlansanias

miﬁﬁmmfﬁunﬂummmnwa?ﬂ@'@ﬂﬁﬂsnﬂﬁi’u‘auim@@ﬂisnﬁrﬁi@mifJﬂ LAPNAIANNIT (6)

Fununsdansuaiiy (yarsetiinin Co,) =  Auunslunisaanisdass CO, (yarn/a) (6)

nansmindald (Wmin co /i)

3. HANIFILATITUNITIIRDININLUANTHUASATLNA

3.1 n’lwmanﬂi‘tﬁﬁug’m (Business as Usual; BAU scenario)

AnannAgusariayasie) lunisanasaninmenisninugIu (BAU scenario) inlfianunsanennsal

=

Bualinuazdngaudamacililunsuan inannnseaninaesdszmalngld wanaldsasti 2 (n).

feuanaliivinditszina neduuaiinlunsldaemacluntsn@s iiingeiuesnsiatias Tne Tull wa.
2573 Usznalnedsaaaenlifinssssuafilumem@sanlunsuas i sesasnlfudduiviasnaasnu
WAL winiatsaundagdoulunisnan iinaesuwsiazaiamam@slull w.a. 2573 waudull w.e. 2554

Wil WA 2573 @enasonuiuidngaunisuan A ANTuan] WA, 2554 1l9vanns 90% @au

v
a o

@amAIRmassn ANdndaunaNan IWiNTuanT] w.a. 2554 tszanns 83% aadiulidndamaaniui

a o ] a v ‘QI -dy U dy a o a
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SuperPC wazliices luszuu (8B) unniansasndnuanldane luntsa@mnlwiin wud ﬁmwmmmimm\umnﬂuu

walulad cCS warldimaTulag Supercritical Pulverized Coal Lmiuﬁl,%mwaqﬁwmuﬁm (1S) uﬁﬂm’mmamqm
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\wAnRNgAeL 1,320 Auneaandanigriel usilinistlaes CO, sanainszuy 117 &6 CO, Wauwinlull w.a.
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A ldanaadesatlgeuazaes CO, nniAlEaneadaselan ieiatsounsiunulunisannislaes CO, s

, | = = o g ' - 4 gy
wisgluudazninimenisalludl woe. 2573 WeuduAINMeN1TAINUEW WudIA NN TR aeni 1
waluladl IGCC W didemasdudniuauazinisfiadunalulag CCs Hfunulunisannisiasy CO, ANNgA
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annnstasy CO, linnnaededinaliiaunsnansiunulunisaanisiaes CO, ashian

a o 4 o 2 U a =2 di’o | v a ai/l v o

nisfansmaaennislinasnuaesdsniihduivazain lunnsdnuniianiufieafiansounisdnudnanin
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5. NARANSINLsENA

nuddaBlFifunatiuaywainlasiniaudiNnI A Tug ANAN BILAZN IR NN AN AL UM TNR
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