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Economic Analysis of CO2 emission reduction from large scale
photovoltaic power plant in Thailand
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Abstract

This research presents the study on carbon dioxide emission reduction from large scale
photovoltaic (PV) power plant in Thailand using a method based on Annex 14 Methodological
Tool (Version 02) “Tool to calculate the emission factor for an electricity system”. The
calculation result is coefficient of green house gas emission factor (Combined Margin Emission
Factor) for solar electricity generation is 0.5980 tCO/MWh. Besides that the study on economic
analysis of large scale PV power plant in Thailand, with interest rate at 6.75%, benefit from
selling CO; in 7 years shows that net present value is 2,472,187,645 Baht, benefit cost ratio at
12.52, internal rate of return is 20.01%, cost of energy is 7.96 Baht/kWh and payback period less
than 5 years. The sensitivity analysis also presented in this research. Considering the degradable
PV efficiency and initial cost have positive economic indicator results. However, adder cost at
6.5 Baht/kWh and interest rate at 10% and 15% make negative economic indicator results. Also
considering the different of energy yield at 1,400kWh/kWp found that internal rate of return is
6.66% which is less than interest rate at 6.75. Thus, all PV entrepreneurs are agreeing for bright
and growing future of PV industrial business in Thailand.
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Ermission Reduction = Baseline Emission - Project Emission — Leakage
ER,=BE,-PE, =iy

Toufl ER, = Usunumsianudesianas) Emission Reduction)
BE = Yaunnumsuanusiegiiugin) Baseline Emission)
PE, = USunaunisvanudssvedlasenis (Project Emission)

L —Usnamsuanuasefililfruny (Leakage)

Falunsmvadlsdlningaduatefinglill leakage way project emission
ER, = BE,

Tnei
ER, = Usununisuanuaaslul y (Emission reductions in year y : t COze/y)

BE, = Winaumsuanusssluligm (Baseline Emission in year y : t COx/y)

ANSATUIUYRY Baseline Emission

BE y — (EG vy EGbase.’inc) = EFy

Toil
BE, = Baseline emissions (in tCO,)
EG, = Electricity supplied by the project activity to the grid (in MWh)
EG,,.. = Baseline electricity supplied to the grid in the case of modified or retrofit
facilities (in MWh)
EF, = Baseline emissions factor (in tCO2/ MWh)
EF,icmy =Your - EF griaony + Wanr - o
Tnei

EF,ucn, = Baseline emission factor (tCO2/MWh)




=l
Taen

Tne

Wom

Wen

EF grid.OM ,y
EF, grid BM .y
¥

= Operation Margin weight, which is 0.5 by default
= Build Margin weight, which is 0.5 by default
= Operational Margin emission factor (tCO2/MWh)

= Build Margin emission factor (tCO2/MWh)

= refers to a eiven year

msuaninsitlulsynalneannnitfesay 70 wannunasngsssusRzeldliuvamE low-
cost/ must run Fatauunas low cost/must run fidaanilunsuaniniesnindosay 30 feaunsald
A3sAuIueYas OM 1

EF, grid OMSimple
FC

im.y

NCV;,

EFC 024,
EG

m,y

EF’

grid BM |y

EG

m,y

Y. FC,,,,NCV, , EFeo,,,

EF vt ™ ZEG
my

= Simple operating margin CO2 emission factor in year y (tCO2/MWh)
= Amount of fossil fuel type i consumed by power plant/ unit m in
year y (mass or volume unit)

= Net calorific value (energy content) of fossil fuel type iinyeary
(GJ/mass or volume unit)

= CO2 emission factor of fossil fuel type i in year y (tCO2/GJ)

= Net electricity generated and delivered to the grid by power plant/
unit m in year y (MWh)

ZEGM AT
EFgria’,W‘y =% ZEG
my

= Build margin CO2 emission factor in year y (t CO2/MWh)
= Net quantity of electricity generated and delivered to the grid by
power unit m in year y (MWh)

EFy ., = CO2 emission factor of power unit m in year y (tCO2/MWh)
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FnwnisuanudesinemsuaulasaniedlagldnisAuinued Annex 12 Methodological tool
(Version 01.1) “Tool to calculate the emission factor for an electricity system” FAndUsEAYS nns
Uapufgitaunszanainnisuasind 1 asldisasauiuniy Annex 14 Methodological Tool
(Version 02) “Tool to calculate the emission factor for an electricity system” Falasuns
$Usp937n COM Executive Board iilafufi16 aman 2552 (EB 50) Fmadnanafidmmns finasudn

fratl

Parameter

SI Unit

Description

EFerid, CM,y

tCO2/MWh

Combined margin CO2
emission factor for the
project electricity system in
year y

EFerid,OM,y

Operating margin CO2
emission factor for the
project electricity system in
yeary

EFerid, BM, vy

Build margin CO2 emission
factor for the project
electricity system in year y

ArduUsEEAYS nsvdaringSeunsranannisuaanatnulidl Wauialdnu 8nsaenam

aursouniuldlunsaunnUsinansasfneisaunssanawisulasinis nalanisiaiudazea
- o e o -l v w ' ar 2 '

(CDM) Fanfiufanssunifendeaiunisovnewdsuliniaei ssuvatsdlsumaAine

NMTANATEIUsEEYE  nsudssintiSaunsranMnmsHARNAIWINE 1 Useanl 2552
(2009) Taelg33nNsA IR Annex 14 Methodological Tool (Version 02) “Tool to calculate
the emission factor for an electricity system” nlWldRan1sAMIN Adulsedns msudosfing
EaunszanannsHanmasenilwil (Combined Margin Emission Factor) 91nn1sldaunisit 2 Tng
AUSOUULANELUSEEVS msYdasfnmisaunseanaanng sasndsnlifhamiulasinis COM eanld
Ju 2 Usaan s dramiulasenas COM Ussamvi 2l SAmiafu 0.5812 tCO2/MWh uazdamiy
TasamsUssannAnndsnulnin annduay tasiaeniing dawviniu 0.5980 tCO2/MWh
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LEAIN1SAILREUAT Combined Margin Emission Factor

Emission Factor (tCO2/MWh)
EFgrid,OM | EFgrid,BM | EFgrid,CM

Usuinnlasanis COM

Tasamsily 0.6147 0.5477 0.5812

Tasanisearndanulniianndauasuwasiaeing | 0.6147 0.5477 0.5980

2.3) szruullaliandn

PV Array y». Charge DC Load
Controller [

{

Battery ——> Inverter

v

AC Load

A 2.1 szuulnlalaanidn [5)
seuullalaamdnsanind 2.1 Usenauluaie

1. unagaduaefing Aegpvsgaduateniing 1 luga e waiw q lugaiuisetuiialn
Tndanulwiviseens

2. Charge Controller v¥amAuAuMsUsyalnin Fwsihmihnauaumsusealiiuasag
Uszaliduuunnesluvnsigasuaseindudansrualiiilovazddviduuuninesluiainaisiu uay
& w ar ¥ a 2/ ) pui I3 a ' A ' -
Wumdssiuldldifisnszualwihdounsuluneaduasofndluginiainaiefiu fugadli awisonda

v oo as al =l i Nath, i ' - -l v
nszualnirle ivelasiuamuidomemaistuiuadiaeiinduazaunsallnii Tnedawsdesiunis
77995 uswwuiiu vise sethlwwhilie

3. Battery vhwihiinuasauiadinviifinanunaeadiaweiindlunsunaiesiu iNedvau
inldlglunainansdu viielunanvilifiuatefindfisoanis

4. Inverter inminfuvainseualwiianiwinssuanssanneadiaeindusowunmnesitu
TR s LaadUndmNLRaLINERINADINIS NIBWMNITANTUNISADIYITU Grid  98en15inTn Feasd
ANANLR 50 Hz wasusesuf 220 V Inavilussdusenaulainliun DC-AC Inver
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2.4) msUszgndldssuuasuaseing

|| idevices [y ‘ Cdevices :waurphrh"phm..‘
Light Traffic/ | (Water purification
R Lo e | ‘Charging .. transpont | Lighting streets
— “devi { ICam lcation! | m v
Vemilators | | Cathodic ™ |1/ | © lemet
et pr 1 £ .
R e

A 2.2 nsUssendldssuuaadnateniing [5)

nsUsegnaltizadiaing aunsodmunls 2 Ussam

1. sEuvTaduaInduULdAse (Stand Alone System) ffessuuiildidraidomdiussuy
awdevasnsivif wifldeuase q fenmasiiviefissuumedadrlifauazanadadngs 9y ssuuiwed
Laserfindlusiuitruunsihilog via svuutimdmiunisinuas

2. svuuwadlatafinduuuidousaidtaeds (Grid Connected System) Aflesvuuiisoidoy
Winfusyuuaneas wisgsinsutegasmuguuuuniskanangludnaengdunan q e wuu Decentralized
Snwusnsinneaniduwuy House roof top system uasiuuCentralized axtdunsadnludnunsaey
PV Farm feraamsudnsziu 1 Mw Zuly

2.5) UL TAEITDS

Christoph Erdmenger wazans [6) liAnwuniasfionaznalnvasaniusigoosuiiiioussq
Whnevesmsasmsuantdsefinsasusulnoonladiosay 40 ufled A.e. 2020 FAemsddluiinne
wirnuiadinnsuanuassieaniuorlnsenlente 224 dudilnenisanmsudnlviiiias (Ussudals 40
AUF), Wasuriavsndamnds uasiiuuseavinmnisulamainy (aansdanddos 30 Ausiu) Lay
Wudndruwasnisnaniifhanndsnunaunuiosay 26 (aanisuanudes 44 F1ui) Aldanelaeinie
voardodiofinanifioannisUanydesegiiusziie 50 glaredunarmnAnumldsieseifiouss
AsSauavioendT 25 gls
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Malte Schneider wazams EFnwnalnmswmuniiazorefifunumadyneld [7] UNFCCC
sontssrenoamaluladlunisimun wiedlouaznsifeud Fufesldnarelafelunisiansan Wy
Snwaiusena walulad wazouinvaslasins [Wud Tagvmsfinsainuuamedldsuiunis
inudusvdunwaififerny ntuionefednaniliuarlifaausuuglumstmuulove

Kiattiporn Wangpattarapong Waratis [8] Anwikansynunwanmalianiauasiesughasienis
Wi luuanganmmamiuns Tneifivdeyalusioifieu gungiivinaeu (Ambient  temperature)
Usinauny (Rainfall) Aanadudums (Relative humidity) wagariui§aas (Wind speed) svezinan 20 U
wazdrsaadeyasiasegialy idu dmruaiatou seldsefounarninisuiaiacuiuainisly
sepzan 5 U 10ufu antuSadiuuuinany residential electricity consumption of Bangkok
Metropolis (RECB) teyinunsuualiuanisldluilunnsammumiuns

5. Adhikari wavmouy [9]  Mdnwn amsinvesnudeInIsHaNuLasmAlulagnining
Wuumseniuunalnmstaunfiazerlulsungdlng nsamsiesisinuianaenamnssuinnsld
NANIUEIEA finnsaiunisiasinsiiensiannfidedulaedningazdulasansinundaindua
wimelulagmesunganuanudouldfnm ndsnuan wdsnunaseindlasigaduaeifinduaseey 69
Ly il&sinssdunsnalnnisiuifiazornuninlussndlng Samnazisednifumsmsiingfine
yausshe Semuasanuddudng

Erik Delaruetavaass [10) WRnwinsanmswisustiaveadomdinduiudufuiiaannis
JanUdesmeiounsyandeldiinsdniunsluglsunsfunnuazdauaidunaln European  Union
Ermission Trading Scheme (EU ETS) Taglumssnifiunisiendmarasinisfinemiennunnuduaiuas
usegdlameiuesegranivefinanmsiat European Union Allowance (EUA) ifleufusnaifing
sy AnviRuuesneranmdnuriingun wernsanmistanUdssfinadounsyan uasiinisfine
yumatierainsasuriavendomddumsudnlni SnmsAnymuisanausouausiing
Jiuwdsusiavendeimduiiondnlvihegnesinisidmananisannisuanddesineiiounszanivii
serafugusssuetnidniou dulsunmeesiu ailuwazdadnidadunsaanisuanddesfinviton
nszanALRY InnsUuWdeuriavesdemduludadiuvesinadesar 50 waranduiiuiovay
40 TuteqgFoud 2005 wuirmpnisudalnihilmsanmsuanudesiihgiGaunszanlaiovay 19
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wsfind augnd wazAne [11] namBiluenaseuidedos msfnwanuduldldvanisld
waduaeniindunduduniimesenasitondnnseudliihuuudensenuavas Tngldlusunsuduiagy
Photovoltaic Project Model v.3.2 TumsFnwiAsafusmisasiifwasemslulnn sunmemuas
Tmaﬁwwuﬂiﬁmmsﬁazﬁnmnﬂummsﬁuqﬁﬁﬁwﬁammsﬁv‘qmnrTuuu*muuasﬁﬁﬁmwm q 8 fiF uay
WRuifisufuntiiernsluuau roof top)  nkamsAnfuaimuin enmsiilinssgeuaziins
aarslugufians fusenidedfvdeutenasiuiui aesTuanidedsaldsummnduvesfidoniing
nniguiu q uikioesiudnesiianumnganteenimiiiennsaiuuu Jroof top) feenn
rifenmsiuuuerliundnunaserfinddeiuiiunniian

257056] wenwiug [12] EviansAnsnismanisaimudasnsmslindanudugaiie n1s
Samnasurasemalnsuasmsusediufremsuetlneentesuasnianisudalii laedinsizvinaly
masugiandnreassmalng laglfuuudaonduneluladie MAED wasiuudraeudeulouiehe
MESSAGE Tumsfinisannsdifinwutseonidu 3 nsdl Taegldl n.e.2548 10ulgu mantsaitel we.
2573 nsdlusaliun nasitulamuasugiauuudn® (BAU:Business as usual) nsdiftans Wun nsiia
Useandnmmdsenilunpiswshandnuasuseing (EE) nadifiana WA nsuisuagldmuunundsny
vouny 15 9 vaesunalng (REDP) Eludiurasnisdamwdanulimuinlunsdl BAU Taefiarsn
rufpansliirefineTlusewined w.g.2548-2573 msrarlWihsmanlseiidinmsraaisduan
15,596.73 Mwyr Tud 2548 1T 46,793.17 MWyr Tuiflaefidnsnsiiulned 2573ufutuiuiovay
833 laglud 2573 wuitlsemdlngasiidadrunisudsinfirannlsdvimdinuamiuiousiufadu
dndrudasar 55.72 ausnelsslniindsmuieudnludndiudovar 27.23 uaslsdlwihdiudiuuas
anludandudndrudesay 576 Tnslsdlnimdnunauwnuiidndaunisudalwiivnia 001 lu
nsdlfinen EE was REDP wuirtuusluaenrdasiunsdl BAU lunsdinsusyidiunisudaguanwaining
anfuaulaoanledlunisudniniy  fnisudssfreadveulneenlefifiniuain 7658  &usu
ansuaulaeanladifiouwin 1wl 2548 (Hu 213.56 dusumisvaulaeenlaafisuii Tul 2573 Taelul
2573 wuaAlseiWTndemudeusudndudndiudovay 5438 awumslsdiimdninuioudndu
Sadrutovas 24.16 uarlselfhduiunasdnludandudngiuiosay 12.36 uasnuiilsalviwdsnu
vyuisusrdisannsudesiigansualeasenlenlffesay 0.002 lut) 2573

ﬂaqwé wiuRs waspne  [13]  evi@nwimsysedlinanssousniainumalavamvdniead
Laefnddmiunisuaniniuuudeuserdhszusmie Tnsldunagaduaeniindvlnovueifaves
Uni-Solar §u PVL 64 iefinwimshnmusaduatorfindnaunduiudnvasinesiuvesennns Tnglu
msAnwidimsinsaraduasefinduundinfuamaeimsiiunhilumairnyiuandess dydes
12 94A71 PINMTANMINUIANTIOUTTRsEUULITY 081 msgadeluwsaeaduatenfing Japture
Losses) AU 0.23 kWh/kwp Tnefiuseavisnmusvaduasaniindiiduviiy 592 wesidus an
msfnwamAdeiifndesfasldinsindueaduaorfindlunnsy (Roof top) fanmumnzay
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mnmqmmmmmumemuamms uav'[uﬂ%uumma'lu‘iaema.mmwﬁnwﬂmwmmmmsumuwmLLa':
LLa.mumuuﬂwmamumuwﬂ‘uaumLLaan wmaamu.lumsmmﬂ‘[u‘[aaLLaynﬁnaﬁnmmmuum’l'u
nu L:uawmnn'um‘smwwuuwaawm'maa*zjaﬂﬂsaﬂﬁsﬂwﬂmﬂﬂm'lu'lmnmﬂsvia'uumamwuw
wenanmuaraanauglunsiuneiléiuuds wavdrRsanlugdasinnssolnfiafiddideaiauay
Tasinisluaunan Auivundinusasaniitufavansandandsnuanndanumauwnidiiuusameld

2swa gudnsny 18] Anwilasshdeyadmeinsainudenisiiihuasmssznansdndiu
AsuaanduiniLenmurtadndanunuimuidimsiaainfiewsunalne w #.2553 -
1 40 fi0 3 PN RARWSTWRlYE udinRaunAgIu 2573, Baseline Scenario iums
‘s‘?qamgﬁgwﬂ%mmmi'de{aaﬁwﬁauﬂswﬂmnmwﬁm"lw%‘[ma'lﬁmaaLmzcshw*rsnﬂma%mq"| Y9t
YDINTURAUINERUNALYULATEUS NS 2552 ansreanlnihvesusemalng Usednl 2552
NNSNABBINUINRTNUI WS AETaUNSE aﬂuuumawuamamaLua\ﬂmﬂluﬂ eiiuSune 2563
CO110 84 2. T2MtCO2 5. Sectoral Scenario u.lumimam.lmmﬁmmmsﬂaaammaunmrmnrm
wanlfhlnglfoyanazamisfiinassiieg mnLLuuwmmmaam'smamlwﬁwmﬂnmﬂ“l.m& W .f1.2553 -
NMSNPABINUINITNUIUTuIfnes 2573eunszantull 2563 diiviunu CO, amn 76.45 MtCO,
anadan Baseline Scenario 34.72 MtCO, Wav 3. Lﬂumsmam.‘m’gmﬂsuwmﬂﬁﬂaaan'vm.iauﬂsv%n
nnswaRlnihifinisuiuAsudeyauasAmasilmesaneg Tnguszgndanumninnnmainiskea
"Lwﬁwawszmﬂlwa W F.2553 — 2573 21nN1sUAaetnUIRsnUIUSInafiniaunssaniul 2563 as
dUunu Co, aem 56.4 MtCO, anata1n Sectoral Scenario 20.4 tCO, mﬂmimnmwm'\msmmumi
ﬁﬂﬂﬂ‘ﬁL‘iBUﬂ‘iuf\)ﬂ‘Luﬂ’lﬂﬂﬁNamlﬂﬁ’]‘umﬂ‘iuL‘VIﬂlW&Jﬁ’IM’]EﬂWﬂﬁTﬂU 1. psiiudnarun1snanTas
WENUNAUNUUSEANATLY WSandsulaipfes 2. nsUsudsunisididemdndudomdfiing
JanUdesfneisounsyanioual 3. msﬂsuﬂsqﬂsvamamw’lsﬂﬂﬁwﬂsﬂwﬁwmmammaqam‘qum

TuGouvelulad nsudmsdans uarmatigeinm SedinaieSeunsyananlininntsdiiumsoy
anusathlrsliurussvegrannnssule

Narurnitr Sawangphol [15] I#@nwaniunisaldrgaueamdumumauuasgnsaansn1siam
“L'Ueiaa‘Lﬂﬂwuuuawsuaum’Luﬂsvmfﬂwa 's%maqu'[,mumu'mummaua.msauuauumn an il
ﬁ’ma}‘mwaaqmwmﬂ'ﬁwmwamuwmmuua Fomdeivannvanefefldiutaean Greenhouse gas
mmmm'1emanﬂuaau‘lamaac“mwamuwmmugﬂwu“[mwm-s'L‘uma'[wwaamwaqﬂmwﬂummuum
Tusuien uraznAveseindlveilfnen nvasingAundarunaunuineiu Jagludunagnldegn
AF1erne Snndnauuiadsliifusnsenufuauiunme I sud ez senufuaaiuamng
WAL msaau%’wmﬂ‘ix‘m‘amﬁw‘%mﬁwﬁcyﬁ’qﬁ"'u%qLﬁmqwsmamﬂumﬁmwmwﬁwwuwmmu'ﬁu
Wetensindulavesudn dreliiiuiianiauunliy uanmnﬁ%maﬁaa’tﬁﬁuaﬂhauumu’n‘f&u.a~
wwmmaaﬂmuwwmmﬂTuTaaLLavaqLa'mmﬁawu'l.uammm'imwmmummu '[uamﬂmumqmm

MsueTuYRsIAIMRISERINe Non-renewable Uay Renewable pgnuviisuiu mwam’maaumu
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vinveadoudnniushdisisualifamasuiunisuinliihuuunivsusediereies msnszdu
mMsWmuIndsnunaunuiaza s v sslenilugueuiesiudunguadidglufsnuasusia
waiigs unanuitaanefiavuandiidiuisaniunisaiangavemtnunargrsmansmsiaumg s
naunululszindlvefeafunsduiiugshe, ninausiveaniads, unuimundu waznsasfiovili
Wana Tneviuiinsusediudinmsiioafuidmswdnveanealulagluiegiuiariirmavesseime
unslugealiuuuasuaudduduarseddyaaumawd fronminghufitedlufuiiuaya
Wuldbimanalulaggniwinsassuiisuiuidmuignisiauivesdsuna  Jadeduaiuuay
auassafiinonudsavesiniluvuarvoudlulssinalnelusurangnasuisluunarud
wsvasrveuneuilifeuansdayaiduusslsninasiiuomauidmivssmadufimdandey
dnunisellfeanu

e mmsinsanalladndenu 1l 2022 é’ﬂmuwé’mumLquasag:ﬁ%ﬁuaaLﬂumu'lmj
A0 33.9% vomdsmuion. ieliussaitimnefissl iyl 2022 asdomdandsmaniauiald
3.700 MW Usinalngazfoaiiuindnsuin 129.8%nnidnnsndn 1,610 Mw Tul 2009 Whvne
figalineld AEDP ldennifuasvilidusaunssiessiaussavsamuasnaluladuasnsldusslond
Mndhe werdmandsud uiionsarldandnatavtieiivsslssinniy dmiunslivsslond
MandsTuiafinddndinuuauluFasasmsimuamalulafifioandununiasvgaans daile
\Bupnuvimeddyvasslumaudtiyiioduaiunslindnuuacenfing SsUssnimnasnisans
Faiensvgumsliussloninnwianunaunuiiendsliin feunsnseiunisamuigashnsmumy
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Y99TngAuA1IY Fefuiuifedudssdfne nfumealuladindinunasenfind Ysandlneiiunds
waunauuilFluniseanlniunnue uiivihinedmiuds Ao 1idensawmaluladfivmuiase
anyseluaniunlinsoutuiudunuveuneluled vie 2 WiRuatuayumAdoiiiowa Solar Cell il
Funusin lnsasuusemelngesldnnuaulslumaimuniiiuuuafueudnnsizdneamussunds
wiumaunLTvaravansuasletinnluyseng msnisslianndiomiedunsiiu uasnsnsysunis
AU, MTIERRN, msﬁ?i’ma"muaaU'sz'm'auL‘Tjuﬁ’awﬁwaamsﬁwm%aLﬂu&iwﬁﬂﬁ'ﬁg’lumsa%’w
singuiiLdiusiaussusiouarAunndenvessuine
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3.1 AsIUTIUTINTaYA
fayafllflunsinuiiswandendial
1. Ussvmvesfeyaiiniddnweded Wuleyanfiend Snsvneuldfedayasiiag il
- Foyardmsnanfinie
- Joyauszangamisslvih
. nszualuihitndals

- Jayansloideina

Re

- Yoya Emission factor ¥oAToIHAY
2. wdsiingesfeyafiiurilflunsinuedel Hudeyaiisunumnenasuarsisnusiig
FEsavIFseansiiiiherdnuisssmalng (TWA.) wazymiasnudus AReAILLeNaNSTIBNIUNS
FeluvipraunveIanIUUs1Y Tnedlundsiiunvestoyadd
- wuRaLnidensanlnfvasUssmelng w.a. 2553 - 2573 9nnrsinihiendn
uaszmelng (nv.)
- sneeulrfessanalng Ysedl 2552 910 nsuiu AN uYaLukEreing
AU (W) NTENTININU

3.2 msUstunanadoya
swsmteyamsldidombuar Usmansyualwiindaldvedseliiudazdssian dual

2548 - 2552 ansrenulniivecsunelng Yszditl 2552 vesnsuiamAsunaunuLayeauing
WANY Heiad

715799 3.1 NsEARNANILINANYISTUUTMUNAUTLALTDINE

stiATDINAY WU E
2548 2549 2550 2551 2552
ANYEITNYIR GWh 85,703 86,339 88,166 94,549 97,595
guduuazanlug GWh 18,334 22,051 28,716 29,480 28,020
Yfuisn GWh 8,204 8,350 3,646 1,454 604
vhifudiea GWh 414 143 174 180 79
wai GWh 5,798 8,125 8,114 7113 7,148
PAINUNAUNU GWh 2 3 3 5 12

571 GWh 118,495 125,011 128,819 132,781 133,458
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A5199 3.2 msldiFomaddunisdandenulni

PR ) 0|
TUMTEINGS VAT TToois 2549 2550 2551 2552
Ra555uT1R MMscf 764,118 764215 783,137 812,620 826,506
auunavAnlug 1;2?‘0 16,571 16,250 19,650 20,465 19,376
dhsfuien M litres 1,996 2,022 936 350 149
Trifufiea M litres 83 40 23 44 24

AN51ed 3.3 USnaundanuvaadiomds (Aauisugyi)

Usznn Wiy AIANUTDUENS
ANYFITULA MJ/scf 1.02
fuiiunazinlug MU/kg 10.47
Yrshuen MI/\itres 39.77
ifufiaa MJ/litres 36.42
il MJ/KWh 3.6

MWANUSE AN MneINsHAR TS LN UsTInmiTRmA luLAas UlnenisAnwaaedl
o a v o a ' ar - La ' o ar 2 ' w
1.  thuinunsiidamduarandsnulniifmdsluisardusulmdumbedeatulay
dnngeiumamdeugnsmnnmsed 3.3 lanadsl

A5 3.4 USUNQUNAINUTIMUN LT LT DINGS

FDAEDINGS VY] L
2548 2549 2550 2551 2552
AresssuTnd PJ 764,118~ 764,215 783,137 812,620 = 826,506
gufiunaraniug PJ 16,571 16,250 19,650 20,465 19,376
it PJ 1,996 2,022 936 350 149
dtfufiea PJ 83 40 23 a4 24
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asedt 3.5 Msudmndanuliihduunnusiavendendmdtuamheduga

Y x . : U
RESIRCRRER T s 2549 2550 2551 2552
Aass TR PJ 30853 31082  317.40 34038 35134
gruiuuazanlug PJ 66.00 7938 10338  106.13  100.87
dnsfuian PJ 29.68 30.06 13.13 5.23 917
Wiufioa PJ 1.49 0.51 0.63 0.65 0.28

2. irfeyaiiannms el 3.4 uas 3.5 wdnIsaEaveInsHaER i wunauiin

wowndslngldgnseal

Energy out p,
Energy iny,

Efficiencyn,,y =

Efficiency., A8 Ussdvsamnissdaliiiainidamds mlul y (%)

Energy outp,, Ao Wil FRdldan@amds m Wl y (P)

Energy inmy f0 wisumslfidamas muly P)
IARanISAA A5 3.6

A5197 3.6 UsLaMSAmuean sHan T TwunNAuslin Ui doLnas

BhinTaINE MUY !
2548 2549 2550 2551 2552
ANYEITUBR % 39.59 39.87 39.73 41.06 41.68
auitukasaniug % 38.04 46.66 50.25 49.53 49.72
Yrshuimn % 37.39 37.38 35.26 3760 | 3669
Wrdufioa % 49.30 35.34 74.78 40.44 3254

A1 CO, emission nMskanlvalaglgnsAunuimalul

Emissionmy = FCay X NCVimy X EFqy

Emissiony,, #9 U3 CO, wpanswanlifhandemas m 1l y (tCo,)

FCrny Aa Ydunumsldidamas m Tud y (Unit)
NCViny flo ApuSouavSveudoinds m Tull y (MU/Unit)
EFmy #® A1 CO, Emission Factor Uaa@ioinéds m Tl y (keCO,/P))
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A15199 3.7 A1 CO, Emission Factor 2pa% eI eaIn IPCC 2006

Uszian g A1ANTAUENS
AwssINTIA kgCO,/PJ 56.1
gufiunasanlug  keCO,/PJ 101.0
Y keCO,/P) 774
vstufiiea kaCO/PJ 74.1

enanisAuIueanIs i 3.8

A15199 3.8 A1 CO, emission INATSHAR AN

 JA , U
by Al i 2548 2549 2550 2551 2552
AN%SITUTNR MtCO2 43,72 43.73 44.81 46.50 47.29
gruiuLasanilug  MtCO2 1753 17.18 20.78 21.64 20.49
s MtCO2 6.14 ) 288 1.08 0.46
vrifufiea MtCO2 0.22 0.11 0.06 0.12 0.06
s MtCO2 67.61 67.24 68.53 69.34 68.31

WA CO, intensity InNsuaRlnAlagldAsAINselUll

) Emission »,
Intensityy, , =

Electricitym.,

Intensitymy @8 A1 CO2 intensity  ¥@INIsHARINTIAINTRNEY m  v3991NA"S
AR mualuY y (tCO/MWh)
L & = - al a - a
Emissiony,, A9 Ysuiu CO, 98IN1SHARLNAIINLTIINAY m MIBINNNISHAR
Tt il v (tCO,)
Electricityn, A8 nasuulniAindnldainiiainds m w303 nNIsHARINAN
Navua il y (Mwh)




o 1Y) -
TAranIsAUIAIRISIeN 3.9
4 ! - » -
A15797 3.9 A1 CO, intensity 3NMSWARLAIN

o . |
RESGESSUES s 2548 2549 2550 2551 2552
AYEsTUTR tCO2/MWh 0.51 0.51 0.51 0.49 0.48
fuuuazanium tCO2/MWh 0.96 0.78 0.72 0.73 0.73
st {CO2MWh 0768 075 079 074 076
viTuiiea tCO2/MWh ~ 0.54 0.75 0.36 066  0.82

594 tCO2/MWh 0.57 0.54 0.53 0.52 0.51

A58314 Scenario

lun1sadne Scenario s arldAmennsalanudiesnisiiiiuaznsuszumsdndiuns
nAnnganuiiusnausladomdinuruiauiiidenisuaniivesUsundlne w.e. 2553 - 2573
anmslidnesdnwiassmelne Taedansineg ded

AN5149 3.10 AMNEINSRIANILABINISINTN

U
2553 2554 - 2558 2559 - 2563
ANUFDINS IR AL G % 4.63 4.57 4.38

YY)

1519 2.11 nsUsEnnsERdINNIsHaRNEL LN LUn AT T T INES

stinBINAS YUY )
\ 2548 2558 2563

ANYETIUTI % 68.14 55.75 44.02
fhudunavaniua % 18.75 20.50 19.15
s % 0.59 0.02 0.00
Ysfufiea % 0.07 0.01 0.01
wain % 9.06 1054 17.20
NAWUNARNY % 3.38 13.17 16.40
el % 0.00 0.00 3.24

571 10000 10000  100.00




NNSAY Scenario A199 AwBgUNANLFAFILAD

o a - ! A 1 at J 1
1. Baseline Scenario iunisuaninisaniunisudniniiisioiiedagliinsiuboudn
Uszansammswdnlii daduidenisnia uaseliaveadoindalnelddoyat 2552 undulgu i

A19797 3.12

A15190 3.12 LaARIANEUYAFIUVeN Baseline Scenario

, Y

= 2553 2558 2563
amudenisinidiuiaie % 4.63 4,57 4.38
msdadaunsasmdsulnihiuunmuriagemds
ANYETSUYR % 73.13 T8{18 73.13
guitunazdniun % 21.00 21.00 21.00
g % 0.45 0.45 0.45
vsufiiea % 0.06 0.06 0.06
w¥ah % 5.36 5.36 5.36
NEWILNAUNL % 0.01 0.01 0.01
Thieds % 0.00 0.00 0.00
594 % 100.00 100.00 100.00
JseAnsameasnisuaalniihduunmurdavaafomas
ANYSITUYIR % 41.68 41.68 41.68
fudiunardnlua % 49.72 49.72 49.72
v % 36.69 36.69 36.69
vhifufioa % 32.54 32,54 32.54
fin CO, Emission Factor VBT aINES
ANYTISUTIR keCO,/PJ 56.1 56.1 56.1
fuulazaniug keCO,/PJ 101.0 101.0 101.0
vhshum keCO,/PJ 77.4 77.4 7.4
vatufioa keCO»/P) 74.1 74.1 74.1
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q 10
&S

SN

Usq3¢
9450

drnnoay
2. Sectoral Scenario LflummﬁmmsﬁwLﬁumsuﬁﬂwﬁﬂmaﬁmsﬂ%Lﬂﬁaué’@éw'vmﬁﬂé’a
AsuARMULRUTRIUI A E AR T vesUsuinalnel 2553-2573 uAgaldAUsEANS A A sHAR LT
Laveinvadamannd 2552 fensiedl 3.13

28N, 2555
ANs1eT 3.13 wandAtaNLfigIuYal Sectoral Scenario 1 5 se 1
, O

waae 2553 2558 2563
rudpamsiniufiunde % 4.63 4.57 4.38
Msgadaunskannasnulninswenaudagamas
ANYEITUYIR % 68.14 55Y5 44.02
guunazaniun % 18.75 20.50 19.15
v % 0.59 0.02 0.00
Yitufiga % 0.07 0.01 0.01
wiah % 9.06 10.50 17.20
NAWIUNALNY % 3.38 13.17 16.40
DelRE! % 0.00 0.00 3.24
571 % 100.00 100.00 100.00
Usransnmasniskaniiiiisuunnurinventoinas
ANYESINYIR % 41.68 41.68 41.68
gufunariniug % 49.72 49.72 49.72
Vs % 36.69 36.69 36.69
vrifufiea % 32.54 32.54 32.54
A1 CO, Emission Factor Ypudowds
AYETTUVIR keCO.,/PJ 56.1 56.1 56.1
guiunavdniug keCO4/PJ 101.0 101.0 101.0
vistuinn keCO,/P) 77.4 77.4 77.4
dituiiia kaCO,/P) 74.1 78.1 74.1




- o i - - ot J ar 1 o e/
3. Ambition Scenario Wunisiansnisaniumsudslnihlaginsuiuaeudadiureeing
msuasiinsuFudsedssandamnisnislninlsslwisuluiimsidouriaveadomdniuniy

IMUITEN HIRNSNTN 3.14

A15199 3.14 UEMIANALLASIUYEY Ambition Scenario

, |

M 2553 2558 2563
Anudpans i fiuade % 4.63 4.57 4.38
nsdagaunsHAandUlR R LT im T ana
ANeETIUY % 68.14 55.00 40.00
fuiunardniua % 18.75 18.00 15.00
Yshulan % 0.59 0.00 0.00
Thiufiea % 0.07 0.00 0.00
wini % 9.06 12.00 18.00
NAWIUNAUNY % 2.38 15.00 23.00
R % 0.00 0.00 4.00
573 % 100.00 100.00 100.00
UsEAnEnmresnsuanininsuunauriaveisamas
fYsITULIR % 42.00 45.00 50.00
fudunazaniun % 50.00 52.00 55.00
vsfutan % 36.69 38,00 39.50
Jifudiea % 32,54 35.00 37.00
A1 CO, Emission Factor YDuTDIMAS
NY5TSNYIR keCO,/P) 56.1 56.1 56.1
fuitunazdniug kgCO,/P)J 101.0 101.0 101.0
v kgCO,/P) 77.4 77.4 77.4
ifudiea kgCO,/P) 74.1 74.1 74.1
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3.3 mMsAswideya
3.3.1 Anwnanmsasnisvanvdesfitwansueulesanlen

MsEnsUinunsUanddesfnedounsrananlsdlnfinsaduatanindileisnsduimniu
UNFCCC  waiifadeléfnunisvanudesineafvelnsenladlaeldnisdnnees  Annex 12
Methodological tool (Version 01.1) “Tool to calculate the emission factor for an electricity
system” AduUsyans msudesfiiieunsganainnisuanlid 1 9:ld38nsAuianiu Annex 14
Methodological Tool (Version 02) “Tool to calculate the emission factor for an electricity
systemn” 39l#¥Un155Us09 N CDM Executive Board io¥uil 16 naiau 2552 (EB 50) 3n1sfiena1nd
Amnsiineindn fd

Parameter Sl Unit Description
EFgrid, CM,y tCO2/MWh Combined margin CO2 emission factor for
the project electricity system in year y
EFerid,OM,y Operating margin CO2 emission factor for the
project electricity system in year y
EFerid, BM, y Build margin CO2 emission factor for the

project electricity system in yeary

Andulseava nsUdesieidounsyanannnnsaandanund Menunaldnnu S8msdandn
anunsawivllumsanumaliinanisaniedeunseanavitlasims nalnnswaiuiiavena (COM)
Feodudanssufifsrfesiunsemiiendauliig ssuuangdwessemeing

Combined margin emission factor (EFgrid, CM,y)

5797 3.15 Baseline emission factor of Thailand's national grid in 2007.

OM/BM Weight Emission factor
Operating margin (3-year average, 2005-2007) 05 0.5716
Build margin 0.5 0.4398
EF gria,camy (tCO/MWh) 0.5057

Operating margin emission factor (EFgrid, OM,y)
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aM947 3.16 CO2 emission coefficient of each fuel type.

Fuel type Net calorific value' (NCV) CO, emission coefficient” (COEF)
MJ/Unit Unit tCO,/TJ tCO./Unit Unit
Natural gas 1.02 MMscf 56.1 57.22 MMscf
Fuel oil 29.77 m litres 77.4 3,078.20 m litres
Diesel oil 36.42 m litres 74.1 2,698.72 m litres
Lignite 10.47 ke 101 1,057.47 k tonnes
Imported coal 26.37 kg 94.6 2,494.60 k tonnes

* Electric Power in Thailand 2007, page 42. Also note that the value of

lignite is based on Mae Moh site.

? Revised 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
Table 2.3, page 2.18-2.19.

A15797 3.17 CO2 emission and OM CO2 emission factor of grid electricity generation from 2005

to 2007.
Fuel type Unit Fuel us.age1 Generation” CO, emissions
(GWh) (tCOp)

Fiiy GEN; Oy * L@
2005 (excl,SPPs)
Natural eas MMscf 764,118 85,703 43,724,360
Fuel oil m litres 1,996 8,244 6,144,083
Diesel oil m litres 83 414 223,994
Coal & Ugni’te3 k tonnes 16,571 18,334 17,523,335
2005 (SPPs)
Natural gas MMscf 92,273 13,700 5,280,046
Fuel oil m litres 18 39,414
Diesel oil m litres 0 1,170
Imported coal k tonnes 858 2,141,556
Imported power5 - - 4,419 0
2006 (excl,SPPs)
Natural gas MMscf 857,103 86,339 49 045,148
Fuel oil m litres 2,030 8,350 6,248,742
Diesel oil m litres 41 143 110,648
Coal & Lignite3 k tonnes 17,166 22,051 18,152,530
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#5747 3.17 CO2 emission and OM CO2 emission factor of grid electricity generation from 2005

to 2007. (7®)

Fuel type Unit Fuel usage.'1 Generation” CO, emissions
(GWh) (tCOy)
Fijy GEN;y Fiy * COEF;

2006 (SPPs)
Natural gas MMscf 91,503 13,731 5,235,985
Fuel oil m litres 8 23,440
Diesel oil m litres 0 1478
Imported coal k tonnes 866 2,161,550
Imported power5 - - 5,159 0
2007 (excl,SPPs)
Natural gas MMscf 783,137 88,166 44,812,665
Fuel oil m litres 936 3,646 2,881,193
Diesel oil m litres 235 174 62,071
Coal & Ligni’ce3 k tonnes 19,650 28,716 20,779,286
2007 (SPPs)
Natural gas MMscf 94,725 14,559 5,420,354
Fuel oil m litres 7 21,470
Diesel oil m litres 1 3,370
Imported ceal k tonnes 899 2,262,231
Imported power5 - - 4,491 0

Total 406,339 252,279,818

EFgrig.omy 0.5716

' Electric Power in Thailand 2007, Table 19, page 23.
. Electric Power in Thailand 2007, Table 17, page 21.

> Emissions from coal & lignite are calculated based on CO, emission coefficient of lignite (Mae

Moh).

* Electric Power in Thailand 2007, Table 20, page 24.
’ Electric Power in Thailand 2007, Table 22, page 25.
6 EGm,ZOOS-ZOO'.’ is 406,339GWh.
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Build margin emission factor (EFgrid, BM,y)

15747 3.18 BM emission factor in 2007.

Generator | Fuel type Unit Fuel usage:1 Generation” CO, emissions
(GWh) (tCOy)
FGy GEN;, FC,* COEF
PP Natural gas | MMscf 193,997.00 34,491 11,100,896
Diesel oil m litres 3.60 9,724
Coal & | ktonnes 3838.92

lignite 4,059,548
Total 34,491 15,170,168
EF eria.omy (tCO2/MWh) 0.4398

L Energy statistic sector,
DEDE.

Note: The information of generated electricity and fuel usage

of each power plant is treated as strictly confidential.

NATSEMLAEIUSE RS  nsUdssmeiSeunsranainmsnaandsulnid 1 Usyanl 2552
(2009) Taelga5n1sA IR Annex 14 Methodological Tool (Version 02) “Tool to calculate
the emission factor for an electricity system” MlilananisauIn AduUsyans msudesfing
Faunsyananasuaanasnilnd (Combined Margin Emission Factor) nnsldaunisd 2 Tag
AunsauUsnFuUsEanS msddsufneisounsyanainms naandwnuliihamiulasins COM senld
Hu 2 Useian 18us Ardavdulasanis COM Ussanst 2lU Sidwindu 0.5812 tCO2/MWh uagAtdmiy
TrseamsuseLanaandsnulnin nndiuay waruaweing IAniiu 0.5980 tCO2/MWh

AN519N 3.19 LAAINANTSATUANAT Combined Margin Emission Factor

Emission Factor (tCO2/MWh)
Usennlasenis COM . '
EFgrid,OM | EFgrid,BM | EFgrid,CM
Taseansyaiy 0.6147 0.5477 0.5812
Tassmsuaandsnuliiainandsuanuasuaseing | 0.6147 0.5477 0.5980
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3.3.2 MFAATISVINIAULATEGANEAS
MR uassgaansdmiunHded Wanuluduvedsivwihieaduatefindvuna

v Fefiuintusgnsaidodulszmdlng Tselihwaduaeinduunlng ivihinisanwaiioun
fdamshnga 2 wnneded TagldmTinmeiuesugamans loun
- yardagugn’ (Net Present Value: NPV)

Start

Y

Collecting
Data

v v

Input Data Input Parameter
General Data

v
Process NPV

v

NPV >/=1 »  Project Denided

Yes

v

Project Acceptable

End

N 3.1 NPV- Flow chart and decision rule




- Snsmalinesuyu (Benefit — Cost Ratio: BCR)

Start

v

Collecting
Data

” v

Input Data Input F;(a:r;me:er
General Data

v

Process BCR

BCR> 1 »  Project Denided

Yes

¥

Project Acceptable

End

AN 3.2 BCR- Flow chart and decision rule

>

Yes

Reprocess
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Input Data
General Data

Start
v

Collecting
Data

v

Input Parameter
MIRR

v
Process MIRR

=0 »  Project Denided

Yes

v

Project Acceptable

End

A 3.4 MIRR- Flow chart and decision rule

b

Yes

Reprocess
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- Funuromievensuanlwi (Cost of Energy: COE)

- svpEaINsAuN (Payback Period: PB)

Start

Collecting
Data

Input Data Input P;gameter

General Data

\d

Process PB

Y

Result PB (Years)

End

N 3.5 PB- Flow chart and decision rule




MsAnentiadneg fionaavdmansEnURoNaALANATNIIFNULATYEANARSAIY (Sensitivity

analysis) 1Ak

AARABNYVDAATING

- AswasuulateednsnsuTalnindiuiin (Adder)

ANsiEanly,ons1druan (Discount rate)

nsidanldrlauneeaaunaeing il energy yield WanAeny

< el 2 i = - e
TN 3.20 LLVfaﬁVlllW‘Uaﬁ'ﬂauvﬁmﬂUﬂ'ﬁﬂﬂquﬂU

nnsanaaUsY AV MnTnLNIwadLaenfing Tneanasiesar 10, Soray 20 way Jeuay 30

- a o ¢ P -
ﬂ'ﬁkﬂﬁ Uuuﬂaﬁ‘ﬂaqNua\’nu‘iu.{ﬂ5~3ﬂ159uniaquﬁﬁnﬂ5']ﬁ'] (ARSI LLaQa'lﬂﬂUHﬂ'ﬁLﬂa?Juuﬂﬁﬁ

Description

Source of data

Website

Electricity rate

Energy Policy & Planning Office, Thailand

www.eppo.¢o.th

Fuel cost

Energy Policy & Planning Office, Thailand

www.eppo.go.th

Exchange rate

Bank of Thailand

www.bot.or.th

Inflation rate

Bureau of Trade and Economic Indices

www.price.moc.go.th

Import TAX rate

The Custoems Department

www.customs.go.th

MRR Rate

Krung Thai Bank PCL

www.ktb.co.th

Land Cost

Department of Lands

www.dol.go.th

PV Module Price

Average PV Module Price

www.solarbuzz.com

4 bl n‘l v - < WS
ansedl 3.21 Yoyaiuguinlslunisiing1idu

Description Default Value Remark
Electric Base 3 Baht / Wh
Adder Support 8 Baht / Wh

Discount Rate

6.75 % / Year *KTB 9 Dec. 2008

Loan Interest

7.25% / Year

Inflation rate

0% / Year

Energy Yield

1,400 kWh/kWp  Sensitivity use 1,450kWh/kWp and 1,500kWh/kWp

CER's Rate

0.5980 tCO2/MWh INNISATLIN

Land Rental

5,000 Baht /rai  Total 55 rai

Investment per MW

100 Millions THB  * Project started 1998

36



3.3.3 msaunwalidednivguszneuns
AINUAYARE WAnwlaomsdunwaiudsvivhgsiafsfusaduaefindlulsundlnednou
5 Uit Al
- U3 unnenledtd in
- Uaen leandnsou $1in (unww)
- U3 eddlng e
- UE neleiaud BuAidede S
- Uit 1endglaans 9nnn
Tnemsdstluafel] iWunsinutiatomeunsamusaramnssugaduatoding Juduns
35udvihslaslfuuuaounaBusdesislumsiunusndeyaiiseauden fel
noufl 1 Youatiugiutesudm Uszneuie deyadliduntaiiasdoyauith svosim
AuNSEIN SuRuawu

- ot b3 3 a v 1o -
feudt 2 Yaduymednumsanuretesamnssuaduasefindluusamelng Taun sufuamu
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Ul 3 Yo guassauasdalauauusfafinye i@ el
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unii 4
NAN53Y

4.1 nsaanisuanUdesinwaisvaulasanlasvasisilniiwaduasaniindvuinlug

CO2 emissions (Mt)

CO2 intensity (tCO2/MWh)

NASANIAUNISAIUINAN Scenario MRl lanasiall

120.00 ~

100.00

80.00

60.00

40.00

20.00

CO2 emissions

/

/
e ———

— N

| m— Basoline SoCtoral e Ambition

2546 2548 2550 2552 2554 2556 2558 2560 2562 2564
1

A 4.1 A5INKERYE CO, emission V84A1ANSNARINTNYBIUSEmelne

CO2 intensity

0.60
\
0.50 =<
0.40 \
0.30 \
0.20
0.10 e Baseling SoCtoral e Ambition

2546 2548 2550 2552 2554 2556 2558 2560 2562 2564

b

2 4.2 n5lans CO, intensity UBsnamsaaRMH1vesUsunelne
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Baseline Scenario uuavﬂa'tam'iml.uuasnaﬂﬂm (BAU) 8¢ CDM lawazuanalsunn GHG
nnseuiumswaniwissluant 2552 Taglifnisusuasudilag sdu Swenwuinbina GHG
uuumqwuamwamaﬂﬂa‘luﬂ 2563 wiiU3une CO, D4 110.72 MtCO,

Sectoral Scenario lfuaniing GHG MamsFdunssAnlnihaevdrnniiiid
anuuleunesngg sesiguiadiaidudmenenmsan GHG lumansudalwihvesssine Tumsnnaad
sl¥emsusudsudndrunsifidemaddunmskdaliinnegluunuiannmhasmsndaliinesszna
Tng w. 2553 — 2573 Taewuiilill 2563 aviiUiuin CO, agft 76.45 MECO, anawan Baseline
Scenario 34.72 MtCO, uavilA1 CO, intensity agjlﬁ 0.35 tCO,/MWh afa331n Baseline Scenario 0.16
tCOx/MWh

Ambition Scenario alduaniUinm GHG a1nmsaiiunmsuaniwiiniglivannadluns
fufiunsan GHG LLUU‘LuwuamnwumqﬂgwmEJ'LumﬂmwamMﬁ'm muﬂ'nwmamaa’[uﬁmmmu
walulad v398sAANIANY mnnamhvmmammwnsmﬁimwwammh Wathusnfiun san GHG
Tunmansuasinm 'lumswﬂaamlﬁt-ummsﬂ suﬁsqﬂsuﬁwsmwmmamlwﬁ"uLLa-*m'nJSULUaauammu
sl damadlunsuaslndialud Feenuitlul 2563 auiivSunm CO, ag‘m 56.4 MtCO, anaI3N
Sectoral Scenario 20.4 tCO, waxilAn CO, intensity a\‘;!:*?i: 0.26 tCO,/MWh ana¥a1n Sectoral Scenario
0.09 tCO,/MWh

MAMSEMA LA dT AT s UdesfeSaunsyanannisanndanulii Uszdad 2552 Tay
1938n15AUN AL Annex 14 Methodological Tool (Version 02) “Tool to calculate the emission
factor for an electricity system” vilvlanan1sAIN AndulsEanenisudaefinTiiounsLanaInns
ranndsulndin (Combined Margin Emission Factor) dwidulassmsussiavuasmasnuluiihan
wasoiing Savinfiu 0.5980 tCO,/MWh

39




4.2 minaswinsiuAsegaansvadssluiwaduasenfinduuinlug

¥ Land Rental Cost / Year
12%

= oam
4%

B Loan Interest Expense /
Year
4%

B Loan Installment
12%

H CERs Trade Income
3%

A 4.3 sglauazdlddgvadlasinsnasnanylasinis 25 Y

AINT 4.1 PV power plant revenue & cost portion per year

Description 25 Years Revenue & Cost Condition
(Baht)

Electricity Base Income 214,806,816 3 THB / kWh

Adder Income 236,476,800 8 THB / First 10 Years

CERs Trade Income 23124412 CERs.. 1-TON '+ 10 EUR
(LEUR : 40.62 THB )

Loan Installment 81,600,000 40 % of Total Project
Investment

Loan Interest Expense / Year 24,786,000 6.75% / Year

Land Rental Cost / Year 85,800,000 5,000THB /Rai /Year
(55 Rai) x 26 Years

Operation & Maintenance (O&M) 26,500,000 O&M 0.1% per year, and

repair inverter at year 10
and 20 with 30% of
inverter cost
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AMFUHAM TSI TULATHEANERT Fasmanidedenay 6.75 warUszAniamuelsiluit
sgifasay 17 wus fryaditequugyd (NPV) fifwinfiu 2,472,187,645 um daudnsnaldsiofiuyu
(BCR) 12.52 3sildnnnndt 1 Adhsmaneuwnuniglu (RR) feuaz 20.01 Aunureviie (COE) 7.96
vm/kWh srezaamsiunu (PB) deentt 5 U angladerdmuadingm Fdiiavuedin Tasansd]
aniaulslunisamy Tegnaselembannmsee CO, Inasensiipsivi

nsaneiadunieg floravzdwansenudenanuANAIN AT YgAERS IANENSANY il
sanamesEAvE nMnTatgad Lataniing asisuuUaasiiuasululasimsduiliownann
ARLTAR LA RN A uIAS AsauuUaasdnsiudeliihdauiia (Adder) nsidenld
SnsAnan (Discount rate) NsiRanlFuEnuNITada9ITINSTA energy yield uansieiu uandlumiss
n4.2

<l a « v £t ' < a '
Asedl 4.2 mamsiessiniiuasgiansiinnuseulmvsdstiihigatuaenfinduunnlng

nstAudaulng NPV BCR IRR COE PB
wm) (Gowaz) (U/KWh) @)

- UsEAN3n TN BduHILTaa

- apadeuas 10 26,577,947 1.13 7.95 8.04 1132

- anatsonay 20 23,521,473 111 7.76 8.12 11.40

- anaviovar 30 20,465,000 1.10 7.58 8.20 11.48
- mawasuwasmsamu

- alamucom 29,634,420 114 8.14 7.96 11.24

- anationay 10 34,847,679 1.17 8.44 7.85 11.10

- anadsazay 20 40,060,937 1.20 8.76 7.74 10.95
- Snerfualvifadauia

- 3.5 UMW/KWh -98,522,049 0.52 7.14 7.96 15.59

- 6.5 vI/KWh -13,084,403 0.94 8.90 7.96 12.39

- 8 UMm/kWh 29,634,420 114 9.57 7.96 11.24
- dnsANAA

- owar 5 38,763,612 1.19 8.14 7.45 10.53

- Souay 10 11,739,503 1.06 - 8.85 12.65

- %ouav 15 -17,957,768 0.91 = 10.60 14.98
- Energy yield

- 1600 KWh/KWp 146,268 1.00 6.66 8.50 12.01

- 1450 kWh/kWp 15,197,387 1.07 7.42 8.21 11.61

- 1500 kWh/kKWp 30,248,506 1.15 8.17 7.95 11.23
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Abstract

The present technology of the photovoltaic is still highly costing and the efficiency can improve to maximize
efficiency, so the investor need to collect and study the return of project. In general the photoveltaic module has life
time about 25 years and the almost of Photovoltaic Power Plant costing modules about 70% of portion. Hence, the
degradation of photovoltaic module has an effect to the energy yield and benefit of project. The return of the project

also depend on many factors such as the temperature, moisture content, the damaged of modules, government
subsidy, CDM benefit and ete.

This paper is considered the effecting about the degradation of 2.16MW amorphous photovoltaic power plant that the
energy yield output is directly affect the capital and cost of project. The return of the investment when the solar
module was degrade of the efficiency 10%, 20%, 30% by using NPV, BCR, IRR and PB to find out though the
breakeven point of project and the degradation percentage that unacceptable to investment. This paper output
applicability to determine to others amorphous photovoltaic power plant project by adjustment some information and
factors appropriate to each project site.

© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICAEE2011

Keywords: economic analysis; CO2 emission reduction; photovoltaic power plant

1. Introduction

Nowadays the electricity consumption situation is critical because electricity is one of the necessities in
our life. People need the benefits of using electricity for daily activities 24-hours a day. Today, almost all
of the electricity productions in Thailand are sourced from natural gas, coal, gasoline and so on. The
growth rate of energy supply not only limited to the sourcing quantities but also to the energy sources
emissions of the toxic as carbon dioxide that cause the global warming. The methane gas released to the
atmosphere has increased and impact the environment that has an effect to the climate change issue. The

* Corresponding author. Tel.: +66-55-96-3193; fax: +66-55-96-3182.
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fossil combustion from oil, coal and other gasses are the causes of the carbon dioxide emissions; the
ocean, atmosphere and soil absorb the toxic waste by half-and-half and the rest of the carbon dioxide will
be trapped in the atmosphere for over a century. The twenty percent of fossil fuel pollution from 2007 is
reckoned to be trapped in the atmosphere over thousands of years. According to the information from the
scientific evaluation of the international climate change committee, the methane level in the atmosphere
has increased for the first time last year since 1998. The methane increase has strengthened the
greenhouse effect more than the carbon dioxide by 25 times. The global increase of carbon dioxide was
dense in 2007, in year 2005 which represent third-time rise of carbon dioxide peak according to the
atmosphere measurement data collection. Currently there is electric-power farms that operates as private
businesses im Thailand from solar energy, almost all are amorphous photovoltaic (PV) power plants.
Investors are interested in the innovation of PV cell and also invested in the research and development for
it. This is due to the fact that PV can generate unlimited clean energy from the sun. Furthermore, this
technology can be applied and installed in any place that the sun radiations can reach and requires only
low maintenance. However, the Amorphous PV module has limitation life cycle and the standard capacity
specification to produce the electricity from production line from the manufacturing was authenticated by
use the standard testing and provide information in order to marketing and commerce aspect to investor
for consideration and project assessment. In the actual use under operating condition, PV module has the
degradation factor of power generation and this issue was affected to final yield production which
continuing effect to the economic aspect and CO, emission reduction.

1.1. Amorphous PV degradation

The characterization of degradation in amorphous PV module performance parameter is related to the
project investment in PV Power. The estimate of life cycle of PV array is about 25 years and the
warrantee of PV array performance is >80% electricity generation of PV life (warranty the degradation
<20% to PV life 25 years), this factor to effect to final yield per year to decreasing and also extension
payback time of time of project investment. This issue was caused of increasing cost of project which the
mvestor need to consideration. The following fig. 1 presents the result of simulation for what if PV
module degradation 10% - 30% and using to be parameter for next scenarios.

Amorphous PV Efficiency Yicld Desradation Trend
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Nipon Ketjoy, et al. [1] has did research about effect natural parameter on outdoor performance of
amorphous silicon photovoltaic module in actual field conditions for long term performance and found
that the effect of the natural parameters an a-Si performance under actual conditions such as the
irradiance was effect on current of a-Si and array temperature was effected on voltage of a-Si, and
relation between the irradiance and array temperature could be correctly predict power output of
photovoltaic array and array yield of a-Si array.

Nattawut Khaosaad and Nipon Ketjoy [2] had did research about solar spectrum investigation in
Phisanulok province and found that the radiation come to the world, the specification of solar spectrum
was absorbed for first time by atmosphere and absorbed again by clouds, stream and all gas before arrive
to the earth surface. The solar spectrum in earth the area is valuable rough as result of but the area has
will the weather is opposite make the solar spectrum. SERT has did research about solar spectrum
investigation about behaviour of solar spectrum in Phisanulok province during each season. The result is
during rainy season has solar spectrum season will valuable least regarding to crisis makes the sky has
very the clouds rather make the solar spectrum was absorbed more than other season.

Nattawut Khaosaad and Nipon Ketjoy [3] had did research about degradation of maximum peak
power of photovoltaic under the operating condition in long term installed by studies on 3 types of PV
module behaviour such as Amorphous Silicon, Poly Crystalline and Hybrid Crystalline Silicon by
captured to Current (A), voltage (V), power (W), array temperature (°C), ambient temperature (°C) and
solar irradiation (W/m2) were measured by PV analyzer. The results of research found that the
degradation rate of Pmax of three different types is 2.22,2.17 and 3.75 respectively. It can conclude that,
HIT has the most degradation rate.

Nattawut Khaosaad, Thitiporn Jorjong and Nipon Ketjoy [4] has present about the Investigation of
Annua] Photovoltaic Array Yield under Actual Application by studies on 3 types of photovoltaic module
as amorphous silicon solar cell (a-Si), polycrystalline silicon solar cell (p-Si) and hybrid silicon solar cell
(HIT). The arrays are installed in a 10 kWp PV - AC power plant at the School of Renewable Energy
Technology (SERT). The annual yield outcomes were collected during July 2005 to December 2008. The
a-S1, p-Si and HIT modules are respectively found as 2005: 885, 739 and 798 kWh/kWp, in 2006: 1,891;
1,676 and 1,779 kWh/kWp, in 2007: 1,761; 1,604 and 1,703 kWh/kWp, and in 2008: 1,670; 1,496 and
1,583 kWh/kWp.

1.2. Environmental impact and CO, Emission

Sergio Pacca, et al. [5] has presented about assessment of modeling parameter that affect the
environmental performance of two state of the art PV electricity generation technologies: the
PVL136Thin film laminates and the KC120 multi-crystalline modules by three metrics to assess the
module’s environment performance. The net energy ratio (NER), the energy payback time (E-PBT) and
the CO, emissions are calculated using process based LCA methods. The result reveal some of
parameters such as the level of solar radiation conversion, the position of the modules, the module’s
manufacturing energy intensity and its corresponding fuel mix and the solar radiation conversion
efficiency of modules which effect the final analytical results. The most effective way to improve the
module’s environment performance is to reduce the energy input in the manufacturing phase of the
modules. The NER of PV is the key to the success of the performance of this scheme. The results show
that the NER base on PV system can be 3.7 times higher than the NER base on electricity supplied by the
traditional grid mix and CO, emission can be reduced by 80%

F.Pietrapertosa, et al. [6] studied about the impact of the integrated activities system to Life Cycle
Assessment (LCA), External of Energy (Extern E) and comprehensive analysis to evaluate the whole
environmental burden of productive processes and to indentify the best recovery strategies from both
environment and economic point of view. The framework of an analytical methodology base on the
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integration of LCA, Extern E and comprehensive amalysis was developed to perform an in-depth
investigation of energy systems aimed to better characterize the environmental impact of the energy
system. These scenario analysis shows the efficiency increase and energy saving are privileged tools for
driving a steady reduction of energy consumption, whereas renewable energy sources have a key role in
supply system but need an in depth characterization of the construction and dismantling phase that may
contribute heavily to environment damage, the eco-taxes are important to estimate fair price of resource
and to promote the use of eco-compatible technologies and resources including the environmental
component in the cost of goods and services, its possible to reduce the cost gap among traditional and
innovative technologies.

Vasilis Fthenakis, et al. [7] studied about the land use and electricity generation to emphasize on a life
cycle analysis. To compare the land transformation and occupation matrices within a life cycle framework
across fuel cycles, effect on land use including contamination and disruption of the ecosystems of
adjacent lands and land disruptions by fuel cycle related accidents.

Annette Evans, et al. [8] studied about the assessment of sustainability indicators for renewable energy
technologies were price of generated electricity, greenhouse gas emission during full life cycle of the
technology, availability of remewable energy sources, efficiency of energy conservation, land
requirements, water consumption and social impacts. The cost of greenhouse gas emissions and the
efficiency of electricity generation were found to have a very wide range of technology, mainly because
the variations in technological options. The social impact were assessed qualitatively base on the major
individual impacts. Each indicator was assumed to have equal importance to sustainable development and
used to rank the renewable energy technologies against their impact. It was found that the ranking
revealed that wind power is the most sustainable, followed by hydropower, photovoltaic and the
geothermal.

S.M. Shaahid, et al. [9] studied about the burning and depleting fossil fuel for power generation
detrimental impact on human life and climate. The photovoltaic (PV)-diesel hybrid system technology
promises a lot of opportunities in remote areas which are far from utility grid and are driven by diesel
generators. The PV-diesel hybrid system meets the energy needs, reduces diesel fuel consumption and
minimize atmospheric pollution. The simulation result indicate that for a hybrid system composed of
2.5MWDp capacity of PV systems together with 4.5MW diesel systems (three 1.5MW units) and a battery
storage of lhr of autonomy (equivalent to 1h of average load). It has been found that for a given PV-
diesel hybrid system decrease in diesel runtime will further enhance by inclusion of battery storage. The
percentage fuel saving using hybrid PV-diesel-battery system is 27% as compared to diesel-only
situation. The percentage decrease in carbon emission by using the above hybrid system has been found
to be 24% compared to the diesel-only scenario. More importantly with the use of the above hybrid
system about 1,005 tons/year of carbon emission can be avoided entering into the local atmosphere.

2. Analysis method

This paper used the following parameter condition as default to starting and adjustments of the
parameter to predict each scenario.

Table 1. Standard default condition

Description Revenue Baht Condition
(25 Years)
Electric Base Income 214,806,816 3 THB / Unit/ Year

Adder Income 236,476,800 8 THB / First 10 Years
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CERs Trade Income 23,124,412 CERs 1 TON: 10 EUR
(1IEUR :45.6166 THB @
9 Feb.2010)

Loan Instalment 81,600,000 40 % of Total Project
Investment

Loan Interest Expense / Year 24,786,000 6.75% / Year

Land Rental Cost / Year 85,800,000 5,000THB /Rai /Year
(55 Rai) x 26 Years

O&M 26,500,000 O&M 0.1% per year, and

repair inverter at year 10 and
20 with 30% of inverter cost

Sensitivity analysis also applied total 45 scenarios with different rate of PV module degradation (10%,
20% and 30% of 2.16 MW), percentage of degradation efficiency at 0.1%, 0.5%, 0.8% and 1% each year,
PV performance (1,450kWh/kWp and 1,500kWh/kWp), discount rate (3.25%, 5.25%, 7.25% and 9.25%)
and adder cost (6.50 THB/kWh to 8 THB/kWh) by using NPV, IRR, MIRR and PB.

3. Results analysis and discussion

2.16MW amorphous PV power plant project sensitivity analysis presenting the relationship of PV
degradation to economic aspect as the follows:

The increasing of discount rate ratio will make the economic indicators as NPV, IRR, BCR to
decrease and payback time to extend in the same aspect.

Adder value relate to cash-flow to NPV, IRR and BCR value to increase the benefit and project
earning influential to project investment. In case the solar power plant project without adder
support NPV and IRR of project will be in negative value since the first year eaming and return
of investment will be negative in value, although the PV array no degradation value the benefit
still uncover to the project investment and payment time & PB over 25 years.

Refer to each scenarios, this analysis to found that the optimum adder under each condition
about adder, Joan interest, discount rate, inflation rate should be not lower 6 baht otherwise if
adder lower 6 baht’kWh then PV array performance should not over 10% as the scenario for
adder 4 baht/kWh 10 years with 90% performance to generate electric (10% degradation) project
it’s not be negative NPV but the payback time is too long nearly the end of project life which
not interesting to investor.

Increasing ratio of adder will directly relate to payback time period to deduction and be
efficiency of ROL.

Discount rate to relate with NPV, IRR, and BCR value, more discount rate will be more reduce
their indicators reduction.

PV module decreasing efficiency will affect to the annual yield outcome and CO, emission
reduction by decrease the benefit site of project and also decreasing CO, emission trade.

70% portion of PV Power Plant Project is PV module so; if PV array price were decreased it will
make the high efficiency to return of investment and payback period to reduction, as above
mentioned NPV, IRR, BCR will increase and influence to the investors to investment to
amorphous PV power plant.

Regarding to PV module cost decreasing based on the global PV price’s trend and increasing
efficiency by technology of each vendor research and development to their product, new model of PV
Power Plant to produce higher energy yield and increase benefit, so the PB will be shorter and more
revenue from CO, emission reduction. Even we have more CO2 emission to trading; we should have the
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backup plan to keep stock of some CO, emission to be trade and to increase value for the future if
Thailand will join Kyoto Protocol Program.

Recommendation

Additional comment for this analysis, the project cost reduction to the most material portion of project
as PV arrays is one of solution to support to project, in case the government has planning to decrease
adder support by extend support time. In addition, to determine the optimum adder value and support time
condition to optimization, also need to influence for the investor because the beyond the scenarios, project
may have other risk factors apart from scenario to consideration. CO, emission reduction is also has high

volume for all Thailand if the government set up PV power plant target as 500 MW or 3,000 MW as
REDP within 15 years.
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