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WISANU SAIRATANATHONGKHAM: POTENTIAL OF CLINKER SUBSTITUTION FOR
CARBON DIOXIDE EMISSION  MITIGATION FROM CEMENT INDUSTRY IN
THAILAND. ADVISOR: DR. WEERIN WANGJIRANIRAN, 213 pp.

This research aims to study the greenhouse gases (GHGs) emissions trends in
the cement industry in Thailand on 2015 - 2036 and to evaluate the clinker
substitution potential for GHGs reduction. The material is used for clinker substitution,
which is fly ash, bagasse ash and palm oil fuel ash. The study is divided into 3 cases,
which is BAU, FULL and ZONE scenarios. The BAU scenario is based on freezing clinker
production process in 2014. The FULL scenario use material without the limitations.
The ZONE scenario set the financial terms and transportation terms. The information
from Thailand’s Power Development Plan 2015 is used to evaluate the fly ash
potential. The information from Balance Sheet of Department of Agricultural Extension
is used to evaluate the bagasse ash potential. Finally, the information from the draft
strategy palm and palm oils is analysed following the different conditions in each
scenarios. Especially, the price of Zone scenario is 270 THB per ton and 6 THB per
kilometre for transportation rate. The result from analysing found that in 2036 the
volume of carbon dioxide which will occur from clinker production process in BAU
scenario and the volume of carbon dioxide mitigation from FULL scenario and Zone
scenario is 47.86 Mtco, , 43 Mtco, and 45.25 Mtcq,, respectively. The FULL scenario is
highest mitigation rate about 10.15 percentage when comparing to BAU scenario. The
volume of carbon dioxide mitigation from using fly ash, bagasse ash and palm oil fuel

ash is 6.79 percentage, 2.19 percentage and 1.17 percentage, respectively.

Field of Study: Energy Technology and  Student's Signature

Management Advisor's Signature

Academic Year: 2015



AnANISUUIZAA

Weinusatull awnsadusavssainguszasdlumenuseuios seay
BULATIEN ANUNTUATANUATUAYUENETY TRINYARARVTAALTALINIEVA18YINY

MIBUAIY TIAIATTHAZIENYY TIVBNTIUVDUNTEAMDEEEN o TanTadl

YoUpUAMIMINTF TR sSTUUNUTRYAaNSawmnA Eheiaunssuumalulag

ansauna U3en Wswdidlne 91da nnvinu AdwernugzmnaaanszesaNfnm

YoURUANLNOU JUNTAnLaules a1 maluladuazn153AnIsNaIy

PanTaluINeIdy Nlldunemdeativayusazlinmaslanasnin

aa o L3

VBUAMNBUTINNUWIFEATIT 19 WaITeyy windAsiand wazuisandgive

'
o a =

Ndeyeyda nswdhfuglassauimeiuate

) [

YaUNIEAN AMIR15E UNITY naenudI TN nangasmaluladnisdn

Y

N1INANY kagan1duITeNGRIU PanIaiIneay Natduayu tauugdiulag

23019

YBUNTEAN TBIANANTITE AT.IAAY waaTied NIABLUgETUNUITY way

GIGINV PRI HE Y

| Y] I a v

NIIVVOUNTEAM FNANTI13E A5 T8 e sAvinena NildudAgyed1aganinly

q o

Qe

1%

ATEd50 Meadvayunilsde nansuide dduuy doya wusdwwinig 8nviali

< 1

o = Ao a av o & a o § v A Yy
AUSNW @a@@ﬁ%ﬂglﬂarﬁﬂﬂqLUUﬂ']i’Jﬁ]EJﬂiQULUu@EJ'NQQEN VHSLVQ’]UT‘I‘Uiu‘lUWJEJﬂ

o (% s L3

N31UYRUNIEAN A3.33uNT nTdsiTuas 01915d NUSnWIINeTinus ddiu

[
[ 1 o o

dAgyedsdamegativayy duasy WiA1tuuy wuziwuinie d1uenis adsnw

AasnsTEZRaINIANYITY wilinuideduluszavanudisagadlumed

ANVNENUDNTIVVDUNTLAN TA1-U1TA1 hazAsaunsa Mmiunidela Aoy

9 9
Y 1

Uauuduasy Pewdelusgfuilaenasn vibiiverinusatuildnsaasiadu visy

(% (3

noUsvaEAnUIznIs

oM}



NN
UNARBOATIVVIY oo 9
UNARYDATE VDN oot 3
AN TTUUTEN N oo 2
BTTUR e %Y
IR RU 31121010 N OO Ll
AVTURUNTI oo !
BT TUURNTD AL g
UTIT L UV oo eees e e es s es e 1
1.1 AT ULUAEANUEN AUV e 1
1.2 FOQUIEAIAUDINTTITE v 3
1.3 UBULURINTTIVY oo 3
18 BRI ITITY oo 4
WA IINITAVE oo 5
1.5 YT IUUTATIATIDZIITU oo ers s sees e eese e 6
1.6 BTN ITANE oo 7
und 2 LLmﬁﬂmwﬁLLamﬁmﬂﬁmU%ﬁﬂﬂﬁLﬁ'm%’aq ................................................................ 9
2.1 numuUNIeUBY ”ﬁyzynamﬁzmmafj1é’wm&ﬂ%auuﬂmamwgﬁmmﬁ
(United Nation Framework on Climate Change ReVIEW) ........ccccevieveieiieeieieiiiennn. 9
2.1.1mé”ﬁgaujmmsxmma'jwé’aEJﬂfmﬂ?{aul,l,ﬂmaquﬁmﬂm (United
Nations Framework Convention on Climate Change: UNFCCQ).................... 9
2.1.1.1 AETOUNTLAN (GIEENNOUSE GAS).....veoeeeveeeeeeeee oo seeeeseeeeeee e 10

2.1.2 m3UseauadvyussivanAoydaya1andsev1rAinmenisias uilas

amwgﬁmmﬁ (The Conference of Parties: COP) ...oveeeeeeeeeeeeeeeeeeeeeeeeeeen, 11



WU
2.1.3 ANENTINNTIENINSTUIRIIMENSAsuLUasEn ngiienTe
(Intergovernmental Panel on Climate Change: IPCO)......cccccovviveveviecverennnne. 11
2.1.4 mMsaiunuaniigisaunszaniinizauveslseing  (Nationally
Appropriate Mitigation ACtions: NAMAS)........cccoeirrienieeseeeeceesees 12
2.1.5 M3 NAUNTIUEIVDIUSEINAING oo 13
2.2 ANUINUFIUAEITUYUTUUA (Fundamental of Cement) ..........vwmvecerrrreerecnn 14
2.2.1 AVIHALNGUDIYUTUUG oo 14
2.2.2 NFZUTUNITNAN oot 15
N.NIZUIUNITNARLUULTYN (Wet PrOCESS)... oo 16
U.NTEUVIUNTHANLUUAILIINIDUUULHINALIA (Semi-Dry Process)................. 17
A.NTEUIUNTINERLUULIAT (DFY PrOCESS)....vvoeeoeeeeeeoeeeeeeeeeeeeeee e 17
2.2.3 UTEANUDIYUTUIUO ..o 20
2.2.3.1 UTBANYUBUUAUBTAUAUR ..o 20
Uszunnil 1 viseyudiuudvesauwaussssuan Ordinary Portland
AementbR e VI LAVIEL RBLEN et ssesanane 20
Uselanil 2 v3e Yudwudviaiiduyudinuddaulas Modified
Cement 438 Modified Portland Cement.........ccooooc...... 21
Usziamil 3 YuBwudvasnuaududadaig Rapid Hardening
Portland Cement. ..o 21
Uszinnil 4 Yududvesauaunainuiousi Low Heat Portland
COMENT et 21
Usziani 5 Yuduudvasauauavudainm Sulfate Resisting
Portland Cement ... 22
2.2.3.2 YUBBURUTEUONDU ceoovvrrrenecenrreeesseniennnnesssmsssssssesss s 23

2.3 LLmuﬁ'ﬁ'}maLMﬂIuIaggu%Luuﬁ (Cement Technology Roadmap) ........ccoo.ccoeeveinee... 30



WU

2.4 walulagiuianemansdmiuiannaunuyuda (Material Technology for
CUNKETr SUDSTIIUTION) .vvveeciei e 32
2.4.1 TaRUanlaau (Pozzolanic Materials)....... ... e 32
2.6.2 o AIUATIUN UL e 35
2.5 VoyaTanNAWIUUUIAGIMTUIIUITY o 35
2.5.1 161888 (Fly Ash or Pulverize FUel ASh: FA).......oovvwoooeeeeooeeeeeceeeeeeeeeeeeeeseseeeeens 35
2.5.2 998UaZlOUO0Y (Sugar Cane and Bagasse Ash: BA)........cooovwcooeeeecconennnnn, 37
2.5.3 Urduhsfusazidhdutigiu (Palm Oil and Palm Ol Fuel Ash: POFA)....... 43
2.6 5IUNTTUUSTIAUTIAGITOL (LILratUre REVIEW) cooroeeeeeeeer e 46
2.6.1 AnwimsanfingrsueulneenlenlugnannITUYNTUUA e a6
2.6.2 ﬁﬂwﬁa@mmLmu‘L.IJuLﬁmLﬁ@lﬁi’fqmmmwgu%muﬁ ............................................ 53
2.6.3 ATUITTUATIU oo 53
UNT 3 3B ITR I UNITITE oo 56
3.1 NMFAAYUYTABITOUNTEN GHG INVENLOTY ....oooeeeeeeeeeeeeeeeeeeee 56
3.1.1 ﬁug’mumﬁm .......................................................................................................... 56
3.1.2 WA TUATIATT TN TUTUAGITO e 57
N.ATANTAYITOUNTEN GHG ProtoCOl. e 57

U UIMIFIUNTTBNURaNIsUaReieA1suaulaeeanly The Cement CO,

and ENergy ProtoCol.. ..o 58

3.1.3 W5ilmeduaznsmunaUs N wansUoulnoon s A MARTY oo 63

3.2 NMSUTTUANSAINYDIYBEIN oo 63
3.2.1 ﬁugmumﬁm .......................................................................................................... 63
3.2.2 NSN3 LATANIAS 1L UUSIADIVINASINAIER SR DN TNENNTE oo 64

3.3 M3davinsalguantgidienisueulaeenlen CO, Inventory Baseline................ 66



&

ive
33.1 ﬁugmumﬁm ............................................................................................................ 66
3.3.2 W ADTUALNITATUIDINE oo 66
3.4 MSUTTUAN SN NVBITAANAUTUYLIN oo 67
3.4.1 LLmﬁmﬁugm .......................................................................................................... 67
A1 OTADY (FLY ASN FA) oo 67
U. LY TUDDY (BaAaASSE ASN: BA) oo 67
A, EUNEIETL (Palm OIL FUEL ASh: POFA) oot 67
3.8.2 NS TADT UNAGITBYD WABNITATUIN cocoeerrrrneeerrresneeeersessnsernrsssnsssensenns 68
A1 LOTADY (FLY ASN: FA) oo 68
U. LY TUDDY (BagaSSE ASN: BA) .o 68
A, EUNEIETY (Palm OIL FUEL ASh: POFA) oo 71
3.5 wauIAnd M uUsEliuN13UaBeiNwA1SUaULADBNIYR ..o 73
3.5.1 MWBUIAANTAIFIU Business As Usual (BAU SCENAIIO)..........ocovvvvvvveveeeeerrnnnnnns 73
3.5.2 pwewannsansldnuiudnaniningiu Full Potential Scenario

(FULL SCENAIO) ettt 73

3.5.3 MewARnsiuaiuinslfnunumumngay Zoning Scenario
(ZONE SCENAMO) ...ttt 74
3.5.4 nsdifnwndToudfiounavesdnadinveugaitansnsaldanle . o 76
DL BETRBY oo 76
U B TVLVE oo 76
3.6 NM5UTATUNSRUIAIINNTIETAMARIUYBIN o 77
3.6.1 ﬁugmumﬁm .......................................................................................................... 77
UNT B HANTTIATIEN oot 79
4.1 MITUATIZVVOUA (DALE ANALYSIS)..orrrereerrrrreeeererrsnmeereresssessesssssseseesssssseseeesssneee 79



Wi
4.2 Tinsginensalvsunanmsuanyudanasnisusadiudneninnisuaesing
ASUBULABDNLYAYIL W.AL2558 2579 oo 80
4.2.1 WeNTAIUSUIUNTNAAYUEATI WA2558 -2579 .oorooeeecrcersseenn 80
4.1.2 MmsUszdiudneninnisuaesiwmsvaulasenlafainnisudnyuidn

YA IA2558 =257 oo 82
4.3 aTEANISUTTUAN SN INVDITAANAUTUYBIN oo 84
0.3.1 L0NADY (FLY ASNZ FA) oo eeeeee e eee e esese e 84
4.3.2 L0NYIUDDY (Bagasse ASN: BA) .ovvoeoeeeoeeeeoeeeeeeeeeeeeeee e 86
433 EUdns (Palm Ol fuel Ash: POFA) .coococcec e 90
4.4 AAEAFngnnn1sannsUaseAeAsUaulaneon A LUNTEAIE) oo 94

4.4.1 pmeweAansaliTaamawnududnenningdu (Full Potential Scenario:
FULL SCENEIMO) v 94

4.0.2 awowannsditwuaituiinisléaunuanumangas (Zoning Scenario:
ZONE SCENAMO) ..o 97
4.4.3 nsdifnwndToudfiounavesdnsnadiuveugaitanansaldamle o 99
4.4.4 I TaANSUaesMBAISUBULABONLYR . .ococ e 101
4.5 NMTIATIIUSE U UNaAUSnT1EINYeUaaa s sa i UIE e 104
4.6 Annzinaivlnvesnainndnsaeiadidiuna T naunuYuEn o 105
UNT 5 BRUTINANITITY e 111
5.1 BAUTIENANTTITY cooeeeeeverrmreoresreeeeeeeeeeeeeseeessssssssssssseesee e sssssesssssssessse s 111
1 9oyan13a3 U IATUNTEAN (GHG INVENTOTY)...cvvvecrevecereeceesccinecenenees 111
2 Voyad mSUUTHIUANEN TN IAAVAMNUYLIR oo 113
3 AnTgidnanmnisannisuassineaisueulaeonlealunsaleings. ... 119

4 namTinTeinsalfinwilSsuiisunavesdndiuveugeianusaldnule ... 123



Wi

5 Useiunsi@ulnannnslETannaunUUBER ..o 126

UNT 6 AFUHANTITOUATTOIIUBUE e 128
B AL K 128
6.2 VDTITARTUINI ..o 130
6.3 TOLAUBLUEAMTUIIUITEIUBUIAM oo 133
6.4 VORAUBUBATIULEIUIE ..o 133
FUNMTTO N cootvvveeeereesseree s 137
AV M) -ooooioveeeeeeeeese s 141
VAU U errreeessoneenrensessoossses gl bk oo et oPes o vesssesss s ssssssssssssssssssssseasssoss 144
UINIFILGAENNTIU L1808 NAUAULHIUTAANAUABUNTA oo 144
19 nsgugRAmn Ty WU d L aHALAOUNTA 162
AV Pleceooooivieeeeeeeesssee s 173
UNALTAFFURISARLN e 173
UNALTALFFURITIHIUNT e 183
DS TUANTLA DI TUNIUITE e 199

QU

UTETAMDIUINITIIUT 1o 213



UV MR

ATV L LN TTENGNITY oo 7
AN 2 WAAIANANYAINYBINBEIBUNTLINNYINIAAANIILLANTOU oo, 11
M139 3 paAUsEnauNLATLarAuaLTRdUTeILTIUAYaTAkaUAUTEANT 1 89 5..... 20

M5NN 4 asunvazBeaiiugausyasd n1slEey wasnsdn vesyudiuuilasauaud . 23

M9 5 Toyayulszandu 9 uenundleaNYuBUAUDSANAUA 24
15199 6 NATUTATUAEAIDENIATANG oo 30
5197 7 UTEATVBTTATIAUNUYLIR e 33
91517 8 APAIUTONEIANUHU PDP 2015 oo 36
3t 9 Usnadeniifesdadlssmumanensienia O WA.2557 o 38
M3197 10 FoyansdUszneumMaATvYUBLUAUATIE YISO oo 42
M99 11 UNATUIINMINUNILATTUNTIIAEIFUNUITY oo 54
M99 12 wansszornenlssnuyuismdludalsswihduiu @lawns) ... 75
M9 13 wamsAANsaiUTIausinsenined w.A.2558 —W.A L2579 81

AN3197 14 wavesUSnagudeaiindalduasUsunafwansveulaeenlediignudes

FEVINU TPl 2558 = TWel1 257D oo 83
M5197 15 AensaiuSanandnaes MAnTuluSEIING WAL 2558 —W.F1.2579 oo 85
M7 16 HANITNEINTAIUSUNUHANENSDY T3 WA, 2558 —W.f. 2579 oo 87

AN5199 17 FNEAINUBLATUD ReLasANENNTaiAwANsUaUlnaanlaRanUSLALAN

B NIUDDYVDATULIT WPl 2558 —Talle 257D oo 89
AN5197 18 WANISNENTUUSUNUNANARUIALUNT WYY W.A. 2558 —W.@. 2579 ..o, 91

A15199 19 FnennuaddiurduuiuazUsunufeasuaulneanlannaininazanas

DUNYTL Wal1e 2558 =T alle 257D oo e 93



AN9197 20 Usinandnia 3 viin WethlUldnunudnanimingfiu AUsediuld ..... 95

A1599 21 USunaumaansusulaeanlasndanniidsia 3 vie et lulgaudu

ANBAINTNAU TUTZIIULG oo 96

AN5199 22 YSunantassazUSunufneaisuaulaesnlanianls anna1waunAnnsal

AUATUTINITIFUATIADIANIEAL .oooreeerreneeeremesreesssesen s 98
AT 23 WA WERE UGN ZANURIMT T NUAWAEAN COLMARBL. .orccevcrrrre 100

A15199 24 wanlea1nnIsIga1ne 3 wla 3NNTENINOUIAANITITINULPUANLAIN

N Ay v v v & A = ° & A v
AT 25 Naml@ﬁnﬂﬂ’]ﬁisﬂlﬂ’]wq 3 YUA ﬁ]’]ﬂﬂﬁmﬂ’]‘wauqﬂ@ﬂqﬂu@wuﬂﬂqiiﬁﬁﬂqumqﬂ
I RS U 515 U PP U PO PO PP U UUPUUPPPPPPPPPPRPOt 103

a 2 6

MITNN 26 HAIATIWINAASUNUTENN YU ABUNTA UATHENNIDUT NE1U1T0U N

aouiluiaguan/maununusndniiivun aunesgIundasusignavnssy wen.). 106



#15UtyN N

Wi
SUT 1 AS8 UL THBRAYUTUAITATEUY e 15
SUT 2 N5EUILNSHAMYUTAUALUUITEN (Wet PrOCESS) ..o 16
SUT 3 NSPUIUNTHAMLUUAIUKIVTBUUULHWLNA (Semi-Dry Process)...................... 17
SUT 4 NSEUIUNTHARULTIUFLUULES (Dry PrOCESS) oo 18
SUTL 5 unufiuansUT AR SREA LTSNS 19
U 6 nsmldnauveslsslvihmdsauiounuusy POP 2015 uonmuUszLam
OUNE TUTIA2579 e 37

JUN 7 wnuiiuansiiuiiugndesuasinslssuiimalssmelneUn1suin 2556/2557........ 38

JUN 8 wnuiidslssmaniinisinsansesindaluiinaue 1 wngIndvuly 39
SUN 9 wnuAsl sl duaiau seinaliwaniBBInGa T 2558 ... a1
SUN 10 ununiuivangaudmsuiunugnUndutfiuveaussinalng ... a5

JUN 11 WUUTeeeas e NAsduiUS s 1y ar AR 0T UUTANAL ... 65



GURITRITERTRE
Wi
WHUATT T UWHUATHATTITE ceovorremeeeereeeeesmieesseeeesesssssesseeseessssssessseessssssssscsseee e 5
WHUAET 2 laezunsunseuiunsudnyuduudvessemndlneniuaninisassine
ASUBULABDNLYALUNTEUIUNITHEN ..o 57

WHUANT 3 WNUAMMARINTEUIUNSIENsUReeieTounsyanlugnamnssuyudiuud

LAWIZNTEUTUNITNBRYUEIN oo 61
aa d’lj d‘ v v LS

UWHUQHT 4 WaRIUINITUGNERUAUTOLAYDITTYTAURND ..o 69

WHUASN 5 UanInInNTISINanEnsalIv090 0 NABANTUIUBUIRAA oo 70

WHUAET 8 MAsnsuanlsslnihauiumuwnuimumamisuan i vessenalne

PP 2558 — Wafle 2579 e 84
WHuIN 9 laozunsundnsiaeifiaunsoridaeau A TUAINAN .o 105

WHUTI7 10 lnezunsunanstoyanindnsinunsgiugnaivnssueuaaldidudiuneay . 110

WHUATT 11 USinauuidinindals $3079man1sasneiusinanIsuaos ... 112
WHUAAT 12 58U Business As Usual Scenario (BAU SCENANIO) ......vvoocccvecererrrssccenn 113

WHUAET 13 USUnauinaeeiiindusendng w.m.2558- W.A.2579 NUAURMUIAIEINTT

nan WA vBIUsEWAINY W.A.2558-W.¢.2579 amzlssbiinmiintulundsewmelne ... 114
WHUAET 14 dadiuinaseseninsdiudnenimuazad uigninlulga e 115
WHUAET 15 NaAInN13alUTINUNaNEnD08 SenINT WA.2558 —W.A.2479 ...cccevvrrreeen 116

WHUANN 16 USinaudvudesuasUsinaingansveulneenleniinininaganla........... 117



WHUAET 17 NaAInn15aiUSNUNanandos 5eninl W.m.2558 —W.A.2579 .. 118
WHUANN 18 UsmnauiauidukasUSunaieansusulaeenledfiainitavanls....... 119

aa = = ¢ o v v o & A
LLN‘UQN‘W 19 NaﬂqiL‘UiﬁJ‘ULV]EJ‘Uﬂ'Wi‘WEJ']ﬂiﬂJﬂ'ﬁu’]Lﬂ']a@ﬂlﬂi‘mﬂu’]a@]ﬂﬂLLWUTAULN@LW@

AR ATSUD U DDA U oo 120

WHUANN 20 mansiUTeuiisunisnensainisdiadiudaulden Tunsal FULL wie

AAUTHIUINDANTUBUIADDNLIA oo 122
WHUOTT 21 wnunRSeuiieudnd e Uy UdaTNEAT . ..o 124
WHUAN 22 ununRSeuiieudnarudTauaa AUYMEIaEEAT e 125

aa a o ¢ ~ ¢ a A o w v & |
LLN’HQ@JVI 23 Namm‘%gummum LLﬁgﬂ@‘Uﬂi@Wﬁqﬂqiﬂu’]Lﬂ']aE]EJIGUL'UUﬁ'JUNﬁlI (28PN

UIATFIUNTATUNDATIMATIU (HBN.)cevvvverrrreescrieerreneessessnsesnenssssesmsesssssses e 126



Ui 1

uni

1.1 anuduauazanudidyveastym

TunirgrainnssuvesUsemalnefiuulldunisveiediegiesioilios laganie
gaamnssuy L fawdinasugialidnsnisvzasdisulunauanannznisidiesly
Uszina udfid1uanaiasziuuinisnuuleuisdaasunisasululasaiieiugiuiiie
LATEUNITTBITUNITVYIIAINIAUATEEAD UWazn1Tidnguszuauendeululated w.a.
2558 dawaliinausesnsidyudiuudveeiegsatomanisidanumelulseme wag
nsdsoeninslsemalagianznguuseng CLMV' feUsenaume funen a1 Weusns uag
= & o a a = v a = ¢
Neauiy Fadin1siivlan1aasegia #afiniuu1anaIufeIn1susiaayudiuud

[ ]

aeludszmanazd1slszimeilvdsinanmsldndsudmiunseuiunisuaniiineg sl

o A o

& ' 6 A = & v ° Y a =
UDNAINUNITUADYNYLIDUNTEAN 62]\‘1L‘Uu@ﬁ]ﬂ’]iﬂ']ﬂﬁlﬂ.lﬂ/ﬁ/]ﬂ‘mﬂﬂﬂ?iLUﬁUULLUﬁQ‘U@Qﬁﬂ’]‘W

Qilomeaingeunluie [1]

[

gRaNISUYUTUATgnTINsIEna s uadlunsEuIunsHER Mendsnuauou
wasndsulnin Tudiuvemasnuanudeuds 87% Tunssuiunsndayuidn uaznin 60%
)~ ] o . = a o Y v
finsldanusaulagianiemien (Kiln) [2] iesanlunszuiunsnaniiauneanisldaniny
Fougaras 1200 - 1600 sarwadealunisndnyuidn womdmanlunisndnainuiowiie
Jouwddnszurunsfie auiiu Mlinsndayududlaesiuiinanssunneliiinnsuaee
Angisounseantulsuiaasduunlaensiig fall nsgviunsudanldainuieu 52%
nsgUIUNsMBaINGY 43% uazdn 5% 3nnstdlihsiuduaiiuieou anndeya
Y ' & a o DY Mooy
AINA1ININTAINTSUAENTIEnasuuas ldlind (3]

INTILNUYDIDIANITNGNUTENINUTENA Y0 [EA WUINRRanvnIsuyuBuam
landinsldndanuroutisgelssann 5% waziinnsUassfinusaunssandeudiaunn IEA o
panIAINIsUazLWINITlunsALiunITaniwsaunsEansIuiu antdngsnalaniiienis
Woneg198s8u ndugeamMnsINYuTIUA 38 WBCSD: CSI* laeilidmnauasiiamslunng

ALdun1seg19taauluni1sanusuinisUanlassfiwisaunszanitsenin Cement

! nguuszina CLMV Ao Usinelungu ASEAN fifluunliuasugialadeilowazdsdiussmmineinsanuauysal uazdaliidraussnuligain
Useneume Ay a1 deuinduag Genuw

2 WBCSD: CSI 1fusheouns World Business Council Sustainable Development : Cement Sustainability Initiative



Technology Roadmap 2009 Carbon Emission Reductions up to 2050 el dunwinig
Tun19ALTUN15VeRAAMINTSUYUTLIUA Uazaonanesiufian1aveteydyyIanysssvii
Jen1sildsunlasaniizgiiennia wses UNFCCC® niflgasaviangnantunisaudian
USinunsuanUaesieisaunseand 2 ssrwaldiva %38 Blue Scenario ieaaNansenuil
mualuauen [4]
v e - = ] a o o

NFenudyTiuseunsyanvesUsemalneniesigauuiariiatui 2 (Second
National Communications : SNC) sgy31@mamnssunINanuiuuaiivsinunsuassine
Sounszanunfigatunianszuiunsenannssilul a.a.2011 7 35.8 Mteo, Anluiauas
56.7 vaamsianiUassingdounszaniianualunianssuiunsenavnssy vseAnduseuas
4.0824 vasmsUanlaeeingiseunsyaniauseine [5]

n1sUaeeiwTounTEANVBIRAAMNTINYUTUANAIeTU 2 d3u Ao Udaen1ensa
(Direct Emission) WazUaaen198eu (Indirect Emission) N15UABENIIMTINIRN 2 @1LNH
Usznisusn 1Ananufisemaad Usenisiiaes iinanldigemdslunssuiunisnds wus
gonidu 2 d@w Aslum(Kiln Combustion) wazuanimul (Non Kiln Combustion)

[ a [ a [ ¥ o U ! 1% a
nseuingiu nsvudngau s dmsunisudesnneday aannistdluilunssuiuns
a = 3 o = ) o A ' i & =
nanyuBud ludagduenavnssuyuduudiinsiinalulagnazyigannisuaseinusou
nszandwmsugaamnssuyudiuug sulaun 1. wealuwladineadiudseansamnislingeau
wazANseu ka2, walulagmsldwemdmaunulunssuiunmsuds Wandwdunisiean
nsUaeeingiTounsantugnamnsuyugiuudiue [6]
[ A A ! a (% (4 = (3 A o IS

LI NNTRAUINGBUvaINguRAnSYuTILs wagurutimanalulad

Jutuudiun1sia nsannisudesiaaniueulasenlys U 2009 fia U 2050 [4] lodwaue

walulagnazitnandunumlunisaadsununisaesineseunseaniddnenmganalulag

a

- o R Sy & = o  w

#1 3 fin walulagTaanaunuyude Belidnenmgdunisaniuseunssand wiusenalng
[ Ql' o o a ! o < 1 ¥ ) A &
Tanagthaiiunisludiuveanalulagtagnaunuude dewiravainvay nedanindu
nanaeelia1nNnIzuIUNITERaIMNIIUAIWEY uananliussmalnedududssine
NuRINssy Jadidnenmainianiidunanassldvesgnamnssunenisinens Jagtudadu
vgriinean1siiavsetilduselovdogeiivsedninnvateUssnn nmstianiduna

Y A v A £%4 VY L < ! a [24
wasglavisoTanumioldanmanunsunldiduiagawnuyude uenainlsdivanusuiuine

Sounszanudrdadunisiidnvey waziiuyadvesiagudeldfinaiisiag

® United Nation Framework Convention on Climate Change



1%
=

arenailieilunisdaasuuavatvayy n1sannisudesingiieunszaniy

q

o A

AR nIINYLTILLS Felunnnudnlunsmmeluladfazdmusuasnisiiazdisan
USinaumsudesfneiFounszanlugnamnssuyudiuudifiussansam fanumnzandy
msiuiunslugramnssuyuisndneluussmea meonsimelulaglmiqifvszansam
[ihandansnsUaesfmiFeunsranludiuveanszuiunsndn ethgnavnssuyudiumd
Tudszmalnefugnanmnssudiazernlueuian uazimlugnindugnamnssudifeely

1.2 InUsza9AUIN1SIY

1. FnwuwildunisuaseingseunszaniugnamnssuyuiiuudvesUsemealngly
AR
2. UssidiudnanmnmsannisUaesinaseunszanainnistdiaamawnuyuia

1.3 YAULYANI5IY

= a

1. AnwinssuiunseanyuiuuduazuvasUdesieiseunszanlunseuiunskan
Yuiudangnszuaumananldundajudavessamealneniibgu enuiy
nzUIUN1sIzUnunler NTZUIUNITVUER UAZNTZUIUNSHARYLTLUAF NS
UszLnnenge)

2. mudydfiwseunszaniugnamnssuyudiuudvessemalng angine
Asuaulneanlyf)INUINTFIUDY CSI 5eninad w.a. 2558 -2579 lagldvoya
NANNUATHFAIYAFMNTIN UazsUIASLIUsTINAlNEY

3. AunadinansuanyudavesgaainnssuyuiiuudvesUssmalng seningd
W.A.2558-2579

4. Anndnenimvesiagnaunuyuilinfivasannisdesinsiieunsyan (fine
asualpoenled) ndneamniglulssmeasiiiy

n. mskdidnaesdutasmaunuyuda anlselniioudiu
1. mslfidudes®ingramnssunantiiniaiidnisfesddlsaluiihgama

Tdyudes Tanandeaduamdnihunduiaamawnuyude

A, msldduiduindutangaamnssuUidunduluiaamaunuyudn

 \faoe (Fly Ash: FA) manefis idaeeainuinauiiu (Pulverize Fly ash or Fly Ash: FA) Wunawaseldainmsudaliimdsanuiou neld
Wondssnuiiu

® 19 use0e (Bagasse Ash: BA) nuneile naseuuses (Bagasse Fly Ash: BFA) lﬂumawaaﬂlﬁmﬂqmmmﬁuﬁaaLnamfﬂma

5 | undutisiu (Palm Ol Fuel Ash: POFA) yaneils iénaosaintdsniuiu (Palm Oil Fuel Fly Ash: POFFA) ilunawaaldangnamnssuthiiu

Unauuazndndusionuidungu



5. Anwinsiulavesnaingramnssuyudiuudidlefinsldannaunuyude

1.4 35A15IUN1539Y

nsUUNSA 1 Msfinwasiusiuniudeya

1.1
1.2
1.3
1.4
1.5
1.6

1.7
1.8

o

Anwuasnumunwitenneesiethunyssendldivanidy

=

Anwnszurunsnanyuduusiudiunszuiunisndnyude

=2 ¥ & a LY IS K% @ '
ﬂﬂﬂ?%@ﬂﬁwug’mLﬂS’JﬂULVIﬂIUIaEJ’Jﬁ(’]VIﬂLLVIUTJJUL&J@UiSLﬂV]G]’N"']

Y

% d‘

AnwdayalneInuyuussinnaAeiardnTdIumuNInggIu CSI

&

Anwansn1ses IEA wag WBCSD (CSI) Tudumnsnisiannaunuyud

= v a ) a a a a a
Anwdeyaiigdfiunisilsunlasaningiionaminainnseuiunsaanly
QREMNTIUYUTLLIUA

U5 UadeNlNanen1SUSAA (Mekazn1aseantulIeL)

v a = (3
ia‘ummagamimamgumuummmzmwﬂ,‘m

a a ¢
ATLUIUNTN 2 ANTIATIEH

2.1

2.2

2.3

2.4

2.5

Anneideyaiiiedaviddfwteunszan (fwensusulaeenls)
nsdlgruiiiinislduinsnistiagiiuves IEA wag WBCSD (CS) inaluladd 1
wazinaluladil 2 Wisuifsufumalulad 3 sewined 2558 -2579 Tagld
TYAINAILNNUATYINIONAIMNTTU UazsuInITuislsemalng Tagly
TENIAIINLUY B1 Version 3.1 83 CS|
Ainnvidoyaiieussidufnnmnsudayudinvesgpamnssuyudiuusily
BUIAR FENINT WA, 2558-2579A78N158519UUTIRINANAAIERS Lag
Tdaun1snneuiBadustnedie (Simple Linear Regression Equation)
tnanissziufmdeunszan (Aamsveulaeenled) Aldainuaves
aun1slude 22 uniasgiiileadransdlgiu (Baseline) Fr8n1549179
wialulagluln.m. 2557 1ugu

Usziliudnaninvaaiagmaunuyuidin duldun wase wWhwudes waziin
Unduthify dwdumsiessiiiedaruaunisannisudesineid sunszan
(faasusulavenlan) Mitigation Plan
ApTzndnenmnisannsuaesfingasveulaeenlesd Tunsdlaigeg Aenis
A519UKUNNBUAR (Scenario) Lﬁai‘?gﬁLﬂ'i’]%ﬁﬁﬂEJﬂ’]WGUEN’QJJ?{QVlﬂLWluUuuLﬁjﬂ

[

Tu 2 nsdl wae 1 wadnduvevasiansaldnulaieslfininig el



n.aswuudaesnsdldiannaunuyudadudnenimingdu (Full Potential
Scenario)
v a5 auuuaesnsdimuaiuiinnsldnunueummnzaunazdoulad
3104 (Zoning Scenario)
alitouannuavesdnnduevgefiannsaldauls

26 Usmdumadulsnnislitagmeuwnuludenudoulaimianade wae

HINIZIURAFINNTTY

NSEUIUNST 3 MIaTUNANITITEUATLHEUNS
31 aguwaaide guassauazdelauauuzINIsAneuaznnsnsulsuly

3.2 LELNTINUINY

3.2 lASRAUNTTUINNTINY

BHUNINNTSIRY

G"namwms“lﬁi’aqmumugmﬁmﬁaammsﬂa‘aﬂﬁwmé’uaulﬂaan‘lsuﬁmnqmmwniimﬂ“u%muﬁ’luﬂszmﬂwa

v

Anwuazsausiadaya

y

Uy Binviseunsan

GHGs Inventory

Uixl,ﬁuﬁ'nﬂmwmswamﬂ“utﬂﬂmm

y Uszindlne s2ndne 1.0.2558 - 2579
Aavi nsgigau Uy dineisaunszan
GHGs Baseline

Ussiliudnenwvasisamaunuyu

< v
wla Usznaunie

€

wihaae (Fly Ash)

Aaseidneamnisannisusesing i1vusen (Bagasse Ash)
arsusulaeantes Tunsdisieg unduthify (Palm Oil Fuel Ash)
_________________ A
v v —_—— e — — e _ —
nsalldTammaunuyudiaiudnenmingiu nsdidmuntiufinslfonunemmnzan | | nsdfnvisSeufieunadhsdnmeugad |
Full Potential Scenario Zoning Scenario | anusalgaulel _!

e )

T a ¢ _a a v «da
- | ’JLﬂi’WWﬂ’]SLﬂUTﬂ‘UNﬂa’]ﬂNﬁﬂﬂm‘ﬂ FY

WEUNIUITY | daunauTaamaunuyuda

LT | -

a3Uka guassn uazdaiauauuzananide uas
Tarauauuzdulone

y

( i@§edunsTUINNTITY )

LLmuqﬁﬁ 1 HUNINANSIVY




1.5 Uszlewunaindnaslasu

[ 9 a = 5o Yo <

1 WuswimddunsimunssuiunisiinyuduudnldTannaunuyude
& ! 6 3 L3 [23 A

2. Wuwwmslunsannisuanvdesieansusulaeenleduasinaseunseaniy
QNEANVNTTUYUTLUUA
< Y | V1 [ A ¥ o

3. Wuwnmdunmsianidgnisussendldsiuduiaguasldainnianisinuns 13
aglulszmelng

4. JWunsiiiuyaaresianuaefiiniaunens wu i1aneudes wWiannauuisiv
Dusiu
I Y A o ] = e & a U a v

5. Wunwmenasenudedulunisdeeenyuiuudndulinsiudwndon

6. Wunsiiiugarvesninuazvendsluanamnasuaus) wu aszniuain
QAAMNIIUVENUAZIANNET LENAREAINNTEEUAY wazdus (Dusu
< Y v o U a < IS 3

7. Wuiwimalunsanlindsaudmsuniseanyude Tugnaivnssuyudiuud

8. Wuwwimndeuazinumealulagmesinuianmansimunzauiuiannawugu

@
Winluaunan

9. ihliidspunazyuvuiiguaizia Jernanusans wasiludrunisdunisassvidn

q

1 t:{l a
ponTsilasulUatan1znleInA



1.6 WHUNISANEI

A15199 1 BHUASANYNITY

SLeLLIa1A WIUNIT

JUHDUNITANLTUIY 2558 2559

AnwsIusiudeya

v o w A

davirdgdfineasveulaeanlyn

a

Uszdliudnenimnisudnyudinvesszwmelng

v o

VNN MNNUYIALIBUNTEAN

GHGs Baseline

UszidiudnenmuesTaanaunuyude

AALAFnENINAITARNISUaRY

faarsusulneanlonlunsdlnig

Usziliunsiiiulaannsldfaamawnuyude

a3Una QUaTIALATUBLAUBMUEIINIIUITY

LB LTI

lASAFUNTEUIUNIS




UNa 2

a a R v
LL‘L!'Jﬂﬂﬂq%{]LLag’liimﬂiiuﬂiﬂﬂuﬂLﬂ‘c’J'Nl'e'J\‘l

2.1 MUNIUNTBUBYE Y IANUIEVIVIAIIRIENTIUABULUaIEA TN TN A

v v v

(United Nation Framework on Climate Change Review)

duiliesnmsiauivedantudiamassuiiiug NIn1sUIRgeaImnTIunaeann
asATlaNATIN 2 NMIHAIUIMNIAIUAY dawalilAnUnuiigsounsyanlutuussens

nAinIy IneUsunanddndiuuinigafafiivaisvaulaoanlen nsiiinduvesfing

'
wa a

AanandmaiiiiinanuRaUnAvesdwinden gamaniiudeull seRdRnviannugunsy

= i = ] a a A a & o§gvdvy o =
wagBnunune na1dlaeIitend1 nsidsuaningiennia dufatuviliilansenidnis
ANUSURRTeU AudAuasiduiuanududunfedinsnssundon wagsuiiedunau
demeintu aigunail Tul w.e. 2531 (A.A.1988) 1ATIN15FINRNLNaNUTEY191

a a

(United Nations Environment Programme: UNEP) saufiuasAnisanileainenlan (World
Meteorological Organization: WMO) ﬁﬁléjé’mgmmzﬂiimmiizwj’]ﬁgmaﬁmma
LU%SuLLUa\‘mmWQﬁmmﬂ (Intergovernmental Panel on Climate Change: IPCC) diowdu
miassunarslunisinuiliteyanisingimans veludumaia isvghanardany
maam}ua%ﬂﬂmmﬁmmLsi'fﬂf\]ﬁ’mmiLiJ?iEJmL‘LJaaamwgﬁmﬂm [7]

mm;m%méfuﬁaﬂén 9 lLAn “awﬁmmwawﬂigmwwadﬁasmim?iﬁmmadamw

Qﬁmmﬁ (United Nations Framework Convention on Climate Change: UNFCCC)”

2.1.1aﬁ,§é’zyapamﬂimwwadwé’ast'iLﬂﬁauLLUaaaﬂwwqﬁaWﬂﬁﬂ
(United Nations Framework Convention on Climate Change: UNFCCQ)

A a

Ao oydyaiindulunisussyuanUszaviinfedadenunaznisiaun
(United Nations Conference on Environment and Development : UNCED) %3 ©
MsUszyuansondandenlandings 3lo 1ae 11ls (Rio de Janeiro Earth Summit)
aviusansIsusguda Tu Juil 9 wowniem wa.2535 Sidwenedidy Welviuss
fans¥nunseiuanududuresiwideunszanluusseinialiaed agluszdud
Uaoadannisuninuesvesnyudiusunmeressuugiennia nsinwiszedu
Fnandesdniunisluszezinanfisanediazlfszuuiinaliui laglinnaiusde

N1INERDMNT Youywd” FeeudyyrtiinadeAuleluiun 21 duan 2537 dmsu



10

A o o

Uszwdlnglalidnetudisudusgnfeudyey Wetuil 28 sunau 2537 uazds

A

AunuUsEman U sUsEYnaivyUssman1Aoudyaandssunvininmens

g7

WasuwUasanimgienia (The Conference of Parties: COP) lngaudeyey @

[

Junseunisvhadielinisdnfivnuussaidmane aszdfyveinseveudyy
1 agfu19s1 2 lommuadminegega (Ultimate Objective) vesaudyay @ 7197
“Wesnwanudutuvesingiseunseanluduussenmalideinsiiazegluseaun

[y

LinelviAnnissuniulaeuywdnazneliiindunsenessuugiiennialan ” Tagl
< v d' [ Y I~ a
Julumumdnnisnseyluanng 3 veseydyg1iinsgnaaisundesseuugiiennie
P 4 ' 9 a & &
WeUselevivasauiudagiunarouiAnveIuyweyf UuNugIuYesnIdusssy
(Equity) kazidulumiuminusuiinveusinluszduiiunnmng (Common but
differentiated responsibilities: CBDR) waziduluaudnaiuaiuisa (Respective

Capabilities) WneUszimanmunaiaisidudirlunisdediunisivasuudasann

[ %
Y

pilemauaznansEnuIINNIsUAguLatan nglena JagUuinnAaundiniiedu

[

196 Uszina (s Juray 2558) Iaen1shudnguussinanunIaNuInveseudaay [8]

fail
nguUsEImARnINA1ANUINT 1 (Annex 1) 16uA nguuszimafamuInd il

wusnsallunmsiiduuloveviennsnislagiazinlugnisanfnaizeunszan

NEUUIENARIUAIANLINT 2 (Annex 2) L nguUssinaiauILd Al
susnsalunislinsativayunsnstutasmamadauidsemamdaiauietie
suflunisanfeiseunszanuaziuilefunansemuitinannisidsuntasanimn
Qﬁmmﬁ IﬂEJ‘lJizL‘Vlﬂméﬂﬁi’mﬁaﬁﬂuummjuﬂizL‘Vlﬂ (Organization for Economic
Cooperation and Development : OECD)

dmuuszdlnedneglunguussinaidaimun Fslignszylumanuand 1

1%
(% =

‘NI = a o a 24 A ¥
AZAIANUINT 2 %QlﬂﬂWUﬁﬂimaﬂﬂW%Liﬁiﬂﬁg?\]ﬂﬂ’]EJIG]EJ‘L@@UEU'] QU

T T

2.1.1.1 MwTaunszan (Greenhouse Gas)

Jufingndnuauifgadurdusdanuiounsessd@dunsalaf (8] auise

NATULBIRNINTTTUYIF UaziinaInfassusiequesuywd Jagduitsseunsyaniudu
A a ' b aa a ' < e -

ussenedivinasnniuldmaligugiinisasuwdaegnesinsd ieiseu

nszanfignAruANmefitansiiele (Kyoto Protocol : KP) & 6 viladisn151eit 2



AN5197 2 WARIANANEAINYBINBIDUNTLINTYN BANAN1IElanSaU

Fnaninlunisinlyiia
eunsan oglutuussenne amglaniou(vinves
Asusulaeonlun)

Asuaulaoanlys 200-450 1
Ty 9-15 23
lunaoanlaa 120 296
CFC-12 100 10,600
wzylaslsiliny 50,000 5,700
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(Intergovernmental Panel on Climate Change: IPCC)
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Wnuenisannisuasennoseunsyan [11]

NAMAs wusaanlatdu 2 Usznn Ao

1. Domestically Supported Mitigation Actions #38 N1saARNBLIBUATZAN
Alasunisatduayungludszmedaduwnuljiinsanineisounszanveslssing
Adaiaufandunisiasliianiaugiewienseduatuayuainaaussine
UfuinisanfiesaunseaniildnunuiuagldiuainiuusssauemuLeaniaiee

2. Internationally Supported Mitigation Actions L uunudiuRnsanfine

ISounszanftnsutuativayy udrnutisindeniumaluladuagnisiasuasn
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fnenmanUssmaioiun vdnnseauAai e dwdunsanfeiieunsyaniil
Funugs Usemamdaiaunanansavesumsativayuanussmaiamnle Seazyinli
nsdfunumuuruUfiinsildnasnidunssreussmeasidaiamauniuld
UsgmafildSuputhomdonnasssmanuunuiayllasnsondamivouasin
1 ety UsemaiiuunudangliansnsoiUiinuiedounssandaaldiAntuly
Usenardaiannanlasenst Widuasuewasinamse
fegnaguuuuesMsaninaiieunszanluUszmafdmiamn (NAMA) 7iila591 1y
Domestically Funded Mitigation Action n1sattiun1sanfingisounszanineuseina
fifndaiaunies Supported NAMA n1sandiunisanfsiounszanlulssmenids
W lagldFunmsatiuayuanussmamuaanuand 1 (Annex 1)
uenanidillasnisuienmsmslumsanfmFeunsyaniionsiueglu NAMA iy
Low Emission Development Strategies, Programmatic CDM

Sector-wide actions (Sectoral targets, Mitigation action, Standards, or Crediting

Baselines)
2.1.5 miﬁi’ﬂLﬁumﬂudaummﬂimwﬂim

UszwalngldaueununisaiunisaniedounssaniunzauaesUssime
(Nationally Appropriate Mitigation Actions %58 NAMAS) [12] \fieannsuaasfing
Founszannolulssmalisninsydunisuaeslunsesfivaiumuund (Business
as usual) nelud wa. 2563 Fuduedesiondnd msuussimaidesiaurlunisd
ﬁﬁuﬁ’m%UaWU@‘ULLﬁlﬂJﬂiW’]ﬂﬁLU%SULLU@QEQ’]WQ@?@’]W@ Tnethmunefiazanfing
Founszanlumandsnunasnnaunauuuds Inelssmdlnedulssmagidud 58

[ a &

UYBNINUAULTFUUASTUR UL DUAIUNNTENTINSTNYINTTITUV IR LALAILINA DY

P

[

Fal

1. PsuanansIuenIseduuaniedounsraniimiazauesUssiImne
(NAMAs) Tneiauasiavvafnaninlunisaniieseunszanfuaig (Range) s¥nina
Jouay 7 -20

2. milsdouanaansiuanssnduruanieideunsyaniivnzauvesUsuing
(Nationally Appropriate Mitigation Actions: NAMAs) kazuaunu1elinsznsig

NSNYINTFTTUVRUALEWINA DN UMTEHDUARUINT1U (Pledge) sad1tiniaundnis
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aué’ffgfg’lamizswmﬁdwéfaamiLU?{auLLUaaaquﬁmmﬁ (United Nations
Framework Convention on Climate Change: UNFCCC) mald

3. TWanizgunulnamnsaudedeyaeanisuansandiusnisduiunuan
fwFounszaniimunzauesUszing (NAMAS) Tuisdiandneniwlunisanfieg
Seunsranseninefevay 7 -20 lun1suszyusgnifeudnyaranlsey1ufdnnienis
Lﬂﬁammaﬂaquﬁmmﬂ asfedl 20 (Conference of the Parties : COP 20) 324
lun1smisenuuninifuasnyniale lnaussmalnglids wun9INIsuanandIu
(Pledge) MsAiusuanfesaunszanfiunzauvesussing (NAMAs) latufi 29
Sunaw 2557 wazdinisandunisiudiures wumensanieseunseantaeimun
Whnnenisaanisudesingsounseanlusigaiuin1suan Sectoral Approach lag
gramnssuiiiuualiudesiuiunisannsUdesfaiFounszanuuuseann
Qmawmwﬁmﬂ%’w §991ug9 (Energy-intensive Industry Sector) 8ulaun
OMANMNTIUNGINL QRANMNTILVAN gramnssunisnduiindu gravnssunszay

uwazlganszAy anavnIsuegiiillen WazenamnIIUYLTLIUA

2.2 aAnuinugungiuudiuud (Fundamental of Cement)

o9 v

2.2.1 ﬂ’ﬂﬂJ‘WﬂJ’]‘EJ‘UENUJU%L%JUGﬁ

A a [ a

g [13] Ae wdanannsifiuyuuazIngaumie 1w Auanuvsenu
wilen wanlidudederfiuuds Wrlumfigamglisening 1200 - 1600 0461

a 1 IS

walgea lunianusouasiliiaugisealisenineingaud1euaziaaldey
< A v & = & % o a wa 1 =
ArsuauunIniuyy uliduyuda uenandyulindelinuaudivisdauas
Uszanu Wieiyudauuaiududuiominanuudunss weilaseniinesudiuug
dinihyuguanlalunauiudl Ny waensin v iuiuuainauwdd viliin
mstiad wazillawiaziuinduianUszaiu Senuvumuseanimuindey dou

T luunease 91a15 auu avwiu Wudy

Yutwudifutanuszauiliiidunaeunia Mfumnfigalutiagiu Ae
YuBludvedauaud uaziinsuisesnifuvarnvangyssinymiitelyimnsaniuanud
U4 uenanidsiyumudsinduiitaundudiomzantunuiivainiatg
lagtaniy ANNLTILI AIUNUNIY AINEIEU waznstdauanisaiy Tng

YY)

AavanURvesuTuuATueg fuingAuuagnssuisnisuan
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2.2.2 ASZUIUNITHER

Tudagtunszuiunsuanyuiiuudianuuandeiu mnudingaurandsnasu Tu
Usewalnedinssuiunswde 3 wuu wilutagdunssuiumsndnyuduudldnssuiunisnges
WUULHS iy

nssuABHARYuTIud [14] Tunsuanyuiisudlaemluamsauinssis
nanyuTmudidu 3 nseuiunis suldun

1 nsguIuNsHankUUen (Wet Process)

2 NSTUILUNITNBALUUAIF IS BUUUIMINA (Semi-Dry Process)

3 ATEUIUNITHAALUULIAY (Dry Process)

74 3 nszuruns fvdnniswioudu fe nsihiagRuinegniedlidrfusduend
gaumaiias Ussana 1200 °C - 1600°C fimsviujasenadiiaiduyuda (Clinker) ddnwauy
Huouq Wethyudauasmiududuazasidessindun 1wy funse THTuyudismdi

Seniyunan (Mixed Cement) N5¥UIUNSRAAYUTUUALAAITIEAZIBEAAITUN 1

Cement manufacture at a glance

Storing in
the cement silo

o Cement grinding

0 Blending

Cement is a man-made powder
that, when mixed with water and
aggregates, produces concrete.
The cement-making process can be
divided into two basic steps:
1. Clinker is made in the kiln at 3
temperatures of 1 450°C o Cooling and storing
2. Clinker is then ground with Clinker production
other minerals to produce the =, in the rotary kiln

powder we know as cement l o Precalcining
< o Preheating

Quarries P
7 o Prehomogenization

and raw meal grinding

o Quarrying

raw materials

SUN 1 NSZUIUNNSHARUUTLUUANITEUU

Y Y

(i1 : IEA Cement Technology Roadmap 2009)



16

n.052UUNITHNERUUULTER (Wet Process)

[

nRAUNENAD AUy (Marl) uagAumied (Clay) dwsuauviileylu

v
v A A

seuiiuAu vieliRumusssunA UnAflenutiudeutiegs nssuiunisiudy
FeniringRuansantudluseau Wash ML) mulifdusamdniu wiluidl
lugmnifaunfiu (Slurry Mil) tieuslvaziBen udansesenmiiuuazdudll
avaetheen Windeumiduiazarediud anduiluiniflududu Sio)
diensraaeunan ez Usussdunalsldnsgunaiisinua andugn
ilUmufuiiveniuiu (Slury Basin) aufiviunadiiisme wavnulidiune
suwiafuidaiftu fewiidinwlagldinimuuumg (Rotary Kin) Tu

1% =i

upeauil ANusauilasuneglunwnagdmaliifegludiunaussveosn

'
a =

uwdefudieiu Juilelimmudeudesulufisemmgiinds Wadudldsuam
Souaziinujisenaiinaneiluywda (Clinken) i’?umumwmﬂumﬁ@iﬁ
nanerduyuduud ilaehyudinunuauiududy (Gypsum) udualiaziden
Wunddundoundiuud (Cement Mil) Auastdenlun1suauardnsndiu
seisyudaduBududeadenssrumnyan welildyuduudininuauds
pufidoams antuszdndssuiuudludiuliludafuyuBiuusing (Cement
Silo) titesemssminesielusagy 2

» v o 1o
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LamuyY
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wilaunitu
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* w ﬂﬂé‘}h" fnfudeminun winsunnuazidon

/ wdannaBons  podipmematy
,J_qu;uulun' /mmhumom
!

1 4
DL ]
o o Wasaumhiu
nswiy

. 1 mmimunm
otﬁn:ﬂnun'ﬁu -“' "‘"‘""“"- 1 J un winlizma
' " ¥ Wwvwe n nan
: |
i —. lw v l !
s q — ’
NM““ gufinjudia / t‘ -------

muamilmud 5‘"“"“" aEIERnL

wiltiu nywnile )u\!mua
1\-mmux\)uu:u wwllavivEy

a

3UN 2 ﬂ’iu‘U’Juﬂ’]iNam‘UusﬁLiJuG]LLUULUEJﬂ (Wet Process)

(i : ansynsulnedmuienm)
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Y. ATEUIUNTSHAALUUANUIIIATOUUULAI%379) (Semi-Dry Process)

NTLUIUNTHANLUUAIUKINTOUUUHIMAA (Semi-Dry Process)
SngAvitlde Auyy (Lime Stone) Ausimdeduaiu (Shale) wazAaiuas
thunuakagsilrdeulasendeaniou fuilbenfeeninainanouasnauiv
ih @onamdrfundriudude daflanudu 13 - 14% uavanaudiudae

23 I a & o v 1% @ [
ﬂ?%iau@ﬂﬂiﬂﬂauuﬂL“U’WLG]’]LN’]‘-UUI@TJJUL%J@ GNE‘U 3

LIMESTONE SILO

LIMESTOME

INJECTION AIR HEATER WATER PUMP
AR-+_" \WEIGH FEEDER |
BURNERS STACK
\ DUST COLLECTOR
) COAL-FIRING
. OAL BOILER SPRAY COOLER
ASH $LO

SUN 3 NTEUIUNITHAALUUASLNIOLUUINIMINA (Semi-Dry Process)

Y

(#ia1 : Air Pollution Control Technology in JAPAN Desulfurization Equipment)
A.NTEUIUNITHANUUULAT (Dry Process)

[

ngAunanAldlunseuiunisndnae Auyu (Limestone) @aldain

= v o

nsszddaiivannguiiuyy wiiuyunladslivunelg Jesiunanvunn

(%
v 1

lnawasesgas (Crusher) Wislivunzauiunseuiun1snantunaly Tngauau

Ao AuAU (Shale) waringAuuTuussnuaudR (Corrective Materials) &l

'
a

NIV Wb lRAIUUTENOUNAATININAINIATEIUAMTUA TngRUDY

9

wialAdesuesesgasLioansualimsauuiy SngAuniiunisges

(%

waaggniunnulinineaiuingfu (Storage Yard) anntuiagandesluds

'
Y a

ndouningdu (Raw Mill) sialu nilouningdu (Raw Mill) Inthiuasiuyuy

[ a a o

Aunu wazingiv Ysuunsnaandhbidunaziden 3a3enin dngavdise

9
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'
v a I %

(Raw Meal) n1saruAusns1d@Iuvesingiu Ndeulingniiouningiu

q

d)}

a A a °o < =

ANUAIARY LBIINgnTIdIuvaingAuTNzaN vvilningAudsa i

9

AMANTANIBATAMLNZAUAUNITINT MEIRINHIUNTEUIUNITUALEY 989

a o &

FagAvdnsalugedamaningfudnsa (Raw Meal Homogenizing Silo) Lite

q

1Y
a o < = T [ 1

WunagnaningAudnsalnduliefieddu nowddluwnluniowiwuunyy

q
1

(Rotary Kiln) n32U2UN15W1T365n tugaiiuausou (Preheater) 9%

a o

Aoeq WinAuFauliuningAvdnse uddsingavdnsaluwnlundewn 3

Tgaungiliiiugaduaunauseana 1,200 - 1,400 asriaadea inUujnsen

< <

maedauddiv auluiganatsiduyudia (Clinker) anndiuvilsiyudadu

a3 uddsandsayudaldiulinguiu Wesenisuayudinnely digu 4

Production of Cement by the Dry Process

vy [
Quary (wr) Crashng Plare [5) Pre Vg 200 g0
%Cawtnom %
— w g i"
Y @
0B,
i ¥
Goree pox

Fee

| e Wﬁ.,,‘gﬁm ' y@' T e NN

| —=m=n

—IF090 25— Hi5
= 1S oo

JUT 4 NTBUIUNMSRARYUTUUALUULR (Dry Process)

(flan - http://www.engineeringintro.com)

NILUILNTHAAYUTLUIUANA 3 NTLUIUNTT NTLUIUNTHAALUUTBNUAZLUY

At enuUmMNe Wunszuvaunsndnwuuaaiy danldanelunisudngs In1s

i

gdgrananen ldndsnulunszuiunisudnas Jagduilldiinnsndnlagld

LYY

AFTUIUNITNY 2 NTTUIUNITHATD AFUNTEUIUNITHARLUULIAS 1DunTsurun1sndl
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Usgdndnngs dunulunszuiunisndnnindt Mnaluladnviuaiowazsiduingiu
dwandaunnndi Jessmalventinisldnssuiunisndnyudawudisinegu

Uszinalnediuilundayudwud [15] ndne 5 ganseangluiundsielull damdn

[

a1 Yardauasanssd Yminaseys Jminmesys wardaminuaselsssusy degu 5

amufnolsovuwanyudiuus
Location of Cement Plants

1010 Lampang ‘

©lscG

as:ys Saraburi : =

QlSCG <@uns, ()
@i s V.

L

e .

JUN 5 WHuiuansusnaununndn1sHan Ui

(Mu1: angramnIsuyuiauding)
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2.2.3 Ussinmueayudiaug

[
[y

UseLnnvasyudiuud [16] avduegiuiovazednsdusznaumia o
MINNINTTIUIU WINTFIURERTUTIgRaNTTUTeIUTEIMAlNY (Wan. 15)
wazauIANnAaaULaz TR asiu (ASTM) wis Ussanyudiuudlasnuaus
ganu 5 Uszian laun

1. Ordinary Portland Cement

2. Modified Portland Cement

3. High Early Strength Portland Cement
4. Low-heat Portland Cement
5

Sulphate Resistance Portland Cement

a I3 ~ wa ~ I3 & '3 a P
A3 3 DIAUTENDUNNLALLAS AENUADUYDIYUTIIUAUDIALAUAUTELONT 1 83 5

dulszneu Yududuasauaudussan
1 2 3 a4 5
G5 a9 46 56 25 30
G5 25 29 15 50 a6
GA 12 6 12 5 5
CoAF 8 12 8 12 13
ANBZLDUAYDILUAU 3,000 3,000 4,500 3,000 3,000
(cm%/g)
fdsdaiieny 3 Ju 180 150 310 80 120
(kg/cm?)
ANNauvaUisenlawmsty | 400 330 430 270 310
7l 28 Yu U /g)

2.2.3.1 Ussiamyjudiuusasouans
Uszami 1 viseyudiuudvesniaunsssunn Ordinary Portland Cement

Yududussanildiuinnlunueesunia Ussinaladesas 90 ves

T aunpun1InaeuLay Taneii3iu vise American Society for Testing and Materials (ASTM)
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YuBuanuda lddmsunisineunIaviendndusilanlidesnisaann
fAwnInsssuauazlaluauneadns muunfimly wu @ A §IusInUes

[ £ = ¢ a A9 vo w o 1 < o
91A15 auu Wudu Yudwudellatlimasagdlussesiailismsuinin

warlimusauUIuNana

Uszuand 2 vise Yudwwivdaiiluyudmuddaulas Modified Cement

1138 Modified Portland Cement

Juyudwuanlinnuieuligannin anudeuiiinduiidtesndn

a ¢ ¢ I3 a \ ! P ¢ & s
VOIYUTUUAYDTALAUAUTEANN 1 LAFINIIVOIYUTLUUAUDIALAUAAIY
Foud(Useinnid) uaglimdslndifgaduyudiuudvesauaunussnni 1
wnngdmsuldlunisiaeuniavsendndusignaivnssulafiiannusou
WATNUNIUADNISAANTDUVDIANTaza s A lAUIUNANe WL d1uSUauy
lassassrualng 019t nous vunlvg dewiuisuise WounRIanIumg

v a a N S 2 g & P a
ﬂu@uIUUiL?mVIQﬂu’]mllL‘Uu@ﬁﬂﬂﬁ’]') lum’liwaﬂuﬂizmﬂ%S

Uszunndl 3 Yudwudvasauaunudediang Rapid Hardening Portland

Cement

Duudwudnbirdsdngdduszezusn lianufounnujiselans

Fugs imszUsua GS gawazanuazidungininyudiuudvasaiaud
Ussianil 1 11n wangdmsuauideanistdanunss wu sudeunsy vie
o v < | < = = a o ¢
NUARDINITABAKUULST LU Ladunaunia talifiaeunin winsioe

AounsmdNsagU (Precast Concrete)
Uszinnil 4 Yududvasauaudainuiousn Low Heat Portland Cement

Jududviindliauseuaindfisenlawmstundiuininszd

D

USunaueg G55 @0 Aelastadefimussunadonay 25 89 30 uaezdl .S
ADUT9EY AelnewadeUszinm Seeay 50 89 60 yju%muﬁ%ﬁmﬁmmzﬁm%’u
THlurudeassneuniavan wu deursuniavienasovualng tewind
anaudilunisligaumnivesmeunindyuiumdussanilifnisuaaly

Uszinalng
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Usznmni 5 Yuduuddasauauanudainn Sulfate Resisting Portland

Cement

Huyudandidumudaeliage Yuiunissnniasiviinuges
CA drunlaeialuliiiudesay 5 ms1z GA agviliiAnnissiuda
fudamialiine dufude CA Susmades Feinmsiuiisetudaunls
teeveliilsias villinsianseuiesanaisazaredaimnanas Yudisud
Ussianiaamngdmiununeuninfiaisegluiifindonieasazaedais

IS (3

YUBLUUR

Y

AL sanandlunns1en 4

Uasauauans 5 Uszian dnaandinedeiuuagainaiy siuviaingusvasa
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A5 4 asuneaziBeaiulausrasd n15l9u wagnwdn vesudiuilesauaun

Ussunm nUsEaA Tgluau NSHER
Yududvesn | ldluaueeunin vise | nuneasimudnd | dUsuiundi
LAUATITUAT wanusiladlyl ylu W e A | 90% Yesnswan
fosnsnanmidy | §1UIINVBI0IAT Fravun sy
WAYNINFTIU Uy Useine
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LaUARAKUAS Uunand FIUTINVUIALNEY N TAGITgH
AINABINTT
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wausnugae | dgainags Usnadieglnd Han U
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aislnameia

2.2.3.2 YuuiUssinmau

wanINYuTiuudvasauaus 5 Useianiiusenaumieg GS, G5, GA uay

CAF TudFunauiisinaniy Sallyudiuudussiandunying1nnnisasalsnainang

a LY < & a d{' ! Y PN
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a 9 A ~ =~ ¢ ¢ I3
M3 5 VaYaYuUITANEY 9 UBNALDIINYUTUUAUDIALALN

Usztanyu GGG BnsdI AUsEaA wiangluanu VoA
1 Jundinan | Jandes () | feway 20 8930 | andunusinliyu | sruyjunevie | Ifdedadiniyusiuudivese
FIMQN T2ULLIAIND | AU wausUszand 1 linaslely
17Uty n19LBu N1318a31999ABIANTVAN LU
A anN1sUANITIAN @7 A iy w3eg1usInves
91A13
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Clayffuduae |veosindnlu|inainaiseenled | §ean1saa1y | mulaseadnadisunss
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M139 5 Teyayuusenndy 9 uenmiiennyuiiuudvaiauaud

Usztanyu GGG BnsdI AUsEaA wiangluanu VoA
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M139 5 Teyayuusenndy 9 uenmiiennyuiiuudvaiauaud

Usztanyu GGG BnsdI AUsEaA wiangluanu VoA
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2.3 LquﬁﬁﬂmeLwﬂiuiaﬁgu%muﬁ (Cement Technology Roadmap)

IINTIVIIUVDS DIRNITNSNUTENIUSEINA (EA) 1309 uwuiltmianalulad
YuBd Aumsanfnsansueulaoenled Y 2009 fs T 2050 [4] eajathluil gramnssui
dwalulagnisannislantUassigisounszan 1ngANUsIudnsenIng [EA Lag AAENITN
993 CSI fwanusuiiefiazimunnuiululafios Wasuriu falulud 2050 funisie

nsann1stanvdesingseunseanasrsamileannisdassly Jagdu

[

InedAduandiAy 4 walulad Nenaivnssudwunszaiuisoannisvanddesing
& va A o o
SaUNsEANLARANTAUN T ULEUTLIN19TLAD

walulad 1 Useansainnislalninlasndsnuainusou

(Thermal and Electric Efficiency)

walulad 2 NP amNAINALNY MEaNaIUNaAwNY ( Alternative Fuel Use)

walulad 3 wialuladiuianmaunuyuide (Clinker Substitution)
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2.4 walulagdudageansdniudaanaunuyuidn

(Material Technology for Clinker Substitution)
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2.4.1 i’aﬁlﬂaﬂsﬁmu (Pozzolanic Materials)

o w [

MNUNTFIU ASTM C618 lalvidndinanuvesiaglesleay [16] 1 « Tanuey
lvanuiluiagiiisant viedanmaregiuniuesitsznaunan lnehluudriaguavleaiu
Lifipauaniluntsausyaiu uadriagesloaiiinmazisemnnuasiimionaiudui
wigene szansariiasesvusaidenlansenleaigamnglung vilildasussnouid
paunluNsEntseain” dvsulsendalneifagUesleauroutrannuazaiunsatunld
ol wu deosnididiuiiu dunau udesuasidiunduiniiy uenainidingld
fanuerlearuunwiaiifinisdidounanndrsuszine Wy §3n19a (19318ann) A
avldungunntunsiireuninmasgs Wudu neussivvesiaamawnuyudaaunsnduun

19RamI5199n 7



33

AN597 7 Uszuanvesiagmawnuyude

Faonaunuyuidn TGN AaENURRNZAUUIN TGV UsEanN15ves Anunsauldeu
99311 SEAUNISHANFIDU
ATENSUAMNANAT | @eaunssy | Anuudussgdluszey | AuLTauswuae 200 aufu gINFABNITAIANITRY
N wianuay | g1waznuseansal AoaMsldnaeanu (W..2549) \Wesannuegiuns
LAANNAN gl HARWANLAZIANNAN
NSLUIUNITUN Tusuan
BUGOE LALRAN LAY ADINTITUNeY 1 ANULTITIosTy 500 auFu TusuIARIUIULALTA
Tsaliguiiu | anusdusalusees AOUAY AINUNSOY (W./.2549) AINANNNTVDY

871789 AANUANUNT

(@uegiunssuIuns)

9198790 U
WIDIUNINLNAITD
a a
WAIENNS
Wazsuwladlunia

NAIU

TsalnfAnauiu e1ni

VLATRNLAN




34

D. [ @
M3 7 UTEONVDNIAANALNUY LR

Fannaunuyuiin TGN AaENURRNZAUUIN AR U Uszanaunsves | anundeuldau
v o w Y a S
V991NA IEAUNTINERRADY
Uoglgausssund | gl diu nsaduayunsian | Yssleausssuwid | 300 ausiu (2546) | Auegiuituitluung
(Engunllinme AYNoL, D819 TIWNTIFNUT danlduniigaiie I RIRIGTER QiinAenvaylidl
FU1,0818d0) | emavnssy | dunldanieuinnainis AL 50%
A v = < wa =~ s
auq Tgau denuudausily | Auandfvesdiuud
JLUTWATANNNTANURD | 8133 AAIULANAI
GURLRY nanviany
Uoglgaulsehvg | mawdoane | auaudilnalAssiudes | aeenslindsnugs lainsu fodfnunung
() l9aUEI TN WINUMSHILaE AR FuiuReulun
HANIENUIINCO, LR LATYFNI
a IS U v ) o 1 2/ 14
gy widled Usuugensldau Un395nwA lainsu niouldu

LU SILAZADINTT
nasULRLlunns

VIV EGN

(31: IEA Cement Technology Roadmap 2009)

'
a



35

2.4.2 Fa91nalunisilulgau
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239AUIZNOUNLAL (%) A 2 = p
‘LJJU‘?JL&I‘L!G] Q’]ﬂa‘W‘Uﬁ Q']ﬂi']sﬁuﬁ INUATAITIA
Usgianil 1
Silicon Dioxide (SiO,) 20.80 59.3 67.1 54.5
Aluminium Oxide (Al,05) 5.50 4.5 4.5 6.0
Iron Oxide (Fe,Os) 3.16 )it 2.4 3.2
Calcium Oxide (CaO) 64.97 14.8 3.6 15.4
Magnesium Oxide (MgO) 1.06 1.8 2.1 1.4
Potassium Oxide (K,0) 0.55 2.7 4.3 0.1
Sulfur Trioxide (SO5) 2.96 1.6 1.6 0.1
Loss On Ignition (LOI) 2.89 9.1 13.7 19.4
SiO,+ALOs+Fe, 05 - 69.2 73.9 63.7
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1% Very Small Power Producer
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2.5.3 Unduthsiunagidunduingiu (Palm Oil and Palm Oil Fuel Ash: POFA)
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C 618 wuindrurduhduannsndadutanUelsauld TasnsAnwmuing
UnduthdfutnagiBeauazunasidenuinsuineyniaaienindu 19.9 uag 10.1
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2.6 15sunssuUTimiNNgdas (Literature Review)
2.6.1 Anwimsanineasusulaeenlenlugnamnssuyudiuug

1. Zongguo Wen , Min Chen , Fanxin Meng (2014:227-237) [26] M3Usgiiiu
dngnmnisusendandsnulugranssuyudimdvesduilisuiuuves Asia-
Pacific Integrated Model (AIM) wazinalulaganmsatduayusuuleuy laanw
o mNITIYLTIATsUTEINATY Tagnanvnssuyudiuuddiuauanndidsldinim

¥ C%

Mmaounuamuaziinaluladndiaie Wugdassalunisuiulsadszaniaimves

& &

naeu Inganamnssuyuduiilugnaivnssuninisldanudundanuaeudieg
1NN MUNTEUIUNITHARN NSHAUIANENINYDINTUTENRTANT I ULAENITAAUS U
n1sUandassfingasueulasenledlugnavnssuy udwudveduluseninagied
AA.2010 89 U AM.2020 Tg@n®131NNITUNFURUURUTINYBY AIM AI8N1TI19UKNY
ANLUUTIAD90UIAR T3 3 WUUTIABY bAlA LUUTIa0INTRFIY KUUTIARINTANT
° v aa < = P '
N1sysaNIsuleung waglkuudtassninmsidulouvieniianuanuia ield@nyiin
lusuenunsnisulevignissnumalulagniinuieiiliodfun1snauIgnanng
suyuBuud i liueg1alsnuuuInI et UNRIN AT YgRauar diANUe Iy
v a a | | a a ' I3 a &
aduf 12 1nd1vd1 asdimsiivlnegesiniivesenamnssuyudiuud uazlaym
guassaiuuanmsiivlatiagdmalinislindsnunasUsinunsuanddesing
arsueulaeenlydiivgemulie Tunuideatuildiznsideleeld AM Fadu
LAS 095N LTILATIZNNTEUIUNTHANTNND MALARA LS UNTZANTINAU N15INABINTT
Tua(simulation flow) nsauntdsnmalulad nszuILISNIsAISNUSEENS AN
sUkuuNIsneaie wagldteyadniun1side wu Ysunavesyudiuudingalaluws
az¥ USUNaUTonas vsenasuittwasianudunusiuusuiunisuanlassing
& I3 a 1 = =l U U
Asueulaeenles wataaieg Mulidulouignisuinsnsussndandunulazan
1 (2] =

N15Ua8N19ULIBUNTLIAN

NAINNNSANYILAAITALAUINLUUTIa099 3 @1UT0DSUILANYNINYDINTT
anUSununisuassineisaunsean diuvesnignisusulneonlontang 361 Mteo,
MIaUSEUIU 25.24% U89USEUNUNISNNSUABEWALAIEANENINAINANEINA LTINS
ULMIANAIUALTUY 39.0 a1udu guwinaruiulul ae.2020 Tagduinsnis

aduayulilsuilasulassadrimgnamnssuduuinsnisnaniiaiusauss v
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2. Jing Ke,Nina Zheng,David Fridley,Lynn Price,Nam Zhou (2012: 739-
751) [27] MIAsIzAsundssuLaznsUassfteaiiveulaeanles (CO,) Lo
Anwwuilduvesgeamnssuyudiuuntulssmaduludagtu I5Usuuresseiunis
HARYUTLIUA Sn31n1sUTuUTIUsEANSA nveImsidndtnusintainisannisuaee
Argmrsuaulaoanledluseningd a.a.2011 - 2030 fren1stvuakuImaiendy
%ayjaiumﬁmeﬁmimamﬁsjmmﬁmﬁaamﬂmﬁ’jﬁ’luﬂﬁamamwuagéhma
fuedoumaasughauvaia 3§ dun Ln1sreadaerasuaslassadiefiugiu
(Building and Infrastructure Construction —based: BIC) 2. mméfaamﬁﬁimqaq@
$199 1 (a Peak Consumption Per Capita-based: PCPC) thay 3. ﬂﬁiaﬂnuiu
F3UNSNY (a Fixed Assets Investment-based: FAI) W%’@Mﬁ'ﬂﬁﬁagammmww
FananamnadaukunIneu AR 1ABEN NS AITIAAI AR ARTILIY 4 WHuATH
A8 1.Frozen Scenario @319 N5 1U%0YaN1SHAAKAENTIUNRIUYDIRAAINNTTH
Uy 2009 2.Reference Scenario YSUU§e Frozen Scenario Anarnuunltudindale
3.Efficiency Scenario U5uU§4 Frozen Scenario Tudiuuinsnisusudganisld
W& 4.The Best Practice Scenario M1 ILUUTTAE AN ILUULINGT SN
Fomdwarngdiny nsthmeluladimwuuulsand (Rotary) uasmaluladinmu
wuuwan (Shaft) sauviUssnnidendsuasndaey Taun duiu Wi Fau0a way

Waindmaunuuseinneingg Aannanisteyanisldndsnulunseuiunmsuinidana

'
=

sansldnasnulaesid Msvdesigasusulaeenles uIATIEY 1ERAT
wuannsfeaeldd Larsuilaandsauuarnisdden co,ludagdu 2fianig
g mnIsIYLTIUAvesIuauRed 2030 Saufusduirdeumaasugia 3.Anenm
nsanlindsularnisannisuaes CO, lugnamnssuyudiuuivesdy (1.dullvgu
IINUWNUAN 2.M585 kLTI wazNaaNnS) d.uuiltdulusuinnvesgnainnssy
Yuduudveaiu wan1siesesine 4 uwunm uansliifunadngn dnenmdmsy
nsUsznandanusgduaaineiiugatuain 27.1 energad (u 37.5 lonazgad
Usnaumsudesfingasusulaeenlediidauiisadeslaenssiun sldndsay

aunsatsannsuasslunszuiunislaasy 210 3.2 Ansdu 1Wu 4.4 Angsu Tugia

a
U A.r.2011 - 2030 MeldumunwnsUfURNATn (Best Practice) nsuiuussagng

q
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soilosdmaliiszndamdsnusziuaniefinduan 6.0 Wu 18.9 envzgad ns
ann1suasey CO, 310 1.00 2.4 Angdu virldaranisaluulldueuinnveg
oA MNITIYLTIIUAvOUTEINATY MunguinsUfURNATIgR (Best Practice) M3
Tdndearulunszviunisudnyudinudazdenaliinisannisudesfing
miveulnoanledmuluie yaisuresnuifvatiuifonafulssdnsamnnsld
wdauduinsnsuarulevisfidrdgdmivnisanlindsnulugraimnssy

Yuduuduazyssanarnudunisuaesiitganiveulaeenlen CO,

3. Hrvoje Mikulc'ic’, Milan Vujanovic’, NevenReducing (2013: 41-48) [28]
n1sannisUdssfingansueulneanlenlugnamnssuyudiuudvesussnalasiowls
n1sfnwinisannisUasefiteasueulasenledlugnaivnssudiuudvesussine

%4 o

Trsielde fqaudufidrdsisnisiinavesissiasmisnamanivoslvaifanaul
(Computational Fluid Dynamic :CFD) nuntalunsguiunisnageunaznisuaoy
A lniien15as19UUsIaneRdinAEns SaufuLnsn1siidesn1sannis
Uasefiwaisueulneenleniinnssuiunsndnyudiuud wu 119sn13n15u1AY
fouiunasldndvuildaiu vrnsnisynmaluladdndvnariniiusie
asuaulaeenles msnisnstdeomamaunudiuld udy udinaluladis

Usgannmvean1shnduuuInfign Aon1suakILuulsnn3aenssuIunIs

(%
1Y v

naeTunouINIUTUUTINTEUINNIS warUsednsannislandeu Tuaideis
nsAnwInsannsUdesfimiieunszan fun1sdaeununIn (Scenario) Juiileld
Anw datl Fmuawunmdieldidudoyalunsfinu 3 wuam Ao ununiwnsd
§1U UNUAMA 1 Y8anzan (@auznisansidndanuanigauinasiinnsg
Haqtuauiell 2020) uazusunmil 2 Yeansan(MInanTianmasnnsduivgiu
yosunun il 1) sulunanadinmans iovHadnEaNLInINT 3 WuIM1eAe
umsn1sansnsrduyuiliadedud Memaiuudsansifiauuandaiy 1nnsng
WasudomdsioabadioilemAmaunumdsunauny $219a) uazuninig
Usuussuszansamnslindanueaminniifiog nadwsannnsiiasesives COF 1
1§91nn15@nuI9ausEninauIngnisfa 3 umsnisuag COF agulddn lefinng
FduN1TLIATNTLEIMUIWANTIATIZRYES CDF wansliiiiudnunsnisidia
ﬂizﬁmﬁmwmiﬁwé’mumaqumLmwaiqmaiﬁﬁaz?m%mwﬂ']ﬂ%’wﬁqmut,ﬁuga%ul,t,az

[ 1 & s 3
Junmsnisaanisuaseingansueulaeanlys
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4. Pardo, Nicolas, José Antonio Moya, and Arnaud Mercier (2011:3244-
3254) [29] A3uAIAnIIUNUSEANSAINANSIENSI1uwazn1sUa ey CO, Tu
gramnssuyudiuudvesavnmglsy geamnssuyudiuudidunagramnssuidl
n1sUaeefingasuaulasenlenlulsunuaddunguanainnssuvasannnglsy n1s
UM TIATIzin1sUsulRdnen wludiuvesussansamnislandany wae
n1saanisUasey CO, dmsuningaaivnssuludielagiuauded 2030 Tngld
LuUdIaoaNunNEUIAR (Scenario) uATosielunsiiaszyt dnsadiaununiw
daqldun wnunmiagtuiididunisaniauinisvesningaamns sy udismd
Baseline : BS Way WHNUAWNALNU 2 LLWUATIW Alternative Scenario (AS1,AS2) e
Anwinrugeulmuessiademds wagsanisUdes CO, nadnduaa BS uansls
Wwdinsusuugslsgansnmnisldndsauieunaznisiaesy CO, soduyuilin
Buuudegi 11% uay 3.7% audrdulud 2030 Wisuifisuseszdulul 2002
oehalsfionu d1m3u AST uay AS2 1 2 ununnildussuninresadomaney
sAvaIn1TUdes CO, nuddy Tasanusneiuiedenuaieiiiuaugningds
dsdnvelngiumaduldlunaasgmansly 8BS dailugnisanlunisld
nauAuTau 31nnsAnwaguladn 370 BS Usunaunisuslaandenuaiiuou
soduyuilinanaegiuszann 3795 wnzgad sedulull 2002 uavUszanas 3371 L
nzgaddasiu lul 2030 Tevuneanuiivszdnsameoamdsnuanuieulniy
Uszaew 11% 2 Tu 3 vasuSununisuasy CO, Iuiiqmugu%muﬁﬁmmmﬂmiam

(%
a Y

Ysinamsvauluingiu deulSunanisaniisesas3.7 vesminlaenienaue

1 1 U <@ a U s & 1 Y IS
289 N13UaBY CO, Aaduyullln anasain 882 Alansuasusulaeenlys dedu 1wl
2002 £i1 849kg of CO, madulul 2030 U mtnndvyssrUABINISIENSI Ul

Aoruyududdeilloslumajifinaznisdiass duilisunansiaaluililag

(%
Y

WorYALrEN1sAARIUNsAl AN T Ul U BRI BN SAAAINTEUIUNNS
Aueunisnduinldnu aavhedmtnauuenldInesefuudiu udiiudu Sy
8%6.48 910 58.60€ siasiulull 2002 04 68.38 € siadulul 2030 Suitlownannsly

Wandmauny n1sanusunanisidyudaliugnisndayudiuud wazn1suiuls
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UsyAvEnmmslindsay azldlfidunaamenandemas a0 i wazsems
Uaay CO, @MU UNUNIW AS1lay AS2 MnnsaifisA T mELazsIAINNTUdes
€O, fifnw1 MIUzuUssUszansamnsTindanusefugeanluniuunmmaumule
Uszauaudniadaedauls 10xFuel uag 150€- CO, wiinsgiu n1sUiulss
UszansamnsTindaanufiandy dssuusuniwnauny 9i5osaz 1.25 wagovas 1
pudduTeudisutunases BS Tull 2030 Fsefursldsuugafafafiufiy
yuplngiinnudulilumaasugmanslu 8BS uhlugnisanlindsnuniuion

pg1alifydAynINdIdU n1sann1sUdse CO, NMNawianIsan Alen1sUTuUTe

=

d1m5unsal 10x-Fuel wag 150€- CO, U $08a20.22 way Spua0.43 ANUAIGU
Wisuiiieudu BS Tul 2030 n1sainfinwiunnsnislu AST wag AS2 sfautiunvy

YSUUTIUTLENTANNNTIINAIIUAINUS DU 1AUANERREAI9UINUNNNTITNE 19U

q

Inihazgniiulinenfeatiuves BS msiiuduressimaniamamsesininisides

aa

CO, Wumulsdndey “m aNg wa‘lumi%mamLaaaumuﬂmamuﬂu%Lmumamm

o % 1 d a

VEGRERY AIULUANANINENN ﬁﬂ dn1swantunsil 10x-Fuel wag 150€- CO, azgl

v 9

(Y

WnTuaNaIRUNTouay 78.87 wazieuay 128.70 wWeifiwuiu BS Tul 2030 o

=

nelaaulenaggyidsanuarnnsalun1sudaduniuasegiavesanannssy

U v

=]

YuBudglsy dssalimsiiduismsangiamedisiduyualddedomasiing

waziulgureauawndaunliiunaiudy ag13lsAinmunsanasuaInsRaugnluy
annmglsviosliliailunrguassavasiununisaiiunisiinuuana9szning

Uszinaduanfiluaudnannamelsvuazlaliduaundnannnglsy unazlasu

AunuAlYIedIuAIinTY WugUassAnianisan Aldaglunisvuds n1sviy
Ut ArnaunasenInidinidawaznisusiae arlddrenlivdueu Ay

LANAIIYDINITNAALAZUSNITNLANA1TY N1FanUSuiuftga1suaulneanlenvas

o =

a & a a a a 1% =
noAukazwands M vdluimniinisudn CO, Nlanudugsluleideq
a X = o & 1 a a o a v o [ =3 s v
AT Fediaudndusgneganazinenalulaganduwaziniiuaisusu CCS W

d‘ a A a dy (% a IS (3 | Y o
WWaanuUIu Co, ‘1/1mmﬁuuiuimuqmamﬂiiumimamﬂmmum LFAIYLLUUANADN

i
a U o

Tail@n ccs iunganlunis@nendl Snvie AS2 agdqeldiSouleiinfiandiaziin

q
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walulagiunly WWesainsimnisudaes CO, Mligaiulunassaealdansluns

' o
ca o LY

amuUSHAUAINI MY IAMUA AsedunniinsanasreAliInekuausuay

o w

Y99 CCS azvibimaluladifnanimmisasugia waziluamdnfidAgyuoinisan

4

nsUaey CO, Tugnannssuyudimudsuwuuiignivmunilalvnadadaviededs

Joyadfioglulagiunazanuduiusszninediudsvasgluuy wanlsdansidunis

AN TUNTDUVBINTIT AT LN

5. Ali Hasanbeigi , William Morrow , Eric Masanet, Jayant Sathaye ,
Tengfang Xu (2013: 287-297) [30] Tul 2010 mimﬁmgu%LmuWaTaﬂﬂ’jm?wﬁ@
11NINUTZANATY e?fqmmaamﬁmgu%mum‘lﬁqﬁﬂ 1,868 Mt NM13ANWILAEIATIZA
weluladynenudszansammdsnunazinasmsivnzaudmiugnamnssunan
YuBiuud Jgadsvasafivfuugsnsldndasunaznisannisvandaesiing
aduaulneanlus Tngld Conservation Supply Curve (CSC) uia3aaiiofildlunis
AATEiansEUINNTTAN LA AT YA AR TYaINTa RS NENA Y
l¥3Unuuves CSC Bottom-up ,Usednsansuny wadanaliin uagn1susendn
waeu salddsdneninnisannisuaseingaisvsulaeenlaalaefnuiseningd
2010 - 2030 M siUseuWiunInINIsuaznaAlulad 23 9819 91N NAUNITATEY
Fownds ngunisinieaingiu naurdayuin nunsTUIUNITUA nguImsnTlY
LaznguiUdsunUamanan wul1 Uszansnmuesdununisldndsanuazay agjﬁ
sz 247 TWh wauszundalagsanvsanaiianislniidnenin Uszuu 272
TWh  uagnaveslszdnsnmvasiuyumsldndnuasauuasnalsendalagsiuves
wmﬁmnwivxlﬂwaiqmaiﬁmiaﬂmsﬂamﬂa'aaﬁ"wsum%uaulﬂaaﬂl%ﬁagujﬁ 138 Mtcg,, 153
Mt cop ANUAIAU yenanidaiinisanludiuvesiiomadeildan FCSC (Fuel
Conservation Supply Curve) Usz@nSainvesdununisldndsauasay aguiﬁ
Uszunad 4,106 PJ Lilsuiinavesinenimmianailafigisannisuanlaes fng
asuaulneanlefdl 384 Mte, nMsIUTeuTisunadSaaInnIsUsEndandany

PANAIYANTAIRUNITUINTNITANUUTEENTNIN W1NN71 20 U U BieuIUIEued
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fegaz 30 YBIMTIAMINGINIUNINVRIINIA arAuBIINIYTe Nln1AngTueen

NANNLAZT1% YDINITIAMINANNUNANUSLMAUSIT Ul 2007

6. Yufei Wang,Samuel Holler,Perter Viebahn,Zhengping Hao (2014: 27-36)
[31] MsUsziiiukuuysunisveanalulagnisanitgaisveulasanled lu
geatvnssuyudnud ladnwidneainlunisussidiudneninnisanfing
msveulneenleduazmsAmnamlidendnidemislidounnsslunsazimalulad
ldlunngranynssuyuundvesUsamaiu ldud msusugimsldndanu nsld
B oinBanauny n1sldfaamaunuyuidn waznszurunisandunaziniiu
msuaulaeenlud Tnseenuuuusunmiiioldlumsinsegy 9ntisszezina U aa.
2010 -2050 (40 U) lagfi1vuaknunInaIn nsalg1u (business as usual) Nel
msuaui 1 n3dl msuoush 2 laglunsdigrusvusanulovnetagtunazuuli
YoM THALINSNER YuTud nsdlasuous 11Usznansaudosnisuilan
YuBiudserluuiasdiuandimdst a.a.2035 nsdlmsueusm 2 1uUssanis

j2 a

) v ea ~ ¢ 1 & ~ ¢ °
GUEJ%EW’1ﬂNaa‘Wﬁ‘VllWi]’]ﬂﬂ?iNﬁG]lUJu%Lmumm@U Iﬂﬂﬁﬂﬂiiléﬂﬁ‘uaumﬂ liay 2

= 1Y o [

Yseuisudumalulagndlunyszynalddiuiunisannisuanddos

—

s s a ) a = ¢ v o g 9
A1suaulneaNnlularUTUIUTUAIYRINTHENYWTIUAAIE SN T1TUAYEY GDP Wag
Umaluladaisgfuukunin Gauaansnlaainnisanaisvoulaeenlandiuluguan
anleann nsUTuUslsEansammslandsau nstudomdmaunudninly was

walulagTagmawnuyude Fan1sandnsidivvesyudaluiduyufiuudasniu

CY [

AUTNVDING I dmannualdIeegelitudAy Tudiuveunalulagnisindu
(% I 1 '3 = v o [ 4 [ YY)
wazdniiuarsuoulaeanles swwlufsnisdndunasnszuiunisinluduazandu

Woindseandiau dunuimdrAglunisanduaisveulasenlenluanaivnssy

¥ =

Yugiuud uagazsisuidaniunumlugagsialul a.a. 2030 wesanludagdu

o
Y @ 1 Y

WALUlagAINAITINAUNUAININ NANISANEINLRNNNUITeRTURTLMAUINNG 4

9 Y

o |

waluladfazuiunvisannislanlassnigarsusulaaanlanaiukalddne AN wyis
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wHUNINAIHALARN1SARR1gASUBUlneanlanaudel A.f. 2050 91 2.5 | 4.7 way

4.3 Gteoy

2.6.2 AnwTaamawnuyudiaiioldgnannnssuyudiuud

1. 95w Annnsius,And aaunnsatan (2008) [32] IdAnmnsiayiagmde
Tda1nnsinens A Wvudes Winnduiasnaunuyude dmsuyuduudvese
nausUszAnd 1 (Weiiuszinie) monuautRvesudesfidimusznouvesta
nduesdvsznaunan duldlunisWauiduaud@idane wazfnwaudinig
mMenmvesyududveiauaus fenmsileszimsnnduivmzandiniuns

NARYUTUUA TInTIANaziBeaszRuauniavenigudesioulunlHluTan

A

< = & o [y A Y v v ¢ 1 o
nawnuyude Fudunsduaviagwdsldnduunlduselovlogrsdueian way

AeiAnelanmsuniudesluldlugnamnssuyuiuudlusuiag

2.6.3 @yUiIunITu

AINNISNUNIUISTUNTTUNLAYITBI V9 7 I55UNTTU LAENANLAILNS
aunistnetunIsdunalulaguszansainainussuskaztnin (Thermal and
Electricity Efficiency) wag n1sldidoinaanaunu ( Altermative Fuel Use) uananni
v a [ = -«-:941 P a o =3
galin1susziiudnenimvserileniveassunssuniunalulagiannaunuyuiia
(Clinker Substitution) waz walulagsnduwaziniAuiisaisuaulaeanlas (Carbon
Capture and Storage) 11334 3tATIERkALANYILWINIINILU UGN 1Tan g

6 I3 = 1 a = ¥ a '3
asvaulneenledaingmaimnssuyudiuudluudazgiiniadndie #an193iAsIen

Aanaasulafnigen 11
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1. Simple Input Method (A1) — LOI* of Raw Meal
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2. Detailed Input Method (A2) — Input CO, Balance
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3. Simple Output Method (B1) - Standard Calcination EF
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WBNIIMNUATIEALLDEAVBINAINS A wIUTH N
nsudeefinwasueulasenlanainnszurunsiindeiasiuyu

nanle

=D

<
i
dwsuismsAmuialiuuiteaisveulasenlanaingnaivngsy
YuBuualgisn1sAIuINAINNINTFIUYEY CSI ( Cement Sustainability

ape_ e & a & A a &£

Initiative) lngraann1snensalusaudianaziintulueuianainaunis
(Model) fia$19a1nAnuduiussenindoyavesyanndndugiuiasiuly
UszmaiulSunaudenndalaluefin saufdsnsiunusinunsudes
finwmsuaulaeanlenldisnisAmuiunuuingg1uves CSH Ty The Cement

CO, and Energy Protocol Version 3.1 lag 35n15uuvy Bl lasfsivaziden

1
v A

fatl
Simple Output Method (B1) - Standard Calcination EF 350151 UU
B1 1J1ASn1sAnMRE e d T UAIMUAUSINUN1SUsReA9S aUNTEaN

NNV TR Ve singAu 38N slTuediun1snanyuide, AU

Y Y

' Loss on Ignition Aen1sgeydethniinszuinniswilndvesingiu



61

YUTLUUANIINTI LAz UNITINEATOAIINTEUULANNINIE DY U1ATFIY
Weariunsuasefineansveulneenlydsadutadeannmswilvgiiielilayu
win (Tae CSIIARITUAT 0.525 teoy/te; 195UNSUaBEAINNTLUIUNITN

h) LLaﬂﬂé’ﬁQLLmuqﬁﬁ 3 Simple Output Method [34]

Calcination Rate

5
= CKD Elefﬂuﬁ Value

calciner fuel

ashes

fue
ashes

bypass clinker

Dafault emission faclor

Default emission factor

aa aa i & = = ¢
LLNUQN‘W 3 LLNUﬂ']WLLﬁ@I\‘iﬂ'ﬁ%U'JUﬂ']iV]lIﬂqiﬂaaﬂﬂqgﬂLi@‘hmﬁg"\]ﬂiuqma']%ﬂﬁiﬂiuu‘ﬂlﬂu@
WNNENITUINNINEAY LR

(#111: The Cement Sustainability Initiative)
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3.4.2 W500T UWaIToya WagNISAILIN
f. 197898 (Fly Ash: FA)

msrfimeiilinsninnisaiviinadieostu {33614 2 wsndines
Ao Masnsudalnil TddeyaanunuimuiidinisudnlnivesUssine
W.7.2558- W.A. 2579 (PDP2015) tawizlsslwildufiannnisalinasiiniy
wioanadluuszma Tdilsdniuszsinnauquarlsdniihduiiudidaly
AgUsEmAnsussasiuwNy PDP2015 wn@And1uInd A1 Conversion Factor
filinsuanlaliih 1 wneied Aadhasy 952.3027 du 91nMTIATIEY
TUTMTYar09 ATy AEns191se as.dy nsfivinena Jundn laeen
AanangIveAuedRInmalulaglsaliiuiungees mshiihends
wisUszndlng (ndu.) Faduuvasdaselgiiinslddomaduiiulunis
naalnilulagdu dmsunisdruindsunadiasslusuiAniiiznisng

aunnseieluil
FA=CAxF [5]

AAUA LA

FA = YSunautnaseiindu (Fusadl)

[

CA = Maansuantndln (wnging)

F = ANAI7IANSUNISIAAMNa0e 91 1 InIne LNaNass 952.3427 fuse

(Y (3

LUNEING
9. 16777114908 (Bagasse Ash: BA)

WdmeinidannisaluTinanivudesiiy §338lY 2 msilmes

(% '
=y A =

Aa WuNn13Ugn (Area) ldvayaiiuin1sugndeslsssnuy vasdrdnanu
imsegRansineasimvuad g iuinsuanainuleuievessguialunis

AvupiuTinens (Zoning) Tl w.a. 2569 71 16.7 &mils faunugfid 4
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2557 2559 2561 2563 2565 2567 2569 2571 2573 2575 2577 2579

WA,

WHUAET 4 wansiiuiinisUandesmutoyavedaydauns

PNUKNUYHN 4 WudnusMsiaiunvesizutauazdeyaanUydauna
funnsugnaziiiuduegsielieunvzasiinauwal w.e.2569 Wudul au
wHunsguataaaly

dmiundndals (Yield) anntdeyananinsialsainnisaianisalves

9 a

d1nauesugianisnunslugae w2558 - 2569 1 11.39 dusials way

Ly

c v Ao v o o Y & v &Y o [ v &Y d'
a;gawuqaasm:umi‘wGummmiﬂfuLﬂuwuﬁqaaammuﬂqﬂ I@EJWUSqEJEJEJ‘V]

e

nsuAwESUNSINERShUzLN i lTlNanAnRAsfalsue 16 — 18 Ausals tay

]

Wugoosin s liminzauiuiuinisan anmuindey f1uniulse

'
1 a

waziuas Winandngs dsdupinnisalnandnsielsiiudueenwoilon uazay

diandu 12,33 dusiels Tl wa2579 Faunundil 5
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15.00

12.00

6.00

nandnsals (Fussls)

3.00

0.00
2557 2559 2561 2563 2565 2567 2569 2571 2573 2575 2577 2579

W.A.

WHUANT 5 uansnnnsalnandnsielsvesdaeiaziintuluauan

dusunmsanuiaUsuiunandndeslusuianaiuiulafdunng
seluil
1. pMsAmuKananaesluauIAn
PSC=AxY (6]
AAUALA
PSC = nanandoslulic (Fusod)
A = ﬁuﬁﬂqaé’aa (s)
Y = wawansiols Funad)
2. MU AR Ty
NToYAIUITEVDIAIANTIAE AT, T M IRVNYNE WUl 10
grusesiintuAnduiosay 0.62 vesimindsy FetuauNTafILIAI
Usinaudwudesannaunisaelud

BA = PSC x A" [7]

3 A A8 Ash Conversion factor
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AU LA
BA = \O191UD08 (Husadl)
PSC = wandndoulutuug (@)

A = AAsiivesdey 1 AY RaIUdeylasasay 0.62 Ya9Uuin

A. 107118315374 (Palm Oil Fuel Ash: POFA)

(%
o‘dy L% = d

WSTesNIlY 1 2 wisdlimes Aediuninisugn (Area) 1dvoya

1%
o

ﬁuwmiﬂaﬂmamumu VDI iwasJwﬁmammauumuLLavumumau W.A.
2558 - 2569 ﬂmzﬂimmsi'mmﬂ%’guasLaﬂsumﬁauf’flm{]mmmwgﬁa
(nso i muadnunguinisugnanuleuievesssuralunisiivun

Hunuas (Zoning) Tl w.a. 2569 91 7.5 a1uls uansiauwnuniin 6

10
9
8
ﬁ 7
=
& 6
& 5
]
Tl
c 4
7’%
= 3
2
1
0

2557 2559 2561 2563 2565 2567 2569 2571 2573 2575 2577 2579

W.A.

aa & A R v i s s 5w Y I3
LLNUQ&IV] 6 LLaQQWUVIﬂqiﬂaﬂﬂqalluqllumqlm@Haﬂaﬂﬁqﬂﬁgﬁ/lﬁﬁqamiﬂqaNu’muua%u’mu‘ﬂflaﬂ
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dwsunandnsals (Yield) 91n115A19N1501909d1INULATYEAD

a

N5iNuATIUYIL WA.2558 - 2569 N1 3.5 Ausials uazdoyanugurauuniu
= v o o Y < v (3 ) ° U v & 3 Y o A
fnsiaudmsuldduiugurdnidudviuvdgn Ineiugurdudidiug
WAILISIN 5 189118 NTUTYINTINYAT UM Inerdeinynsatans
UNINIRLAVAIUATUNT AUIRUTIAINTTULAZMALLLABTININ Uag NN,
Inawnwesiaundussliandasolstuni 5 dusials lneiugurduiiu
fnsiaunimnzauiuiuinsuan anmwinden funulsakaziua
Tinandnas aeiuninnisalnandnselsiintuegesoilion waraziiudy

3.75 susials Tul w.a.2579 vﬁ’mwugﬁﬁ 7

2557 2559 2561 2563 2565 2567 2569 2571 2573 2575 2577 2579

W.A.

WHUAET 7 wansmnnsainandnsialsvesauindunaziavulusuian
drunsuniseruialinnunandnuiauindulusuinnaiuiulan
aunseelull

1.msmurkananuUduinTuluaunen

PP =AXxY (8]
AAUA LA
PP = wananUrautnsuluduu (frused)

A = funvgnurauungu (19)
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Y = wandnsols (Funsls)

2. M5AuuUsLa U a NN TuL AR

s 1 ¥

NToYAIUITEVDIMIANTIIE AT, T 2 TATINYNE WU 4

q

¥ v 2
a 2 a o v o w [ YY)

Uduisiuiiintufndudosay 2.43 vesminuadutiy fafuaiunse
AunumUsnand Ui naunseelud
POFA = PP x A 9]
ARUALA
POFA = 1onudae (Funad)
PP = wandsurdutingu Tudiug ()
A = psivestduingiu 1 fu fndheudesldsesay 2.43 ve9

119N

3.5 AMwaunAnaInsudseiiun1sUassfigansuaulnaantan

a

n1sdnvunuannisuaesingarsueulaeenled fideldivuasduuudiniuns
WpTwmensasisnnewianeuan SassnsiwelulagnisldTannauuyudiaiieday

anUSunun1suassniwaisuasulaeanlan A28 1oNasy 1B UDBLLATLAI1UANUNTY 3 NS

=

LAz 1 NIUANY Aa NNaRIAANTAIFIY Business As Usual (BAU Scenario) AMwauAnnel

b

TEFannaunuyudanudnenmingdu Full Potential Scenario nweawIARNIEANMUATNL

'
=]

nsldanunuAImmNNEEd Zoning Scenario WagnsilfnwiUIsuiisunaiudadiuveuas

aunsabtaule dsneazduneall
351 mwamﬂﬁmiiﬁgm Business As Usual (BAU Scenario)

awautanididunisiinsdgiunlaainnisiinuald ududs (Freeze)
walulagnisdnyudialulagiu w.e.2557 Wundnuazldnanismuunisiiafig
asuaulneantenan 3.3 Wudeyananiieldieuiivunaainnisaniunisniy

| va o 2/

WIATNFNEIIEI

3.5.2 mwawiaansansidnududnenmingiu

Full Potential Scenario (FULL Scenario)

ArneurAnladieduuuiugIuaAlIINdeIniIsNnIzanUsuiuing

arsueulaeanlydlildviunauiniignainnisuinalulad faanuuwvuyudaun



74

£ 1
a IS =< 0% a
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a |
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¢ 1a v ! A ada X v Y = o Ay ¥ a ¢ A
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a < [ 14 J ¥ o a A a X ' a
nnswanyude delanailude 3.1 wagdruindsuiuniaduluwsasyianiy
aunisielull

CQ] = Qi X EF [].O]
AAUA LA

CQ = Ysunaaasuaulaesenlenianininazanad (teg,)

v

Qi = WNIABINITALANUIY (tag)
i = MUUA | AeUsTinnvaLwAasTiaUusENaumie asy (FA),
ONTUDBE (BA), kazkinunautngdu (POFA)

FF = Apsndmsuauiailsunaunsuassineensuaulaeanlas

999 CSI 71 0.825 teop/te

3.5.3 AMWOUIARNTUNUUANUTNITITNIUAIUAIINLUNZEL Zoning Scenario

(ZONE Scenario)

Y

ca o o

AMBUIAAUASINTUINNAUFIUNITILATIERUYaNLNasDN1S
o a % o = a
AsunsaumalulagTannaunuyuidia gl 2 wiswesndAry

A 1
Ao 51PN
1 wazdnsAvuds Wnefidelnnsiuniurindeyavidisnisdunivel sauT

NUNANUNINIIING ToyaanmiignuiiieIted wuil 51ALa0edIn1s

'
=
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1o

TIUTWNUI0ENENTT 3.15 vmdeilawns daluauyRgiuaanyemadly
auAnfeaUTumgiuylrdnsAvudaiingmnuluaiegdnita Msvudnbes
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maqgul,ﬁmﬁ' 0.825 teop/tay WATElTAAInd 1 lunIsUsEliudSuIun1sUdaafing
afuaulagenled i nmandnyuidin iees ddanae esndamadunslinauny
sewing Yuidle de Sammeaunuyuidia 7 1: 1 (0.9 -1] (Ywuidla : agnauwnuyuisa) gavie
FIWTNTYaNPIEININTG (WeliaaneslfiRnsenndiunionnuaunsansidauass
nMsdun1valfi@eavin) wardoyadidyanuinsgrunaniusignamnssy (wen.) 1o
dlinnunasgugramnssy nensgeavngsy Weldlinseieudululdlunsduln

a o w (% ! ¥
VDNNARN ‘mﬂumsmm@mﬂm’ﬂﬂimm

4.2 3Lﬂsqzﬁwmnsaﬁﬂ%mmmswﬁmﬂumﬁﬂLLazmsUixLﬁuﬁ’ﬂElmwmsﬂa'aaﬁ"w

a1suaulaaanlyndae w.A.2558 -2579
4.2.1 WeNIIUTIUNTNAAYIAYIS W.A.2558 -2579

MnguuuaumMIadlnmans (Model) figniaundsiinanliluuni 3 uans
anuaugUsznindeyanisndnyuilindoundaazyaandndusiniasiululssina
(GDP) dnsuldnensalvsunaudinluswianauaianisalyanwdndasiuiasiy

Tuusemalusunan W.a.2558 — W.A.2579 uandlamamsed 13



1597 13 wan1saan1saiusinayulingeningl w.m.2558 -w .@.2579

iy Yuudin GDP
(Mt) (WudUUIN)

2558 42.23 13.59
2559 42.77 14.19
2560 43.37 14.86
2561 43.95 15.50
2562 44.52 16.13
2563 45.13 16.81
2564 45.76 17.51
2565 46.41 18.23
2566 47.07 18.96
2567 ar.77 19.74
2568 48.48 20.53
2569 49.21 21.35
2570 49.98 22.20
2571 50.76 23.07
2572 51.55 23.95
2573 52.37 24.86
2574 53.24 25.83
2575 54.13 26.81
2576 55.04 27.83
2577 56.00 28.88
2578 56.98 29.98
2579 58.01 31.12
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4.1.2 MmsUszdiudnenimnisUassingaisueulaeanledainnisudnyudle

2439 W.A1.2558 -2579

anAMienensaiUTInumanyudalude 4.1.1 anansathdeyad
IsanuszidiufnenmuSnamsudssfnvansuaulasenled Tutisszesnaninuise
Ieimun (0.7.2558 - w.a. 2579) fenstheiasdii CSI fmuasuanTins 1z
UinafeausulasenludiiAnainnszuiumsndnyuisa wansidnenmiikiiy

nsUseliufwansusulaeanlanidassls sanns1en 14
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A1597 14 mavesUSinayudinindalduarUunafiigasueulasenleafignuaesszningd

W.A. 2558 — W.A.2579

9 Yuudin CO, Mitigation
(Mt) (Mtcop)
2558 42.23 34.91
2559 42.77 34.84
2560 43.37 35.29
2561 43.95 35.78
2562 44.52 36.26
2563 45.13 36.73
2564 45.76 37.23
2565 46.41 37.75
2566 47.07 38.29
2567 47.77 38.83
2568 48.48 39.41
2569 49.21 40.60
2570 49.98 41.24
2571 50.76 41.88
2572 51.55 42.53
2573 52.37 43.21
2574 53.24 43.93
2575 54.13 44.65
2576 55.04 45.41
2577 56.00 46.20
2578 56.98 47.01
2579 58.01 47.86
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4.3 Jpszinisuszdiudnenmuasdaanaunuyuiin
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4.3.1 10naoy (Fly Ash: FA)
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ANSN 15 AANITIUSLNaO1ae M NATUlUTEAING W.A.2558 —N.A.2579

U wandnsan | Usinaildlutlegtiu | dnenw
GRIVE) (dud) (dud)
2558 292 1.37 1.54
2559 3.17 1.50 1.68
2560 3.43 1.62 1.81
2561 3.47 1.64 1.83
2562 4.23 1.99 2.24
2563 4.23 1.99 2.24
2564 5.18 244 2.74
2565 5.10 2.40 2.69
2566 5.10 2.40 2.69
2567 6.05 2.85 3.20
2568 5.02 2.37 2.65
2569 5.02 2.37 2.65
2570 5.02 2.37 2.65
2571 5.02 2.37 2.65
2572 5.02 2.37 2.65
2573 5.02 2.37 2.65
2574 5.02 2.37 2.65
2575 4.60 2.17 2.43
2576 5.56 2.62 294
2577 6.51 3.07 3.44
2578 7.46 3.52 3.94
2579 7.46 3.52 3.94
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4.3.2 10191898 (Bagasse Ash: BA)
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ANSN 16 HANISNEINTUUSUNUNANARDDY T3 W.A. 2558 —W.A. 2579

U | Wuiiugndos | nandadels | wandnsed
(duls) (fusials) | (Arududad)
2558 11.20 10.36 110.34
2559 11.75 10.45 117.09
2560 12.30 10.55 123.94
2561 12.85 10.64 130.89
2562 13.40 10.73 137.94
2563 13.95 10.83 145.10
2564 14.50 10.92 152.36
2565 15.05 11.02 159.73
2566 15.60 11.11 167.19
2567 16.15 11.20 174.76
2568 16.70 11.30 182.44
2569 16.70 11.39 190.21
2570 16.70 11.48 191.78
2571 16.70 11.58 193.34
2572 16.70 11.67 194.90
2573 16.70 11.76 196.46
2574 16.70 11.86 198.03
2575 16.70 11.95 199.59
2576 16.70 12.05 201.15
2577 16.70 12.14 202.72
2578 16.70 12.23 204.28
2579 10.65 12.33 205.84
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flufiugn (Zoning) ¥ liluT n..2569 Hufiugndosiiuszimmdiadu
16.7 &1l dwmsunandaselsinsiintulusnsnd fredadiuiifinis
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yrudesifingaluninviuiuvesdosluniasdsuluisuiuiufie
msueulasenludiianinazgnanainnislfidnmudoslunsiasd wansleids

AN 17



89

AN5197 17 FNEAINVRLAITIUDREMATATNENNSAIAASUaUlnRanlwRaINUSUN AU

SouTANT LTI W.A.2558 —.A.2579

U Nanans1eU Weudss | Usuna CO, fimainazanld
(A unusiat) (@) | @wauaisuaulaoanlyn)
2558 110.34 0.68 0.56
2559 117.09 0.73 0.60
2560 123.94 0.77 0.63
2561 130.89 0.81 0.67
2562 137.94 0.86 0.71
2563 145.10 0.90 0.74
2564 152.36 0.94 0.78
2565 159.73 0.99 0.82
2566 167.19 1.04 0.86
2567 174.76 1.08 0.89
2568 182.44 1.13 0.93
2569 190.21 1.18 0.97
2570 191.78 1.19 0.98
2571 193.34 1.20 0.99
2572 194.90 1.21 1.00
2573 196.46 1.22 1.00
2574 198.03 1.23 1.01
2575 199.59 1.24 1.02
2576 201.15 1.25 1.03
2577 202.72 1.26 1.04
2578 204.28 1.27 1.04
2579 205.84 1.28 1.05
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4.3.3 [ nduningiu (Palm Oil fuel Ash: POFA)
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AN5197 18 WANISNENNIAIUSUUNANARUIALTNT WYY W.A. 2558 —W.A. 2579

Rl ﬁuﬁﬂgnméu nananrals | wanansed
(&uls) (Ausials) (&rususail)
2558 4.75 3.23 15.32
2559 5.00 3.25 16.25
2560 5.25 3.28 17.19
2561 5.50 3.30 18.15
2562 5.75 3.33 19.12
2563 6.00 3.35 20.10
2564 6.25 3.38 21.09
2565 6.50 3.40 22.10
2566 6.75 3.43 23.12
2567 7.00 3.45 24.15
2568 7.25 3.48 25.19
2569 7.50 3.50 26.25
2570 7.50 3.53 26.44
2571 7.50 3.55 26.63
2572 7.50 3.58 26.81
2573 7.50 3.60 27.00
2574 7.50 3.63 27.19
2575 7.50 3.65 27.38
2576 7.50 3.68 27.56
2577 7.50 3.70 27.75
2578 7.50 3.73 27.94
2579 7.50 3.75 28.13
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AN5199 19 AnennuadaiurdudnukazUsSunutgasuaulaeanlaniaininazanadann

4739 W.A.2558 —N.A.2579

U nanAAUNEILNTY | dUndy | USuna CO, fimadnazanld
(Ausadl) vistu (@uauarsuaulaeanlyn)
(@ufu)
2558 15.32 0.30 0.307
2559 16.25 0.37 0.326
2560 17.19 0.39 0.345
2561 18.15 0.42 0.364
2562 19.12 0.44 0.383
2563 20.10 0.46 0.403
2564 21.09 0.49 0.423
2565 22.10 0.51 0.443
2566 23.12 0.54 0.463
2567 24.15 0.56 0.484
2568 25.19 0.59 0.505
2569 26.25 0.61 0.526
2570 26.44 0.64 0.530
2571 26.63 0.64 0.534
2572 26.81 0.65 0.538
2573 27.00 0.65 0.541
2574 27.19 0.66 0.545
2575 27.38 0.66 0.549
2576 27.56 0.67 0.553
2577 27.75 0.67 0.556
2578 27.94 0.67 0.560
2579 28.13 0.68 0.564
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4.4.1 aewpnnsaliiannawnuhndnenningdv

(Full Potential Scenario: FULL Scenario)
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mafl 20 Ysanauda 3 ofin dethlUldoududnenwingiu fsaduld
U Wnaay drvudes | gy
GRTY) GRITE) GRIE)
2558 1.54 0.64 0.30
2559 1.67 0.68 0.37
2560 1.81 0.73 0.39
2561 1.83 0.77 0.41
2562 2.23 0.81 0.44
2563 2.23 0.86 0.46
2564 2.73 0.90 0.48
2565 2.69 0.94 0.51
2566 2.69 0.99 0.53
2567 3.19 1.04 0.56
2568 2.65 1.08 0.58
2569 2.65 1.13 0.61
2570 2.65 1.18 0.63
2571 2.65 1.19 0.64
2572 2.65 1.20 0.64
2573 2.65 1.21 0.65
2574 2.65 1.22 0.65
2575 243 1.23 0.66
2576 293 1.24 0.66
2577 3.44 1.25 0.67
2578 3.94 1.26 0.67
2579 3.94 1.27 0.67
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A15199 21 YSunauinwansuaulneanlasndsainiinng1ns 3 wile

dioulldnududnanningdiv Auszdiule

Y 1nage YUY WEndaniasiu
(Mtcoy) (Mtcoy) (Mtcoy)
2558 1.27 0.56 0.31
2559 1.38 0.60 0.33
2560 1.49 0.63 0.34
2561 1.51 0.67 0.36
2562 1.84 0.71 0.38
2563 1.84 0.74 0.40
2564 2.26 0.78 0.42
2565 2.22 0.82 0.44
2566 2.22 0.86 0.46
2567 2.63 0.89 0.48
2568 2.18 0.93 0.51
2569 2.18 0.97 0.53
2570 2.18 0.98 0.53
2571 2.18 0.99 0.53
2572 2.18 1.00 0.54
2573 2.18 1.00 0.54
2574 2.18 1.01 0.55
2575 2.00 1.02 0.55
2576 2.42 1.03 0.55
2577 2.83 1.04 0.56
2578 3.25 1.04 0.56
2579 3.25 1.05 0.56
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4.4.2 AWBUIARNSIAINUANUNNTITIURILAMUMLN S ALl

(Zoning Scenario: ZONE Scenario)
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A5 197 22 YSunandasstazUsunainwansuaulaesnlannanla

AINANBUIAANT NN UATNUTANTT FTITUANU AU AN S EL

g a0y USun CO,
GRPLD). (Mtco)
2558 1.31 1.08
2559 1.43 1.18
2560 1.54 1.27
2561 1.56 1.29
2562 1.91 1.57
2563 1.91 1.57
2564 1.97 1.62
2565 1.93 1.59
2566 1.93 1.59
2567 1.99 1.64
2568 1.53 1.26
2569 1.53 1.26
2570 1.53 1.26
2571 1.53 1.26
2572 1.53 1.26
2573 1.53 1.26
2574 1.53 1.26
2575 1.34 1.11
2576 1.77 1.46
2577 2.20 1.81
2578 2.62 2.16
2579 2.62 2.16
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4.4.3 n3diAnwUIeuifigunavesdnsdiuvevainanansaltnula

(%
I
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ANTNN 23 HasnudnduveUanzatvansld I wazAN CO, Nanas

Y a0y CO, anad LONTFINIB CO, anag
(@) (Mtcoy) @1usu) (Mtcoo)
2558 12.67 10.45 8.45 6.97
2559 12.83 10.59 8.55 7.06
2560 13.01 10.73 8.67 7.16
2561 13.18 10.88 8.79 7.25
2562 13.36 11.02 8.90 7.35
2563 13.54 11.17 9.03 7.45
2564 13.73 11.33 9.15 7.55
2565 13.92 11.49 9.28 7.66
2566 14.12 11.65 9.41 T7.77
2567 14.33 11.82 9.55 7.88
2568 14.54 12.00 9.70 8.00
2569 14.76 12.18 9.84 8.12
2570 15.00 12.37 10.00 8.25
2571 15.23 12.56 10.15 8.38
2572 15.47 12.76 10.31 8.51
2573 15.71 12.96 10.47 8.64
2574 15.97 13.18 10.65 8.79
2575 16.24 13.40 10.83 8.93
2576 16.51 13.62 11.01 9.08
2577 16.80 13.86 11.20 9.24
2578 17.09 14.10 11.40 9.40
2579 17.40 14.36 11.60 9.57
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aN397 24 madileiannnstdidnie 3 adia Mnnsdamewiannisldnuiudneniningiu

U L0 CO,
GRPLD) (Mtco)

2558 2.48 2.05
2559 272 2.24
2560 2.93 2.42
2561 3.01 2.48
2562 3.48 2.87
2563 3.55 2.93
2564 4.11 3.39
2565 4.14 3.42
2566 4.21 3.47
2567 4.79 3.95
2568 4.31 3.56
2569 4.39 3.62
2570 4.46 3.68
2571 4.48 3.70
2572 4.49 3.70
2573 4.51 3.72
2574 4.52 3.73
2575 4.32 3.56
2576 4.83 3.98
2577 5.36 4.42
2578 5.87 4.84
2579 5.88 4.85




ANS197 25 WaTAAINNISIE19Y 3 FiA

ANATUNINOUIAANUUATNUTANTT FTITUANU AU AN S

g G cO,
GRPLD). (Mtco)

2558 2.13 1.76
2559 2.20 1.82
2560 2.37 1.96
2561 2.514 2.10
2562 2.64 2.18
2563 3.00 2.48
2564 3.08 2.54
2565 3.22 2.66
2566 3.27 2.70
2567 3.36 277
2568 3.50 2.89
2569 3.20 2.64
2570 3.21 2.65
2571 3.22 2.66
2572 3.23 2.66
2573 3.24 2.67
2574 3.24 2.67
2575 3.25 2.68
2576 3.11 2.57
2577 3.47 2.86
2578 3.84 3.17
2579 4.20 3.47
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PPROVED €. p ion [wi fent F 1

Concrete

- Ready Mixed Concrete : footing, column, beam, slab

- Ready Mixed Concrete

- Precast concrete wall panels
Clinker 7 '
- Precast prestressed concrete piles

- Precast prestressed concrete slabs for concrete floor systems
- Hollow load-bearing concrete masonry units

- Hollow non-load-bearing concrete masonry units

- Concrete roofing tiles

-Interlocking concrete paving blocks for heavy duty

v

- Portland Pozzolan Cement

A\ 4

- Mixed Cement

- Dry mortar for masonry iy
- Concrete Brick

- Precast reinforced concrete drainage pipe

- Cellular lightweight concrete blocks using preformed foam

- Cement mortar flooring tiles

- Precast prestressed concrete elements for composite floor

Clinker SYHESE

Substitution

- Cellular lightweight concrete blocks using preformed foam

- Reinforced concrete water pipe

- Precast reinforced concrete covers and frames for manhole pipes

- Masonry Work
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Jutanuan/maunumudnsaduiimun auunsgIundndasigaainnssy (wen.)

Sdudi Jorudnius WINTFIUNEASUIIRRAMNTIN (1on.)
fnmsszyliannsald | avdl wen
Faomawnuyudiale

1 Yuduudvasauaun x 15-2547
Ordinary Portland Cement

2 Yududdaula X 15-2547
Modified Cement

3 YuBudvasanauiudadi x 15-2547
157 Rapid Hardening
Portland

4 Yugudvasaiaunnuseu x 15-2547
#1 Low Heat Portland
Cement

5 Yududdaiauaunny x 15-2547
FaLnn Sulfate Resisting
Portland Cement

6 JugudvesnuausUogly v 849-2556
87U Portland Pozzolan
Cement

7 YT UANE* v 80-2550, 566
Mixed Cement

*suuiaudvasauaunussiani 1 (YuiuudUesauaug Ordinary Portland Cement)
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GRIMT Fowdnsiasi WNITFIURERSUTIRRAMNTIY (Wen.)
fimsseylvianansold | 1wl wen
Taanawnuyudiala

8 YuTauAu1 White X 241-2543
Cement

9 Yududvaiauaunnzniuy x
W19aan Portland Blast
Furnace Slag Cement

10 IGRGILETRIER x
Super sulfated Cement

11 Yunednsaguudauie v 598-2547,
Dry mortar for masonry 849-2556

12 Uuu%muﬁﬁaﬁgwﬁu x
Oil-Well Cement

13 ADUNTANEANLATT v 213-2552
Ready Mixed Concrete

14 wHURTIRUNIRd 593U v 2226-2548
Precast concrete wall
panels

15 @ duraunSaLESUVANS A v 396-2549,
wsavaedsa Precast 213,
prestressed concrete piles* 566

16 WHUABLNSALESLAANDALTS v 576-2546
vaodgadmsussuuity
ADUNIM* Precast
prestressed concrete slabs
for concrete floor systems

*suuiaudvesauaunussiani 1 (Yuiwuduesawaug Ordinary Portland Cement)

“*puyugiuudvasawaunlaglyaiy
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aey GRRRIRANT WNITFIURERSUTIRRAMNTIY (Wen.)
fimsseylvianansold | 1wl wen
Taanawnuyudiala

17 AounaAUden3utmin x 57-2532
Hollow load-bearing
concrete masonry units

18 naunsaUSenllSuthmin X 58-2533
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Concrete roofing tiles 849-2556

20 AOUNINUSDNUSZA YU v 2035-2543
dmSuunin Interlocking
concrete paving blocks for
heavy duty

21 VIDABUNSALESUMANFINTU v 128-2549,
muism‘a‘l}’l Precast 2135
reinforced concrete
drainage pipe

22 ﬂizl,ﬁjaqgﬁuﬂauﬂ% X 378-2531,
Cement mortar flooring 566
tiles

23 FudupoundaEsIEnSa X 828-2546,
usivdedSadmiusTuuity 566

Usenau Precast
prestressed concrete
elements for composite

floor systems
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sugsi* Reinforced 849-2556
concrete water pipe
27 HuazvouvioUsAaUNIALESY X 1226-2537
Wanuaed 159 Precast
reinforced concrete covers
and frames for manhole
pipes
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TIS APPROVED Cement Production [with Ingredient Fly Ash

Concrete

- Ready Mixed Concrete : footing, column, beam, slab

Clinker 7 - Precast Concrete wall panels

- Hollow load-bearing concrete masonry units

- Hollow non-load-bearing concrete masonry units
Cement - Concrete roofing tiles

-Interlocking concrete paving blocks for heavy duty

\ 4

- Portland Pozzolan Cement

\ 4

- Mixed Cement

- Dry mortar for masonry

Other
- Concrete Brick

- Precast reinforced concrete drainage pipe

Clinker - Cellular lightweight concrete blocks using preformed foam

Substitution - Masonry Work
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Concrete

- Ready Mixed Concrete : footing, column, beam, slab

Clinker — - Precast Concrete wall panels

- Hollow load-bearing concrete masonry units

- Hollow non-load-bearing concrete masonry units
Cement - Concrete roofing tiles

-Interlocking concrete paving blocks for heavy duty

v

- Portland Pozzolan Cement

A\ 4

- Mixed Cement

- Dry mortar for masonry

Other

- Concrete Brick

- Precast reinforced concrete drainage pipe

Clinker - Cellular lightweight concrete blocks using preformed foam

Substitution

- Masonry Work
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Factor
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0.1 10" deci d
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0.001 10° milli m
0.000 001 10° micro u
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CHq 9-15 23
N,O 120 296
CFC-12 100 10,000
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Abstract. The main objective of this article is to forecast CO, mitigation from clinker
production and to evaluate Fly Ash potential, used Clinker Substitution for CO,
mitigation in cement industry between years 2015-2036 in Thailand following
information of the Thailand's power developments plan (PDP2015). PDP2015 forecasts
the potential of fly ash in the year 2036 which is estimated at 3.94 M ton and 48.76 M
Toncox/Tonneg; of CO, emission from 58.01 M Ton of clinker production process. The
methodology which is used for potential evaluation of fly ash and amount of CO, can
evaluate from Mae Moh power plant technology. 1 MW can occur 952.3427 Ton and
amount of CO, emission from utilizing is 0.825M Toncp,/Tonnec; which is a default
value of CSI (Cement Sustainability Initiative). The three different scenarios are used to
analysis in this study. The condition of Business As Usual (BAU) scenario is the need of
technology, used in 2015 as a base case. For Full Potential (FP) scenario, used fly ash
100%. The final scenario is called Zoning scenario (Z scenario) which consists of price
rate (270 THB per Ton) and transportation rate (6 THB per kilometer of fly ash). From
the result, in 2036 fly ash occur 7.46 M Ton that can mitigate CO, volume up to 6.15

M Toncey/Tonneg.
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Introduction

Currently, the rate of cement demand per capita is higher than the past [1] because
of economy expansion and residential requirement including government
infrastructure projects such as mega infrastructure project and special economic zone
etc. The following factors affect to high rate of cement production. Consequently, the
amount of carbon dioxide emission tends to increase also. Previous information shows
that the amount of carbon dioxide emissions from cement industry is the third highest
of industrial sector [2, 3]. The main procedure of carbon dioxide emission is clinker
production process. About 60% of carbon dioxide emission comes from calcination in
kiln [4]. Clinker is the main raw material for cement production of various types. Hence,
attempt to find solutions that will mitigate the emissions such as thermal and electric
efficiency. Besides, alternative fuel is used for materials that are suitable for production
and CO, mitigation which do not affect the quality and demand in the future. So, using
fly ash to be clinker substitution reduces environmental pollution impact and cement
producing cost. [5, 6]

Fly ash potential evaluation in the future depends on number and capacity of coal-
fired power plants [7]. During the last few decades, there has been a dramatic
increasing of coal ash production in the world due to the amounts of energy increasing
from coal-fired power plants [8]. The growth rate of fly ash increases due to new
construction and expansion of coal-fired thermal power plants in the future [9]. There
are three main factors that affect to generate fly ash which are number, capacity and

technology of coal-fired power plants.

Objective

To forecast the amount of carbon dioxide emissions from the cement industry and

evaluate the potential of fly ash using as Clinker Substitution between 2015-2036.
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Methodologies

Scenario 1 Business As Usual (BAU Scenario). BAU Scenario is a present information
that refers to amount of CO, emission when freezing fly ash proportion and using
cement production technology in cement sector 2014 as a base for stipulation. Then,
forecasting a volume of clinker between 2015-2036 and use following data to analysis

amount of CO, emissions.

Fig.1 the relevant of clinker production and GDP during 14 years (2000 — 2014)

1.10
y =0.2945x + 0.6821
1.00 RZ2=0.5198 +
* @
0.90 R .
i
o 080 %
(@]
0.70
*
0.60
0.50
030 040 050 060 070 080 090 1.00 1.10
NGDP [-]

The forecast volume of carbon dioxide emissions. Collecting the amount of
produced clinker in the past and forecasting GDP during 14 years (2000 - 2014) that
passed normalization process, are analyzed by simple linear regression equation. The
output is to generate a model for forecasting the volume of clinker production in the
future following figure 1.

From figurel can find the CP and NGDP as following

CP,

p—_ i
Max(CP,) W

Where
CP = the amount of normalized clinker
CP; = the amount of clinker production in year and i is year (Ton/year)

Max = the maximum amount of clinker produced during that period (Ton/year)
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NGDP GDP

~ Max(GDP,) (2)
Where
GDP = the value of normalized GDP
GDP; = the value of GDP in year and i is year (Billion THB)
Max = the maximum value of GDP during that period (Billion THB)
Data passed normalization for analysis by simple linear regression equation shows in

equation no.3 and R?= 5.198

y = 0.2945x + 0.6821 (3)

Where
x = value of GDP in the future (Billion THB)
y = amount of clinker produced that year (Ton/ Year)

Table 1 Forecasting result

Year 2015 | 2016 | 2017 | 2018 [ 2019 [ 2020 | 2021 | 2022 | 2023 | 2024 | 2025
[C|v||”¥(§nr] 4223 | 42.77 | 43.37 | 43.95 | 4452 | 45.13 | 45.76 | 46.41 | 47.07 | 47.77 | 48.48
GoP 13.59 | 14.19 | 14.86 | 1550 | 16.13 | 16.81 | 17.51 | 18.23 | 18.96 | 19.74 | 20.53
[Billion THB]| ~* ' : : ' ' ' : ' : '
Year 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036
[Clv'l”r;nr] 49.21 | 49.98 | 50.76 | 51.55 | 52.37 | 53.24 | 54.13 | 55.04 | 56 | 56.98 | 58.01
ceoP 21.35 | 22.20 | 23.07 | 2395 | 24.86 | 25.83 | 26.81 | 27.83 | 28.88 | 20.98 | 31.12
[Billion THB]| ™ : : ' ' | i : ' : '

From equation (3), to forecast clinker production in the future during year 2015 -
2036 shows the relation of clinker growth rate that follows the GDP increasing, shown
in table 1

Carbon Dioxide from clinker production is forecasted the emissions by a default
value of CSI (Cement Sustainability initiative). Let CO, emitted value is 0.825

Toncoz/Ton Necy
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Scenario 2 Full Potential (FP Scenario). The condition of FP Scenario refers to
volume of CO, emission from 100% of fly ash, substituted to clinker. Evaluating the
potential by varying quantities of fly ash follows PDP2015.

Evaluation fly ash potential. From PDP2015's data, the demand of electricity is
higher and consistent with economic expansion that needs to construct more the
power plant especially coal-fired power plant to be sufficient and security in energy

section.

FA=CAxF (4)

Where

FA is Fly ash (Ton/Year)

CA is a capacity of power plant (MW)

F is default value of MW to Fly ash (Ton/MW)

Fig.2 Calculated fly ash from coal-fired power plant according to PDP2015
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Assumption from Mae Moh power plant technology, EGAT found that generating
electricity 1 MW can occur fly ash 952.3427 Ton. It is approximately 83.33% of Coal
Ash (fly ash and bottom ash) [10]. Hence, can evaluate the fly ash from electricity
capacity following equation 4 and shows in figure 2

Trend of fly ash increases following the PDP 2015 both number and capacity of

power plants. Although, some year the amount of fly ash decreases because of the
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retiring of old power plant PDP2015. Besides, additional study of Prof. Chai
Jaturapitakkul and Mae Moh Technology’s data found that the fly ash about 47% is
used in cement industrial sector. So, the real using of fly ash in the future can be

evaluated [11].

Table 2 The distance between cement plant and power plant (kilometer)

Cement Plant Coal Power Plant MaeMoh BLCP Nsazisglil Krabi Tepha New*
The Siam Cement (Ta Luang) Co.,Ltd. 557 293 149 911 1,123 293
The Siam Cement (Khao Wong) Co.,Ltd. 560 294 151 930 1,142 294
The Siam Cement (Kaeng Khoi) Co.,Ltd. 588 285 130 922 1,134 285
The Siam Cement (T hung Song) Co.,Ltd. 1,407 933 889 102 260 933
The Siam Cement (Lampang) Co.,Ltd. 65 801 700 1,425 1,637 801
TPI Polene Public Company Limited 592 293 145 929 1,142 293
Jalaprathan Cement Public Company Limited Takli Plant 467 369 254 993 1,205 369
Jalaprathan Cement Public Company LimitedCha-am Plant 809 336 292 642 854 336
Cemex (T hailand) Co.,Ltd. Saraburi Plant 531 293 150 929 1,141 293
Siam City Cement Public Company Limited Saraburi Plant 594 290 142 927 1,139 290
Asia Cement Public Company Limited Saraburi Plant 548 299 156 920 1,133 299

* be forecasting in 2032 increase in East Regional replacing BLCP Retirement

Scenario 3 Zoning (Z Scenario). The condition of Z Scenario refers to volume of
CO, emission by defining the distance information in Table 2 and combining the fly
ash price and transportation rate. Forecasting fly ash price at 270 Baht per Ton and
transportation rate at 6 Baht per kilometer following the higher demand and price
combine with clinker production capacity of cement plant in order to analyze the fly
ash potential for clinker substitution.

Lastly, the case study from laboratory result about fly ash qualification and
proportion is utilized with clinker for cement production at the optimality point. So,
the optimum point for clinker substitution uses [12] the upper bound selection at

30% of fly ash per 70% of clinker for technical recommendation.

Result

The forecasting volume of carbon dioxide emissions. A result of clinker forecasting
equation directed variation with value of GDP, trend of CO, increases continuous. In
2036, CO, will emit at 48.76 M Tonco,/Tonneg; from clinker production about 58.01 M

Ton that represents an average growth rate of 1.52% per year.
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Evaluation fly ash potential. In 2036, the fly ash potentials, used clinker
substitution about 3.94 M Ton which can reduce the volume of CO, about 3.25 M
Toncoy/Tonnec. If average over 20 years (period 2015 — 2036), the fly ash potential is

about 5% per year.

Fig.3 The evaluation of CO, result from 3 scenarios including technical recommmendation

between 2015-2036
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From the result of BAU scenario, the volume of CO, forecasting from clinker
production is 47.85 M Toncgy/Tonneg; in year 2036.

From the result of FP scenario, the volume of CO, is 44.60 M Toncgy/Tonnec; from
the utilized fly ash about 3.94 M Ton (potential remaining to evaluate), accounted for
6.79% of BAU scenario.

In the final scenario, combined the price and transportation rate, the result of
CO, emissions from clinker production process in year 2036 is 46.03 M
Tonco/Tonneg; from fly ash utilization, evaluated volume of 2.20 M Ton to mitigate
or account for 3.79% from BAU scenario.

Furthermore, considering the technical recommended data for the clinker
substitution proportion 30 : 70;thus, the CO, emissions could mitigate in 2036 about
34.39 M Toncpy/Tonneq; from the 17.40 M Ton of fly ash utilized, shows in figure 3.
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Conclusion

After applying the Clinker Substitution in cement sector by three scenarios for
analysis, the volume of CO, emission from clinker production process in 2036 is
about 58.01 M Ton. The result of BAU scenario is a volume of CO, emission about
47.85 M Toncpy/Tonnec. The FP scenario uses fly ash 3.94 M Ton to mitigate CO,
about 6.79% when comparing with BAU scenario. The final scenario (Zoning scenario)
uses fly ash 2.20 M Ton to mitigate CO, about 3.79%. If concludes the laboratory
result, 17.40 M Ton (approximately 4.4 times) of fly ash is used for evaluation the fly
ash potential in 2036. It reduces the CO, emission from cement industrial sector

more than 14.35 M Toncg,/Tonneg; (about 30% of BAU scenario).
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Abstract

This research aims to study the potential of bagasse ash and palm oil fuel ash. Using
a material for clinker substitution is the CO, mitigation in the cement production
process of cement industry in Thailand during 2015 — 2036. Bagasse ash and palm oil
fuel ash forecasting are evaluated from area and yield conditions. In 2036 biomass ash
generate 2 Mt which come from bagasse ash at 1.27 Mt and palm oil fuel ash at 0.75
Mt. Hence, amount of CO, from clinker production process is 47.85 M tcoy/tc; from
58.01 M ton of Clinker. Methodology to evaluate CO, mitigation 1 Ton of clinker
equivalence emission is using a default values (0.825 Mtcg,/tc). 3 difference scenarios
are using for analyzing. First of all, the base line scenario is to freeze the production
technology. Secondly, biomass ash utilizes 100% of generation. Final scenario is to
determine the zoning condition that is price rate equivalence fly ash at 270 THB/ton,
transportation rate at 6 THB/km and demand follow technical recommendation at
20% of proportion using. As a result, in 2036, base line scenario is amount of CO,
emission at 47.85 Mtco,. Full potential scenario has 2.02 M Ton of biomass ash which
evaluated to help CO, mitigation at 1.67 Mtco, and to mitigate from baseline at 46.18
Mtcop. Finally scenario result concludes the demand for using follow technical
recommendation higher than generation. Although, the cement plant demand was

reduced whereas biomass ash capacity is inadequate to account for 3.48% of clinker.

Keywords: Bagasse Ash, Carbon Dioxide Emission, Cement, Clinker Substitution,
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Palm Oil Fuel Ash

Introduction

Nowadays, agricultural industrial waste is rapidly because of demand and
economics expansions. In Thailand, tends of various wastes from agricultural industry
increase resulting from the economic growth and infrastructure projects forecasting [1].
To support the AEC expansion in the future, it will cause the demand of cement
production, especially in clinker which is the main raw material in cement. [2].The
increasing rate of clinker is high culminate in CO, emission also [3]. Cement Industry
group attempt to find CO, mitigation such as thermal and electric efficiency, alternative
fuel use and clinker substitution. The clinker substitution such interesting is ash from
agricultural industry -biomass ash or agricultural ash-. There will be an increasing
amount of waste that needs efficient management, benefits and reduces
environmental pollution also [4].

Evaluation the potential of bagasse ash and palm oil fuel ash is used as a clinker
substitute for CO, mitigation. The main result depends on the productivity [5] the
projected area of the plant and yield. Natural pozzolan’ material is availability depend
on local situation[6].The information from Balance Sheet Department of Agricultural
set sugarcane’s area target at 26,720 km? and vyield at 7,666.43 ton/ km? in 2026[7].
The draft of strategic plan of palm and palm oil during 2015 - 2026 will be expansion
at 12,000 km? and 2,500 Ton/km? in 2026[8,9]. There are two factors of agricultural ash
which generated the productivity from area and yield. Hence, higher productivity
depend on agricultural technology to help yield increasing and factor of natural (rain,
weather, etc.).

In the future, if there are using by-product from agricultural industry such as bagasse
ash and palm oil fuel ash is biomass ash for the clinker substitution should mitigate

CO, in cement sector and foreword to low carbon society [10].
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Objective

To evaluate the potential of Biomass Ash (Bagasse ash and Palm Oil Fuel Ash) utilizing
as Clinker Substitution for the carbon dioxide mitigation in cement industry in Thailand

during 2015 - 2036.

Methodologies

The methodology for analysis, use the same assumption and method as well as the
research "Potential of Fly Ash Utilization for the Clinker Substitution in Cement Industry
in Thailand “which researcher studied mitigate CO, from using biomass ash in Thailand

'‘cement industry by detail of methodology present according to below [11].

First Scenario is Business As Usual (BAU Scenario)

The BAU scenario is present information of CO, emission from clinker production
process only with basis of clinker production technology in 2014 as a main proviso.
Then, forecasting a volume of clinker between 2015-2036 and use following data to

analysis amount of CO, emissions.

1.10
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Fig.1 the relevant of clinker production and GDP during 14 years (2000 — 2014)
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The Forecast Volume of Carbon Dioxide Emissions.

Collecting the amount of produced clinker in the past and forecasting GDP during 14
years (2000 - 2014) that passed normalization process, are analyzed by simple linear
regression equation. The output is to generate a model for forecasting the volume of
clinker production in the future following figure 1.
From figurel can find the CP and NGDP as following

CP,

P =
Max(CP,) W

Where
CP = the amount of normalized clinker
CP; = the amount of clinker production in year and i is year (ton/year)

Max = the maximum amount of clinker produced during that period (ton/year)

NGDP GDP

~ Max(GDP)) 2)

Where
GDP = the value of normalized GDP
GDP; = the value of GDP in year and i is year (Billion THB)
Max = the maximum value of GDP during that period (Billion THB)
Data which passed normalization for analysis by simple linear regression equation

shows in equation no.3 and R*= 5.198

y = 0.2945x + 0.6821 (3)

Where
x = value of GDP in the future (Billion THB)

y = amount of clinker produced that year (ton/year)
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Table 1 Forecasting result

Year Ash GDP
[Million ton] [Billion THB]
2015 42.23 13.59
2016 a2.77 14.19
2017 43.37 14.86
2018 43.95 15.50
2019 44.52 16.13
2020 45.13 16.81
2021 45.76 17.51
2022 46.41 18.23
2023 a7.07 18.96
2024 ar.r7 19.74
2025 48.48 20.53
2026 49.21 21.35
2027 49.98 22.20
2028 50.76 23.07
2029 51.55 23.95
2030 52.37 24.86
2031 53.24 25.83
2032 54.13 26.81
2033 55.04 27.83
2034 56.00 28.88
2035 56.98 29.98
2036 58.01 31.12

From equation (3), to forecast clinker production in the future during year 2015 -
2036 shows the relation of clinker growth rate that follows the GDP increasing, shown

in table 1
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Carbon Dioxide from clinker production is forecasted the emissions by a default

value of CSI (Cement Sustainability initiative). CO, emitted value is 0.825 tcoy/tcy

Second Scenario is Full Potential scenario (FULL Scenario).

Assumption of the condition of FULL Scenario refers to volume of CO, emission from
100% of 2 kind of Biomass ash, substituted to clinker. The process to evaluate the
potential is vary quantities of Biomass ash according to production of "Sugar Cane and

Palm Oil” during 2015 - 2036.

Evaluation Biomass Ash Potential.

The evaluation of Biomass ash was divided to 2 parts. First part is bagasse ash from
sugar cane productivity .Using Ministry of Agriculture and Cooperative’s data and
Office of The Cane and Sugar Board’s data to evaluate bagasse ash in the future.
There are two main factors that affect to generate bagasse ash which are
cultivation’s area and yield. The contributing factors are the yield increasing or
decreasing which consisted of agriculture technology development and weather. Can

be evaluated the productivity of sugarcane according to equation below.

PSC = AxY (4)
Where

PSC = Productivity of Sugarcane

A = Cultivation’s area (km?)

Y = Yield (ton/km?)

The data contribute above and after 2026 which were used to penetrate the
increasing rate of yield constant at 94 kg/km2 from 7,664,468.58 kg/km2 in 2015. In
2036, yield increase at 7,666.43 Ton/km? and 26,720 km? of cultivation's area. Then,
evaluate the sugarcane’s productivity which can calculate bagasse ash and CO,
mitigation values after bagasse ash utilizing. According to assumption, ash 1 ton
substitute clinker 1 ton. Let cane change to ash at 0.62% from cane weight and CO,

emission value at 0.825 tco,/tq; show below.



Table 2 Evaluating result of Bagasse ash

Year Ash Cco,
[Million ton] [toncos]

2015 0.81

2016 0.86 0.67
2017 0.90 0.71
2018 0.94 0.74
2019 0.98 0.77
2020 1.02 0.81
2021 1.06 0.84
2022 1.10 0.88
2023 1.15 0.91
2024 1.19 0.94
2025 1.23 0.98
2026 1.27 1.01
2027 1.27 1.05
2028 1.27 1.05
2029 1.27 1.05
2030 1.27 1.05
2031 1.27 1.05
2032 1.27 1.05
2033 1.27 1.05
2034 1.27 1.05
2035 1.27 1.05
2036 1.27 1.05

From table 2, show the result after evaluation ash and amount of CO, in the

future during 2015 — 2036 which conform to volume of productivity growth up

according to the predictive of factors.

190
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Second part is palm oil fuel ash from palm productivity. Using Ministry of
Agriculture and Cooperative’s data and draft of strategic plan of palm and palm oil
during 2015 - 2026 evaluate palm oil fuel ash in the future. There are two main
factors that affect to generate palm oil fuel ash which are cultivation’s area and
yield. The contributing factors determine the increasing or decreasing of yield which
consisted of agriculture technology development and weather. Can be evaluated the
productivity of palm according to equation below.

PP = AxY (4)

Where

PP = Productivity of Palm

A = Cultivation’s area (km?)

Y = Yield (ton/km?)

The data contribute above and after 2026 which were used to penetrate the
increasing rate of yield constant at 31.25 ton/km? from 1,770.23 ton/km? in 2015. In
2036, yield increase at 2,500 ton/km? and 12,000 km? of cultivation's area. Then,
evaluate the sugarcane’s productivity which can calculate bagasse ash and CO2
mitigation values after bagasse ash utilizing. According to assumption, ash 1 ton
substitute clinker 1 ton. Let cane change to ash at 2.43% from cane weight and CO,

emission value at 0.825 tco,/tq; show below.



Table 3 Evaluating result of Palm QOil Fuel ash

Year Ash Cco,

[Million ton] [tcool
2015 0.33 0.27
2016 0.35 0.27
2017 0.38 0.29
2018 0.40 0.31
2019 0.43 0.33
2020 0.46 0.35
2021 0.49 0.38
2022 0.51 0.40
2023 0.54 0.42
2024 0.57 0.45
2025 0.61 0.47
2026 0.64 0.50
2027 0.65 0.53
2028 0.66 0.54
2029 0.67 0.55
2030 0.68 0.56
2031 0.69 0.57
2032 0.70 0.58
2033 0.72 0.59
2034 0.73 0.60
2035 0.74 0.61
2036 0.75 0.62

From table 3 shows the result after evaluation ash and amount of CO, in the
future during 2015 - 2036 which conform to volume of productivity gsrowth up

according predictive of factors.
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Allin all, both of them conform to volume of productivity growth up according to

main factors.

The Final scenario is Zoning (ZON Scenario).

From the assumption of condition ash price, transportation rate and demand
accounted for proportion from the lab at 20% [12,13]. The price and transportation
rate account from equivalent price and transportation of Fly ash. Which nowadays
biomass ash (bagasse ash and palm oil fuel ash) no data because of it is a by-product
from industry (waste) from agricultural industry.

Forecasting fly ash price at 270 Baht per Ton and transportation rate at 6 Baht per
km following the higher demand and price combine with clinker production capacity
of cement plant is analyzed the biomass ash potential for clinker substitution.

For optimum distance between cement plant and material source account at 788.33
km. Although, in this case biomass plant can specify but ash generation depends on
the productivity. Hence, optimum distance is used in form radius.

Lastly, the case study from laboratory result about biomass ash qualification and
proportion is utilized with clinker for cement production at the optimality point. So,
the optimum point for clinker substitution uses [12] the upper bound selection at

20% of biomass ash per 80% of clinker for technical recommendation [14,15].
Result

The Forecasting Volume of Carbon Dioxide Emissions.

A result of clinker forecasting equation directed variation with value of GDP, trend of
CO, increases continuous. In 2036, CO, will emit at 48.76 M Toncg, from clinker
production about 58.01 M Ton that represents an average growth rate of 1.52% per

year.



194

Evaluation Biomass ash potential

In 2036, the biomass ash potential, used clinker substitution about 2.02 Mt which can
reduce the volume of CO, about 1.67 Mtcg,. If average over 20 years (period 2015 -

2036), the biomass ash potential is about 0.16% per year.

CO, Mitigated by Biomass Ash During 2015 -2036
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Fig.2 The evaluation of CO, result from BAU scenarios and FULL scenario including technical

recommendation between 2015-2036

From the result of BAU scenario, the volume of CO, forecasting from clinker
production is 47.85 Mtcq, in year 2036.

From the result of FULL scenario, the volume of CO, is 47.09 Mtco, from the
utilized biomass ash about 2.02 Mt, and CO, mitigation at 1.67 Mtco, accounted for
3.49% of BAU scenario.

Furthermore, considering the technical recommended data for the clinker
substitution proportion 20: 80; thus, the CO, emissions could mitigate in 2036 about
38.29 Mtco, from the 9.57 Mt of biomass ash utilized, shows in figure 3.

For the result of ZON Scenario, analysis found that it is covering every cultivated
areas but inadequate demand when compared with technical recommended as

shown in the graph below.
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Comparison of proportion between Clinker with
cement plant and Biomass ash production
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Fig.3 Comparison of proportion between clinker from Cement plant and biomass ash

production

From the graph, the proportion between clinker and biomass ash found that in first
column proportion of biomass ash from laboratory is at 20 % demand. In the column
second has reduced a number of cement plant which reached to 1 plant but remain
as proportion of biomass ash same the first column. Final column represent real
production to generate of ash from evaluated agriculture productivity. Although, the
clinker decreasing from the cement plant remains inadequate biomass when

comparison real biomass ash production. Hence, result of equal with FULL scenario.

Conclusion

After applying the Biomass Ash in Clinker Substitution technology in cement sector by
three scenarios for analysis, the volume of CO, emission from clinker production
process in 2036 is about 58.01 Mt. The result of BAU scenario is volume of CO, emission
about 47.85 Mtcg,. The FULL scenario uses biomass ash 2.02 Mt to mitigate CO, at
about 3.48% when comparing with BAU scenario. For the ZON scenario has result equal
the FULL scenario. Hence, biomass ash implement to conduct on cement sector can
be mitigated CO, at 1.67 Mtco, or accounted for 3% of clinker production emission in

2036.
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Biomass Fuel

Biomass Power plant

Bituminous

Blast furnace slug
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Bottom Ash

Calcination Reaction

Carbon Capture and Storage

Carbon Dioxide Emission
Cement grinding
Cement Mill

Cement Process

Cement Silo

China Clay

Clay

202

Y v = v v I~ % I a nl'd
LONNULAT 158 019N LU0 UAUNL
VUIAADUT N A ANBINULAT
UfsenatnAnlua e Tunssuiunisuds
Yuidla 1innnnsingAulasuauioundn
WasuanIn wse vasuuduiiomediiluy
SEPINNITNADUTIUAINUSDUINNATHN AT
Tusnenyiikssmuazanselinugiseniu

a v @ [ I3 6V
walulaganIukaginNAUNY
svaulnoanlas WumeluladgNviean
Usunaufnwansuaulaeanlanain
AsEUIUNSENLRBwWEY 3 3 welulad
Ao waluladinunauknlug waluladin

@ [ ¥ a v <
WUNaINIsn gl wazmaluladinuiu
pdINMsn bsilegltean@iau
nsUassieesuaulaoanlun

~ a a & '
NITUIUNTUAY LW BNA AU UTLLLAUTZNTIA 1)
PLDUATLUUR
NFTUIUNTHANYUTLUUA TNTTUIUNITWER
3 UU AB NSEUIUNISHARKUULTEN
ASEUIUNSHNAAWUUNULNA WAL
ATZUIUNITNANLUULTA
2 < = '
SUAUYUTLLUA
AUYNITU TUEDS AUININUTENBUMIBLSLA
Tedlud viSausenaaeslad (Halloysite) 1Tu
dlug
fundlen e Audadianudulani i

a <@ < 1 a
AMUATLDYN VUIRLIALENIN ALUATOU hIAU

=1 1 1 a aa d' I = d!

willen usnauerailluddinaidunin @9
UsENaUMBWHUIDWANUaY avaliudou
AUy 1:1 939 2:1 Issiavensslaway

veefalile Tvuslungueyniafumien



Cement Sustainability Initiative: CSI

Clinker Production

Clinker Substitution

Clinker

Crusher

Coal
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Coal Fired Power Plant

Concrete
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Corrective Materials

Direct Emission

Dry mortar

Dry Process

Emission Factor

Fly Ash
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Fuel Combustion

GHG Inventory

GHG Protocol

High Early Strength Portland Cement

Indirect Emission

Insoluble Residue

Kiln

Kiln Combustion

Kyoto Protocol
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Lignite

Lime Stone

Loss on Ignition: LOI

Low-heat Portland Cement

Marl
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Masonry

Mixed Cement

Modified Portland Cement

Mortar

Natural Gas
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Natural Pozzolan

Non-Kiln Combustion
Normalization

Nuclear Power Plant

Oil-well Cement

Ordinary Portland Cement

Oxy Fuel Combustion Technology

Palm Oil
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Palm Oil Fuel Ash

Power Development Plan: PDP

Post Combustion Technology

Pozzolan

Pre Combustion Technology

Pre-calcining
Precast Concrete
Pre-heater

Quarrying raw materials

Raw Meal
Raw Meal grinding
Raw Meal Homogenizing Silo

Raw Mill
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Reactor
Ready Mixed Concrete
Rotary Kiln

Semi-Dry Process
Shaft Kiln
Shale

Silica Fume

Simple Linear Regression Equation
Slurry Mill

Storage Yard

Sub-bituminous

Sugar-cane

Sulfate Resistance Portland Cement
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The Cement CO, and Energy protocol

Thermal and Electric Efficiency

TIS

Volcano Ash

VSD

VSPP

WBCSD

Wet Process

White Cement
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