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# # 5787566320 : MAJOR ENERGY TECHNOLOGY AND MANAGEMENT

KEYWORDS: ABATEMENT COST / CLINKER SUBSTITUTION / CEMENT
PREEYANUJ CHAEMSIRIWAT: GREENHOUSE GAS ABATEMENT COST OF
CLINKER SUBSTITUTE IN THAILAND CEMENT INDUSTRY. ADVISOR: WEERIN
WANGJIRANIRAN, Ph.D., 117 pp.

This research study the CO, abatement costs by using ash waste from
industrial as a clinker substitution in Thailand cement industry with consists of fly
ash, bagasse ash and palm oil fuel ash. The study is divided into three cases, First,
the case that in the current rates. Second, the case of trading and third in case higher

costs in the future

The analysis based on the theory of cost and benefit. Part of the cost is the
cost of ash combined with transportation rate. Part of the benefit is operating costs
resulting from a reduced quantity of clinker and assumption is the quantity of clinker

reduces to 1 ton is equal to 1 ton of ash used as a clinker substitution.

Result of the CO, abatement cost of all 3 cases, the ash has the lowest cost
is bagasse ash and fly ash. The ash has the highest cost is palm oil fuel ash. Result of
case 1 is -4596.30 THB/tco,, -3533.24 THB/tco, and -3265.21 THB/tco, respectively.
Result of case 2 is -4390.24 THB/tco, , -3533.24 THB/tco, and -3059.15 THB/tco,
respectively. Result of case 3 is -2944.17 THB/tcoy,-1311.81 THB/tco, and -408.75
THB/tco, respectively. The factors are most affected to the changes of CO,
abatement cost is transportation rate. The result from maximum distance analysis of
all three cases, Found that incase 1 and 2 the almost covers all route to transport.

But in case 3 some routes to transport have distances more than maximum distance

In summary, the using ash as a clinker substitute material in Thailand
cement industry is the low cost and effective approach. There should be a policy to
encourage the industrial standards for cement with each ash to build confidence
with the operators and consumers

Field of Study: Energy Technology and  Student's Signature

Management Advisor's Signature

Academic Year: 2015
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1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.6.6

Waeea1udiu (Fly ash or Pulverized fuel ash) e wonailgainnisidauiiudy

Woindslunisuanlninannlsslninauiu
a v L% d’j yd‘ 1 1 v

* lunuidvatuilagldtedein wWaoy

v v A Y av v £ ¥ < d’lj a
WNaREY LRy (Bagasse Fly Ash) Aie eilaainnsldvudesiduroimndslunis
waaliihanlselnihdnanselsanuanainnssuniinisndalui
* Tuuideatuilagltegein wWvussy

Y s B8 W . N Y alv v 1% ¢
WassUauLn (Palm Oil Fuel Fly Ash) @s wfilaainnistangateurauduy
Womadunisuaalnihanlsdlnihdimanislsanugaaimnssuniinisudnludi
* Tuuidsatullaglt@egein Wurauidy
suyunsaningaiiueulaeenlen (CO, abatement cost) A Auvusiavae
dusunisaniigaisveulaeenlenddunuideasafiazingzranniuinienisin

v Y & v & = 1 I3 ' =~ W s I3
Wnnldiduiagnaunuyuidae dniasduuimdeniisdunisuaulaoanlya
(THB/tcop)

sepgneilnanganldlunisvuds (Maximum  Distance) Aa szagnanildlunig
vudsilnaign dnuleiduilawwns (km) Negldvilidununisanfing
msueulaeanleniirmuinnitgud (AC > 0)
] U = a v 1Y 1 [ 1 1Y v A
wag s AlGluuddeazununie t lngazudseenidy 3 mhemeiufe
= U s s
- teop A FuANSUBULRBRN YA
A Y <
- tlnker D AUYULIA

tay AD HUVDIDWARTINA



UNa 2

av o d v
L@NENILLASITUIIININYIUDY

2.1 PMINARYUTLUUA

anamnssuyududilugaamnssuvuinivg wardududedendnluanamvnssy
nsreadie elulassnmanisieadessuuasianulnafiugiusesUssimauagnisasuly
g3fvedwnsuning ansenuagunsasygivgnamnssul 2558 uazwuildud 2559
YosdtinauATygiaazanamnssy aguladn udlud 2558 geavnssuyuduudasnada
a1 Faflaunmananmsvzassiamedasugia  vhlvuszneunsgsivedIuminduay
fuslaruzasnisamuas Wesanlsisulaluiesvgiavesuseme uduunlialud 2559 anin
ity Llesninulsuisnsgduisvgiavesniaiy 1u Tassnisnisvensidunienisiiu
solalih dsmavildiuivinauuadunmesoliihdinisamulugsiredomnTuning fudy
mszTMAuUTnadinanaziifemnimauludes uinnsdmurglussnaazan aaus
Tugunsdseenyuiundludssmadiouthutuunniufidtuy agunanudasssna
Suinsveneivenasugiastedeiiios Insnaanisdseensusiunivedine fe Weuins
09891 A ANy a1 Yerannauardulatide audiu [6] anwualialud 2559 wWiula
Gi'fm’iwﬂ%mmﬂ'ﬁmﬁmju%Lmﬁ%Lﬁmqﬂ%{ummmmé{mmiﬁma‘*ﬁu e fuUSuie

I3 ¢l | a = 13 N & v
asusulaeenlenignudssoeninainnssuIumMnanyudiuuiziiugauluae

fingansusulaeanlunngnuasueanunaziinlusenIanseuIun1THENYUT AT

v A

ANWULNIIUITNTNAR 3 NTSUATMIENU A

1. nssuisn1swdsnuuilen (Wet Process)
2. NFIUIDNITHAAUUUNIWAINTDUUULINLIA (Semi-Dry Process) uag
3. NTTUTBNITHAAWUULIAS (Dry Process)
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a

SulaenisuringAvwsasyialdasiuluteyu Wudniedeingdu (wash mil) uaa

a a

ddlufmifaun (ball mill) WeimpAugnuaaziBeniudazluiiedoinsemeuadnil aziden
THldasiluduniesnsesasden duinoruliaunsainuaieansemeld asgndsndu
lumifoundneds  wanidletmgiuiueiesnsesandoaudrazgnandly  iuluduf
(slurry storage  tank)  @saznaunanlUaunindrunanunandnfulgs  mudeanis
voavarlutonusgiidnuagAeuinsiuadrethlaaudondt thawud (slurry) Ssfivhnauog
Uszana¥esay 30 - 50 AuadeaTshduifinTosie ArnsEULIA 170 W (mesh)

'
a1 =

eildiniiAgeguunzunsy (residue on mesh) liiiiufesay 2 Taemilululssursdduiu

[%
o

i (storage tanks) udnuinn e duudfiiulithedesmusgrasananiie
lallimnmznou Giamﬂﬁ'uﬁw%muﬁ%gﬂﬁﬂﬂé’qLﬂ%laq{lau (slurry feeder) ifieidnanan
(rotary kiln) Mesuuy dnvagvaaamndunivuiaingiiduiigudnanssanm 15 We
(4.5 wns)e1IUseaas 500 We (150 wns) Ameueniielanskan aelungmedng- nulu
3 du Aetuuengadudguns dunanafiudgauiu (insulating bricks) Hulugn Hudgmulsl
(fire clay bricks) WlENTudIz g ludnvuraIABEwMAsyUBENT) 9 57 Useau 3 - 5
soustounil \Wawndsiildenaasduttuen dufiu vieuRadld Wodduudgndadrduien
yaduuuiasedougdiudenniognei 4 Fwumsiuarwdou lussezusntily
drunanazgnldesn seunansueulaeenlen (CO,) avgnlasenly uagdiunauagyUizen
manilliFes 9 audsdiuii¥eunignvoan (sintering zone) gaumafiuseaas 1,000 - 1,500
pweaLla dunaazduiudufoudvnaduriigudnarsszann 1/8 - 14 (0.3 - 2.5
ufng) Sondudinyu (clinker) Fudiayuiiazaos 9 indoudngdudswonmingsinuns
yilidusnensld auh (cooler) aunseiaiigumyiivszanal 65eswaidoa Winuazgn
vduanauiududu Tngldgudulssanndesay 3-6 delusminufAzeadl (retarder)
Trduwuiudsiraufioasmnlunislion nmsuayudaduusduduaglivsoun (ball mill
vio cement mil) TnsssyuiiunaziBenudiazgnuenlagltindosenuunadiean  (air
separator) a"suﬁLﬂmﬁmimyjﬁaé’wmua&J%Qﬂdaﬂé’ﬂﬂé’wﬁam%ﬂﬂ% Fuud
unnzBonudaziiun urigudnans 1 - 80 Tulasums (0.00039 — 0.00032 i) Tneay

A1U13ANTOIIU ATINTIVUIA 200 Ly wandnhluussglugenseanusialy [7]
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o

NFEUIUNITHER Ao AuYu (Limestone) @tlaannisseidaiuainguuiiiudu dananuun

[

a A A a

TneLA509808 (Crusher) WalAWMLNEAUNUNTLUIUNNSHARTURDLU d1udinnfAudu Ao AuAIY

q

(Shale) wagimgAuUSuusanaand® (Corrective Materials) dmsuingAuis1unITEoeLa?

= Y a

srgnihniulinneafiuingdu (Storage Yard) anuudsandesldmilouningiu (Raw
Mil) siely

a o

WHINEIUNTZUIUNITUALED FedeimgRudnsaludadamauingAudnsa (Raw Meal

a o

Homogenizing  Silo) LﬁaLﬁuLLa:ﬁwamﬁfmqmumﬁﬂﬁﬁmﬁaﬁmﬁ’u neudslumnlungdeiun
LUUMLY (Rotary Kiln) nsguaunsikitasusnifu gaifiuannuiou (Preheater) azdoes L
arufouliiuiianivdnse  uwidvingavdsalumnlundonn  fedgumpiiiugeduauds
Uszanad 1,200 - 1,400 asfwaldea awinuisemnisainiueasiu amsluﬁqmﬂmalﬂugu
i (Clinker) Mndufesrlsiyusinbuas uwdsdidesudalufuliiguiudiosonsun

Yudiasoly diedudauasiuiuuduagliyuduwudnizenit Yesauausdwud (Portland
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Cement) wazilodudamnuamuiududulasarsidosdus wu Hunsie layuTiuudi

15031 Yurau ( Mixed Cement ) [8],[9]
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] ¥
S a

Ui UMz B

A a Yo o a aaa ~ | '
Lll@fﬁu&laﬂJT@ﬂuu%LNumﬂﬂiUﬂqqﬂJiﬂiﬂ:usﬂmgLN']"USLﬂ@ﬂgﬂiﬂqmqﬂLﬂil 3 YN IMQJJ 9

faile
1. $amssemeoai
Arududulmgargniveenandrunauvesyudiang figungiigandt 100 s
wadvaidnten dauilulassaiwesiuarssimeesnlufignmgddud 500 esmueaidea
Faily
2. FRMIUANAIVBIAIIATSUBLUA (carbonate)

Ieunwanfiuu (CaCos ) axunnsigamgivszana 900 ssmiwaiea dauman
wuNTFBUAITUDLUA (magnesium carbonate, MgCOs ) %L%NLLG]ﬂ(?hﬁQﬂmgﬁUismm 800
~ 900 BIALTALTYE

3. FunsswivesiuyulazansUseneuduiuianuazesgiu

asnANvRsTIUAazTU RS es s fufigaumaliuszanal 1,100 - 1,500 o
wadea Wuyuidin(Clinker) Tnafosruaulsiyuiinogfiguvgll 1,300 - 1,500 esmm
wadea Uszunas 20wt iileliliidinyuiRnnismasuunniiuly Ssazauasliiinsvasy

1 IS

ies¥oras 20 - 30 TuvazmingAvdadudiunauvesdiuudazldansusznouiiugiuves

[

FLuug (cement compounds) ANANAITLATAIL

900 °C

CaCO, ————*Ca0+CO0,

1,000 - 1,200 °C
CaD—*(C,$+C,A + CAF

A0, Si0,, Fe,0,

1,200 - 1,400 °C
C,8+Ca0 *C.S

Yudindldannisunaggniniidudiegesiasuieliaudfivesarsuseneu fiugiu

Y

gj IS g = (% dy v 1
4 4 Januasin Jeansusenauvanilaun
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1. G55 (tricalcium silicate %38 alite %58 3CaO . SO, ) HautRfsliuswnnse %
a Ao w o aaa [ %)’ Y o 14 al

Aoun3ndiatluszesusn (early age) wsizvitujisenduinlasvinlinaunis
a < v g < A X g v ~ |
A AuLdsselasnagANLlussasinTudntesiisnainiuly

2. C,S (dicalcium silicate %38 belite 38 2Ca0 . SiO, ) HauUAnslriswwnnse
Tiraunsadimawwdanstulussaznds (later age) ins1gviufAsenduinladania

I aaa A o o § v a a & v A v I o

watlujise el aneviibinouniainauudaustlafebinamiuludnszes

3. CA (tricalcium aluminate %38 celite %39 3Ca0 . ALO; ) HautfAnalionay AU
diinnsnedilinung (flash set) laganunsaviujasenduiilamsunneunsnile
= 3 ° & ° aaa o o 9 Y] |
1 ANUUTWTIN wanIINT GA anunsaviisenduimeialamszgninniou
lalae daun wAlaRAeYIBLTIORIINTILTIOR IS ETLINTBY CsS

4. C,AF (tetracalcium ferro aluminate #3® felite %38 4CaO . ALO; . Fe,05 ) &

falal

wa A o ¥ = ¥ 1 % 1 U Y 1 1
ﬁMUWﬂ@WWIﬁuU%LNU@MﬂL‘U@JLLﬁ%Wum@ﬂﬂiﬂ@ﬂi@Uﬂ@ﬂ"?}aLWG]VLG]WFI’J’] GA i

ﬂ’J’]iJLL%QLLNﬁE]EJ@J’]ﬂ

wannUnseTudduinAuudasevieladidase (free  lme) AauAaLdyY
panleafiiaeanufizenlunisin Mellinsizliveaousenlanludiunauuiniiull w3
a a

= ¢ o aaa 1 = 1 ¢ = < a a
waadeueenledviufizenlivuaiiesannsnlianysel Faluyudaunfasd Auyudasy

UszunaSesay 1.0

fegasUsznaunaiivesyude

Sio, Seway 22.00 SO, Seway  0.41
ALO; Seway  5.30 CsS Souay  65.35
Fe,O; Jeuay  3.00 C,S Soway  17.64
CaO Jeuar  66.00 CA Seuay  8.97
MgO Jowar  0.90 C,AF Soway  9.12

Yudlafiliasgndsinudilunanduivdusasyurninudoun wiivesduduuasyuy

o

A 1 aaa = ) . = & v a
YfeniUATeduuadu (cementation) vzt uBuudluTugunazanduyun1suan
Tneyuidinusazylinaziidiunanvasyuidavazdudusiisiududu Judwudlosauaud

535UA192ATNTIEIUNTHANTEWINS Yudle : BUEN Useanau 95 ¢ 5 AwawiBunussana

1 IS (3 a o !

a U U 2 1
3,300 ANS1EURALLATADNTU (cm” /g) ATUYUTBUUANANILI DRTIEIUNANITENIN ‘lemﬁﬂ :

Y
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Wy U Ussanal 69.5: 27.5: 3.0 AMUALLRYA Uz 3,800 M1S19LURLUATHBNSY

1 1 < a

wazyuBuudvasauauniinusigaiasiisnsndiunisnansening Yude : GUdy Yseanu
94 : 6 ANUALLBYAYTELIA 4,700 ANS1LTURLUATABINSY Fennpudududseiiuluaziin
AsnesraunfLsaunAuluay  ansetealeltay wagnsiudusuludnsdIud

WeoNEAzYILAIUANNSNEmI liuenIntazy g liliauul s egeTy

a

PN a Y1 aa 1 1 £ = ' L% a
ﬂ']iV]GUB‘Wﬁ]'ﬁflﬁlﬂ’J’]ﬂSiﬂJ’Jﬁﬂ’]iLN’]LUUI‘U@EJ’NQﬂ@]EJ\‘i%i@ISJ TFRasananduay

aAa o a v 0

] & Ay Y v & = A & o
EU?WQ?J@\‘]L@JWIJJU ﬂa'nﬂaﬂ']LN']VLWQﬂG]ENLN@TJTJQ%N?‘@']UULSUEJ'J LUBLYURNIVEH AaNWEUSUULLTTD

1 L

mdugn 9 dinyuieulvgasfivwimduingudnasuszann 1 97 (2.5 wufiuns) indu

Y
< o Mys aad 4 S & ! & o a - va v
dinyuindasnlallenaeiiimihanaviedidgmialungeu q ldidu fumilouimnlanug diu
YudiawAunefazddiiaauiuududann nswiuneduenainazyililayudiaid

(%

dadruvesiuyuituaidineliiianisaudendemdwaziiudlddnglunisuauindu

wzyudafieniunefzdinnuudaineinunnisua [7]

Uszinalnednunlundayuduudndne 5 eanszangluiundewielll Jwing1ung

FJminuAsadssa Jainaseys Jminmesys wardminuasAlsssusy Ay

O‘SCG USEN 19add Bluus - wanrurinedsv vNA

SOG Cement ~ Buiding Materls Co.Ltd

g_ | B & USEn Yuduusiunsnado 91in (unisu)
oy"s Sam City Coment Public Company Limited

usdn fidle Twau $1da (Unbu)
TPI Pokene Public Company Limited

uB¥n Yudwusiaidiy 91ia (uwaw)

Campany Limied

UBHN paUstvIUEIUG 9R (uvIEw)
Jalaprathan Cement

.

usén pilolneBiuus $1ia

& / Thai Pride Cement Co.Lxd

// us6n wiling (Us:inAlne) s1ia
CEMEX  Cemex (Thatand) Co.uid

SUT 4 UauiiuanausiIasiuiindn I suanty uaisne

(07 : aN19AFMNTIUY TG [Ne)
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2.2 fingansuaulasanleaniinluanavinssuyudiuua

Tul a6 2000 lasinisUsedliunisuaeefiesounszanainningnannssuvaslan
LazNUsEmMARngY AmgilevasnmensINn1sIEineiFUIaiTisn1sUAsuLdasanin
Qﬁa’lmﬂ %39 Intergovernmental Panel on Climate Change (IPCC) Wuan NMAYAAINNTIU
finsudesfmFeunszangeiefonas 21 vesmansuantiun gpamnssuiiinsUdosfing
Sou nsvangadu 5 Suduusn laun enavnssuaiiuazlinsaiifosaz 23), gnannssy
FundFesay 18), guamnssumanuazivanndy (Fevay 15), anamnssulangdilildiman
(Fovar 7) wazgpavnIsNNINAALATEadnT (Fowas 5) Figuil 5 wagainmsUsuiiiunns
Uaogisaunszanianzn1ndugnavnssuyudiuud asnsaudsdnadiudsunnisudey
finm3eunszansanlalu 3 dauseiufe 9nnszUIUNISNER 52% nn1sIlnl 43%

wazanmsldausousazlni 5% [1] AssUR 6 Tudumeuniswlndiasnszuiunsudn

=

tudrunisdoielildudiduda nnamnsoanasuSuayudafildld Yuidaiiniu

v a A v ! vey a PN ' £ Y
ﬂi%‘U'J‘Uﬂ'ﬁLNWIV@JﬂQSNﬂiiﬂmuaﬁlaﬂ a\‘masmmsdl,iaumwﬂwgﬂﬂaaElaaﬂmuaaa\‘ﬂ,ﬂmEJ

Electricity &

Food &Toba(m 5% | Heat (CO,) 35%
N Paper, Pulp
& Printing

Sources & Notes: CAIT, IEA, 2004a, Hendriks, 1999, See Appendix 2.A for sources and Appendix 2.8 for sector definition.
Absolute emissions in this sectot, esti d here for 2000, are 8,856 MtCO,.

JUN 5 dnaaunIsUaeeviseunsyanaInnInenaInss

Y

W17 : 1A59n7150715911350715Us2sduR 1105 UARYaUs 11 IUN 1T UARE 1915 aUN T2 9N

9NFIMNTIU TENINYTHUNANHAL A Az UseinAn18991)
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Rest of Industry
GHGs 82%

Sources & Notes: CAIT, IEA, 2004a. See Appendix 2.A for sources and Appendix 2.8
for subsector definition. Absolute emissions in this subsector, estimated here for 2000,
are 1588 MtCO,.

U 6 dnaaunisUaeeinisounseanaINenaInTIUNanTILIG
7 : 1a59n71507159I41350715Usesdun 1105 UARvaUs I lun 1T U 1915 9UN T2 9N 970
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Abatement cost CCS retrofit
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( ﬁi/? : McKinsey & Company,Pathways to a Low-Carbon Economy, 2009.)
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AuuTINYeLn(Total Cost of Ash : TC) eusznauluig s1AndlassIAIAILEIRIN
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A = éfw;ul,aasﬁ?&mm (Annuity of investment) %138 THB/year
TC = suvusIuvada (Total Cost of Ash) vitiag THB/year
OC = fuvuM AU (Operating Cost) 138 THB/year
Q = Ysuigesuoulneenleniianas Quantity of CO, mitigation
Vﬁijﬂ tcoz/year
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3.1.1.2 #unuiafeeeIn (Annuity of investment)

A= |i+{1—#}
@+i"

ledl A = Auyuedes1893In (Annuity of investment) Mg THB/year
| = Juasmu (Investment) wiig THB
i = 9n31ARan (Discount Rates) e %/year

N = m&lqﬂ’lﬂ“?fmwumqﬂﬂiaj (Economic life of equipment) %138 year

' ) a P ao o & A Y] i
Tudruwednsdnanldluauideassd InedAulnaunIsaIuas

WACC + X

Taofl  WACC = duyumansiiuladevesiumu (Weight Average Cost of Capital)
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3.1.1.3 AUUNISALLUNU (Operating Cost)
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3.1.1.4 fuvuIINVauiT (Total Cost of Ash)
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TC=NT*C

% %4 1

gl TC = AUNUTINVBLIUAaziia (Total Cost of Ash) e THB/year
NT = 91urunsvudsaisiazytingat (Number of Transportation per year)
Y trip/year

C = funuveainreifiean1svuds (Ash Cost per trip) viiag THB/trip

AUNFIUATIZUIITIUIUNTVUALE A Az I Rn L as AT U1 UILAeIN1SIUdIs T

a;

NT = —-———
30t /trip

e NT = 31uunsvudLiusazsiafndusiuiuieinad
(Number of Transportation per year) w2 trip/year

g = U'%mmsumgw,ﬁmﬁa@aq (Quantity of clinker save by abatement option)

WU tepe/yeRr

30 tag/trip = USHnasanianunsaussvnlaseliien

aumMsIATzimAuUeINsIuduiwiazelnAnduiunusefieansuuds

C = (AP, + (T *D,))*30t,, /trip

Tagil  C = fuyuvoaiAndusiofisanisvuds (Ash Cost per trip) wiae THB/trip
AP = s1apaausiazuiln (Ash Price) #iae THB/ tag,
T = dnv1Auds (Transportation Rate) #1i38) THB/tag/km
D = szaznafildlunisvudadusaziia (Distance of Transportation) 1t km

30 tag/trip = USHnananianunsaussynlaseien

¥ 1% % 1 | e v @ ¥ av v =3 v a
ToyavesnAniwardnsiAvudldludeyanlaanmaiudeyaiinlsmanlnih

waglssnuyuduud dadudoyalul w.a.2558
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3.1.1.5 Usunafnwansuaulasenlesiianas (Quantity of mitigated
CO,)

Q=) q,EF
i

Tefi Q = Unafeensueulaeenlesiianas (Quantity of mitigated CO,)
WU teoy/year

g = ‘U%ﬁ,ﬂmﬁuaﬂﬂumﬁmﬁa@m (Quantity of clinker save by abatement option)

el teinke/YeEQN

o

EF = duuszdvianisuaesfinuiounszanvesyuda (Emissions Factor)
MUY teor/tetnker
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3.) Simple Output Method (B1) — Standard Calcination EF
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4.1 namsAasendunuieniiegnisaaineaisuaulaeenlyn

4.1.1 dununisaafingarsuaulasanlud

4.1.1.1 N8N 1 ATITHNTIANEIBALTATIAIVUEIVDWAING 3 ¥ia 1 TuAD

Tudagtu(n.a. 2558)

M137 8 Funugeniensaniivmsuaulneanlerveinsali 1

nsdif 1
TazBA e . dhe | dddy
LNaoY Y -
298 UIUY

funulRdesnen (A) MTHB/Year 0 0 0

USRI (OC) MTHB/year 13,145.0 5,185.0 2,765.0

unuIvaudsiatl (TC) MTHB/year | 5,481.66 | 1,252.75| 1,275.33

N TIUELARU (NT) trip/year 87,633.33 | 34,566.67 | 18,433.33

FunuvesdsieLiien

THB/trip 62,552.22 | 36,241.70 | 69,186.29

(AC * 30 tuq/trip)

AUNUYDLAT (AC)=AP+HT*D) | THB/trip 2,085.07 | 1,208.06 | 2,306.21
IR (AP) THB/ton 170 0 0
sveildlunisauds (D) km 607.96 383.51 732.13
gnsAvuEs (T) THB/taq/km 3.15 3.15 3.15

Y3 CO, fianas (Q) Mtcop/year 2.17 0.86 0.46

USinamesyuiliniianas (q) | Migyes/year 2.63 1.04 0.553

Suszansnisuassimiou

) 0.825 0.825 0.825
nIzganUeIYuLn (EF) teoo/tetinker

UNUABYUIEN158ACO, (AC) | THB/tco; -3533.24 | -4596.30 | -3265.21

NAINNNTIATIZANUI WISIANVDUE1ABELIBIUDDYLALLANUIANUNT UL AN UL

Y

LARUYUAEMUIETBINTanITA1SUBULARE YA LA IA1RRAaUNINNA B9nUNguualItiu

mnaunusenilenisaningaiueulaeenledilde enuniditeunitaud (AC < 0) wandin
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wuanenisaningatfveulaeanleaninay duszlevidiintuuinnitdunuildlunis
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M759991 9 AuyusianIenIsanIvAITUeulneanlydveInsall 2

nsdifi 2
3NYALLBYA AVl 3 YU RGN
1189Y Y ¥ .
298 UUU

funulafesnedn (A) MTHB/Year 0 0 0

"uv!umiei"uﬁumu (00O MTHB/year 13,145.00 5,185.00 2,765.00

unuIvaudsial (TC) MTHB/year | 5,481.66 | 1,429.04 | 1,369.34

PUIUNITUALD WU (NT) trip/year 87,633.33 | 34,566.67 | 18,433.33

Funureaieiien

THB/trip 62,552.22 | 41,341.70 | 74,286.29

(AC * 30 tpq/trip)

AUNUYDLN (AQ=AP+T*D) | THB/trip 2,085.07 | 1,378.06 | 2,476.21
$1A1L01 (AP) THB/ton 170 170 170
szezilalunsuuds (D) km 607.96 383.51 732.13
gnsA1ugs (T) THB/tpgr/km 3.15 3.15 3.15

U3uneu CO, fianas (Q) Mtcop/year 2.17 0.86 0.46

Usnawenusindianas (q) Mtcimeryear 2.629 1.037 0.553

SuUsvavsmsvdesinmiseu

) teop/tlnker 0.825 0.825 0.825
nIzanuesyuilna (EF)

AuNUAaNIENITANCO, (AC) | THB/tco, -3533.24 | -4390.24 | -3059.15

[
Y

NANTSATINAINATAN 2 wandliiiuI wian9ie 3 inazilsiAkazdns1AIvuEs

WinAULED AunuRsiievenisanineasusulaoenlendall

v a1

a A A
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(AC < 0) 4an9IhUINAINA1 HUseleviinduanndduyunldlunisaniivam villy

AosnIsNsaIuRsen satuayuausunuiiiy felaindusuimenduadoziinisiy

TudurednsAvudaarsIAa LA a1

¢l &

4.1.3 WAIILHNDAIIA

1vudearsinvaadive 3 yilalAgeulusuian

& 1% va X 1 a o
a1aluranINUTINUAURRINsTENgUuLasAntananlEy

#1999 10 dunueiignIsanivaIsveulneanlvdveinsili 3

[

QUERTIVERG N,

nseiN 3
gaziden Vel . Wiy | ddnau
inaoy , y
998 WY

funulafesnedn (A) MTHB/Year 0 0 0

unUN1ALTiue (OC) MTHB/year | 13,145.00 | 5,185.00 | 2,765.00

AunuIvaLisal (TC) MTHB/year | 10,299.79 | 2,666.19 | 2,578.52

UM IVLELaeal (NT) trip/year 87,633.33 | 34,566.67 | 18,433.33

Funuvanideiien

! THB/trip 117,532.80 | 77,131.80 | 139,883.40

(AC * 30 tpq/trip)

AUNUTDNIN (AQ=APHT*D) | THB/trip 3917.76 | 2571.06 | 4,662.78
596 (AP) THB/ton 270 270 270
searildlunisuuds (D) km 607.96 383.51 732.13
gnIIAUUES (T) THB/taqn/km 6 6 6

Usuau CO, fianas (Q) Mtco,/year 2.17 0.86 0.46

U%mm%qgmﬁmﬁamad (a) Mtcinker/yeQr 2.629 1.037 0.553

dulsrAninisudesfinudey

) teop/tetmer 0.825 0.825 0.825
nzanvoIyuLin (EF)

UNUAaNIENITANCO, (AC) | THB/tco; -1311.81 | -2944.17 |  -408.75
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4.2 Msaeianugaulnvasladendmansenudedunusevitanisaniing

I3 I3
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4.2.1 nsAmsgianugaulnivasdadendwadadounusamitanisan CO,
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4.2.2 nsAlasginnugaulnvasdadendwadiafounusevitanisan CO,
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4.3 Msareszeznenlnanganltlunisvudadudazviia

4.3.1 sTezNanmNIzaun iy lunisvudaawiazsiagnsunsan 1
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lnensiaseimssegmeiiinanaaldlunisvudadudazaiin 6198smutayaly

nsalfl 1 agldgmsifedtuiumsiinsgimaunusemienisanieaisveulaeenlen lagay

mvualisuuiendleliawiniugud Felanagnseail

m15097 11 segznnilnanganldlumsuaugugassidnamsunsali 1

nsen 1
3IUALLDYA Vel 3 Wy | dundu
LINaY . y .
908 Unglu

unusaniien1san CO, (AC) | THB/tco; 0 0 0

funulafesnedn (A) MTHB/Year 0 0 0

Aununisanduau (00) MTHB/year | 13,145.00 | 5,185.00 | 2,765.00

unusInvaudsat (TC) MTHB/year | 5,481.66 | 1,252.75| 1,275.33

Puumsvudnnmel (NT) trip/year 87,633.33 | 34,566.67 | 18,433.33

51A767 (AP) THB/tach 170 0 0

8R51A1YUAS (T) THB/tag/km 3.15 3.15 3.15

U3unau CO, fianas (Q) Mtcop/year 2.17 0.86 0.46

ﬂ‘%mmﬁuamjmﬁmﬁamm (9 Mtcinker/year 2.63 1.04 0.553
Fulszavsnisudesinuden

“ teoo/Tctinker 0.825 0.825 0.825

NIzAINTOIYULLA (EF)
szezilnadigaiildlunisvuds (D) | km 1533.33 | 1587.30 | 1587.30

INNANITIATITRLUAI1RIULAI szezsnsvudsTilnafidavesduduiie

JEUENNADULININ HNoUIrATEUARUYNAUNISTLElUuN1sYUEs N vtinladliseaeniad

Talun1svudsasaniunIszeen1an1alunise Iﬁqmuyju%muﬁﬁmmmLﬁaﬂ%“u%l,ﬁ’mﬂ
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4.3.2 szggmsiinanganldlunisvudadudazstindmiunsain 2

lngmsinseimszeenaiilinangaldlunisuuduiudagyiin 9198anudeyaly
AT 2 ABNONIIANVURILALIIANVBWAINE 3 BHA TAINAY DIBINIUTIANIADYNLNTS

[

ﬁgj U U 1Y U [ dil
goueiulutagiu lanadwsdall

m15N7 12 svgznnilnanganldlunsyuaugugasyilnamsunsali 2

n3ei 2
YazIDYn Vel . Wy | dunay
oy , y
dag Wy

Aunusiaviaanisan CO, (AC) THB/tco 0 0 0

funulafesnedn (A) MTHB/Year 0 0 0

MU (OC) MTHB/year | 13,145.00 | 5,185.00 | 2,765.00

unuIvaudsiat (TC) MTHB/year | 5,481.66 | 1,429.04 | 1,369.34

JnunsvudLdset (NT) trip/year 87,633.33 | 34,566.67 | 18,433.33

IR (AP) THB/t s 170 170 170

gns1Auds (T) THB/tagn/km 3.15 3.15 3.15

U3anas CO, fianas (Q) Mtco,/year 2.17 0.86 0.46

ﬂ‘%mmﬁuamjmﬁmﬁamm () Mtcinker/year 2.629 1.037 0.553
fuuszAvsnisUdesfudou

) teop/tetoer 0.825 0.825 0.825

nzanvoIyuLin (EF)
szuziilnaiigaiildlunisuuds () | km 153333 | 153333 | 1533.33

Nndeyalunsiiil 2 danTesgimssegnaninangantdlunisvuds wuin

o oA Y Y N a = P a ]
srggaiand e tndifeadunsdii 1 Fawnulzaseumaunduniaseildlunisuuds
mnidumslanfszeznafunitsseenaiilnanganldlunisvuds lsanuyudwudiaunse

Wandarannsazudaanlssnuluiuitnadesle
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lngmsiinsgimszegnailnaigaldlunisvuduiusdazyiln 9198anudeyaly

AN 3 ANONTIANVUALAZIIANVENAING 3 vDe Tedudulusuien LHes1nsIAn

P L 2
WAl uNSYUA LAY

m1507 13 svgznnilnanganldlumsyuaugugasyilnamsunsali 3

nsei 3
FIUALLDYN Vel } vy | dundy
oy , y
dag Wy

Aunusiaviaanisan CO, (AC) THB/tco 0 0 0

funulafesnedn (A) MTHB/Year 0 0 0

MU (OC) MTHB/year | 13,145.00 | 5,185.00 | 2,765.00

unuIvaudsiat (TC) MTHB/year | 10,299.79 | 2,666.19 | 2,578.52

JnunsvudLdset (NT) trip/year 87,633.33 | 34,566.67 | 18,433.33

IR (AP) THB/t s 270 270 270

gns1Auds (T) THB/tag/km 6 6 6

U3anas CO, fianas (Q) Mtco,/year 2.17 0.86 0.46

ﬂ‘%mmﬁuamjmﬁmﬁamm () Mtcinker/year 2.629 1.037 0.553
fuuszAvsnisUdesfudou

. teop/tetoer 0.825 0.825 0.825

nzanvoIyuLin (EF)
szezilnaigaldlunisvuds (D) | km 788.33 | 78833 | 788.33

[y

[ 6 a" a{' al' 1 g" a‘a{' dy < 7R} 1 1 I3
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1 a a P ! . . =3 ! v Y !
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Abstract

This research study about CO, mitigation cost by using fly ash as a clinker
substitute in Thailand cement industry measure. And also present the sensitivity
analysis about the factors that affect the abatement cost. The proportion of quantity to
use fly ash as a clinker is equal to 1 : 1 ton. The quantity of CO, emission equivalent
to 0.825 toncp/tonnec;i. Use the information in year 2015 to analyze, such as the
exchange rate, fly ash price and freight rate. And use average distance of fly ash
transportation from the power plant to cement plant to calculate. From the
information, the approach to reduce CO, by this method is without additional
investment. Because fly ash is small it can be mixed with clinker before grinding
process of the original process. The CO, mitigation unit cost of this method is equal to
-106.16 USD/tonco,, which is regarded as a worthwhile investment. The factor is the
most affect to mitigation unit cost is transportation rates. The transportation current
rate is 0.092 USD/ton/km but if it increases, the abatement cost will also increase
accordingly. Moreover we also calculate the optimum distance to decide on the
purchase of fly ash from each of power plant.

1. Introduction

From the measure to reduce quantity of CO, by using fly ash as a clinker
substitute in Thailand cement industry following information of the Thailand Power
Development Plan 2015 (PDP2015) to increase coal power generation by clean coal
technology. Thus, the amount of fly ash increases [1]. But we can bring fly ash to use
as a clinker substitute material in cement industry to reduce CO;, emission from
cement production process, which cause a lot of CO, and other greenhouse gas. The
information from research in Thailand found that fly ash has potential can use as a
clinker substitute material.

From the research in the country and international about mitigation cost per unit
of CO, reduction of Thailand. Such as the international research about The CO;
Abatement Cost Curve (ACC) for the Thailand cement industry (Ali Hasanbeigi et al.,
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2010). In the form of a graph comparing cost of different technology with the
potential to reduce CO, of 41 technology. Using the bottom-up CO, ACC model and
15 wyear scenario period (2010-2025), the CO, reduction equal to 3095
ktonnesCO,/year. And conducted a sensitivity analysis for the discount rate parameter
[2]. The research study about the cost of reducing CO, emissions: integrating
abatement technologies into economic modeling (O.Kiuila, T.F. Rutherford., 2013).
Use an economy wide method and a sector specific method. This research use two
techniques of present an abatement function, a traditional and a hybrid (discrete
technology modeling). The result of both approach suggest the current climate policy
in Switzerland will not be able to move the economy towards the required 10% CO,
reduction [3]. The research about quantifying co-benefit potentials in the Chinese
cement sector during 12" five year plan (2011-2015): an analysis based on marginal
abatement cost monetized environmental effect (Yang Xi et al., 2013). The result
show the co-benefit of 18 main carbon mitigation technologies and the range of co-
benefit varies from -3 RMB/tCO, to 267 RMB/tCO; [4]. The research in Thailand is
about the use of economic instruments to reduce emissions of greenhouse gas for
Thailand by Thailand Development Research Institute (TDRI). Conducted a study on
marginal cost of reducing greenhouse gas emissions for different sectors in Thailand.
To contribute to the reduction of greenhouse gas emissions efficiently with minimum
cost. Use the information of the operator under the Clean Development Mechanism
(CDM) projects. There is a difference value from 0.013 USD to 23.31 USD according
to branch production analysis [5].

In this research we use economic instruments to analyze the mitigation unit CO,
reduction by using fly ash as a clinker substitute material in Thailand cement
industrial. Including sensitivity analysis about discount rate, fly ash cost and
transportation rates are affecting to unit cost. Using data in 2015 to calculate in this
research and using information from the expert. So that the result are accurate and
close to the current.

2. Objective

Study and evaluation of unit cost of CO; reduction from using fly ash as a clinker
substitute material in Thailand cement industry.

3. Methodologies
Calculation of Greenhouse Gas Abatement Cost

Beginning with study the steps to apply fly ash as a clinker substitute material in
cement manufacturing. The fly ash is small, it can mix with clinker before grinding
process and move to the cement manufacturing process in the next stage. For calculate
the CO, abatement cost in this research, follow the Eq. 1 to calculate the full cost of
abatement option:

_A+TC-OC -
T 0 1)

Where M is mitigation unit cost of abatement option (USD/toncoz), “A” is
annuity of investment (USD/year), “TC” is total cost of fly ash (USD/ton), “OC” is

M
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operating and maintenance cost (USD/ton) and “Q” is quantity of mitigated CO,
(toncoy/tonnecy). If the results M > 0, the CO, reduction approach need support in
term of investment or subsidy on fixed cost or operating and maintenance cost. And if
M < 0 that method does not require investment or additional support.

From the information, the processes to bring fly ash to use as a clinker substitute

material. The same process can be used. There is no need to install additional or
machinery.

A:Ii+{1— 1_ N} :
(L+1) 2)

From Eqg. 2, where A is annuity of investment (USD/year), “I” is Investment
(USD), “i” is discount rate (% per annum). In part of “i” calculate from WACC+X,
where “WACC” is weighted average cost of capital and “X” is required surplus
return, “1” is equal to 12% and 33%. And “N” is lifetime is equal to 25 year. Because
of the investment of this method has a value is zero. Make the result in part “A” is
zero as well.

Define the operating and maintenance cost or “OC” is equal to 145.99 USD/ton.
Although take a new method, the equal of “OC” does not change. Benefit is occurs
with cement factory.

Cost of this method is Total Cost (TC) of fly ash, this relationship can calculate

from a simple linear regression analysis, follow the Eq.3 to calculate.

TC=F+TD
©)

Where “TC” is total cost of fly ash (USD/ton), F is fly ash cost is equal to 4.96
USD/ton combine with Transportation rate “T” is equal to 0.092 USD/ton/km
multiplied by the distance use in transportation of fly ash from power plant at
Lampang province to cement plant at Saraburi Province, the average distance is equal
to 580.95 km

Q= Z‘qj EFj (4)

From EQ.4, where “Q” is quantity of mitigated CO, (tonCO,/tonneg;), “q” is
quantity of clinker save by mitigation, but we calculate at per ton clinker. “EF” is
emissions factor of clinker save by mitigation is equal to 0.825 tonCO,/tonneg;
sourced from World Business Council for Sustainable Development’s Cement
Sustainability Initiative: WBCSD CSI use in calculation in research.
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4. Result
Table 1 mitigation unit cost of CO, reduction from use fly ash as a clinker substitute
material

Detail Unit Fly ash

Mitigation Investment (1) usD 0
Discount Rate (i) WACC + x % per annum 0.33
Economic life of equipment Year 25
Amortized Investment (A) USD/Year 0
Total Cost (TC) uUSD 58.39
Operating Cost (OC) usD 145.99
Quantity of mitigated CO, ( Q) toncoo/tonnecyi 0.825**
CO2 Mitigation Cost (M) USD/tonco; -106.16

*Using the average exchange rate of the year 2015; 34.25 THB =1 USD
**Emissions factor of clinker save by mitigation is equal to 0.825 toncoy/tonnecy;

CO; mitigation cost to use fly ash as a clinker substitute material is equal to -
106.16 USD/tonco, can calculate mitigation cost from information in table 1. Where
M < 0 that method does not require investment or additional support. And sensitivity
analysis about discount rate, fly ash cost and transportation rates are affecting to unit
cost. The factors that high affect to abatement cost is transportation rate. If
transportation rate increase to 90% or approximately 0.175 USD/ton/km, it will make
abatement cost up to -47.85 USD/tonco; as show in the graph show in fig 1.

Fig. 1 Sensitivity analysis of using fly ash as a clinker substitute material

Fly Ash Sensitivity Analysis
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Because of the transportation rates are relate to distance use to transport directly

proportional, as show in the figure below.
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. 2 The change of transportation rates and distance that affect to abatement cost
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From fig. 2, we calculate the optimum distance that makes abatement cost equal to
zero in order to consider buying fly ash. Divided into 2 cases, in case 1 at current
transportation rate 0.092 USD/ton/km, the optimum distance is equal to 1532.93 km.
case 2 at transportation rate is increase to 0.175 USD/ton/km, the optimum distance is
equal to 805.89 km. If transportation rate is increase, will affect to potential use of fly
ash. Because may be cement factory will reject to use fly ash as a clinker substitute
material. This information use to purchase fly ash from power plant and use to decide
on distance of fly ash transportation not more than optimum distance. The result show
in table 2.
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Table 2 The average distance of fly ash transportation from power plants to
cement plants

Power Plant | Lampang E(I)‘V\C/:elz; Krabi Songkhla
Cement Plant Province Ltd. Province | Province
Siam Cement (ThungSong) Co.,Ltd. 1390 952 116 276
Siam Cement (Lampang) Co.,Ltd. 68 826 1418 1d29
Siam Cement (Kengkoi) Co.,Ltd. 573 270 926 1137
Siam Cement (Khao Wong) Co.,Ltd. 563 290 928 1139
Siam Cement (Tha Luang) Co.,Ltd. 562 284 911 1122
Siam City Cement Public Co.,Ltd.-Saraburi 583 272 927 1138
TPI Polene Public Co.,Ltd. -Saraburi 581 274 929 1141
Asia Cement Public Co.,Ltd. -Saraburi 558 290 920 1139
Jalapratan Cement Public Co.,Ltd. -
Phetchaburi 786 348 642 875
Jalapratan Cement Public Co.,Ltd.-Nakhon
Sawan 465 383 993 1199
Thai Pride Cement Public Co.,Ltd. -
Saraburi 563 289 943 1155
Cemex (Thailand) Co.,Ltd. - Saraburi 547 292 929 1141

[] case1 Transport distance > Optimum Distance
at transportation rate 0.092 USD/ton/km
[] case2 Transport distance > Optimum Distance
at transportation rate 0.175 USD/ton/km

5. Conclusion

The approach to reduce quantity of CO; by using fly ash as a clinker substitute in
Thailand cement industry have an abatement cost of CO, reduction is equal to -106.16
USD/tonCOs, this method does not require investment or additional support. And the
factor are high affect to abatement cost is transportation rate. The optimum distance at
current transportation rate is equal to 1532.93 km. There is only one part that is more
value, but the cement factory can purchase fly ash from nearby power plant. This
same method can applied to calculate cost of CO; reduction by using biomass ash as a
clinker substitute material. Not only reduce CO, but also use for agriculture waste
disposal too.
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Abstract

This research is intended to study the cost clinker substitute by using bagasse ash and palm oil
fuel ash in Thailand cement industry, which is an agriculture waste to reduce CO, emission
from the production of cement. Using both of ash as clinker substitute material is the
approach to reduce CO, without additional investment. No need to install new machines
because the ash can mixed with clinker before grinding process. The proportion of quantity to
use clinker substitute material as a clinker is equal to 1 : 1 ton. The quantity of CO, emission
is equivalent to 0.825 toncea/tonnecy. Define the operating cost of cement production process
is equal to 145.99 USD/ton. The exchange rates and other information will use to analysis is
the data in year 2015.

The results are dividing into 3 cases. First case, ash price = 0 USD/ton and transportation
rate (current rate) = 0.092 USD/ton/km the result of CO, abatement cost of bagasse ash and
palm oil fuel ash is equal to -134.19 USD/tonce, and -91.66 USD/tonco, respectively. Second
case, when trading ash has a higher value. Reference value is equivalent to fly ash price are
current trading = 4.96 USD/ton and transportation rate (current rate) = 0.092 USD/ton/km the
result of CO, abatement cost of bagasse ash and palm oil fuel ash is equal to -128.18
USD/tonco, and -85.65 USD/tonco, respectively. Last case, if price of ash and transportation
rate increase to 7.88 USD/ton and 0.175 USD/ton/km, respectively. The result of CO,
abatement cost of bagasse ash and palm oil fuel ash is equal to -86.06 USD/tonco, and -5.15
USD/tonco,, respectively. The abatement cost of bagasse ash and palm oil is not same
because transportation distance of both ashes is not equal. From the result, the abatement cost
of CO; reduction is negative. Even ash price and transportation rate increased, which means
the method to use biomass ash as a clinker substitute material to reduce CO, emissions is
worth the investment. In addition, the sensitivity analysis factors affect the cost per unit
change. Moreover, calculating the optimum distance which was used in transportation relate
to the transportation rates, which will not make cost per unit is too high.
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Introduction

Cement industry is one of main categories, which lots of CO, emissions from
production process. The information from the Cement Technology Road map 2009
Carbon Emission Reductions up to 2050 report publish by International Energy
Agency (IEA) and World Business Council for Sustainable Development’s Cement
Sustainability Initiative (WBCSD CSI), present the 4 technologies to reduce CO,
emission in cement industry [1].

Clinker substitution is 1 of 4 technologies is interesting and appropriate to Thailand.
Because Thailand is an agricultural country, some of agricultural production is a raw
material in industry such as sugar cane and palm. Waste from agriculture industry can
use as fuel for electricity generation in biomass power plants and become to lots of
biomass ash that has not bring to utilize. According to Thailand Power Development
Plan 2015-2036 (PDP 2015), there are plans to encourage the use of renewable energy
[2]. Trend of cultivation area will increase which directly affect to quantity of biomass
ash will be increase.

The research in Thailand about quality, characteristics and properties of bagasse
ash and palm oil fuel ash that can use as a clinker substitute material by a special
using the right amount [3,4]. But size of bagasse ash and palm oil fuel ash is larger
than clinker, therefore need to grind before mixed with clinker. At first we think the
biomass grinding process may need to install a new grinding machine. The
information from the expert, no need to install new machine but can bring bagasse ash
or palm oil fuel ash mixed with clinker before grinding process.

From the research in the country and international about mitigation cost per unit
of CO; reduction of Thailand such as the international research about The CO,
Abatement Cost Curve (ACC) for the Thailand cement industry (Ali Hasanbeigi et al.,
2010) shows the form of a graph which compared to cost of different technology with
the potential to reduce CO; of 41 technology. Using the bottom-up CO, ACC model
and 15 year scenario period (2010-2025), the CO, reduction is equal to 3095
ktonnesCO,/year and conducted a sensitivity analysis for the discount rate parameter
[5]. The research in Thailand is about the use of economic instruments to reduce
emissions of greenhouse gas for Thailand by Thailand Development Research
Institute (TDRI). Conducted a study on marginal cost of reducing greenhouse gas
emissions for different sectors in Thailand. To contribute to the reduction of
greenhouse gas emissions efficiently with minimum cost. Use the information of the
operator under the Clean Development Mechanism (CDM) projects. There is a
difference value from 0.013 USD to 23.31 USD according to branch production
analysis [6].
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To support new measures for reducing the amount of CO,, cost is very important.
If new measures have a high cost maybe the operators decided not to invest. The
using biomass ash as a clinker substitution can use in the same cement production
process, no need install new machine and investment. The current price of bagasse
ash and palm oil fuel ash is zero, the only cost is freight. In this research we use the
data in year 2015 information from the expert to calculate the CO, mitigation cost
such as exchange rate, transportation rate and ash price. And also sensitivity analysis
the factor that affect to cost of CO, reduction by using biomass ash as a clinker
substitute material.

Methodology

The methodology for analysis in this research, use the same assumption and method
as well as the research "Greenhouse Gas Abatement Cost of Clinker Substitute in
Thailand Cement Industry” which studied about abatement cost of CO, reduction by
using fly ash as a clinker substitute material in Thailand cement industry. Detail of
methodology present according to below [7].

Analysis Method

Beginning with study the steps to apply biomass ash as a clinker substitute material in
cement manufacturing. Even size of bagasse ash and palm oil fuel ash larger than
clinker, but it can mix with clinker before grinding process in production line and
move to the next stage. For calculation of CO, abatement cost in this research, we
follow the procedure described below.

_A+TC-OC (1)
Q

M

M = Mitigation unit cost of abatement option in USD/tonco;
A = Annuity of investment in USD/year

TC = Total cost of fly ash in USD/ton

OC = Operating and maintenance cost in USD/ton

Q = Quantity of mitigated CO; (toncoy/tonnecy;)
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With this results if M > 0, the CO, reduction approaches need support in term of
investment or subsidy on fixed cost or operating and maintenance cost. And if M <0
that method does not require investment or additional support.

From the information, the processes to bring fly ash to use as a clinker substitute
material. The same process can be used. There is no need to install additional or
machinery.

. 1
i) @

A = Annuity of investment in USD/year

| = Investment in USD

| = Discount rate in % per annum

N = Lifetime is equal to 25 year

In part of “I” calculate from WACC+X, where “WACC” is weighted average cost
of capital and “X” is required surplus return, “i” is equal to 33%. Because of the
investment of this method has a value is zero. Make the result in part “A” is zero as
well. The operating and maintenance cost or “OC” is equal to 145.99 USD/ton.

Although take a new method, the equal of “OC” does not change. Benefit is occurs
with cement factory.

Cost of this method is Total Cost of biomass ash (TC), this relationship can be
calculated from a simple linear regression analysis as shown in Eq.3.

TC =F +(T *D) 3)

TC = Total cost of biomass ash in USD/ton

F = Ash cost in USD/ton

T = Transportation rate in USD/ton/km

D = Distance use in ash transportation in km

T is equal to 0.092 USD/ton/km and refers to the current rate of fly ash

transportation multiplied with transportation distance of bagasse ash or palm oil fuel
ash from each factory of to each cement plant. In this research have 51 factories of
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bagasse ash, 20 factories of palm oil fuel and 12 cement plants, so we use the
weighted average method to calculate transportation distance of each ash.

Q:quEFj (4)

Q = quantity of mitigated CO, in tonCO,/tonney;

g = quantities of clinker save by mitigation in tonneg;;

EF = emissions factor of clinker save by mitigation in tonCO,/tonneg;

EF is equal to 0.825 tonCO,/tonne; sourced from World Business Council for
Sustainable Development’s Cement Sustainability Initiative: WBCSD CSI use for

calculation. The proportion of quantity to use clinker substitute material as a clinker is
equal to 1 : 1 ton, thus calculate at 1 tonne of clinker.

Result

Because have many factory in this research, including 51 factories of bagasse ash, 20
factories of palm oil furl and 12 cement plants. The result of bagasse ash
transportation distance and palm oil fuel ash transportation distance use in mitigation
cost analysis calculate from weight average method is in the table 1 below.

Table 1. Transportation distance by weight average method

Transportation distance of bagasse ash 383.51 km
Transportation distance of palm oil fuel ash 732.13 km

For calculation the mitigation cost of CO, reduction is divided into 3 cases.

- Case I: the current price of bagasse ash or palm oil fuel ash is 0 USD/ton and
transportation rate is equal to 0.092 USD/ton/km which refers to fly ash
transportation rate in year 2015

- Case II: price of both ash and transportation rate refer to information of fly ash
in year 2015 is equal to 4.96 USD/ton and 0.092 USD/ton/km, respectively.

- Case IlI: in the future, if the biomass ash will be traded, so the price of biomass
ash increase to 7.88 USD/ton and transportation rate increase to 0.175
USD/ton/km.

The result of all 3 cases show in table 2
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Bagasse Ash Sensitivity Analysis
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Figure 1. Sensitivity analysis of bagasse ash in case I; bagasse ash price = 0 USD/ton,
transportation rate = 0.092 USD/ton/km and average distance =383.51 km.

Sensitivity Analysis of Palm Oil Fuel Ash
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Figure 2. Sensitivity analysis of bagasse ash in case I; bagasse ash price = 0 USD/ton,
transportation rate = 0.092 USD/ton/km and average distance = 732.13 km.
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From sensitivity analysis of bagasse ash and palm oil fuel ash, the factors that
high affect to abatement cost is transportation rates. In the future if fuel price has high
value, the transportation rates will increase which will impact to abatement cost of
CO; directly. So, the distance of transportation relate to abatement cost of CO,.

Because of the different distance of transportation, therefore we calculate the
optimum distance by using purchased bagasse ash or palm oil fuel ash from factory.
Decision on ash transportation distance from factory to cement is not more than
optimum distance. The optimum distance can be calculated from equation 1, we
assume M = 0 USD/ton CO,. The information in 3 cases was used to calculate
optimum distance, so have 3 answers of optimum distance in table below.

Table 3. Optimum distance of 3 Cases

Detail Optimum Distance (km)

Case |
Ash price = 0 USD/ton, 1586.85
Transportation rate = 0.092 USD/ton/km

Case Il
Ash price = 4.96 USD/ton 1532.93
Transportation rate = 0.092 USD/ton/km

Case Il
Ash price = 7.88 USD/ton 789.2
Transportation rate = 0.175 USD/ton/km

Conclusion

Abatement cost of the approach to reduce CO, from cement industry in Thailand by
using bagasse ash or palm oil fuel ash as a clinker substitution is divided into 3 cases

Case I: ash price is equal to 0 USD/ton and transportation rate is equal to
0.092 USD/ton/km. Abatement cost of CO, reduction by using bagasse ash is
equal to

-134.19 USD/ton CO, and by using palm oil fuel ash is -91.66 USD/ton CO,

Case Il: price of both ash and transportation rate refers to information of fly
ash in year 2015 which is equal to 4.96 USD/ton and 0.092 USD/ton/km,
respectively. Abatement cost of CO, reduction by using bagasse ash is equal
to -128.18 USD/ton CO, and by using palm oil fuel ash is equal to -85.65
USD/ton CO;,

Case IlI: in the future, if the biomass ash will be traded, the price of biomass
ash increase to 7.88 USD/ton and transportation rate increase to 0.175
USD/ton/km. Abatement cost of CO, reduction by using bagasse ash is equal
to -86.06 USD/ton CO, and by using palm oil fuel ash is equal to -5.15
USD/ton CO;
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Result of abatement cost of CO, reduction based on data in year 2015. The
transportation distance which was used in calculation is the distance by weighted
average method. In case of purchasing ash from factory to cement plant, the real
distance from each factory to each cement plant will be used to calculate for accurate
answer that will impact to abatement cost because the transportation distances relate
to transportation rates directly.
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Alternative Energy Development Plan (AEDP)

Alternative Fuel

Annuity of Investment (A)
Air Separator

Ash Cost per trip (O)

Ash Price (AP)

Bagasse Ash #38 Bagasse Fly Ash
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Ball Mill

Biomass Ash

Calcination Reaction

Carbon Capture and Storage

Cement Sustainability Initiative: CSI

Cement Mill

Clinker Substitution
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Clinker

Cooler

CO, Abatement Cost

Crusher

Corrective Materials

Direct Emission
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Discount rate (i %)

Distance of Transportation (D)

Dry Process

Economic life of Equipment (N)

Emission Factor

Fly Ash

Indirect Emission

International Energy Agency (IEA)

Investment (1)
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Kiln

Lime Stone

Loss on Ignition: LOI

Maximum Distance

McKinsey & Company

Mixed Cement

Number of Transportation per year (NT)

Operating Cost (OC)

Palm Oil Fuel Ash
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Portland Cement

Power Development Plan: PDP

Pre-heater

Quantity of Mitigated CO,

Quantity of clinker save by

abatement option (q)

Raw Meal Homogenizing Silo

Raw Mill

Rotary Kiln

Semi-Dry Process

Shale
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Slurry

Slurry Feeder
Slurry Mill

Slurry Storage Mill

Storage Yard

The United Nations Framework Convention

on Climate Change (UNFCCC)

Thailand Industrial Standards (TIS)
Total Cost of Ash (TC)

Transportation Rate (T)
Wash Mill

World Business Council Sustainable

Development (WBCSD)
Weight Average Cost of Capital (WACC)

Wet Process
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