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58920691: MAJOR: ENERGY AND ENVIRONMENTAL MANAGEMENT; M.Eng.
(ENERGY AND ENVIRONMENTAL MANAGEMENT)
KEYWORD: LIFE CYCLE ASSESSMENT/ CARBON FOOTPRINT/ COAL FIRED POWER
PLANT
DIREK KHAMKAM: A CARBON FOOTPRINT RESULTING ON STEAM AND
ELECTRICITY FROM IMPROVEMENT PROCESS BY FEEDBACK CONTROL AND
OPTIMIZATION PROGRAM IN A COAL FIRED POWER PLANT. ADVISORY

COMMITTEE: PAWINEE SUKSUNTORNSIRI, Ph.D. 88 P. 2020.

The objective of this research to assess the improvement process by feedback control
and optimization program on the carbon dioxide emission from Life Cycle Assessment of steam
and the electricity which produced from a coal fired power plant, to use the result as database to
analyze the efficiency and emission of carbon footprint of thermal power plants from a Coal fired
power plant. The base data for this study were collected in 2016. The results show that in 2017
and 2018, the total carbon dioxide emission from power plants is lower than the base year as

3,490,980 ton CO,,, and 3,605,841 ton CO,,,, respectively. The evaluation of a total product

2eq 2eq?

carbon footprint per kWh of steam and electricity generation is 0.497 kgCO,, /kWh and 0.509

2eq’

kgCO,,/kWh, respectively. The reducing product carbon footprint was due to an increase in
power plant efficiency. In addition, it was found that start-up and shutdown have been effected on
carbon footprint of steam and electricity due to fuel and raw materials used for start-up in power

plant.
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9 1 { 1 1 [ 1 .
Taelszneumeanasnuivesnstlanilaes 2 urvasvan « Ae Ms1lanlasen19nsa (Direct

Y
. ' v ) . & ..
emission) agN5anilaeen190ey (Indirect emission) Aatl (Suksuntornsiri, Kulamart, &

Limpitipanich, 2009)
CFP = Zpk:1 direct GHG emissions, + ij:1 idirect GHG emissions; (2-1)

azazuaad I U899 kgCO,/ FU Tasmsdanass GHG luun19934 (Direct GHG
. . 1 9}3 a a 1
emissions,) vziaaInIsanilaes GHG Tagassninmisin InidfiFomasleadasznin
a v A a H 1 '
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m3stanass GHG a2 1asumsdsziivaiuiuIniaved IPCC

Direct GHG emission, = fuel consumption x [IPCC emission factor; (2-2)

Tunaeves 1o1i1 kg CO,/kWh uaz 11 kg CO,/kWh
Indirect GHG emission; = material input; x embodied emission factor; (2-3)

A . . A (3 A A ' . . = A
1318 material input, 19 YT NAUVDIAIMTHIBEUNUAB Function Unit TUMITRUNIE
49! 1KY o 1 %) A < g 4
namenwruegnulszinnvestladenisilassnimiseounszansuilueenilszneuves
. [ A Y Sa ' a o J . '
embodied emission factor NtaAa 1HIAN1995FInNTUa0s GHG voawaanu j Tuniieves
kg CO,/ NUIINTRUNIT B kg CO,./ HHIWNWNIGNIMN (Suksuntornsiri, Kulamart, &

Limpitipanich, 2009)
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.. o 1 v A Y o dy
emission) @110 MUneEnMIlanildosazganaunasounszan lanadl

1 v @ A a P "o 1
1. mytasassuazaandunwiseunszaninaninen Indiegiui wu 159 luvh
Yy & Y o A 1 a ' < 9
M3 lgunayeanluniaGeu mawnaulunenssuai q wuau
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I
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Uszinnd 3 doyansldninensinerdosnumsilaesmaisounszanniedon
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H 1 [4)] 1 a H
wamsany N 1sfSeumeunsmdsuansdandassmesiEaeunszan e ununlszma
=) a A
ou latiixe

Y Y A 1 4] A 1 A A
1NMIAUANNMIMIYSuIanIsandasemaiseunsyan vesaruriunlssmea
a IS [ A [ g o 4 2 J Y ..
auTAtliEy A9M15197 2-1 AITUIINMTAIUIUAT VO UNANWTUNDL 1571 Emission factor 910

] o Y = A A 1 o é’
ATNN 2-1 LW§1$i]51/]111(?04@?115ﬁﬂB"Iilﬂ"I‘VILLlJHEJ"Iil"Iﬂ"Uu

@1319% 2-1 Coal emission factor Y940 1UHAU5ZINADUY IATiide (Campbell, 2008)

Brown coal Sub-bituminous Bituminous Anthracite
Number 2 24 50 12
Average kgCO,/GJ 115.0 98.9 93.4 100.2
Range kgCO,/GJ 113.7-116.3 94.3-108.6 89.6-97.7 96.7-108.9
Standard deviation - 3.70 1.74 4.35

msmfsuanstdantlassmadeunszanvedlse Iihndinuanudousou
MsmfSnamstase co, lunszuiunmswnan lnihvealse Irlhwndeau
9 1 = dy a [ 9y & Aa g dy a (Y] g 1 Ay Y g‘; ~
anuiousin Fuemaaanee Isunasssunadusemas aeaiua co, 1 lauiveedl
WS indomouny 15a Twhouiuniimsdne (51281 Emission factor (EF)

2 Y v
Turomasouaziusamnni aaiunisri Twihein 15e 1w 7 1% Natural Gas (NG)
Tumswaa T Fadlulsdlihwdanuanudousu SuhamsdasesSina co,
210113911 LCA 104153 Iihmasnuanudousiunly NG vwaa Indheeliandszunm 1

kWh : 0.52 kgCO, A99115199 2-2
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[ I'd
M5719% 22 €O, vae 159 limasnuanudousau Taeld NG G5ium gniual

a = 4 = a A aan 4
VIITTU NYINFITIU LUAZNUUNYTA Lﬂﬂﬁ@]ﬁiiifﬂu, 2548)

Type of Unit 1 Unit 2 Unit 3

emission Emission Emission Emission Emission Emission Emission

(kg) (kg/kWh) (kg) (kg/kWh) (kg) (kg/kWh)

CO, 1.76E+09 0.52 1.85E+09 0.53 1.39E+09 0.50

SO, 0.73 2.18E-10 2.077 5.78E-10 5.36E-02 1.92E-11
NO, 1.20E+06 3.58E-04 1.26E+06 3.51E-04 9.48E+05 3.39E-04
CO 3.21E+05 9.59E-05 3.38E+05 9.39E-05 2.54E+05 9.09E-05
N,O 1.20E+05 3.58E-05 1.27E+05 3.53E-05 9.45E+04 3.39E-05

CH, 2.86E+04 8.53E-06 3.00E+04 8.35E-06 2.26E+04 8.08E-06

msminamsdantlaesimaiseunszanvealse liiha v
1 a % 1 )
msmfSunamstase co, Tunszurumswana leriuay lnihveslselwiha i
k4 Y Y H Y . v
Fomaaamindlumuiu dniua co, i ldumiveziiviinagenidiofoudulse Wi
9y a X a 1 .. X a =\ 1
I 53 sumATluseIWag tn312aA1 Emission factor (EF) Tuamasouazldimauinnm
o & ) Aq YO a a 1 Ay
aaiumsth lianTse i lemasssunalunmswan Iz ilaes co, Ysunanies
[ Y v
a1 ua s Tlhildmasssumnadudemaniudugulumsnaaismgan s rlhaw
#u lumsFeuiouainsdaes co, 3nhSinamsdantaes co, vealselWhauium
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lyoruriurianeIny Lm%mﬂiuiﬁﬂﬂ%ﬂuﬂﬁWﬂ@]MWL?J%EJ“]JWIEJ‘Uﬂ‘UWﬁ‘WVHﬂﬁﬁﬂ‘HW
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TagTsdIhauiunhunSsumeuinunasognlszmeadu TatiiFe®an1 Emission factor
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9 [
(EF) v lgaveal)semeniy € ANFITT NN 2-3
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A1519% 2-3 91 1Atii%e Emission reduction from supercritical coal fired power plant

(Ridlo, R., 2014)

Parameter Unit Value Data source
(1) Install capacity of the project MW 2000
(2) Annual power generation hours of the Hour 5500
project
(3) Self- consumed-electricity rate of the % 6.20
power plant
(4) Coal consumption per kWh for power kg/MWh 283
generation of the project
(5) NCV of stand coal equivalent Ml/tce 29271
(6) NCV of coal of the project Ml/ton 23420
(7) Carbon content in coal of the project % 61.45
(1) Calculation of emission factor of option I
EF e cony tCO,/GJ 0.0946 Table 1.4, 2006
IPCC guidelines
for national
greenhouse gas
inventories
Emission factor of coal of the project tCO,/GJ]  0.0962069 Calculating
process-data
EF g prcony tCO,/GJ 0.0962 pounded Data
Coal consumption per kWh for power kg/MWh 330
Generation of 2*600 MW sub-critical coal-fired
power generation technology
Self-consumed-electricity Rate % 6.20
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Parameter Unit Value Data source
Coal consumption per kWh for power supplied kg/MWh  351.81237 Calculating
to grid of 2*600 MW sub-critical coal-fired process-data
power generation technology
Energy efficiency of 2*600 MW sub-critical % 34.9586 Calculating
coal-fired power generation technology process-data
nBL % 34.96
Emission factor of option I tCO,/MWh 0.9741 Calculating
result
2) Emission Factor of option II
Average emission factor for the top 15% tCO,/MWh 0.9 Assumption
performing power plants
3) Baseline emission Factor tCO,/MWh 0.9 Calculating
result
4) Baseline emission tCO, 9,286,200 Calculating
result
Project emission
(1) Consumption of stand coal tce 3,113,000 Calculating
equivalent process-data
2) Consumption of coal used in the tce 3,890,718 Calculating
project process-data
3) Consumption of coal used in the tce 3,890,718
project
(@) Emission factor of coal of the project  tCO,/GJ  0.0962069 Calculating
process-data
(5) Emission factor of coal of the project ~ tCO,/GJ 0.0962 Calculating

process-data
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Parameter Unit Value Data source

(6) CO, emission coefficient (COEF) tCO,/ton 2.253004 Calculating
process-data

(7) COEF tCO,/ton 2.253004

(8) Project emission tCO,/y 8,765,803

(1) Baseline emission tCO,/y 9,286,200

(2) Project emission tCO,/y 8,765,803

(3) Leakage tCO,/y - Methodology of
ACMO0013

(4) Emission reduction tCO,/y 520.397

21015199 2-4 FlumaFeuneuailanldos Emission v03159 1Wdo iy

v Y Y H Y
Lignite Ansog luiuilszmalneg TaonSouieuny iPcc aniumsdanildss o,

H 9 H E4
‘ﬁLLﬁﬂ\ﬂHﬂWiNHHﬁiﬁHﬂTﬁWaﬁ]‘l'ﬁ)ﬁﬂmngWW

A15197 2-4 Locally derived emission factor of tested power compare to IPCC emission factors

(Krittayakasem, Patumsawad, & Garivait, 2011)

IPCC
Power Locally Derived Emission
Fuel Gaseous emission Emission
Plant Factor
Factor
Thermal Lignite CO, 101.3 kg/GJ 1,080 kg/MWh  99.18 kg/GJ
(Steam CcO 0.005 kg/GJ  0.05 kg/MWh 0.02 kg/GJ
turbine) NO, 0.26 kg/GJ]  2.83 kg/MWh 0.30 kg/GJ
SO,(FGD controlled)  0.12kg/GJ  1.26 kg/MWh  0.257 kg/GJ
PM (ESP controlled)  10.24 kg/GJ  0.09 kg/MWh -




#15199 2-5 Emission factor (EF) Usgnounmsaiuin

Emission factors

a1y ¥o UHaIUeYad19dd  Units co, CH, N,O Others GHG Total
(kg CO,/unit) (kg CH/unit) (kg N,O/unit) (kg CO,/unit) (kg CO, /unit)
Scope 1
1 Natural Gas Self collect base on mmscf 54,587 1.04 0.09 54,641
API compendium
2 DIUHU -Sub IPCC Guidelines MJ 0.10 0.0000010 0.0000015 0.097
Bituminous coal 2006
(M3tald)
3 ﬁuﬂu (ﬂmm"lwﬁj) Self collect basd on  tonne 440.00 - - 440.00
balancing chemical
equations
4 T@Ta"luﬁ(ﬂmm"lﬁﬁ') Self collect basd on kg 0.48 - - 0.478

balancing chemical

equations
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A15199 2-5 (AD)

Emission factors

UHaIUeYad19dd  Units co, CH, N,O Others GHG Total

(kg CO,/unit) (kg CH/unit) (kg N,O/unit) (kg CO,/unit) (kg CO, /unit)

10

11

@

Y
UiuALra (Stationary

combustion)

Co,

21UHU -Sub
Bituminous coal
(159N DY)

Acetylene (Lml‘lﬁﬁl)

SF6

IPCC 2007 Vol.2
table 3.2.1, 3.2.2
IPCC 2007:
GWP100

IPCC 2007:

Guidelines

Self collect base on
balancing chemical
equations

IPCC Fourth
assessment report-

2007: GWP100

liter

kg

2.70

1.00

3.38

0.00011

0.00007

0.00002

22,800

2.708

1.000

0.002

3.385

22,800

€C



A15199 2-5 (AD)

Emission factors

& UHaIUeYad19dd  Units co, CH, N,O Others GHG Total
(kg CO,/unit) (kg CH/unit) (kg N,O/unit) (kg CO,/unit) (kg CO, /unit)

12 R32 IPCC Fourth kg 675 675
assessment report-
2007: GWP100

13 R410a IPCC Fourth kg 2,088 2,088
assessment report-
2007: GWP100

14 R134a IPCC Fourth kg 1,430 1,430
assessment report-
2007: GWP100

15 R407c IPCC Fourth kg 1,774 1,774

assessment report-

2007: GWP100
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A15199 2-5 (AD)

Emission factors

M ¥o UHaIUeYad19dd  Units co, CH, N,O Others GHG Total
(kg CO,/unit) (kg CH/unit) (kg N,O/unit) (kg CO,/unit) (kg CO, /unit)
16 1?1331!?]%61 (Mobile IPCC 2007 Vol.2 liter 2.69872 0.00015 0.00104 3.0129
combustion - offroad) table 3.2.1,3.2.2
17-22 1?133’1!?1%61 (Mobile IPCC 2007 Vol.2 liter 2.699 0.00014 0.00014 2.7446
combustion - onroad) table 3.2.1, 3.2.2
23-25 ﬁwﬁumu@u (Mobile IPCC 2007 Vol.2 liter 2.182 0.00104 0.00010 2.2376
combustion) table 3.2.1,3.2.2
Scope 2
1 Thailand grid mix TGO: CFO EF kWh 0.582
electricity updated Jan 2017
Scope 3
1 Landfill - garbage TGO: CFO EF kg 2.5300
updated Jan 2017
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A15199 2-5 (AD)

Emission factors

a1y ¥o UHaIUeYad19dd  Units co, CH, N,O Others GHG Total
(kg CO,/unit) (kg CH/unit) (kg N,O/unit) (kg CO,/unit) (kg CO, /unit)

2 SOUTINNVEL 1080 TGO: CFO EF tkm 0.0472
16 AU (Full load) updated Jan 2017

3 T0UTINNVYL 10 E%}’é) TGO: CFO EF km 0.4892
16 U (No load) updated Jan 2017

4 AN (ﬁwﬁuﬁwa) IPCC 2007 Vol.2 liter 2.699 0.00015 0.00104 3.0129
table 3.2.1, 3.2.2

5 ﬁ1lﬁ6ﬂ1i@ﬁﬁ1ﬁﬂiiu TGO: CFO EF m 0.0264
updated Jan 2017
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E.,,= FC x (1/molar volume conversion) x MW x Wt%C x (44/12) (2-4)

Mixture Mixture

Lﬁf]

E(o, = Mass emission of CO, (Ib or kg);

FC = Fuel consumed (scf or m’);

Molar volume conversion = Conversion from molar volume to mass (379.3 scf/lbmole
or 23.685 m3/kgmole);

MW, = Molecular weight of mixture;

Mixture

44/12 = Stoichiometric conversion of C to CO,

Wt%C = [((12Ib C / Ibmole C) x (X Ibmole C / Ibmole Cj)) / (MW ; x (Ib /

Mixture
ibmole))] x100%
&
I¥\)3)
Wt%C; = Carbon control of individual hydrocarbon compound on a percent basis
J = Any hydrocarbon compound C H,0,
12 = Molecular weight of carbon
X = Stoichiometric coefficient for carbon (for example X = 3 for pentane, C;Hy)
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Carbon content ¥94 Fuel mixture nanunsamivia Iagldaunsiiadu Ao
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W%Cygiare = (1/100) x Y- P (W% x Wi%C,)
A
513}

Wt%C = Carbon content of mixture, on mass percent basis

Mixture
Wt%i = Weight percent of component i

Wt%C, = Carbon content of component i on a weight percent basis
NAUNTVIIAU Emission factor (EF) Y99 MEFITNHIVA (NG) Saft
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Total EF of NG = 54,641 kg CO,,/mmscf
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(7) Cumulative indirect embodied energy in capital materials and components, manufacturing upgrading
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WAALLUY Feedback control and Optimization program NUHane Factor M3ytlanilaey
4 o v W aa 3 A a [ 9
msveu laven ledniniginidiaves leviuas TlihanaaainTse Ildmaanuaidou
NDIUHY
S .. a 4 L ¢
3. MIMUUAVBUIUAVDI LCA (Scope definition): Usziliumsueunansumn
1 A a ao 1 @ @ a H
TsalWihawdudpivanouraznasmsdSudganszuaumsnaalo uag Trlh
Tumsdszdiu hivhawselunmsiRuaiestnsunaa msizdswanerasmueInslsziiiu
6V A [l 4 Jd A 1 .
Maiseunszanlurilsuesmsvou laeen lyaiieum (kilogram CO ; kgCO,,.)

2equivalent?

a 9o’ A9 A I o [l [ v A
Tumswaalein 1 kwh waz Il 1 kwh Tulsunaidesiemeuiiudaaiu uadadenasma
1 4 Qy 1 ] 1
Aomfueuawsuy 11 145iMeen131/511)59 Feedback control and Optimization program L]
998061901 Ao NMI1YANTZUIUNITHAA (Shutdown) HUVNHHUKIALAS HYAUUDRNIR Y
o @ ] a o L 1 1 1 g .
mlidesldnasnulag lilinandaai lugans Start-up T luugazaie Tag Gas turbine

9 o . 9 < 1 g o A
l#aa1 1 92109 1ag CFB boiler 191921 8 %3 119 11415 Start-up UAAZATI AIA15199 3-1

o o a2 ao’ dl o v Lﬂ' o 1 a
muau%ﬂmmiNaﬂ'lamuaz'lv\l% HAZAT NN 3-3 TUINF Tuaniinsg Start-up HUIYHNAA



a 4 2 J A v Y . 1A
u,aﬂumﬁﬂﬁzmuﬂﬁuauv;l@mumaumm%ﬂﬁ%ﬂ% Emission factor 31NLHUAINUIVD
Uszinanwan uaz Capital input An'ld1ag 19 Emission factor Yoe1/5iNA Fam Capital input

A o o (2 =2

Uled A UMY

; - oy 2
13199 3-1 uus Tuamswaa leviwas v

HUIBNAR W.f1. 2558 W.f1. 2559 W.f1. 2560 W.f1. 2561
Unit 1A (hr) 6,330 7,366 6,522 6,302
Unit 1B (hr) 6,585 5,745 7,070 6,318
Unit 1C (hr) 7,843 8,424 7,808 7,926
Unit 2A (hr) 8,020 7,499 7,405 6,389
Unit 2B (hr) 5,141 5,553 6,490 6,922
Unit 2C (hr) 8,402 7,402 7,972 8,458
Unit 1 (hr) 3,597 2,902 4316 5,453
Unit 2 (hr) 3,728 4,253 4,755 4,952
Total (hr) 49,647 49,144 52,339 52,719

1] Y ]
A13199 3-2 91UIUATIN Shutdown HUIIWAA

HUIENER N.fA. 2558 N.A. 2559 N.f. 2560 N.f. 2561
Unit 1A (hr) 222 185 289 213
Unit 1B (hr) 245 402 145 304
Unit 1C (hr) 13 8 20 13
Unit 2A (hr) 56 92 145 237
Unit 2B (hr) 445 399 303 250
Unit 2C (hr) 14 26 17 20
Unit 1 (hr) 67 81 101 89
Unit 2 (hr) 88 101 79 105

Total (hr) 1,150 1,294 1,099 1,231
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Sldl a

@ 4 . Y a H a
4. MINNUBINANN UM (Function): tdun1amswaa lorh ¥ lumsnaanszua v

uazdsneldnugnmlugaamnssy aau llihasveldnums lihéhonaaunalszmealne

(EGAT) vuaiu tazundmelinugna luwaiiaugaamnssuunuaiye
=) = =) %’l
HaugaanssueLe tazinugaamnssumui s iuszoes lumsvielowwas T

; y Y. y
awnsndsuuldoumsvieloiwag lwih ldvuegiuanudesnsvesgnidesnis letimse

1 1 ] = 9 (] 9 A g & = Aa o 4 %

Tdhananlundazdranandaddmieniingdy 1 kwh Fanunesdanaasaaivesleni
FINNU

1 { a [} J 4 a %
5. MUENINNVDIHAANUN (Functional unit): 111999 1NEUNIMTHAR To1MAY

9
Y

Tfhaes s ihaunsadensivthadludadiu laaaiudeiwurenaasaaisuny

Tlfieum Ao 1 kwh

v >
umanszuumanan lovimaz v
@ { Y a 3 1 1 <
dan1ni 3-3 waaslmdunszurumskaauaz Tihuuude Tasuiseenilu
[l 9 < [ a a a Y] 4 v o [
3 d@u fe 1) M3 IanFeingau 2) nTzUIUMSHAR LAz 3) Naad Al MITATINYIG
9 = a o a’gi 9 = A 1 4] = g’; 1 9
Tums IdnFnasuiiuszdoaimsisvianiassmsiFounszon AANTZUIUNITAU
Y X o a = & VoA
w03 laudeingau auandeia lse liihnsddesmaiseunszanazeenunluglunuves
[ I [ 9 a 1 A A 9 %
mytassniasaudlunran marzluduniamsnaa wun wawaan'la as lesiwaz v
) y & a Y o 9 A o ¥
Fagoslfromaslumswn Indlidldnasauaudeunazulaeusduuunasauanudon
Y S %’I : - a o 1 ] %,I
Teanuuilu lovuaz I #a s lihiieunsa@enmaauaz smiieszringlon

g 1 =) 1 %
waz i 1A lunanfedu daiudsmmua liwilenaadluntie lovuaz Wi As 1 kwh
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n1sldundainaiiu I a5 leundeinadiu | AsiRdming
______________ / ASTUIUAITHER \

- -
< P ~
7 ASHEEA TR G \
Gas
Turbine

Generator

»  Electricity

HP Steam

|
|
i
|
|
|
| MPSteam
|
|
|
|
|
|
|

T

Steam
| ST turbine

H a H
AN 3-3 nszurumskaa loviag T

{ a 9.! 1 1
1NN 3-3 uaade nszuaumsHan leriuas Ivlih Tasamsdandase
%) A A 1 a c}’i ] Y T A
MaTeunIzINN1ATINYasesniNINnsTLIUMIHaATUIzLLeen Iaiuauuvas Ae
1. 91N13 Lm"lmj”ﬂ'mﬁu Sub-bituminous coal (i1 Bituminous coal
Yoy a
2. 915 11 P55 509A Natural gas (NG)

v :
3. miduAan 141y Fire pump, Emergency diesel gen 401& Startup gas turbine

a d d’ o U
msamswmwamumﬁsmms%ya (Inventory analysis)
Tagn1s Llﬂislﬂlj’é)y,a!,‘ﬂu Scope 1: Direct GHG emissions, Scope 2: Energy indirect GHG
emissions L& Scope 3: Other energy indirect GHG emissions o 195 agamaﬁJ N.F. 2558
I A a g’/ A 9 =} 2K o v 9 A o =
Lﬂugmma'mmmmﬂmuamﬂmm 1 w.f. 2559 WNMNTIANVUDYAUWDNINITANH

[ 9] A g’; 1= ~ = v 9
Hamsasemaiseunszanaauatl w.e. 2559 1 w.a. 2560 tazdl w.a. 2561 Tunssanuieya

v v
=S o a

A d . .. ~ 9 = I A
M3)u Direct GHG emission Y941 .7 2558-2561 Tagvoyall w.e. 2558 Huilnihnsis

@ a & [ { I [ a
m3i5urjaazAnaaTisunsy Feedback control aa15197 3-3 iilumstaaidoyavesingay

A g J . .. A a Sde a A
numsiaee GHG n198154 (Direct emission) ‘Vllﬂﬂ{l]']ﬂﬂﬁg‘ﬂ'luﬂ'ﬁLWThlﬁiJLGHﬂLWﬁQV\IﬂﬁCﬁﬁ
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{ 3 1% a { a 1
LLﬁ$ﬁ151\1ﬁ 3-4 fl]&lll!ﬂTiLlﬁﬂQﬂTﬁi%}?ﬁﬂﬂﬂﬁ!ﬂﬂﬂ1ﬂﬂ§$ﬁ3ﬂﬂ1§ﬂ1iﬂﬁﬂﬂ GHG ‘VlNé”eJiJ

Q

1
2 o

(Indirect emission) SIWNyaAIMsNoa3 WML AseIgNTTLYeeT5e T 130 25 31 (nvlw.,

Q

Ao '

w.1lal) yaArweanissouhye tazyanvetes Inandunudazilimomnnssouig

[ ] Y 1
wsodnsuaz 1591 Favzdanarhli lddoyaniinnuaziBeaniniu Tadeniinade
1 [ A [
nsdantlassmaisounssanuuailu
[ { Y 1 a %’ I @ { 1 @
1. Tademaasinulsiudonswaa leviwag v fhufadeniinsddeendaau
A . 1 2] A = o dyd '
1Un3£1UIUMT AD NG, Coal, Diesel HagnN3UaosmsisaunIzann19asa 911998l iNane
1 (4] g// a a 1
m3stanavemMeiTaunizannInieasaazneoy lasazina luusUuauIN 1NN 15U Gas

turbine 1% NG TunsmnTudive linandsau 4y Turbine i 19 lanaaaru Tulih

-

{ 3 A Aa a
taznasnuaNuTeunmaoui luduiinie 19 la low taznsan 50 1MUo9 Gas turbine
o 1 1 [ 1
lumsdnnariamstaailasemsisounszanaz 19a1 Emission factor (EF) 910 Self-collect
LY { o [ 1 I~
base on API balancing chemical equations A4aNN13N 2-4 lagNsAIUINAINA1INTUNITH
1 1 [ 1 o o a
mmsdasemmisounszan luvounanmaw 111l neun1511 NG uvimsnaa i lu
a’i [ 1 a’i 1 (7] Y % 1 o
Yyouwauunasumaniugnmsasdesmansounszanlunszuiumsdmineutimn
Y 9 a Y o dy Y] a 4] a o 3‘;
Hourihduouwanisnaa las NG lainisgeiagaunn Isauenunasssumna ey
° y 3 ' A v )
mMsmanszuIunsauinlumsiasemaiseunszanuyesd NG a2 19a1 EF 910 Tsauenund
9
a ' . 9
s3suanmelulszmealneg au Diesel 9910 udsema’lnedald 10 919 TGO: Carbon
4 a [ (%]
footprint organization (CFO) EF updated Jan 2017 (IAMIVIMITIANMIMHSOUNTEIN
s y ¥ ' A
(04ANTUMIFN), 2559) TumsminszuIumsaui lumsdasensisounszan ag Coal
I [ a o 9 a Aa 1 4] A 9 %,’
Wuaurui ey Iatiie n1511nsUasemMsisounszan IATLUIUNTAUN
=< 9 Y 1 o A 1 a I a o 1 a 9
33a0419A1 EF 91nlsemaurasnunaoiuiutazilunanssylumsiioiunuunlas
A a 1 a a a A (% d'
v3o lsananauriu lualszmadu Tatide aan13199 2-1
9 )
2. thdelumsasuadialsd i msgeuihge tazmsdeiniesins Ao dade
& o A A a ¥ = v 9
TuMmsFoaununemy 7 901NN 3-1 Hazn N 3-2 nszurumawas leriwaz Iihvedoels
EF 911 I/O Input-Output sector classification of Thailand commodity 2013 - I/O code 112 Liag
177 (Suksuntornsiri, Limpitipanich, Tia, & Limmeechokchai, 2013) Tumsihan BF inldduou
3ﬂ 9 A Y =) A o = A A
1y doudonlalias il wer. NnTAIANYY Ao ) W.A. 2558 W.A. 2559 W.A. 2560
1 1 AA 1 1 -7 d%} 1T 1 =) =) 1 = gj
uazW.A. 2561 1N312A1 EF vewaaziliia lushinuuegiuaiduuazdumle lugadhiu «
[ 4 1 1 1 4] 1 o
A9A13°99 3-3 daumsmsinmsdasemaEounszanvesnieasnulumsnedd e msvud

wsodnsuazmauiums lumsad e lseidhdesldn BF vindszmednan aaTselaih



Tunsaianyiud191neming (USA) 391971 EF 910 Intensities of carbon emission and
Y
emissions related energy of the global construction sector, 2017 wenvnil lunsidenan EF

o o g I f 4 1% o 1
mmmimmmuu%ﬁ}aﬂﬁ N.¢. 2542 Lﬂ‘lﬁj‘ﬁ“ﬁﬂmgﬂﬂ%ﬂil!ﬁgﬂWﬂﬁﬂﬂﬁ%}N

A9A13 19N 3-4

#1519% 3-3 Emission factor (EF) msamuiuiaﬂﬂ% (Suksuntornsiri et al., 2013)

40

Indirect Emission W.A. 2558 N.f. 2559 N.f. 2560 .. 2561

(kg (kg (kg (kg
CO,/unit) CO,/unit) CO,/unit) CO,/unit)

10 sector Reference Unit

Maintenance  Input-Output sector Million 25,030 24,890 24,760 24,310
cost classification of baht

Thailand commodity

-1/O code 177
Equipment Input-Output sector Million 47,150 47,010 46,870 46,400
part classification of baht

Thailand commodity

-1/O code 112

#1519 3-4 Emission factor (EF) of power plant construction in US (Huang, Krigsvoll,

Johansen, Liu, & Zhang, 2017)

Direct (EF) Indirect (EF) Total (EF)

10 of US Reference Unit
(kgCO,/ unit) (kgCO,,/ unit) (kgCO, /unit)
Construction Intensities of carbon Million 36,180 229,000 265,180
in US emission and emissions USS$
related energy of the

global construction

sector




; oy 2
M15199 3-5 Direct inventory Tumswan Teviwaz Tvlvh

Consumption
Direct inventory ;
HUIWWY N.f1. 2558 N.¢. 2559 N.¢. 2560 N.¢. 2561

v o oA Aa X v ya 1o A
fnﬁ‘]Jﬁ'(’)fJfn"lﬂﬁ'f’)1»!ﬂﬁ%"ﬂﬂﬂlﬂﬂslluinﬂﬂ1§lw1"l1’i3~lﬂi’)qﬂ'lJ‘VI (Stationary combustion)
MBFITUIA (Natural gas, NG) mmscf 14,758 15,141 16,381 15,966
DIUNU (Coal) MJ 27,526,106,477  28,002,389,637 26,010,001,901 27,450,399,555
WNuAa (Diesel) (fire pump, emergency gen.,etc.) ton 63,077 42,000 42,000 36,000
ﬁuﬂu (Limestone) ton 101,257 89,077 99,824 108,579

v oA Aa X o A
m‘J1Ja@EJn1“ms?)unﬁzﬂnmnﬂmumnmﬁﬂﬁauazau 9 (Fugitive Emissions)
M3 1% co, unvnTsuae 9 kg 4,935 3,825 2,685 0
m3lFuazmssaFuaes SF6 kg 49 525 271 1
R32 kg 21 23 17 26
R410a kg 25 28 23 93
R134a kg 22 6 1 3
R407¢c kg 296 336 286 70

84



A15199 3-5 (AD)

Consumption
Direct inventory ;
Hue W.¢. 2558 N.f. 2559 N.f. 2560 N.¢. 2561

mydaeamwSTounszanNavHINM I IHINNNSIAAdUNA (Mobile combustion)

505UAI-MTNNY HAZTDMAN ] (Diesel A1OATINT 1%

IFomasuedTng Iages 10.20 km/L) liter 163,646 164,738 152,275 146,344
FOTUAE-WHANU HAZTOF (LUUFU (Gasoline)) liter 76,784 63,398 64,498 58,794
M3 lHhiudravessodnauy liter 585,643 633,459 662,189 675,136

(44



; oy 2
713199 3-6 Indirect inventory Tumswana leviwaz Tnvh

Capital materials and Components, Manufacturing upgrading

Indirect inventory

Hie .. 2558 WA, 2559 WA 2560 WA 2561
Tl (Electricity)
193910 EGAT kWh 53,535 223,640 172,726 15,572
ﬁ1lﬁ@ﬂ1‘iq¢]ﬁ1ﬁﬂ‘i‘in (Demineralized water) m 475,886 461,736 371,971 413,692
MIneasa "li’e)ﬂJ'ﬁ]gQ uaxqﬂnm‘i (Construction, Maintenance cost and Equipment part)
Maintenance cost Million baht 120 150 200 180
Equipment part Million baht 60 300 50 100
Construction Million baht 5,028 5,028 5,028 5,028

(37



44

13 i‘fﬂﬁw%ya Direct inventory Ll81% Indirect inventory AIAT19N 3-5
~ g’/ ~ I 9 1 1 a 31;
1azA13 199 3-6 U1 Tud) w.a. 2558 iudeyanenuassz1I1an15AaAa 1U5un I Feedback
L. . & I3 A o 3 9 ) a 2
control and Optimization program cﬁwﬂmﬂuﬂgm Lmz1/11mammayjawmﬂmmmamm
3 3 I I 1
Tolsunsuuduaiodludl wet. 2559 w.a. 2560 uazw.a. 2561 Wumsnudeyaszning
9
AutiuMINan T aa iU HanuuazinssoN1Fa luaIUAN 19U Air conditioner
U g a 3 o o o <
druilaziimamuazisasaniinissi lvavesa1siiaudu High voltage Breaker TU5EUL
< a o & ] ' 0
Gas insulate substation (GIS) 1ilun15 19 SF, lums@udnsz oy daiu doutimssoniig
o o a 1 a ¥ <3|
wazmssi Iva nazms 191y Diesel Tunanssua g lumswaaloviway i @udu
0 < ' o ' 1
1azMIA1319903a Indirect inventory 92171 la1190Ya Construction v1iyaAINIsnoai1g
0 { < { o o Y g o
TsaTrldhvhmsmasesniu 25 3 awihdyandunsasevie Trldhin EGAT
uazTuuneanad Ise Idhiidam ldaunsoseTiiheendrgszuuldesinissu lwih
: 1 U Iy 4 1 o
499 EGAT Fa lalih Tuaauil ldamnsamugu 18 diesninuisrnan Ised dhsuiludes
a a ¥ A & ' ~ ] = o Y Ay Y
ngamswaaR My wazduemsgadmnssuiuuaazl ldamsnsonazihldacila
A ' Y ¥ T o =2 o & 9 a 3 2 =
11199910 UNFIIAIgNAIAeINT Terhiilusmauinndssuiludeswdmimniu azsiuds
vy I o ) 9 { 9 o o @ A oqu
3 Il udusmaunnlums Start-up boiler 1NMTNToyarliosduTatod Ay N 14
Sldy a [ a ~ ] ~ =\ a ~ ] o
Psnams dsomas Jagau 1 liaimsz Tsdlihiimsngaauuounnaumusenig
a [ I a < o Y = [ < o
sazuuugnay lihezilumsugandauuy lanvgh gar@ewdsannidusmauun
, ¥y qud { 99 Y o
9103 Start-up 312 U3 Start-up 159 IWihudazasedeldiFomauniie 1 ldndsan
9 Y X l 1 a 1 1 1 A v @ =
anwseunaz lo1h ¥alus19ns Start-up mirewdaauaaziilelugus AU G 1T
a o s A o ' (% 9 9 o
nansuainetmie Taelsa lihwdsnuniudeonszldnanlssum 8 4 Tue naz Tsa Tl
. 9 o o a 4
Gas turbine 92 15ya1)szanas 1 52709 Tums Start-up Taguaaars TuansAuas oz
. ' ' Yy v
%7 11475 Start-up Unit T4M13199 3-1 102015199 3-2 14N15 Shutdown UAAZATIUUAINTD
F) A a a o a a 2 9 a a
auqulaen iesnnmswaninavesginsel mskannAnindunadoy mswannAves
a 4
NIZUIUMIHAR 1aze1gNs IFauvesgUnsainag 1591w Srdesnmsaiugumslum
o ' £ 1
%2119 Shutdown Ifanasdesasnuluaiuvesglnsal uazmaluTad v o uazarugu
a Y < . A 1 o w 1 1 1 1 [ A
mawan lagleszuuily Automatic 1ANGA uANIMIAINAIIEdIWadoMs I apeniaizou
k4
t4
n3zaNN1doN mizlimsdeginsal uaznmsasnulu Tl
@ J = (% 2] J
T991iueeAMIUTMITIANTMATOUNTZIN (BIANTUMIFU) DUN. 50 TGO AN

mslfuljeanstdesmaisounszanves Iiihveslszma lnodmSumsdsyiiv
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¢ L g a o ¢ A ¢ L o ¢ s a
ﬂTﬁU@uﬂﬁWﬁu‘ﬂ"\Jﬂ\‘]Wa@]ﬂmcﬂlmgﬂ15ﬂﬁgliluﬂ"ﬁﬂﬂuﬂﬁ%ﬁuﬂﬂlﬂx‘]@\‘lﬂﬂﬁ (®IANITVINT
@ [+ A 14
AANITINIHLTDUNTLIN (BIANTITUNIVU), 2555)
Emission factor (EF) 19lvh carbon footprint organization 1AL =0.5813 kg CO,./ kWh
Emission factor (EF) 19lvh carbon footprint organization i = 0.5821 kg CO,./ kWh
Tavisu1d 1 uns1an 2560 Huduly dwmsuar BF Tivh crp 1¥a@ausuninziimsdseme

' 1 1 A v J
A InuTugradeununWus 2560

]
=

4 1 0o A A
Global warming potential; GWP Mai3ounszanignilaesainmsantiunonssy
@ A Y an = ~ g A &2 o
Yoy pdnNgnAIuANN e lANTa5AeI Ta (Kyoto protocol) NNIHNA 7 ¥R HIN1H
1 Aa A o Y a 9 ~ 1 [ 49! (5] Aa A
ugazatialanuansalumsminnan g Tansounuana iy vuednuilszansnm
TumsunssdnnudouvesTuanausazlszion Tasardnonmlumsildinaniiz Tandou

(Global warming potential: GWP) Tu%39528213a1 100 T 9015199 3-7

]
=

A o A 9 an a ' s A
AT NN 3-7 mclﬂ,i’é)‘uﬂ‘iﬁ]ﬂ“ﬂgﬂﬂ’J’UﬂMﬂi&ﬂ@lWﬁﬁﬁLﬂﬂ’ﬂmmzm GWP100 (’E—]Qﬂﬂ’li‘ﬂiﬂ’li

1Y () A 4
IANINMIFITDUNTLIN (BIANITUNIYU), 2557)

Common name Chemical formula GWP100
Carbon dioxide Co, 1
Methane CH, 25
Nitrous oxide N,O 298

1uﬂTifi’mmmﬂ?mmﬂTiﬂaﬂﬂa"aﬂﬂﬁuau‘vglﬂw?yuﬁclmmﬁwuﬁﬂﬂ’uﬁcl%’m EF
F13197 2-5 TasAianann 1411910 IPCC Guidelines 2006, Self-collect base on API
compendium, TGO: CFO EF updated Jan 2017, IPCC 2007: GWP100 ﬁlﬂmiﬁﬁ 2-5

nszurunskanleriuas 1 danmd 32 sxidiu1dh finmsiamldes GHG
WMansaazMadew duiu msildss GHG Midlumedeumamnsam'idnnds ipcc
Gluum’?i PATGERT Input-Output analysis; IOA éfﬁfﬂums wariia CO, Emission factor; (EF)
9710 table.1 Input-Output sector classification of Thailand commodity of 6" AUN/SEED-Net
regional conference on energy engineering (RCEneE) (611N 1Uan1WaUINISIATY 3 naay

danunrana, 2548) a1ua151992 8 Sector code HagvFUIB0Y NM3tAN19A1519 1-0
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A Y ax v Aa A A A 9
18 Sector code A3ADN 11N ITUAZINZANAUNINTTUNNIITAN TAgnsidanlens 13 1-0
A Aa a A Y a J dy 9 [ dy
A251a0nNYsLMANNIT taznaNis 1aen 19 aauutnusal Ut 14 Sector code Aatl
a a [ 4 % v A o v a [
094 MIkaaRaanuNINNLUY Tag@en (EinOUTMWALIMIIATH NS dInN
UHNTIR, 2548) CO, Emission factor (EF) = 23.27 ton CO, / million baht (Suksuntornsiri et al.,
2013)
%’ v A =) dal 9 a [ 4 % v A = 1
113Ul Tas@ena1vil Useneuaie naanumaniiuil Tns@ew 1w
% ] A = 4 I 1 [ 1 (7 J a3 9

gNLADY WINUATO 9152 MTUBULUAA ANDIUDA 91U TANNIT 1TuAY

139 m3nead1weinsn lilsnegerds (duinnuanmimuimsasygntaz danu
UHSYIA, 2548); CO, Emission factor (EF) = 54.74 tonCO,/million baht (Suksuntornsiri et al.,

dy 9 1 9 ldl ] ld’ [} [ ] d' o
2013) @1v1ilseneuaie ﬂﬁﬂ’é]ﬁ’iN’E]1ﬂ1iel1/‘ill1/1]luclﬂf1/]’e)§®1ﬁﬁl Y 91A1TNNING 159911
v I Aa g a 1 a ]

Trausy T5a5eu T5anenuia uag Indunuaua 3IUNININITADIANLASFOUUFUDIAT
[ 1 F) 1 9 = = [ d'
@ana1 endu NMsneaeaaiise W aatindanuuazeasaeans

112 Engines and Turbines; CO, Emission factor (EF) = 25.03 tonCO,/ million baht

Y )
(Suksuntornsiri et al., 2013) reference table 8 AUHIZNANIDUATBITNTA §] 182 Turbine
= 1 A v . A a

57902 1Man1e o) veunTeavnIIAL Turbine NHann1elulszmalseimene

177 Repair, not elsewhere classified; CO, Emission factor (EF) = 47.15 tonCO,/million

Y
.. ' ' 9 1 o 1

baht (Suksuntornsiri et al., 2013) mﬂlﬁiilxﬂanﬁﬁﬂﬂélﬁnmmxmiamuiumwaumgﬁmﬁ 9

d' 1 (] a g’/ A 1 9
nlulgamsalumsandansoneaing
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HANISAUHUIIUIDY

ﬂ"liﬂ%lﬂﬂjﬂﬂ’izﬂ’mmi WAL Feedback control and Optimization program Nino
1 4 o v @ a %I { a
Factor M3taatlaseniiveu laoen lad 91niginsdinvesloiwas TrldhindaninTse i
[ 1 a 1 a [} J J 1
waInuaNuounnmuHueonu lurisuen lansuasueu laseon leamaumi
(kgCO,,)
1NMIANINTUT VU952 UIUNIHAAILY Feedback control and Optimization
< Y a Aa ~ dg@l A A 1 1 o
program g1ty 1dnnszansamngevuvesIse liihinfiousgninneunazvas
Y
msdsuilselaelse v 18vinisAaaslasiunsu Feedback control and Optimization program
A = a da a 2 9 3 9 Y q 9 ~ o &
FuANY Az ANAIY W.A. 2558 tazaaaduduasansoum v 1¥au 113l w.e. 2559 aaiu
Wan1313U1§9n2UIUNIINAADL Feedback control and Optimization program §13150%78
A a A a Y a [ { a A a z
MUY TEANTMNUDINTZUIUMTHAR JAD39 A3013199 4-1 UszanTamTsaluihannisaaas
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namswanlvlih 53 Sub-bituminous coal NG (mmscf)
- - Total Total input Efficiency
1l MsKan
kWh GJ v output (GJ) ton MJ (mmscf) MJ (GY) (%)
o111 (GJ)

N.f1. 2558 3,889,396,260 14,001,827 10,375,230 24,377,057 1,299,012 27,526,106,477 14,758 15,053 27,526,122 88.56

N.f1. 2559 3,901,001,520 14,043,605 10,811,474 24,855,080 1,277,546 26,182,981,786 15,141 15,444 26,182,997 94.93

: N.A. 2561 4,133,357,900 14,880,088 10,619,236 25,499,325 1,349,878 27,450,399,555 15,966 16,286 27,450,416 92.89

1
1
N.7. 2560 4,154,663,089 14,956,787 10,328,674 25,285,462 1,281,632 25,998,999,810 13,194 13,458 25,999,013 9726
1
1
1
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(Y 4 Aa X
o) MIUAOIANHTOUNTZINNNATIVOINEAN WA (Direct GHG emissions) MAAYLIIN
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Q15199 4-2 WasINNITUa0sNIHSTOUNTZINNIATI (Direct GHG emissions) {agNNO0N (Indirect GHG emissions) °lummam‘1@umax”lﬂ1/’h

il Direct GHG emissions (ton CO,,,) Indirect GHG emissions (ton CO,,)  Total GHG emission (ton CO,,)
W.A. 2558 3,499,586 42,468 3,542,054
W.A. 2559 3,571,855 44,228 3,616,084
W.A. 2560 3,446,982 43,997 3,490,980
W.A. 2561 3,560,214 45,627 3,605,841
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YJana UJana ,
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MIHAN MINAN , ,
; input  mSvenlaeenlensin  output
Tvlvh Josin
(GJ) (tonCO,,,) (kgCO,,/GJ)
(GQ)) (G))
W.f. 2558 14,001,827 10,375,230 24,377,057 3,542,054 145
W.fA. 2559 14,043,605 10,811,474 24,855,080 3,616,084 145
WA 2560 14,956,787 10,328,674 25,285,462 3,490,980 138
N.A. 2561 14,880,088 10,619,236 25,499,325 3,605,841 141

M3519% 4-4 YSunamsdantlassasveu laeen ledae leriwas Wi 1 kWh (kecO

2eq

/kWh)

310 310 Total input EFRL “otal output

manaallih  mswanlei (kWh) mstaaddes  (kgCO,./
i (KWh) (KWh) msveulavenlan  kWh)

59
(tonCO,,,)

W.A. 2558 3,889,396,260 2,882,008,427 6,771,404,686 3,542,054 0.523
W.A. 2559 3,901,001,520 3,003,187,236  6,904,188,756 3,616,084 0.524
W.A. 2560 4,154,663,089 2,869,076,221 7,023,739,310 3,490,980 0.497
W.A. 2561 4,133,357,900 2,949,787,838 7,083,145,738 3,605,841 0.509
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' o A a 3 . .. =
AT NNIANUIN N-1 ﬂ”li‘].lﬁi’)ﬁlﬂ”l“]ﬂﬁ@uﬂﬁgfﬂﬂ‘V]”I\‘lG]i\‘I"Uf’Nﬂ"lﬁﬂﬁﬁllf’)u"llmghh\lﬂ"l (Direct GHG emissions) "’IJE’NTJ W.f. 2558

Emission inventory

1 w.q1. 2558
Unit 310 ton CO, ton CH, ton N,O ton CO

2eq

T T
yA o

r o =) 4' a dg” b7 = . .
07511379807%’!59‘Mﬂ5&"30n!ﬂﬂﬂlu@7ﬂﬂ75!ﬂﬂﬁﬂ‘n@§’lﬂﬂ‘n (Stationary combustion)

MBFITUIA (Natural gas, NG) mmscf 14,758 805,575 15.32 1.38 805,592
DIUHY (Coal) MJ  27,526,106,477 2,645,259 27.53 41.29 2,645,328
1?13]’1!?1&]5@ (Diesel) (fire pump, emergency

gen.,etc.) liter 63,077 170.23 0.0069 0.0014 170.24

ﬁuﬂu (Limestone) ton 101,257 44,553 - - 44,553

" oA da 2 g 4 . .
msaeasimseunszaniitnaue1nnss1lvanasdy 9 (Fugitive emissions)

M3 1% co, unvnTsuae 9 kg 4,935 4.94 - - 4.94

M3 19az 351 Fuve SF6 ke 49.41 1,127 - - 1,127
R32 ke 21 14.18 - - 14.18
R410a ke 25 52.20 - - 52.20
R134a ke 2 31.46 - - 31.46
R407c ke 295.50 524.22 - - 52422

L9



ATNNARUIN N-1 (AD)

Emission inventory

U w.a1. 2558

Unit 310 ton CO, ton CH, ton N,O ton CO,,,
mstdesfimiounszaniupaduanmaw hidinmanaous (Mobile combustion)
FOSUTS-WINOIU LUAZINBIAN 9 (Diesel A1OAT liter 163,646 441.64 6.27E-05 8.91E-12 441.64
mﬂ%’é@gwawmmﬁimaﬁ 10.20 km/L)
FOTVA-WUNNIU UAZTUBT (IUUBY (Gasoline)) liter 76,784 167.51 1.74E-04 1.75E-11 167.51
mﬂ%’ﬁﬁuﬁwammmﬁﬂdm liter 585,643 1,580 2.39E-04 2.49E-10 1,580
msdanlaesmivenlasenlaamansasiu 3,499,586

' . ) {
NU18116) A Emission factor (EF.) 199100113199 3

89



' [ A a 2 . .. S
AT NNIANUIN N-2 ﬂTﬁﬂa@ﬂﬂT“Bli@uﬂﬁgfl]ﬂ‘V]”I\W]i\‘]"U@\‘IﬂTﬁNa@hlf’JHTLLagthﬂT (Direct GHG Emissions) V991 N.¢. 2559

Emission inventory

1 w.a. 2559
Unit U31ne ton CO, ton CH, ton N,O ton CO,,,

' oV A o A dg” b4 v 1o A . .
ﬂ751]@9£lﬂ7°b’!59Nﬂﬁ&’@ﬂn!ﬂﬂ?]u@7ﬂﬂ75!W7II7’73J‘"9§’I0U‘" (Statzonary combustion)
MBFITUIIA (Natural gas, NG) mmscf 15,141 826,493 15.72 1.42 826,510
DU U (Coal) MJ 28,002,389,637 2,691,030 28.00 42.00 2,691,100
Uniuawa (Diesel) (fire pump, emergency gen.,etc.) liter 42,000 113.35 0.0046 0.0009 113.35
ﬁuﬂu (Limestone) ton 89,077 39,194 - - 39,194

v o A Aa ) A
n1ﬁlaaammiaunsmﬂmnmm9mmﬁ??ﬁauazaw] (Fugitive emissions)
M3 14 co, TunvnTsuae kg 3,825 3.82 - - 3.82
m3lFuazmssiFuaes SF6 ke 524.76 11,964 - - 11,964
R32 kg 23 15.53 - - 15.53
R410a kg 28 58.46 - - 58.46
R134a kg 6 8.58 - - 8.58
R407¢c kg 335.50 595.18 - - 595.18

69



ATNNIARUIN N-2 (AD)

Emission inventory

U w.a1. 2559

Unit 310 ton CO, ton CH, ton N,O ton CO,,,
mstdesfimiounszaniupaduanmaw hidinmanaous (Mobile combustion)
FOSUTS-NINOU LUAZINBIAN 9 (Diesel A1OATING liter 164,738 444.58 6.31E-05 8.97E-12 444.58
Glﬂ’f’g%mwaqeumm{ﬁmaﬁ 10.20 km/L)
FOSUA-NUNOY 1AZTOFIA19) (LUUTBU (Gasoline)) liter 63,398 138.31 1.44E-04 1.45E-11 138.31
mﬂ%’ﬁﬁuﬁwammmﬁﬂdm liter 633,459 1,710 2.58E-04 2.69E-10 1,710
msdanaesmivenlasenlaamansasiu 3,571,855

' . ) {
NU18116) A1 Emission factor (EF.) 149100113199 3

0L



' [ A a 2 . . S
AT NNIANUIN N-3 ﬂTﬁﬂa@ﬂﬂT“Bli@uﬂﬁgfl]ﬂ‘V]”I\W]i\‘]"U@\‘IﬂTﬁNa@hlf’JHTLLagthﬂT (Direct GHG emissions) 03 N.F. 2560

Emission inventory

U w.a1. 2560
Unit U3ne ton CO, ton CH, ton N,O ton CO,,,

’ 4 =) 4' a dg” }4 Bld' e 4'
mﬁ/aé)ﬂmcmmun5:,’90mnmwumnnnmﬂwwnagnun (Stationary combustion)
MBFITUIIA (Natural gas, NG) mmscf 16,381 894,210 17.01 1.53 894,228
DU U (Coal) MJ 26,010,001,901 2,499,561 26.01 39.02 2,499,626
Uniuawa (Diesel) (fire pump, emergency gen.,etc.) liter 42,000 113.35 0.0046 0.0009 113.35
ﬁuﬂu (Limestone) ton 99,824 43,923 - - 43,923

v o A Aa ) A
ﬂ751]@98”77‘1“59‘Hﬂ53;"ﬂﬂW!ﬂﬂslliz!inﬂfni???ﬁ‘a!m&’@1! 9 (Fugitive emissions)
M3 1% co, unanTsuae 9 kg 2,685 2.69 - - 2.69
m3lFuazmssrFuves SF6 ke 271.17 6,182.65 - - 6,183
R32 kg 17 11.48 - - 11.48
R410a kg 23 48.02 - - 48.02
R134a kg 1 1.43 - - 1.43
R407¢c kg 285.5 506.48 - - 506.48

IL



ATNNARUIN N-3 (AD)

Emission inventory

1 w.e1. 2560
Unit U31ne ton CO, ton CH, ton N,O ton CO,,,

mstdesfimiounszaniupaduanmaw hidinmanaous (Mobile combustion)
505VA- NN HAZT AT ) (Diesel A16AT1A5 19 liter 152,275 410.95 5.84E-05 8.29E-12 410.95
g%@gwawmmﬁimmi 10.20 km/L)
FOTUA-NUNOY LAZTOFIN1E) (LUUBY (Gasoline)) liter 64,498 140.71 1.46E-04 1.47E-11 140.71
mﬂ%’ﬁﬁuawmmmﬁﬂdm liter 662,189 1,787 2.70E-04 2.81E-10 1,787
msdanaesmivenlasenlaamansasiu 3,446,982

' . ) {
NU18116) A Emission factor (EF.) 199100113199 3
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' o A a 3 . .. =
AT NNIANUIN N-4 ﬂ”li‘]_lﬁi’)ﬁlﬂ”l‘?]ﬂﬁi’)uﬂﬁgfﬂﬂ‘]/]”l\‘lﬁi\‘l"ll@\‘lﬂ"lﬁﬂﬁﬁllﬂu"llmghh\lﬂ"l (Direct GHG emissions) "’IJE’NTJ N.fA. 2561

Emission inventory

1 w.a. 2561
Unit 310 ton CO, ton CH, ton N,O ton CO

2eq

T
yA o

r o =) ::l' a dg” b7 ::l' . .
07511379807%’!59‘Mﬂ5&"30‘mﬂﬂﬂluiﬂﬂﬂ75!ﬂﬂﬁﬂ‘n@§’lﬂﬂ‘n (Stationary combustion)

MBTITUIA (Natural gas, NG) mmscf 15,966 871,561 16.58 1.49 871,579
21UHY (Coal) MJ  27,450,399,555 2,637,983 27.45 41.18 2,638,052
1? WuAa (Diesel) (fire pump, emergency gen.,etc.)  liter 36,000 97.15 0.0039 0.0008 97.16
ﬁuﬂu (Limestone) ton 108,579 47,775 - - 47,775

L o da 2 < 4 » .
msiaeanimseunszoninatiuoinnssa lviauazoy q (Fugitive emissions)

M3 1% co, unvnTsuae 9 kg 0 - - - -
M3 19azn1s5a%Fuved SF6 kg 1.08 24.68 - - 24.68
R32 kg 26 17.55 - - 17.55
R410a kg 93 194.18 - - 194.18
R134a kg 3 429 - - 429
R407c kg 70 124.18 - - 124.18

€L



ATNNARUIN N-4 (AD)

Emission inventory

U w.a1. 2561

Unit U31ne ton CO, ton CH, ton N,O ton CO,,,
mstdesfimiounszaniupaduanmaw hidinmanaous (Mobile combustion)
505VA-NINY HAZ TR ) (Diesel A16AT1N51H  liter 146,344 394.94 5.61E-05 7.97E-12 394.94
L%@mawmmg’ﬁmaﬁ 10.20 km/L)
FOTUA-NUNOU LAZTOFIAN 9 (UUFU (Gasoline)) liter 58,794 128.26 1.33E-04 1.34E-11 128.26
mﬂ%’ﬁﬁuﬁwammmﬁﬂdm liter 675,136 1,822 2.75E-04 2.87E-10 1,822
msdanaesmivenlasenlaamansasiu 3,560,214

' . ) {
NU18116) A Emission factor (EF.) 199100113199 3
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' 25 A Y . .. A a d%l a 1 a S ~
MINMANUIN N-5 MIUaBIMFFTOUNTLINNDDY (Indirect GHG Emissions) NiNAVUIINNINTTUAN Tumswaa Tovuag v vesdl N.f1. 2558

Emission Inventory

U w.a1. 2558
Unit U31ne ton CO, ton CH, ton N,O ton CO,,,

mMsiaeeM 5o unIzanNI900u (Indirect GHG emissions)
Tnhon EGAT (Electricity) kWh 53,535 31.16 - - 31.16
ﬁuﬁ@ﬂﬁq&]’dTﬁﬂiin (Demineralized water) m 475,886 12.56 - - 12.56
n1sneas Nlmé’:%!é?ﬂlhg@ (Construction and maintenance cost)
Maintenance cost Million baht 120 - - - 3,004
Equipment part Million baht 60 - - - 2,829
Construction Million US$ 137.99 - - - 36,592
mstandaesaiveulasen luanedensu 42,468

WHNBIMA A1 Emission factor (EF.) 19010013197 3 oz l9oasimsuanlasutudou unsinu 1 2542 71 36.4348 1n/USS

SL



' 25 A Y . .. A a d%l a 1 a S ~
MINMANUIN N-6 MIUABIMFFTOUNTLINNDDY (Indirect GHG emissions) NNAYUIINNINTTUAN 9 Tumswan Tovuay T vesdl W.A1. 2559

Emission inventory

U w.a1. 2559
Unit U31ne ton CO, ton CH, ton N,O ton CO,,,

mMsiaeeM 5o unIzanNI900u (Indirect GHG emissions)

Tnhon EGAT (Electricity) kWh 223,640 130.18 - - 130.18
ﬁuﬁ@ﬂﬁq&]’dTﬁﬂiin (Demineralized water) m’ 461,736 12.19 - - 12.19
n1sneas Nlmé’:%!ﬂﬂlhqﬂ (Construction and maintenance cost)

Maintenance cost Million baht 150 - - - 3,734
Equipment part Million baht 80 - - - 3,761
Construction Million US$ 137.99 - - - 36,592
mstandaesaiveulasen luanedensu 44,228

WA A1 Emission factor (EF.) 15010013197 3 nag l4oasinmsuanlasuludou unsinu 1 2542 71 36.4348 1n/USS

9L



' 25 A Y . .. A a d%l a 1 a S ~
MINMANUIN N-7 MIUABIMFFTOUNTLINNDDY (Indirect GHG emissions) NtNAYUIINNINTTUAN 9 Tumswan Tovuay T vesdl N.A. 2560

Emission inventory

A w.a1. 2560
Unit U31ne ton CO, ton CH, ton N,O ton CO

2eq

mMsiaeeMmsounszanNn1900xN (Indirect GHG emissions)
Tnhon EGAT (Electricity) kWh 172,726 100.54 - - 100.54
3

ﬁ1lﬁ@ﬂﬁq¢]’d1ﬁﬂiin (Demineralized water) m 371,971 9.82 - - 9.82

n1sneas Nlmé’:%!é?ﬂlhg@ (Construction and maintenance cost)

Maintenance cost Million baht 200 - - - 4,952
Equipment part Million baht 50 - - - 2,344
Construction Million US$ 137.99 - - - 36,592
m3tlaaassniivonlaen ladmeseusou 43,997

WA A1 Emission factor (EF.) 15010013197 3 ez 4oasimsuanlasuluidou unsinu 1 2542 71 36.4348 1n/USS
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U [ A 9 . . . d‘ a ds@l a 1 a %I =
ATNMANUIN N-8 NM5UABINIFTOUNTZINN1IODN (Indirect GHG emissions) NAVUIINNINTTUAN 9 Glummam“lamuaz”lﬂﬁw Y99 W.A. 2561

Emission inventory

U w.q1. 2561
Unit U31ne ton CO, ton CH, ton N,O ton CO,,,

mMsiaeeM 5o unIzanNI900u (Indirect GHG emissions)
17910 EGAT (Electricity) kWh 15,572 9.06 - - 9.06
ﬁuﬁ@ﬂﬁq&]t‘fﬂiﬂ‘i‘in (Demineralized water) m 413,692 10.92 - - 10.92
n1sneas Nlmé’:%!é?ﬂlhg@ (Construction and maintenance cost)
Maintenance cost Million baht 180 - - - 4,376
Equipment part Million baht 100 - - - 4,640
Construction Million US$ 137.99 - - - 36,592
mstandaesaiveulasen luanedensu 45,627

WA A1 Emission factor (EF.) 15010013197 3 nag 4oasimsuanlasutudou unsinu 1 2542 71 36.4348 1m/USS
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AMINNAKNUIN V-1 Emission Factor (EF) (Gémez et al., 2006)

Emission factors

3o Units co, CH, N,O Total uHadI9 v IveYa
(kg CO,/unit) (kg CH,/unit) (kg N,O/unit) (kg CO,e/unit)

Stationary combustion

Natural gas scf 0.05722 0.00000 0.00000 0.05728 IPCC Vol.2 table 2.2
Lignite kg 1.05747 0.00001 0.00002 1.06241 IPCC Vol.2 table 2.2
Residual fuel oil litre 3.07820 0.00012 0.00002 3.08829 IPCC Vol.2 table 2.2
Gas/Diesel oil litre 2.69872 0.00011 0.00002 2.70797 IPCC Vol.2 table 2.2
Anthracite kg 3.08662 0.00003 0.00005 3.10144 IPCC Vol.2 table 2.2
Sub-bituminous coal kg 2.53416 0.00003 0.00004 2.54660 IPCC Vol.2 table 2.2
Jet kerosene litre 2.46890 0.00010 0.00002 2.47766 IPCC Vol.2 table 2.2
LPG litre 1.67972 0.00003 0.00000 1.68118 IPCC Vol.2 table 2.2
LPG kg 3.11060 0.00005 0.00000 3.11330 LPG 1 litre = 0.54 kg

08



ATNNARUIN V-1 (AD)

Emission factors

3o Units Co, CH, N,O Total uradI919vIveYa
(kg CO,/unit) (kg CH,/unit) (kg N,O/unit) (kg CO,e/unit)

Mobile combustion (On road)
Motor gasoline - uncontrolled litre 2.18156 0.00104 0.00010 2.23755 IPCC Vol.2 table 3.2.1,3.2.2
Motor gasoline -oxydation catalyst litre 2.18156 0.00079 0.00025 2.27629 IPCC Vol.2 table 3.2.1,3.2.2
Motor gasoline - low mileage light duty vihicle litre 2.18156 0.00012 0.00018 2.23803 IPCC Vol.2 table 3.2.1,3.2.2
vintage 1995 or later
Gas/ Diesel oil litre 2.69872 0.00014 0.00014 2.74460 IPCC Vol.2 table 3.2.1, 3.2.2
Compressed natural gas kg 2.12619 0.00349 0.00011 2.24724 IPCC Vol.2 table 3.2.1, 3.2.2
Liquified petroleum Gas litre 1.67972 0.00165 0.00001 1.72257 IPCC Vol.2 table 3.2.1, 3.2.2
Liquified petroleum Gas kg 3.11060 0.00306 0.00001 3.18994 LPG 1 litre = 0.54 kg
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ATNNARUIN V-1 (AD)

Emission factors

3o Units Co, CH, N,O Total 11adI9199veYa
(kg CO,/unit) (kg CH,/unit) (kg N,O/unit) (kg CO,e/unit)

Mobile combustion (Off road)
Diesel
- Agriculture litre 2.69872 0.00015 0.00104 3.01290 TPCC Vol.2 table 3.3.1
- Forestry litre 2.69872 0.00015 0.00104 3.01290 TPCC Vol.2 table 3.3.1
- Industry litre 2.69872 0.00015 0.00104 3.01290 TPCC Vol.2 table 3.3.1
- Household litre 2.69872 0.00015 0.00104 3.01290 TPCC Vol.2 table 3.3.1
Motor gasoline - 4 stroke
- Agriculture litre 2.18156 0.00252 0.00006 2.26329 TIPCC Vol.2 table 3.3.1
- Forestry litre 2.18156 0.00000 0.00000 2.18156 IPCC Vol.2 table 3.3.1
- Industry litre 2.18156 0.00157 0.00006 2.23968 IPCC Vol.2 table 3.3.1
- Household litre 2.18156 0.00378 0.00006 2.29477 IPCC Vol.2 table 3.3.1
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ATNNARUIN V-1 (AD)

Emission factors

3o Units Co, CH, N,O Total uHadI9199IveYa
(kg CO,/unit) (kg CH,/unit) (kg N,O/unit) (kg CO,e/unit)

Motor gasoline - 2 stroke

- Agriculture litre 2.18156 0.00441 0.00001 2.29550 TPCC Vol.2 table 3.3.1
- Forestry litre 2.18156 0.00535 0.00001 2.31911 TIPCC Vol.2 table 3.3.1
- Industry litre 2.18156 0.00409 0.00001 2.28763 TPCC Vol.2 table 3.3.1
- Household litre 2.18156 0.00567 0.00001 2.32698 TIPCC Vol.2 table 3.3.1
Mobile combustion (Railway)

Diesel litre 2.69872 0.00015 0.00104 3.01290 TPCC Vol.2 table 3.4.1
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MINNIANUIN ¥-2 Energy conversion factor (Engineering ToolBox, n.d.)

From/To - multiply by GJ kWh therm toe kcal
Gigajoule, GJ 1 277.78 9.47817 0.02388 238,903
Kilo watt hour, kWh 0.0036 1 0.03412 0.00009 860.05
Therm 0.10551 29.307 1 0.00252 25,206
Tonne oil equivalent, toe 41.868 11,630 396.83 1 10,002,389
Kilocalorie, kcal 0.000004186 0.0011627 0.000039674 0.000000100 1
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AT NMAKNUIN V-3 Volume Conversion Factor (Engineering ToolBox, n.d.)

From/To - multiply by L m cu ft Imp. gallon US gallon Bbl (US,P)
Litres, L 1 0.001 0.03531 0.21997 0.26417 0.0062898
Cubic metres, m’ 1000 1 35.315 219.97 264.17 6.2898
Cubic feet, cu ft 28.317 0.028317 1 6.2288 7.48052 0.1781
Imperial gallon 4.5461 0.004546 0.16054 1 1.20095 0.028594
US gallon 3.7854 0.003785 0.13368 0.83267 1 0.023810
Barrel (US, petroleum), bbl 158.99 0.158987 5.61458 34.9723 42 1
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AT NMAKNUIN V-4 Weight/Mass conversion factor (Engineering ToolBox, n.d.)

From/To - multiply by mg g kg tonne ton (UK) ton (US) Ib
Miligram, mg 1 0.001 0.000001

Gram, g 1000 1 1000000

Kilogram, kg 1000000 1000 1 0.001 0.00098 0.00110 2.20462
tonne, t (metric ton) 1000 1 0.98421 1.10231 2204.62368
ton (UK, long ton) 1016.04642 1.01605 1 1.12000 2240
ton (US, short ton) 907.18 0.90718 0.89286 1 2000
Pound, Ib 0.45359 0.00045359 0.00044643 0.00050 1
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ATNAAKNUIN V-5 Length/Distance conversion Factor (Engineering ToolBox, n.d.)

From/To - multiply by m ft mi km nmi
Metre, m 1 3.2808 0.00062137 0.001 0.00053996
Feet, ft 0.30480 1 0.00018939 0.0003048 0.00016458
Miles, mi 1609.34 5280 1 1.60934 0.86898
Kilometres, km 1000 3280.8 0.62137 1 0.53996
Nautical miles, nmi or NM 1852 6076.1 1.15078 1.852 1
From/To - multiply by m ft in cm yd
Metre, m 1 3.28084 39.37008 100 1.09361
Feet, ft 0.30480 1 12 30.48000 0.33333
Inch, in 0.02540 0.08333 1 2.54000 0.02778
Centimetres, cm 0.01 0.03281 0.39370 1 0.01094
Yard, yd 0.91440 3.00000 36 91.44000 1
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