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- MyTeunszanfiinanmarvdiendneada  lawn unasiillaegiui
(Stationary Combustion) knanLilaimsiaaeun (Mobile Combustion) wagn1SLNININAS
(Flare) (613)
(23 A d' 1 d' 1 a
- MFaunszaNvans NNITUIUNITLaEN SrUenNYealn  (Process and
Vent Emission) (01131)
6V = A a & =2 e .. Y
- NYLIBUNTEINNANINNITTITU (Fugitive Emission) (013)
(o) USuun1suassinglsounszanneo o
& = A a Y o - o S &
- MeFeunszaniiinannstianassulndy  ledh Awdeu vieeumasiiu
MNHHFNTORIAMINSI LN B UEN (13)
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a

Ailadsn1sAuinUTInansUdesingisaunsean
1nNsUsENaURINIsULRsIAEY W.A. 2565

1. UNYI

1A aa o

AileTEMsAaUSunsUdesineiseunszanannsusznauiantstlnsideu w.e. ...

YV Vo L

v Auie S uduUnu g5udyauuidunands waziiudyarinauinig Iusenaunsseau

Y
&

n1sUaeefinwsounsyan (GHG Emission*) Hun1elusunsuuseyndseuugudauan1sannisveds
uaznsudesfaidounszannmsvsznavianstinsdevesnsuidomnassssund ielinisiiiy
uanazAamunsnasunsiniunusudunedeuduluaumnsguiseniulussfuaina siuds
annsaideyaildunlivsznoumsiailydfeiteunszanainmsuszneviamstingidesdaiy
drunilwesindfwdeunssanuiinunseudennadufifarsiesla (Kyoto Protocol) IRERIGATATY
andszanuAdnsenisiuasundasaningiie1nia (United Nations Framework Convention on
Climate Change: UNFCCO) masmauliisszansnwlunisnsusuiiierugunisudesfimSounsyan
nnsusznauianstinsideusiely

2. AANNUNINITIIPNULAZITNITAIUIN

ndninassinnsTsnusarimasualugiieatiuiiUszgndunain The Petroleum Industry
Guidelines for Reporting Greenhouse Gas Emissions tag Compendium of Greenhouse Gas
Emissions Estimation Methodologies for the Oil and Gas Industry %38 APl Compendium tagdl
nsUfuUsITasdeniiolindninasinissnuuaziinsinadianumigay wazanndoiy
vsunvesn1suseneudanstinsideululseimalng

dmsuaduUszansnisudesfinaidaunszan (Emission factor) fithanldusyneunisiuia
axldfLanzuasUszing (Country-specific emission factor) suuumINsUszuAT UL LY
29483ANT 1ALDIANITUTITIANIAEITOUTZAN (DIAN1TUMITU) WAz APl Compendium

3. YaUlUANIIANUIMNYRYA

AsuduUnL fSudyeudslunandn wazgSudynn919usnis feesgnulsuiunisdes
faidounszan laemausdeyainianssunmsdsiuasnasiinsdondds iy fiudyanuidu
Handn 3RS UF1919U3N1T Wudaniiuau (Operator) 518U AU (UnsAu-suAL) wuady
2 szog loun szeghandrnanasszosnamdnllngden egnslsinin Usunanmsuassieseunsyan
'«mﬂdaummw%ﬁwﬁmmﬁhjLﬁaaﬁaaiﬂamsqﬁum'iﬂﬁffﬁmu (Operation) 1y d@inaulungiuay
AugHnausY udsianssunmsuiuiuiivarnsteatgiundn mandaaaad Jan gunsal indesdng
#aq lilunszuaunsdrnauazndntlnndouarbigniansniunsmenu

* GHG Emission #1884 Greenhouse gas emission



3.1 nadwnsuunmudsidiavasiedounszan Wy 2 Usson (easBeadssuil 1) el
1) AiSounszaniiuaseniemss (Scope 1 Direct GHG Emissions) vianefls fnidaunszan
ﬁﬂd@ﬂmﬂLLMﬁQﬁ’]Lﬁ@%%EJﬁﬁ]ﬂiimﬁEjﬁUﬁiJUVl’]u iR Uda U TuranEn viesSudyanneuInig
FuflunsiesdeiismamuaunisUfiinu Usznoude mswilndidemnas (Fuel Combustion)
ATEUINITNEALEN132UEAY (Process and Vent) uaxnissalua (Fugitive)
2) frmFounszaniivdesmedesannsldlii (Scope 2 Electricity indirect GHG Emissions)
NUBE ﬁ’]%ﬁ@ﬂﬂis%ﬂﬁﬁﬂﬁumﬂﬁQJ%JUE‘%{'NUVI’]U vsei Uy Uslunanin vvesudyyring
W33 Fendsranmesuenuazidurldluianssunisdisuaraatingiden

>| Stationarv |

= Fuel Combustion Mobile

> Flare
GHG emission = Scope 1 LIt process and Vent | P Process
> Vent
Equipment Leaks

"> Process and Vent —%

> Other Fugitive
L >  Scope 2
P Fluorinated Fugitive

JUR 1 uansmsdniunauunaaiiinvesinusounssan

3.2 NITYIUTNUNATUAINTIN SIYaZLDUALAAIAINITININ 1
AN 1 N5I18UUTUIUADLTOUNTZANTIUUNAINAINT T

4 ‘o fanssu

7 Ussnuvaaniia 5 5 = =
§1999* ‘ 191881323 ‘ LAISHNER ‘ Wan

SCOPE 1 : Direct Emissions

ﬁ']‘lll:%ﬂ‘hmi%]ﬂ‘l?iLﬁﬂ%"lﬂﬂ'ﬁLN']‘lMﬁL%'E]LW’aQW’eJﬁ%a (Fuel Combustion)

1. | Stationary v 4 4 v

2. | Mobile v v v v

3. | Flare - - - v

ﬁﬂ‘lﬂ,ﬂia‘uﬂizﬂﬂ'ﬁ‘t.l?iElEJQ"lﬂﬂiSUQUﬂﬂiLLaZﬁizU’]E}%ﬂwjaﬂLﬂﬂ (Process and Vent)

4. | Process v v v v

5. | Vent - - - v

AwiSounszaniiinannnissadu (Fugitive)

6. | Equipment Leak - - - v

7. | Other fugitive - - - v

8. | Fluorinate fugitive - - - v

SCOPE 2 : Energy Indirect Emissions

9. \ nslandsnuanunaInieuen \ v \ v \ v \ v

v e Ussanvesunasiiilln GHG luusasssosu0aRianssuiifeesnseumonsuionasssuans

>
U ad LY

* mManenuliinafiieseunssanlufanssunsdnamsssdii@ndasaseunguiitismsiaaaiulmaziiiou (Seismic Survey)
keI msInAANudawLusuEn (Electromagnetic Survey)



3.3 fwsaunszanatnn1susznaunan1sUlnsiasu 9198enunsasiieala (Kyoto Protocol)
FAIMUUANIYLTOUNTZANTEIATY I 6 BUA Usznausiy

1) esveulaeanlan (CO,)

2) Ty (CHy)

3) lusSaeeanlad (N,0)

4) lalasvigealsmisueu (HFCs)
5) wWaesrgeslsaiuau (PFCs)
6) daasianazvigeslss (SF)

wazrualildadnenmdivitlilandeu (Global Warming Potential: GWP) #13 Revised
2006 IPCC Guideline Tumsusuiiisuriuizounseandus egluguresinsnisuaulaeenles (COLe)

= o A
FNYALLDYUALLAAIAINITINN 2

91971 2 Andnenndiviililandeu (Global Warming Potential: GWP) waziiada@in (Lifetime)

i JUAREITIUNTZAN gasiadl GWP 0 Lifetime (yr)
1. | msveulaoonlen Co, 1 -

2. | fwu CH, 25 12

3. | lunsaeonlen N,O 298 114

4. | lelasvigeslsasueu HFCs 124 - 14,800 1.4 - 270

5. | Wasvgeslsmsueu PFCs 7,390 - 12,200 2,600 — 50,000
6. | Fawlesianvzngonlsn SFs 22,800 3,200




4. nsauandsuiunisuassfigisaunszan
4.1 fwiSeunszanainnisalug (Fuel Combustion Emissions) wuailu 3 Uszian laun
4.1.1 Lmdﬂﬁ’nﬁﬂagjﬁ’uﬁ (Stationary Combustion Emissions)
Annmasnindifinangunaal wu wdesduialudih uifeloth (Boiler) nifadudn
(Dehydrator reboiler) w3ahAudou (Heaten) Ju (Pump) ABLLNSELBS (Compressor) LUusu
lunsaunvzimualifiani s ndegsauysal Lar dsamsurinvesliomaeadaily
Husdnaten Ssanunsafuinild 3 53 dall

N1 nAINSIUUSULTDINAN LY 1ag?
dunns (1) Eqe = USunamsuassinaisounseansioU (keCO.e/yr)

Eco, = UStnaumsuassinaaisueulaesnlanmned (keCOy/yr)
Eche = Ecoz + Ecra + Enzo Ecia = Ysnnaunisuasainadimusiol (keCO,e/yr)

Eno = Usinaunmsuassinalunsaeenlanmnal (kgCOe/yr)
auns (2) FC = Usunandoumdsildsed (L, scf 130 ke)

EFgne = Emission Factor saufingisounszaniia 3 vila
Fere = FC x EFgig EFco, = Emission Factor 9asingansueulaesnlan

EFcha = Emission Factor YOI

dun1s (3) EF\u0 = Emission Factor aasinglunsaeanlon
Ecoz = FC X HHV x EFcop HHV = v-w'wmm%augwau%al,wﬁqm%’
Echa = FC X HHV X EFcyq WL
Enzo = FC x HHV x EFy0 aun15 (2) 1997 EF e 9709791 a-1

qun75 (3) 1997 EF oy EF g UAE EF 0 27097579 Q-2

TN 2 nsEMIIUeIRUsSENRULALUSLNTBMNEA LY (NShuaamasnaadaluan1usanxan laLea)

aunis (4)
Ecoz = FCx 1 X [(fc fuat X 1) + feop) X 44 x (4.536 x 10°%)
molar volume conversion
Tnei
Eco, = Ustnunsuassingmsusulaesnlannel (keCO./r)
fe fuel = (Ccit.t % Cc) FC = Ginaudemdildsed (scfyr)
100 foru = dndruvasaivoulnslualudomamosada

(lb mole C / b mole fuel)
froy = dndauwes CO, Tnolualuidomaoada
%Cq = Xca X %G (lb mole CO, / b mole fuel)

molar volume conversion = 379.3 scf/lb mole fuel

%C. = % AmsuaueaIRUsEneu C ludoiwas
%C, =% mivouvesasAuzneu C ludeinas
Xeo = uuluananisueuvesesnusenau G
%C. = % lneluavesasruszneu C ludoinas



ada am a & a ay v
/N 3 ﬂﬁmlﬂ%i']UUiiJ']mL%@LWﬂﬂVlsL%
aunis (5)

Ecre = Ein X EFgre

F, = ERxLF x OT x ETT

OT = total hour,; +...+ total hour,,,

Tned

Eqe = USununisuaesingiseunszanaat (keCO,e/yr)

E, = U'%mmwé’mumLs’ﬁﬂﬁﬁauiﬁqﬂﬂsaj (BTU/yr)

EF¢qe = Emission Factor iwﬁwﬁauﬂimﬂﬁy’ﬂ 3 iln

ER = Equipment Rating (hp)

LF = Equipment loading factor (fraction)

OT = Usnautlusmsiauvesgunsaised (hi/yn

ETT = Equipment Thermal efficiency (BTU,/hp-hrg.)

total hour,,;.1, = ﬂ%mm%’ﬂmmsﬁwmumaaqﬂﬂiiﬁ
Tu 1-12 wou

VB

aun75 (5) 1A EFge 310A1579 a-1

97 ETT 29997579 a-3

4.1.2 wnaenianiniswmaauil (Mobile Combustion Emissions)

ARAINNTR ITRINEUNIMUENINTARDUT WU S08UF TaUTTNNN
Fod1579 Bovududu salvvudaiiiu wdreuwes WWudu negiuduuniu wiedsu

1
o w

Solagans
yay Uty

v a

U
Gl

Y

Nawds seRUdmaTeUsNg Wudsuiareualdineuniudemas lunmsiunauszfeamsiuei
vouawdsweadanld Justnsioy Jeamnsamuinla 2 35 aedl

N1 ATENIUUSU T DNAIN b
a1nns (6)

Ere = FC X EFghe

AN 2 NIANIIVTLOLNILAZ LA TUNIAUL
AUNTT (7) — S08UA LATINTYIULURA

Eore = D x (1) x EFgye
FE

N9 (8) - SONTTUL UALINGUIIVN

EGHG:DXLXEFC

Tnedi
Eqe = USununsuaseisiseunssanaal (keCO.e/yr)
FC = Ysnaudeundsildned (L wie ke)

EFgyc = Emission Factor sauineiseunseaniis 3 vila

Tnedi
Eqe = USununsuaseinsiseunssanael (keCO.e/yr)
D = szezvedildlunisiiums (km)

FE = snsinsauldeadomamessnugus

EF¢rc = Emission Factor imﬁ”wﬁauﬂimﬂﬁ”’a 3 %in
el

Eqe = USunaunisuassingiseunszanseat (tonCOe/yr)
D

L

SegENanLgluNSHAUNIG (km)

v

uiinussyn (ton)

EFc = Emission Factor SIMeTaunsEanye 3 viln



auns (9) - 158 1

Eqe = UsunaunisUassingizeunszansiel (tonCO,e/yr)
Ecre = FC X EFghg FC = Ysnnandemasnldsetlunisiiuse (tonne)

EF¢.c = Emission Factor Saufinetsaunszanig 3 4

FE = 8n9n15auUaeaiiomasusass (tonne/day)

FC = FE xTD ™ = dunuiuiidnmaaudesed
aun1s (10) — salw D = szeymadildlunisiauma (km)
L =dwinussyn (ton)

Ecie = D x L x FE x EFgye FE 222 kJ/tonne-km %58 337 BTU/ton-mile

EF¢uc = Emission Factor SMeTaunszanye 3 viln

aunns (11) — Yudangennia

sregmeilelunisiAumng (km)
Ecue = D x (1) X EFgie FE = 0.16 km/L %39 0.38 mile/gallon
FE

O
Il

EFgyc = Emission Factor sauineiseunseaniis 3 vila

VIS

aun75 (6) (7) (9) uaz (10) 1977 EF 4y 97097599 b-1
aun7s (7) 1977 FE 99997579 b-2

aun s (8) 1977 EF- 91097579 b-3

aun7s (9) 977 FE 99097579 b-4

qun75 (11) 1937 EF g 97097579 b-1 %59 a-2

windeaailddudomadinim wu enuea lulofwa vieldemdmausewing
Fomawleadatuidemasdanm wu £85 way B20 udu Iduindsunamsidesisdeunsyan
audpduveatemdmeadaluomadniu Wy sansyugldntiu B20 §auau 1,000 Anseed msAa
szudsvenidufedounszaniinanmsunlwiisiuluTefiea $1uau 200 8as waztnsufiea S1uau
800 an3 ae¢lsfnn Arsueulueniueaiedndu Biogenic carbon FsmundnLna 2006 IPCC
Guidelines mMuualilunosdivsununisuassnigaisuaulaeenlenain Biogenic carbon 115uly
Jadsensnistdesineideunsyan wWu sasusldiifi £20 $1uau 1,000 assed Msiunazan
nsurlasiisfuuu@y 109y 800 answintu druniswilwianiusuaInenIuea $1uL 200 AR
lafosiwaumayliiansuludyisemsassinmseunsyan Wusu

4.1.3 uwnasrinINNTSENAEAs (Flare Emissions)
ARanmsEnfafefimdoannssurunisuanuaylilansotluldusslowld luns
ARzt mualilliadaNysalven sl 98% LardsmsuUsunafnaimnhssetiJuststion
Faanansadnld 3 53 fail

=]



39 1

ATUNIIUBIAUTLNDUVBIN LTINS
aunig (12)

ECOZ = FCx 1 X [(fc flare X 098) + fcoz) x 44 x (4536 X 10_4)
molar volume conversion

Tae?

Ecor = Usmnaunsuaseineansveulaeenlannet (kgCO,/yr)

FC = YSinasfneindised (scf/yr)

fe e = Sncuveasnsuaulumeiiiii (b mole C / b mole flare gas)

froy = dndauras CO, Inslualufinadinits (b mole CO, / Ib mole flare gas)

molar volume conversion = 379.3 scf/lb mole fuel

aung (13)
Ecra = FC X feyq X % residual CH, x 1 X MW g X (4.536 x 10™%)
molar volume conversion
Tnefi

Ecna = Uununsuassinedinumed (keCH,/yr)

FC = Usinasimediunitestal (scf/yr)

fouw = dnehuves CH, lufeiuniia (b mole CH, / b mole flare gas)
% residual CH, = dnauves CH, ﬁiﬁjgmmluﬁ WU 2%

MWepq = ‘13mﬁ’ﬂ‘[maqa CH4 Wi 16 Ib/lb mole CH,

molar volume conversion = 379.3 scf/lb mole fuel

nsglinsuesAusenauveafinginIfg
M winanauns (11) uag (12) lnglideyansAusznauvesingnunised c-1

mMsmuuUsIIunsUasstwlunsalaeanlanainnisimnig
aunns (14) Tned

Eno = Usinunmsuassinglunsalaeenlanmned (tonN,O/yr)

Enzo = V X EFyz0 Vo = UBunadlesideudinanded (bbl wse MMsch)

EFy,0 = Emission Factor vasinalunsalaeenlan

WIS
qun7 (14) 1987 EF 0 97097579 ¢-2



4.2 frei3aunszaniiinainnszuaunisdrsianaznanUlnsidey wazn135suIen1etaale
%aqqﬂnszﬁ (Process and Vented Emissions)
AnaINNssELIeigTounsganaann1aveslnvesgunsalusonssuIunsiig 9 tngwuaann
wigsrudnld 5 Usvim fedl
4.2.1 MAENISAIAMUTUDDINANNAY
Aeanheildusulsmmnmine taeldans Glycol fsmudu warlunmsdiinazdes
nudinatneideudwinedueteios Fsawnsorunnld 2 38 fedl

W1 nsdldanslnanea (Glycol Dehydrator) — lneil
#@1nns (15) Ecua = UStnaunisuaesinatimuset (tonCHy/yr)

V= Banasaiinu Glycol Dehydration Unit fied (MMsch)

Echa = V X EFcig EF e = Emission Factor ¥efinedliny

YIS

aun75 (15) 1987 EF g 99097599 -1

D

W2 nsdlddnansgadu (Desiccant Dehydrator)
dunns (16)

Echa = (0.257tD?) x H x G x N x (P,/P) x %CH, x (1.913 x 10)

aun1s (17)

Feon = (0.257TD) x H x G x N x (P,/P;) x %CO, x (5.262 x 10°%)

Tnedi
Ecua = UStnaumisuassinadinunet (tonCH,/yr)

Ecor = UStnaumsuaseinwansusulaeenlannel (tonCO,/yr)

D = wéuhuaudnanneluve (f)

H = enugavie (ft)

G = dndulaedsunsvesinglunenadu = 1 - Fraction of desiccant packing
N = fé’wmuﬂ%&ﬂﬁLiJ?{sJudwéhﬂawam%’wia?J

P, = ANAUUIIEINIA = 14.7 Psia

P, = anudurasienslunegady (Psia)

%CH, = aaruszneufwiimulaglua (% mole) lufwnleudmegadu

%CO, = asrusznaufitgarsueulaenladlaelua (% mole) lufanleudmegady



4.2.2 N1958U1eRIsaunszanann Cold Process and Vents

ARIINNTEUIUNTRERNTONITNAda UYL (Well testing) wazlun1sAuInAoIngIu
Usuraufnandaudnuuiaeidusgnetes Fsaruisasuiale 135 fadl

B[N 1 AelvukaziisesusulneanlunainnisuanuisiupukasNaning
@un1s (18)

(1) ECH4 = Voil X GOR x %CH4 X (N/365) X (1913 X 10_5)
(2) ECOZ = \/Oi[ x GOR x %COZ X (N/365) X (5262 X 10-5)

Toedi

Fena = UTunaunsuaseinetinusay (tonCH,/yr)

Ecor = Ustnaumsuassineaisveulaeenlannel (tonCO,/yr)
V= USnamsuamisiufuded (barrel/yr)

GOR = dndufemotnsiuiu (Gas-to-Oil Ratio) (scf/barrel)
%CH, = peaUsznauimaiiinulaelua (% mole) lufine

%CO, = asrusznounga1susulaonlenlaglua (% mole) Tufing

N = §1uwaufuiiiinng Vent sed
(v <
4.2.3 491U

Annnnsasasesrnusulud wiu vl R musEuLendaeennant LAY (Flash gas)
Feanansormald 333 well
W1 Sufuihdud
a@un1s (19)

Echa = GOR x Vi x %CH4 x (6.76 x 10%)

P 1.204 P 1.204
GOR = G X (—) - (—) ]
Flash gas [ 519.7 x 10Y8/separator 519.7 X 10%8/gtorage Tank
Tnei
Ecie = USinaimsudesinaiivusieU (tonCHy/yr)

GOR = dndufied Flash sieuSainanisiudu (m*/m? oil)
V= Usunashdudvitluadndadu (obl)
%CH, = padusznaufieiinuly Flash gas lneusunns mnldfideyallddn 27.4

Giiash gos = ATNENTUNZVRY Flash gas vnlsififeyalvlden 0.9

P = auauly Separator wagludaiu (kPa)
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Ve = 1.225 + 0.00164 x T - 1.769/SGy,

T = gaungiilu Separator uazdufiu (K)

SGy = AN suRUTisuR Ut = 141.5/131.5 + Gt
Gy = APl gravity vesusuiiudl 60 °F

359 2 duAumULALLEN
d@1n13 (20)

Ecrg = Ve X EFc

dd' [ =3 goj a
N 3 AAUUIINATEUIUNITHEN
dun1s (21)

Ecra = pr X EFfiash

37 4 Sufudid Blanketed Natural gas
aunns (22)

Ecia = Vi X %CH,x 1.913 x 107

Tawi
o = USunaunisuaesfinatinusat (tonCH,/yr)
V. = USinaueeuwauanidndaduset (bbl)

EFc = Methane flashing emission = 2.3 x 10” tonCH,/bbl

lned
Fope = UStnaunsUassfinadinusaU (tonCHy/yr)
Vo, = Usinanhannssuiunisidaiidndaiusied (bbl)

EFr.sn = Emission Factor YRINLILNY 31NAN5 d-2

el

Eena = UStnaunisuaseiaiinuned (tonCH,/yr)

V, = UBinashsupuiiudanunuiifesssued (obl)

%CH, = asAaUsznauvasieilinulaglua (%mole)
Tufesssuana

VIR

° o % =
ANUIUNTNTIENINTGIY AIUAY 1 atm, gadnfil 60 °F

4.2.4 n1553U19A%L38UNZANAIN Loading Operations
Annnszuunsauisdiduiursonsumumananduiuludaide lneussgasdaiu
10e30UTINN Tl vieise TunisdnademsudBinanauaedetiluetinies Fveunsaduin

1o 133 eall
BN 1 nsUasenginy
duns (23)

ECHﬂ = \/L X EFTO(:X 0.15

el
Ecua = Ustnaunisuaesinadiinuset (tonCHy/yr)
V. = Usinashsiufuvidensunuaniwugiesed (m)
EFioc = TOC Emission factor 21811574 d-3
(tonne TOC/10° m? loaded)
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4.2.5 NM552UNBANYISOUNTZANAIN Venting sourcesdu & @mnsaA1winla 2 38 Al

39 1 Mud Degassing il

dunns (24) Fena = UStnaunmsuassinadinumet (tonCHy/yr)

EF, = Emission Factor a1n®1519 d-4

Echa = EFy x N x (9%6CHq actua) N = dwudunidnisaaie
%CHﬂ default

%CHg ocra = DIAUTTNBUVBIA DTN
%CH4 default — 8385%

Qdd‘ . . . dl
9% 2 None-routine emissions Taedn

Ecua = UStnunisuaesinadiinuset (tonCHy/yr)

EF, = Emission Factor 91n®1579 d-4

Echa = EFca X N x (%CH4 actua) N = f1unugUnIsniniediuiuasaninanssy
%CHﬂ default

%CHg e = B9AUSTNBUTRIA I ULAETNA (%mole)
%CH4 default = 78.8%

YV 1A %CH, actio = 1 LI01IMTIV %6CHy ety
%CH, 4 default

4.2.6 M3lgIngszla awnsormwinla 135 Al
37 1 nsdlld Ammonium Nitrate Fuel Oil (ANFO) Tne

Eee = USunaunisuanefingisonszansiel (tonneCO,e/yr)
Eche = ANFO Consumption x EF ANFO Consumption = U3u1adn1slt ANFO

EF = Emission Factor = 0.17 tonne CO,/tonne ANFO

4.2.7 N1SWEISAUNAY aunsarwIndla 135 fadl
39 1 nsdldl Fluorinated gas v38 CO, tWussAusynau

Tne?

Eqe = USunaunsuaseingisenszansel (COLe/yr)
Echie = N x GWP N = Usnaasduamdsiildsed (ke)

4.3 AN9I3aUNTLANAINAIS5ITY (Fugitive Emissions)
Anann1siTueenaNgunTal Insudannunasiiiald 3 Ussian sl
4.3.1M3593u3ngUn3al (Equipment Leak)

ANINNNITITUAINQUNIAIA 9 Tunszuiunsuds TunsmuufemnuusanunIskEn
unilufunseinesalidusgsiios Feanunsorwnmunrasindaainnisaiuaule 2 35 dsdl
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B 1 nswdsnunasuuunuaglunzig il
dunns (25) Fere = USnaufinaiinuiisa@used (tonCH./yr)
P = Usinamsnantsiuiundemasied (bbl wie MMsch)
Eca = P x EFf x (%CH, 2ctual) EF; = Emission Factor 3101374 e-1 (tonCH,/unit)
9CHg sefaute %CH, ooy = DIRUSENBUVDIABEINY

%CHy eaut = DIAUTETNOUTDIMGHLIU 9INA1S19 e-1

YIS TIUA Y6CH, eror = 1 6I01INTIV 96CH, et
%CH, 4 default

W/N 2 MswenkazUsuU RN INANY Tagi

e = USunaufinadimuisrdiusiol (tonCHy/yr)

P = USuaunisudnnnesal (MMsch)

Echa = P x EFf x (%CHg 5ctua) EF; = Emission Factor 970A1579 e-1
0 H4 default

%CHg oo = DIAUSTNBUVBIAWILNU

%CHy goraut = 86.6% PRI e-1

VLV TN %CH, actior = 1 LI01IMTIV %6CHy ety
%CH, 4 default

4.3.211539%1dU 9 (Other Fugitive Emissions)
WnNAsUITRAY AN INmTRsIAafwasUsulaeanles wazdieiivu n1sAuIN

Fansruusuravasindsninluviinnatidusgatioy Fanuini1sAuIumNUTELnYeszuutiUn
gy 1y 2 35 fail

B 1 szuuthdawuuinenna e
#dUnnT (26) Ecop = USU04 CO, 71598 usial (tonCO,/yr)
Vo = unashdeiivhdased (sallon/yr)
Feop =V x 3.785712 x BODs x 44 x 10° BOD; = @1 BOD # 5 §u (me/L)
0.7 12
B2 svuuthiauuuldifinenne Towil
@1nns (27) Fere = Ustnaufinafinuiisrdusied (tonCHy/yr)
Vo = Gnahdeiivadasied (m3yn)

Ecra = [(V x COD - S] x B x MCF x 0.001 S = U%magmﬂmzﬂauﬁgﬂﬁﬁm (kg COD/yr)
B =0.25 kg CHy/kg COD

COD = andsnszanuanlsnuesunds (kg/m?)

MCF = Methane correction factor 2100154 e-2
4.3, 3n'ﬁiwmaan'\wumaa’bmLﬂuaaﬂﬂsvnau (Fluorinated Fugitive Emissions)
LﬂmmﬂmiiwmaammmmmLaumuWaadbmLﬂuaaﬂﬂimau LU HFCs PFCs wag SFy
%qmiﬁwmmmawmwummmmmmmLﬂummmﬂuamquaﬂ wadu 2 33 ¢edl
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B nsdvmsudiname sy Towil
Ertuornated s = U318 Fluorinated gas f$2Tusal (COLe/yr)
Vo = Ginameshenidiusied (kg)
Erworinated gas = V X GWP GWP = fn GWP wastheiaudy 91nmsns e-4

A av o a H A a
%7 2 nsdlunsruUsunaveaing ki
@1n"s (28)

EFluorinated gas — Cx EFOperationg x 0.001 x N x GWP

Tne
Eftuorinated gas = U3HN84 Fluorinated gas N5TusaU (COLe/yr)
C = mmgmmqﬂmaﬁﬁlﬁu Fluorinated gas

EFoperations = AIN155981v038UNT0lM0Y 91091579 e-3

N = 1wugunsal
GWP = f1 GWP wasevhanadu :1nanss e-a
B3 msniduangunsalliliuisUssian Tnei
Eftuornated s = U3H0U Fluorinated gas A$dusiod (COLe/yn)
Vv - Vnaenheridused (kg)
Eruorinated gas = V X GWP GWP - 1 GWP vestheiharudy 995 e-4

4.4 RFUNTZANNDIUIINATIINA Y (Energy Indirect Emissions)
Ansnmsthdmdenuli ledh aowdou ‘vf%aﬂfma'aLiuaflﬂ;ﬁmﬁmﬁaﬁ%’mmwé’mumaJuaﬂ
deranldduindeugunsal edesiiesns o luanisdnanazndnvesgFuduunu viegiudyan
wUslunandn vi3egsudya1319uinis asnsadwinlansauns
auns (29)

Ecne = Energy consumption x EF

VeI
1) asdgeovseundalnihnnisliihaundnim A EF = 0.5813 kCO/kwh
2)  nsidgenseindlwihamnlsalwiinenyu fvn EF mugudn mnlunswlily 0.5813 keCOe/kwh
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=1

5. anduuszansnisuasuniwsaunszan (Emission factor : EF)
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A15197 a-1 A1 EFgc dM9SUATUIM Stationary Combustion

TR GR UM EFgnc (Kg CO, e/%1ine) 91994
ANY5IIUYA MJ 0.0099 Ecoinvent 2.0
A5 IINYA Scf 0.0670 IPCC
finwmnedu (LPG) MJ 0.0612 Frankin US 98
sy (LPG) L 1.6812 IPCC
ey (LPG) Kg 3.1100 IPCC
AU (Coking Coal) Kg 2.6268 IPCC
auAuanlud (Lignite) Kg 1.0624 IPCC
suiiudyidadu q K 2.5070 IPCC
fla L 2.7080 IPCC 2007, DEDE
s Ke 0.6200 LCA DK
s MJ 0.0926 Ecolnvent 2.0
s L 3.0883 IPCC
1hifufne (Kerosene) L 24777 IPCC
@13%737a (Biomass) Kg 0.6930 IPCC

a a s L« s s ~ Y & = s
U LL‘U'TV]’Nﬂ'ﬁﬂigLNUﬂWﬁU@umeﬁquaﬂaQﬂﬂﬁ DIANITUINITINNTITINYLIDUNTILAN (a\'iﬂﬂ']ﬁllﬂf]‘?]u), 2554

A115199 a-2 A1 EFco, EF g WA EF 0 81m5UAIUIM Stationary Combustion

EFcon EFcna EFnso
- & A Tonnes | Tonnes | Tonnes | Tonnes | Tonnes | Tonnes
THANTRIAS /10" | /103 | /10" | /10"J | /10%) | /10%)
(LHV) (HHV) (LHV) (HHV) (LHV) (HHV)
Anthracite 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Anthracite Coal 103.4 98.2
Asphalt and Road Oil 75.4 T1.7
Aviation Gas 69.0 65.6
Aviation Gasoline/Jet Gasoline 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Biogasoline 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Biodiesels 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Bitumen 80.7 76.6 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Bituminous Coal 93.2 88.6
Charcoal 2.00E-01 | 1.90E-01 | 4.00E-03 | 3.80E-03
Coal Tar 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Coke 113.7 108.0
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A15°97 a-2 A1 EFcoy EFcpe W8 EF 0 @19SUATUIM Stationary Combustion (#18)

EFcos EFca EFys0
“ 2 oA Tonnes | Tonnes | Tonnes | Tonnes | Tonnes | Tonnes
AHpLTRIAS /10%) | /10"*) | /10" | /10%J | /10%) | /10%%)
(LHV) (HHV) (LHV) (HHV) (LHV) (HHV)
Coke Oven Gas 1.00E-03 | 9.00E-04 | 1.00E-04 | 9.00E-05
Coke (CokeOven/Lignite/Gas) 107.1 101.7 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Coking Coal 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Crude Oil 74.4 70.7 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Ethane 1.00E-03 | 9.50E-04 | 6.00E-04 | 5.70E-04
Distillate Fuel (#1,2,4) 73.0 69.3
94.5 89.8
Electric Utility Coal
94.2 89.5
Ethanol 70.8 67.2
Flexicoker Low BTU Gas 119.5 107.6
Fuel Oil #4 76.0 72.2
Gas Coke 1.00E-03 | 9.50E-04 | 1.00E-04 | 9.50E-05
Gas/Diesel Oil 74.1 70.4 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Industrial Coking Coal 93.5 88.8
Jet Fuel 70.7 67.2
Jet Gasoline 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Kerosene 72.1 68.5 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Landfill Gas 1.00E-03 | 9.00E-04 | 1.00E-04 | 9.00E-05
96.2 91.4 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Lignite
63.0 59.9
Liquefied Petroleum Gas (LPG) 62.1 59.0 1.00E-03 | 9.50E-04 | 1.00E-04 | 9.50E-05
Liquefied Petroleum Gas (LPG) 63.0 59.9
Lubricants 74.0 70.3 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Butane (normal) 64.8 61.5
Ethane 59.4 56.5
Isobutane 64.9 61.7
Propane 62.9 59.8
Miscellaneous Product 74.4 70.7
Motor Gasoline (Petrol) 70.7 67.2 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Naphtha (<401°F) 66.4 63.0 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Nat. Gas Liquids 64.2 61.0 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
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A15°97 a-2 A1 EFcoy EFcpe W8 EF 0 @19SUATUIM Stationary Combustion (#18)

EFCOZ EFCH4 EFNZO
mﬁm%’al,wﬁq Tonrlwzes Tonlr;es TonTzes Tonlr;es Tonrlwzes Tonlr;es
/107) /107 J /107) /107 J /107) /107°J
(LHV) (HHV) (LHV) (HHV) (LHV) (HHV)

Natural Gas (Pipeline) 55.9 50.3 1.00E-03 | 9.00E-04 | 1.00E-04 | 9.00E-05
Natural Gas (Flared - 1,130 57.6 51.9
Btu/scf basis)
Other Biogas 1.00E-03 | 9.00E-04 | 1.00E-04 | 9.00E-05
Other Bituminous Coal 94.6 89.9 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Other Industrial Coal 93.8 89.1
Other Kerosene 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Other Liquid Biofuels 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Other Petroleum Products 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Other Primary Solid Biomass 3.00E-02 | 2.85E-02 | 4.00E-03 | 3.80E-03
Oil Shale and Tar Sands 106.7 101.4 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Other Oil (>401°F) 73.0 69.3
Peat 106.0 100.7 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Pentanes Plus 66.7 63.4
Petrochemical Feedstocks 70.9 67.3
Petroleum Coke 101.9 96.8 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Paraffin Waxes 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Petroleum Waxes 95.1 90.4 3.00E-02 | 2.85E-02 | 4.00E-03 | 3.80E-03
Refinery Feedstocks 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Refinery Gas 57.6 51.8 1.00E-03 | 9.00E-04 | 1.00E-04 | 9.00E-05
Residential/Commercial Coal 95.1 90.4
Residual Fuel Oil 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Residual Oil #5 77.8 73.9
Residual Oil #6 78.6 4.7
Shale Oil 85.8 81.5
Sludge Gas 73.3 69.7 3.00E-03 | 2.85E-03 | 6.00E-04 | 5.70E-04
Sub-Bituminous Coal 1.00E-03 | 9.50E-04 | 1.50E-03 | 1.42E-03
Special Naphtha 72.7 69.0
Still Gas 67.6 60.9
Sub-bituminous Coal 96.9 92.0
Tires/Tire Derived Fuel 72.5 68.8
Unfinished QOils 74.4 70.7
Waste Oil 1.00E-03 | 9.00E-04 | 1.00E-04 | 9.00E-05
Waste Wood/Wood 3.00E-02 | 2.85E-02 | 4.00E-03 | 3.80E-03

i1 : American Petroleum Institute Compendium, 2009
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1519 a-3 A1 Equipment Thermal Efficiency (ETT) vosgUnsaldmsuAwIN Stationary Combustion

Original Units‘

Converted Units

Generator Type Fuel Type HHV Basis LHV Basis
Btu/kW-hr | Btu/hp-hr| J (Input)/ |Btu/kW-hr|Btu/hp-hr| J (Input)/
J (Output) J (Output)
Advanced Combustion Turbine Not Specified 9,289 6,927 21722
Advanced Gas / Oil Combined Cycle | Not Specified 6,752 5,035 1.979
Advanced Gas / Oil Combined Not Specified 8,613 6,423 2524
Cycle with Carbon Sequestration
Biomass Not Specified 8,911 6,645 2.612
Combined Heat and Power Natural Gas 5,000 - 3,729 - 1.465 - 4,750 - | 3,542 - 1.392 -
6,000 4,474 1.758 5,700 4,250 1.671
Combined Cycle Single Shaft Natural Gas 8,952 6,676 2.624 8,057 6,008 2.361
Combined Cycle Steam Turbine Natural Gas 10,229 7,628 2.998 9,206 6,865 2.698
with Supplemental Firing
Conventional Combustion Turbine | Not Specified 10,833 8,078 3.175
Conventional Gas / Oil Combined | Not Specified 7,196 5,366 2.109
Cycle
Distributed Generation — Baseload | Not Specified 9,200 6,360 2.696
Distributed Generation - Peak Not Specified 10,257 7,649 3.006
Fuel Cells Not Specified 7,930 5913 2.324
Liquefied 13,503 10,069 3.957 12,828 9,566 3.759
Gas Turbine Propane Gas
Natural Gas 13,918 10,379 4.079 12,526 9,341 3.671
Gas Turbine Refinery Gas 15,000 11,186 4.396 13,500 10,067 3.956
Geothermal Not Specified 35,376 26,380 10.368
Integrated Coal-Gasification Not Specified 8,765 6,536 2.569
Combined Cycle
Integrated Coal-Gasification Not Specified 10,781 8,039 3.160
Combined Cycle with Carbon
Sequestration
Gasoline 9,387 7,000 2.751 8,918 6,650 2614
(converted) | (original
units)
Internal Combustion Engine
Natural Gas 10,538 7,858 3.088 9,484 7,072 2.780
No. 2 Fuel Oil 10,847 8,089 3.179 10,305 7,684 3.020
Refinery Gas 14,000 10,440 4.103 12,600 9,396 3.693
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37l a-3 A1 Equiprent Thermal Efficiency (ETT) YosgUnsaldmsurwIn Stationary Combustion (#0)

Original Units‘ Converted Units
Generator Type Fuel Type HHV Basis LHV Basis
Btu/kW-hr | Btu/hp-hr| J (Input)/ |Btu/kW-hr|Btu/hp-hr| J (Input)/
J (Output) J (Output)
Scrubbed Coal — New Not Specified 9,200 6,860 2.696
Coal 11,792 8,793 3.456 11,202 8,354 3.283
(Anthracite)
Coal Bitu 9,941 7,413 2913 9,444 7,042 2.768
Steam Turbine (Boiler) (minous)
Coal (Lignite) 10,933 8,153 3.204 10,386 7,745 3.044
Coal (Sub - 10,354 7,721 3.034 9,836 7,335 2.883
Bituminous)
Liquefied 14,200 10,589 4.162 13,490 10,059 3.954
Propane Gas
Natural Gas 10,502 7,831 3.078 9,452 7,048 2.770
No. 2 Fuel 8,653 6,453 2.536 8,220 6,130 2.409
Oil
Steam Turbine (Boiler)
Refuse, 13,706 10,221 4.017 13,021 9,710 3.816
Bagasses,
non-wood
Wood and 15,725 11,726 4.609 14,939 11,140 4.378
Wood Waste

fi11 : American Petroleum Institute Compendium, 2009

A1519% b-1 A1 EF¢ye @1915UAIUI8d Mobile Combustion

yiaamas e EF g (Kg CO, e/%1i8) 914994
fa L 2.7446 IPCC
A5 ITUYIR (CNG) Kg 2.2472 IPCC
ingvasi (LPG) L 1.5362 IPCC
ingvasi (LPG) Kg 2.8400 IPCC
RUTEY! L 2.1896 IPCC
lulofiwa L 2.6265 U.S. Energy Information Administration

V07 UUINNTUTBAUASUBUIANTUNTBIBIANT BIANITUTMNITIANTTAEToUNTEAN (BIANITUMITL), 2554
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A151990 b-2 8RS 1N15EUUADNTNEY (FE) USLLNNTOEUR d1suAIuInd Mobile Combustion

. dszan . Y a
UssANsagun 4 - Y FE 91994
LYDLNEY
FOEUATLIALAN (1500 cc) WU km/L | 17.770 | nsumiuAsuaity, 2551
FOUUATLIANG (1600 cc) WUz km/L | 15238 | AsumiuANuaity, 2551
SR8UATUINNGATE (1800 cc) LUUTU km/L 13.796 NIUAIVANLATTY, 2551
saeudvuInlig (2000 cc) LUUTU km/L 12248 | nsumuAvdaiiy, 2551
iaau(ﬁm?{smmmm LU km/L 14.763 NIUAIUANLUATY, 2551
o - American Petroleum
TONTEULUIINNLREY Ala km/L 6.369
! Institute, 2004
, o - American Petroleum
TONTEULAIUUARATUIN 1 AU Ala km/L 11.111
: Institute, 2004
American Petroleum
50 NGV CNG km/kg | 11.905 .
Institute, 2004
American Petroleum
30 LPG LPG km/L 8.929 )
Institute, 2004
- American Petroleum
S09LALETS fla km/L 10.204
b Institute, 2004
o - American Petroleum
salngansusyanmig Ala km/L 2.850
Institute, 2004
SosnsETUEUR 4 o b esuR AN 125 cc | LUy km/L 36.625 NIUAIUANNANY, 2551
so9nsUBUS ¢ oz WSessusIwIn 125 cc LUURU km/L 38.655 NIUAIUANNATY, 2551
sadnseueud 2 Sy edesousivuin 120 cc WU km/L | 37.245 | AsumiuANuaity, 2551
S0eNTEUEUR 2 oMy 1eSeseusIuIn 150 cc WUUGU km/L 27.625 NIUAIUANNANY, 2551
soansEIUEUR 4 oz NNV LUURU km/L 37.640 NIUAIUANNATY
sodnseuBus 2 Somziads VINYUIA LUURU km/L 32.435 NIUAIUANNANY

a a s L« s s ~ Y & = s
U1 LLu']V]’Nﬂ'ﬁﬂigLNUﬂWﬁU@umeﬁquaﬂaﬂﬂﬂﬁ DIANITUINITINNTITINYLIDUNTILAN (E]\'iﬂﬂ']ﬁllﬂ’]‘?]u, 2554)

f1135199 b-3 A1 EFc d1usuA1ules Mobile Combustion

EFc
Ussansagun wiiy | (Kg CO,e/ 81989

iw)
I0NTEULUTINN 10 &8 B5 16 @1 No load km 0.5429 TH database, classified and uncertified
30N3¥ULUTINN 10 &9 B5 16 fiu 50% load | ton-km 0.0798 TH database, classified and uncertified
30N3¥ULUTINN 10 a9 B5 16 fiu 75% load | ton-km 0.0552 TH database, classified and uncertified
30N3¥ULUTINN 10 &9 B5 16 fiu Full load | ton-km 0.0425 TH database, classified and uncertified
0NTEULUIINN 10 #8916 ¢ No load km 0.6160 TH database, classified and uncertified
0NTEULUIINN 10 #9816 1 50% Load ton-km 0.1012 TH database, classified and uncertified
0NTEULUITNN 10 #0816 i 75% Load ton-km 0.0719 TH database, classified and uncertified




A1519%1 b-3 A1 EFc dmsusuas Mobile Combustion ()
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UssLAnsagun U EFc 91999
(Kg CO, e/
iag)
0NTEULUIINN 10 #8016 @y Full load ton-km 0.0555 TH database, classified and uncertified
IONTEULUTINN 4 &8 7 éiu No load km 0.3270 TH database, classified and uncertified
IONTEULUTINN 4 80 7 1 50% Load ton-km 0.2815 TH database, classified and uncertified
IONTEULUTINN 4 &8 7 %1y 75 % Load ton-km 0.1920 TH database, classified and uncertified
30NITULUTINN 4 a8 7 1 Full load ton-km 0.1472 TH database, classified and uncertified
IONTLULUTIVIN 6 Aovunian 8.5 fu No load km 0.4461 TH database, classified and uncertified
IONTLULUTIVIN 6 AoUUALEN 8.5 fu 50% load| ton-km 0.1298 TH database, classified and uncertified
IONTLULUTIVIN 6 A2UUMEAN 8.5 AU 75% load| ton-km 0.0911 TH database, classified and uncertified
IONTEULUTIVN 6 Fovunaidn 8.5 s Full load| ton-km 0.0705 TH database, classified and uncertified
JONTEULUITINN 6 AaUWIAlvg) 11 fiuNo load |  km 0.5139 | TH database, classified and uncertified
FONTEULUTIVN 6 A8TUAlve) 11 6w 50% load ton-km 0.1127 | TH database, classified and uncertified
FONTEULUTIVN 6 ApvuAlve 11 6w 75% load ton-km 0.0800 | TH database, classified and uncertified
JONTEULUTIVN 6 AavuAve) 11 fiu Full load | ton-km 0.0639 | TH database, classified and uncertified
imﬂizuzmmﬂﬁﬂﬂ’m 18488 32 fu No load | km 0.9065 TH database, classified and uncertified
imﬂizuxmmﬂﬁﬁﬂm 18 @@ 32 Au 50% load | ton-km 0.0830 TH database, classified and uncertified
iﬂﬂizuzminﬂﬁﬁﬂ’m 18 @1 32 §1u 75% load| ton-km 0.0588 TH database, classified and uncertified
‘iﬂﬂiwzminﬂﬁﬁmﬂ 18 @@ 32 ¢ Full load | ton-km 0.0459 TH database, classified and uncertified
‘iaﬂizwmmﬂm& 20 a9 32 #u No load km 0.8773 TH database, classified and uncertified
‘iaﬂizwmmﬂm& 20 @9 32 fiu 50% load| ton-km 0.0869 TH database, classified and uncertified
JONTLUBUTIVINNM 20 &0 32 iy 75% load| ton-km 0.0615 TH database, classified and uncertified
JONTPULUTIVNNM 20 &0 32 ¢ Full load | ton-km 0.0464 TH database, classified and uncertified
JONTPULUTIVINNN 22 &0 32 fiu No load km 1.0655 TH database, classified and uncertified
iaﬂiwwimﬂmﬂ 22 @9 32 fu 50% load| ton-km 0.0896 TH database, classified and uncertified
iaﬂiwwimﬂmﬂ 22 @9 32 U 75% load| ton-km 0.0618 TH database, classified and uncertified
iaﬂiwwimﬂmﬂ 22 @9 32 ¢ Full load | ton-km 0.0475 TH database, classified and uncertified
imémmﬂ 10 @9 16 6y No load km 0.6001 TH database, classified and uncertified
imémmﬂ 10 @9 16 6y 50% load ton-km 0.0887 TH database, classified and uncertified
imémmﬂ 10 @9 16 6 75% load ton-km 0.0614 TH database, classified and uncertified
‘iag’fmiﬂqﬂ 10 89 16 ¢ Full load ton-km 0.0473 TH database, classified and uncertified
‘ﬁﬂéﬂimﬂ 488 7 % No load km 0.3492 TH database, classified and uncertified
‘ﬁﬂéﬂimﬂ 488 7 94 50% load ton-km 0.3546 TH database, classified and uncertified
iaéjmi‘vqm 489 7 A 75% load ton-km 0.2508 TH database, classified and uncertified




A1519%1 b-3 A1 EFc dmsusuas Mobile Combustion ()
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UssLAnsagun U EFc 91999
(Kg CO,e/
iag)
iaﬁminﬂ 488 7 ¢ Full load ton-km 0.1913 TH database, classified and uncertified
mé"usmﬂ 4 davunaLan 1.5 @y No load km 0.2523 TH database, classified and uncertified
mé"usmﬂ 4 davunalan 1.5 fu 50% load | ton-km 0.3970 TH database, classified and uncertified
mé"usmﬂ 4 davunalan 1.5 fu 75% load | ton-km 0.2823 TH database, classified and uncertified
iag’fm‘ivlﬂ 4 davunsan 1.5 i Full load | ton-km 0.2247 TH database, classified and uncertified
iag’fm‘ivlﬂ 6 aaUNRLAN 8.5 Fu No load km 0.4248 TH database, classified and uncertified
iag’fm‘ivlﬂ 6 aaUALAN 8.5 fu 50% load | ton-km 0.1247 TH database, classified and uncertified
iaé:mmﬂ 6 doUUALAN 8.5 f1 75% load | ton-km 0.0877 TH database, classified and uncertified
iaé:mmﬂ 6 doUunnLan 8.5 fu Full load | ton-km 0.0680 TH database, classified and uncertified
S0FUTINN 6 Aevunalung 11 fu No load km 0.4565 | TH database, classified and uncertified
S0AUTINN 6 Aorualvg 11 fiu 50% load | ton-km 0.1062 | TH database, classified and uncertified
SFUTINN 6 Aorualvg 11 fiu 75% load | ton-km 0.0745 | TH database, classified and uncertified
S0FUTINN 6 aorunalvg) 11 fu Full load | ton-km 0.0569 | TH database, classified and uncertified
imé'USmﬂﬁﬂ‘W"N 18 @® 32 @y No load km 0.8576 TH database, classified and uncertified
imé'USmﬂﬁﬂ‘W'N 18 @9 32 ¢ 50% load | ton-km 0.0831 TH database, classified and uncertified
imé'USmﬂﬁﬂ‘W'N 18 @9 32 6 75% load | ton-km 0.0597 TH database, classified and uncertified
‘iﬂé’UiiV}ﬂﬁﬂWN 18 @8 32 ¢y Full load ton-km 0.0465 TH database, classified and uncertified
JOAUIIVNNN 18 &0 32 il No load km 0.8216 TH database, classified and uncertified
FOAUIIVNNM 18 &0 32 fiu 50% Load ton-km 0.0756 TH database, classified and uncertified
SOFUIINNNIN 18 &0 32 fiu 75% Load ton-km 0.0536 TH database, classified and uncertified
SOFUTINNNIN 18 &0 32 i Full load ton-km 0.0418 TH database, classified and uncertified
iaé:minmﬂm 10 @8 16 U No load km 0.6320 TH database, classified and uncertified
509UTIYNUA 10 88 16 6w 50% Load ton-km 0.0917 TH database, classified and uncertified
509UTIYNUA 10 78 16 fiu 75% Load ton-km 0.0642 TH database, classified and uncertified
509UTINNUA 10 88 16 fiu Full load ton-km 0.0509 TH database, classified and uncertified

a a s L« s s ~ Y & = s
U LLu']V]’Nﬂ'ﬁﬂigLNUﬂWﬁU@umeﬁuW%aﬂaﬂﬂﬂﬁ DIANITUINITINNTITINULIDUNTILAN (E]\Tﬂﬂ']ﬁllﬂ’]‘?]u), 2554
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A15199 b-4 85 IN1saWUFBNTamEY (FE) Usenniss @visuaiuiad Mobile Combustion

UseLnNise

Consumption at Full Power (tonne/day)

* GRT = Gross Registered Tonnage

Solid bulk carriers

20.186 + (0.00049 x GRT)

Liquid bulk carriers

14.685 + (0.00079 x GRT)

General cargo

9.8197 + (0.00143 x GRT)

Container

8.0552 + (0.00235 x GRT)

Passenger/roll-on/roll-off (Ro-Ro)/cargo

12.834 + (0.00156 x GRT)

High speed ferry

39.483 + (0.00972 x GRT)

Inland cargo

9.8197 + (0.00143 x GRT)

Tugs 5.6511 + (0.01048 x GRT)
Other ships 9.7126 + (0.00091 x GRT)
All ships 16.263 + (0.001 x GRT)

i1 - American Petroleum Institute Compendium, 2009

A1519% c-1 Amaluvee Upstream Gas Composition @sumiuia Flare Emissions

Composition Volume (or mole) %

Gas Component
Raw or Produce Gas Gas Processing Plant
CH,4 80 91.9
Non-methane hydrocarbon 15 (C,Hg) 6.84
5 (CsHg) (MW unspecified)
N, - 0.68
Co, - 0.58

11 : American Petroleum Institute Compendium, 2009

A1519% -2 AN EF 0 @1915UANI Flare Emission

Flare Source EFnz0 Uncertainty (%) wUE
Flaring - gas production 5.9E-07 - 8.2E-07 | -10to +1000 | tonnes/106 scf gas production
Flaring - sweet gas processing 7.1E-07 - 9.6E-07 | -10to +1000 | tonnes/106 scf raw gas feed
Flaring - sour gas processing 1.5E-06 — 2.1E-06 | -10to +1000 | tonnes /106 scf raw gas feed
Flaring - conventional oil 1.0E-04 - 1.4E-04 | -10to +1000 | tonnes/103 bbl conventional oil

Production

production

Flaring - heavy oil/cold bitumen 7.3E-05 — 1.0E-04

Production

-10 to +1000 | tonnes/103 bbl heavy oil

production

Flaring - thermal oil production 3.8E-05 — 5.2E-05

-10 to +1000 tonnes/103 bbl thermal

bitumen production

‘171'm : American Petroleum Institute Compendium, 2009
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A15°97 d-1 A1 EF g V09128 Glycol Dehydrator @1suAIuInd Process and vented Emissions

Mode of Operation

EFcy4 Original Units

EF.y, Converted to Tonnes

per Gas Processed Basis

Gas pump without a flash separator

82.63 tonne/yr per 10°

Nm?® /day gas processed

0.006410 tonnes/10° scf gas processed

0.2264 tonnes /10° m ° gas processed

Gas pump with a flash separator

1.98 tonne/ yr per 10°

Nm?® /day gas processed

0.000154 tonnes/10° scf gas processed

0.00542 tonnes/10° m’ gas processed

Electric pump without a flash separator

21.46 tonne/ yr per 10°

Nm?® /day gas processed

0.001665 tonnes/10° scf gas processed

0.05879 tonnes/10° m’ gas processed

Electric pump with a flash separator

1.64 tonne/ yr per 10°

Nm?® /day gas processed

0.000127 tonnes/10° scf gas processed

0.00449 tonnes/10° m’ gas processed

i1 - American Petroleum Institute Compendium, 2009

A15199 d-2 A1 EFpe, 984 Produced water tank @usuA1uied Process and vented Emissions

EFfian

Separator Pressure (psi) | Produced Water Salt Content | Tonnes CH, /1000 bbl Tonnes CH, /1000

produced water m? produced water
50 20% 0.0015 0.009185
250 20% 0.00986 0.06200
250 10% 0.0150 0.09414
250 2% 0.0177 0.11137
250 Average of 10.7% 0.0142 0.08917
1000 20% 0.0354 0.22273
1000 10% 0.0536 0.33697
1000 2% 0.0634 0.39896
1000 Average of 10.7% 0.0508 0.31955

11 - American Petroleum Institute Compendium, 2009

A197199 d-3 A1 EFroc 990 Loading Operation @wsuATuaad Process and vented Emissions

Loading Type Units Crude Oil

Rail / Truck loading submerged loading = | Original Units b TOC/10° gal loaded 2
dedicated normal service mg TOC/L loaded 240
Converted Units | tonne TOC/10° gal loaded 0.91
tonne TOC/10° m ° loaded 0.240

Rail / Truck loading submerged loading — | Original Units lb TOC/10° gal loaded 3
vapor balance service mg TOC/L loaded 400
Converted Units | tonne TOC/10° gal loaded 1.51
tonne TOC/10° m? loaded 0.400
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A197°99 d-3 A1 EFroc 910 Loading Operation @15uAIuiad Process and vented Emissions ()

Loading Type Units Crude Oil
Rail / Truck loading splash loading - Original Units lb TOC/10° gal loaded 5
dedicated normal service mg TOC/L loaded 580
Converted Units | tonne TOC/10° gal loaded 2.20
tonne TOC/103 m’ loaded 0.580
Rail / Truck loading splash loading - Original Units lb TOC/10° gal loaded 3
vapor balance service mg TOC/L loaded 400
Converted Units | tonne TOC/ 10° gal loaded 1.51
tonne TOC/10° m® loaded 0.400
Marine loading — Ships/Ocean barges Original Units lb TOC/10° gal loaded 0.61
mg TOC/L loaded 73
Converted Units | tonne TOC/10° gal loaded 0.28
tonne TOC/10° m® loaded 0.073
Marine loading — Barges Original Units lb TOC/10° gal loaded 1.0
mg TOC/L loaded 120
Converted Units | tonne TOC/10° gal loaded 0.45
tonne TOC/10° m® loaded 0.120

11 : American Petroleum Institute Compendium, 2009

A1519% d-4 A1 EFy, 9ntlaau @nsuA1uies Process and vented Emissions

EF,, Original Units

EF,, Converted to Tonnes Basis

Mud Type
(lb THC/drilling day) (tonnesCH4/drilling day)
Water-based Mud 881.84 0.2605
Qil-based Mud 198.41 0.0586
Synthetic Mud 198.41 0.0586

ﬁiﬂ : American Petroleum Institute Compendium, 2009

A157199 d-5 A1 EFcye nnanssuiilalavindudsydn dmsufunas Process and vented Emissions

Source

CH4 Emission Factor

Converted to TonnesBasis

CH4 Content

) Uncertainty (+%)
Basis of Factor

Vessel blowdowns 0.0015 tonnes/vessel-yr 78.8 mole % 326
Compressor starts 0.1620 tonnes/compressor-yr 78.8 mole % 190
Compressor blowdowns 0.07239 tonnes/compressor-yr 78.8 mole % 179

Gas well workovers 0.04707 tonnes/workover Not given 924
(tubing maintenance)

Oil well workovers 0.0018 tonnes/workover Not given Not available

(tubing maintenance)

Onshore gas well completion

25.9 tonne/completionday

78.8 mole % Not available

Offshore gas well completion

131.5 tonne/completionday

78.8 mole % Not available

11 : American Petroleum Institute Compendium, 2009
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A15797 e-1 i Facility-Level Average Fugitive Emission Factor (EF) d1wsusungy Fugitive Emissions

Source EF; Original Uncertainty Basis CH, EF; Converted Units
Units (x %) Content
Onshore oil 0.5173 lb CH, 95.5 78.8 mole % CH, | 2.346E-04 tonnes CH, /bbl produced
production /bbl produced 1.476E-03 tonnes CH, /m’ produced

Offshore oil

production

0.2069 b CH,4
/bbl produced

Not available

78.8 mole % CH,

9.386E-05 tonnes CH, /bbl produced

5.903E-04 tonnes CH, /m> produced

Onshore gas

production

57.33 b CH, /10°

scf Produced

52.9

78.8 mole % CH,

2.601E-02 tonnes CH,/10° scf produced

9.184E-01 tonnes CH, /10° m® produced

Offshore gas

production

22.93 b CH, /10°

scf Produced

Not available

78.8 mole % CH,

1.040E-02 tonnes CH, /10° scf produced

3.673E-01 tonnes CH, /10° m? produced

Gas processing

plants

64.43 \b CH, /10°

scf Processed

82.2

86.8 mole % CH,

2.922E-02 tonnes CH, /10° scf processed

1.032E+00 tonnes CH, /10° m® processed

i1 American Petroleum Institute Compendium, 2009

dl 1 dl o U 20’ a o o o oy . .
N19299 e-2 A1 MCF NU191NNTEUIUNITUIUAUINEY d1UTUAIUI Fugitive Emissions

Type of Treatment Comments Default MCF MCF Range
Aerobic treatment plant Not well maintained, overloaded 0.3 02-04
Anaerobic digester for sludge | CH, recovery not considered here 0.8 0.8-1.0
Anaerobic reactor CH, recovery not considered here 0.8 0.8-1.0
Anaerobic shallow lagoon Depth less than 2 meters 0.2 0-03
Anaerobic deep lagoon Depth more than 2 meters 0.8 0.8-1.0

11 : American Petroleum Institute Compendium, 2009

M19199 €-3 A1 EFgperaiing TI1NANUNEWIAMILEY dWSUWIN Fugitive Emissions

Type of Equipment Capacity (kg) | EFgperating (% Of capacity/year)
Domestic refrigeration 0.05-0.5 0.5%
Stand-alone commercial applications 02-6 15%
Medium & large commercial refrigeration 50 - 2,000 35%
Transport refrigeration 3-8 50%
Industrial refrigeration including cold storage 10 - 10,000 25%
Chillers 10 - 2,000 15%
Residential and commercial A/C, including heat pumps 0.5-100 10%
Mobile air conditioning 05-15 20%

‘171'm : American Petroleum Institute Compendium, 2009
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Refrigerant Global Refrigerant Global Refrigerant Global
Blend Warming Blend Warming Blend Warming
Potential Potential Potential

R-401A 18 R-409A 0 R-419A 2,403
R-401B 15 R-409B 0 R-420A 1,144
R-401C 21 R-410A 1,725 R-500 37
R-402A 1,680 R-410B 1,833 R-501 0
R-402B 1,064 R-411A 15 R-502 0
R-403A 1,400 R-411B a4 R-503 4,692
R-403B 2,730 R-412A 350 R-504 313
R-404A 3,260 R-413A 1,774 R-505 0
R-406A 0 R-414A 0 R-506 0
R-407A 1,770 R-414B 0 R-507 or R-507A 3,300
R-407B 2,285 R-415A 25 R-508A 10,175
R-407C 1,526 R-415B 105 R-508B 10,350
R-407D 1,428 R-416A 767 R-509 or R-509A 3,920
R-407E 1,363 R-417A 1,955
R-408A 1,944 R-418A a4

fisn © American Petroleum Institute Compendium, 2009

A997 e-5 mmm%’auqm%mam,%al,wﬁa
NAIUTINI VS kcal/UNIT toe/10f MJ/UNIT 10° Commercial Energy

UNIT Btu/UNIT

ﬁ?ﬁuau (Bn9) 8,680 860.00 36.33 34.44 Crude Oil (litre)

ABULAULEN (8917) 7,900 782.72 33.07 31.35 Condensate (litre)

FesssuAty (@nurAnwem) 248 24.57 1.04 0.98 Wet (scf.)

MYETINYIALIAS (@nurAnem) 244 24.18 1.02 0.97 Dry (scf.)

nanAyUlnsiden (Petroleum Products)

Metlnsiaeuman (Gas) 6,360 630.14 26.62 25.24 | LPG (litre)

dhifuuudu Gas) 7,520 745.07 31.48 29.84 Gasoline (litre)

dhifuedosdu @ns) 8,250 817.40 34.53 32.74 Jet Fuel (litre)

dhifufe @es) 8,250 817.40 34.53 32.74 Kerosene (litre)

dhifufioa Bns) 8,700 861.98 36.42 34.52 Diesel (litre)

thifuen Gns) 9,500 941.24 39.77 37.70 Fuel Oil (litre)

Y19UEADY (303) 9,840 974.93 41.19 39.05 Bitumen (litre)
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A13799 e-5 A1AUToUaNSUDATBLNG (5D)

WAL VS kcalUNIT | toe/10° MJ/UNIT 10° Commercial Energy
UNIT Btu/UNIT

Uwsdeulan (nn.) 8,400 832.26 35.16 33.33 Petroleum Coke (kg)
auitutgn (nn.) 6,300 624.19 26.37 2500 | Coal Import (kg.)
aulén (nn.) 6,600 653.92 27.63 26.19 Coke (kg.)
waunsbas (nn.) 7,500 743.09 31.40 29.76 Anthracite (kg.)
A (nn.) 11,203 1,110.05 46.89 44.45 Ethane (kg.)
TUsimu (nn) 11,256 1,115.34 47.11 44.67 Propane (kg.)
anlus (Lignite)
& (n.) 4,600 435.94 18.42 1786 | Li(kg)
nsed (nn.) 2,600 257.60 10.88 10.32 Krabi (kg.)
g (nn.) 2,500 247.70 10.47 9.92 Mae Moh (kg.)
winau (nn.) 3,610 357.67 15.11 14.32 | Chae Khon (kg.)

VI NTURALINEIUNAUNULALOUSNENGITY NTENTINEINY, 2555
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American Petroleum Institute (API), 2009 Compendium of Greenhouse Gas Emissions
Methodologies for The Oil and Natural Gas Industry. August 2009.

Intergovernmental Panel on Climate Change (IPCC), 2006. Guidelines for National Greenhouse

Gas Inventories Chapter 3: Chemical Industry Emissions.



