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NI ,N210 MIYN N2Y MV IR YTNND 2WND ¥ MY YSNHNI SMYNYN MNIN MDY WNINND TUND
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YT PRY DTN N2 MIYN NIY — DIDIAN MY YINHD 2WIND 19IN INMND) PMIVN DIDIN NN INIYD
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7910 9195 IN YN INNNHINNI 0PV APy YwINN 2wn .3
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NPD NXIN L7 9901 TN DININNDD LNV MNPN DY 1IN NN DXTYNN NWNN PN NYURIN

MNPNRNN OMIPNRN 12792 NIYN NNNN T MYV .NIINND MDA TIN ONMNI NVIVAN MNPNH

: DONAN

,DY2N 0NN ,09N2 N ONM OIPNNI DOPOT HY NOIY 10N DIPHNA NIV o
2191 MAIVN ,MPIIN ,M12AN0

,INON ND YINN TYNI OPOT DY NIV :(AMAYM ANAND D91D) D7) DIPHNI NIY  °
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N AT DY VIV 1NN 2D INOYPIV PONNN NIRIIND NPTPIN MLV :0DNNN MLV o
2197 ,0520 1N 1220 NIMN 09 PIPdT NYA YDIOLP MNIN ,VON
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219 DAY DIDV MINND NIV NIV IN DN DY MNIYN MO

NN DI MDPY N NMPY MVIVAD DTN IWR DMPY IN DN ,D¥0NN ONIPP HYIN Hda
2O¥2 IMZY NPINLPIN TN IN NNXD DIIMYN MNPNI DY 29 790010 MYV > DY PIIND PYNa
2299 1NN AUN NVAN NNPN MNP ONNNA NMNND DT P9 TYNN MINDND IWNN MOOY
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DY IN NON NN 29 DY D) NVIVAN NAVINY ,DXNYD .NIFDA DXNINNN NVID MNTPN NMYNNNI IWON
202190 TONNN DY DMIVNPIIVD DINN) X9

279 .92W NPININSN NN PRI POTN NN MNN) TINN NVIVAN NN AWND 1N D27 OMIPNI
DY YT N2V PN NDION DY YT 19) POTN NN DY DOPMIPN DNN) ¥ NNLPI MNT ,MINN
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OONTON
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® Intergovernmental Panel on Climate Change (IPC@)i&ines for National Greenhouse Gas Inventories
(2006)
"WRI/WBCSD GHG Protocol calculation tools and cédtion guidance (available aiww.ghgprotocol.or
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NN DNIN NVYAN MDTPN YINOWNY ONINT DNYY NIDINT WNRNWND) PYNND MDY ,NON DXIWND
2D 2.7 Pyoa NN

<&



7719 799 ANV 1PON

DOYOPNN NPY DY DNYAYN TI99) ,0IN TN DAD MY NI NPODINLND DXVINN NNNPND PTID
NN NN ONOY NNDIID IWIRDY DD INMNX DY NNNNN 1) MIVIDA DI NX PAND ¥ .INY Yo10N
SNONIVIO NN PINNT ONRNYN TTH2 DIDON DWVPY TIN DMNMYN DN MV NN DIDY TNN ¥ TN
NN qpwn 7 7 . GWP-Global Warming Potentialoownn 1nx 55 Sw 10521950 mnnnnnn
(D%W 100 SWNd) N2IPI NAPN TYNRD XIND NTIN NIMND OIN NPIP TIDHY DNON 1) DY NOIMN
TUNA NPT DY NNT NON ST DY NPIP NI NMYY YONN TN IR QPN 1T 110 .NI19D1NMOLNI
IUND DMV NNNNN O DY NV NN DY HLDVVLD NOPYD VIV TTHN .NMPN NN
DNV 200-250 P2 ¥) DNWN DN DY DONN YW NN .MPTN NPNY MVLIYAN Y5 NN DMIO0N
NINNNNNN INONIVIY 2IWOIN YN JNNND DNV 12.2 P TN LIPIND NIMNN-NNY 01w 120 ,n7T795
DY 100 YW NMPNY DN TAN DD NIy DO

-3 PINAN DMNMN NV .TPYIVIN MNNNNNN DNONIVIA YTTH KW MITO NVW NINN 3 190N 1YL
2012 YYD TYHIVYP DIPIVINY DWINN DXMPTN D95 NNY DOwNRwHNn 0110 0XoMan IPCC 2002
N9YNN N T2 NDNY DWTNN NN NX P3N [IPCC AR4 20075 yisnn »wvn Mun .(990)

DY NN NIN9A MDD L2012 MY ANNRD DXNMPT NAY 99InY 10 wNy IPCGh Yw »waan
LDIND NYTN DY NN XRYHT D10 DINY POYY YTN DIPIVITN DI IN VPP DIV

DAY 595077 IMIOPNNNA SNINIVIDT SDN7 TIN/ 7IDONA ST DIV — 3 1901 7530

CO; 1 1
CH/° 25 21
N,O 298 310
Hydrofluorocarbons (HFCs)
HFC-23 14,800 11,700
HFC-32 675 650
HFC-41 97 150
HFC-125 3,500 2,800
HFC-134 1,100 1,000
HFC-134a 1,430 1,300
HFC-143 330 300
HFC-143a 4,470 3,800
HFC-152 43
HFC-152a 124 140
HFC-161 12
HFC-227ea 3,220 2,900
HFC-236¢ch 1,300
HFC-236ea 1,200
HFC-236fa 9,810 6,300
HFC-245ca 640 560



HFC-245fa 1,030

HFC-43-10mee 1,640 1,300
HFC-365mfc 794

Perfluorinated compounds
CF, 7,390 6,500
C,Fe 12,200 9,200
CsFg 8,830 7,000
c-CyFs 10,300 8,700
C4F1c 8,860 7,000
CsF12 9,160 7,500
CeF14 9,300 7,400
CigF1s >7,500
NF3 17,200
Sk 22,800 23,900
SKCF3 17,700

DNV TO NN 2AUND ¥ (NNNX MY) NITN NPN TONNI OINNN THN DI DY NVIDIN NN 2IWN INND
: INAN NNNWNY DxNNA (COe) N1 7y

#Greenhous&asSpecies
CO,e,tonnes= > (tonnesx GWR)

i=1

.3 19202 0NN YN 0N GWP-n »1pPn

MY MNL PN N MODIPNRN NN PPINS TIY INY”7 DY NITN MYV NN DXIAVND TUND
.(Million Metric Tonnes of Carbon Equivalent or MMTC#nns 71y

: NN NYIPNN INNYNN

MMTCE = Tg GHG * GWP * 0.273
S IUND
AN 7Y MY NV Yo — MMTCE
1NN T (NHV PHR) oN-N1v - Tg GHG

5190 Mnnnnnn T - GWP

(44) 230N 1T YN (12) YANI P DPINNPYINN DHPWHN DN NN XVANN 12V -0.273
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0OPYT NOYIWN (1 HIYIN) MW MLVIYO 3.4

DINDY DNOY M1 MIANY NNYPN DINN NP YT> DY DIIMIND MINN NPINY DXVNWNN DPIT
,NIVYN DINY DINN DN OXPYTI DI2ANWNRN DPVIPR D¥ININ .NVININN DNV AT IINNYNN
MADINN NIYIVA DNNNAN 190N NMYY DY DY - NA IN NON NPNYY - NPIVN DINY Tya

.DPOTIV NMMINDMNNAN

Y NODIIN NNND ; DYPOT NIIYW NYA NIINNYNIN DIND MND TIYIND NPNINDI MVIY DY MNMP
gross calorific value +y15y »op 71y by n»vm (net calorific valueNCV) ynnn »op 7y
P2 ONVYN NPN .PYTN DY 1IN 25902 MDD NOND SNOP TV DY MNP TV Pa wrann (GCV
DN DN YTRY DXNPIN HVIN NVIVI TYUND ,NIVYN AN DNY DD MONMNNN NIN MVIWN NV
NNNNN MOPN OTPNIN 5-10%-1 M) (GCV) \»Oyn »1Opn DTPNN .P>TY 12YNN KDY M) A8Na
TN NN DOINN NMPRAY T L0V MNOPN TN DN P DPpNn N Naxa (NCV)
DY DN TIYD DT DPNYPN DIIIYN TN NMIRGL DN DIPOTN TWRD G0N . NNNNN M NOPN

(LHV or Lower Heating Valugpnnn owon 79y w (HHV or High Heating Valug

NTNY W 99N POTN DY OINND NDION NTNOD NON HY MM 27D DN NVIYI NTPN , MDA
NOIXN POTN NMND NN DIMNN 1AW Y NNT 9IVIN IIND DY NVYON DTPHN NYIAPY DIVINY
NVODAN MHTPN NAY NVAPY MVIYA DOVNNWN XDV NN .0NOPN TV DY MNNIND MTNI)

D591 NNNNN 3 NON NYINA 10%-D YW NMYLD NMI) NP0 NHNMP ,0PDTN NN

0N DIPNNI DIPYT NOYIVYN MYV IWIN
DXYTN OION ,NVIP ,DNYN NXND NYNYNN DX NPONY OPYT DMWY DN NV MMNMPN

nYN .0 XY CO, I8 Y019 POT DY DOWIN NIV PONN TV I MO ,TONN OIN (DM HDD)
D D0 NNNN O ,INYN P2 ,0000107 YNNI MI¥IN D) DXVD) ,0NHWIN NIWN MDNN YD NOVY
.N,O-1 CH,4

AON0 DINXIN NIY NPNNND DMIPIN NNNND I DYDY DY MOV DWOND MOIPHN MOVIVN
MPY> MTTN Sy DXODIINN DNN) .DMIMPN NP OPNTHN DM WHNYND NN XoNn
,DX2IVINN NN YNID YT MTTH 2NN AKX NPT TV .VIDAN DI TO NN INY 2V HINNY DMNVY
NVYAN MNTPN .DMIRNNT DINIDIAY NINDIVI DINNT NVIVN MNTPNI WNNWND TIWIND NON

YT DY D) INNINY DMNIND NV HNNNY NYPNINA IPCGH »1 Yy 1I8mINY 1OR DN NPT MmN
oy 01 0) 1NN N2O N CHz 912y NVIYaN M TP .NNNN T2 INDNHN TIVH NIY INIIPND TININD

JPNPINND N2X20N NNNY MIDIDN YT HY INYNIY 1noNaw NN IPCCGn o
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099830 DPYTN MNI VDALY NWIN—1 PN NVIY
: TYOHON NINRNWNN YT HY YNIND NPT NIVIDI 1IN

CO, emissions = Activity data * Emission factor * Oxichtion factor

: DYNAN DTYSN NN YYD 2NN

AN .MPTN MY TYNL WNHNYN DN YR DXPYTIN TANR DI NIy NN Xy Ny .1
DYPYTN NYDT HY MYIAP THD DY IN ,OY9NI NYPY NYTTH YT DY YSINND 91D OIPOTN
9N POT DY N 5 NNAY OMIY DIPIT JINND YNIT W .ANTH NNPNI VINIWI PN IUN

: INAN INNWNY DNNNA ,Oyana

Total Annual Fuel Consumption = Annual Fuel Purchass -
Annual Fuel Sales + Fuel Stock at Beginning of Yeafuel Stock at End of Year

N9 (Activity data o mwn mboyab T1on NN NAVINDD N DTYTHN DPYTH MNd .2
DOPYTN AURD .DXPYTN DY MIOPN NYIDNT N ,NDN INX NI MTNI MPY XLINNY
S INNYNN MYNNIND YNIN IWONT TN NP TIY YT DY DIPNINND

Energy content of fuel consumption [TJ] =

fuel consumed [t or Nni]* Net calorific value of fuel [TJ/t or TI/Nm ?]

:IYND

10* Joules TJ
PO SV MPANON - L

D»VITIVD DININA POT OV APWN VN - Nm®
MNINND DXPITN NAD NINM PAWIN YNID ¥ NI MITNI DOVNHNYN TURIY ,1PIXD IWN

NN OMININD DIN NN MADNLN NNY ONRIND NPT NYNINN 12V OIPHNI NTTHN
991 NYN OM3) DN NTTN DY NIPN2 VN TN NPOY INT .OMVITIVON DMNTPNN

ND DN) NN D21PN DN NI DY NI NIINA YAWN NIIVIVNVI) MTDINON NN NPV
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oV NMLINYL DN OMNOPN DXTTHN IYIAPI DNIY DMVITIVON DIXNIND D (NINK PN

(14.606 psian1a0movx 15w \n (60°F 15°C

DOVNNYN DNAY NVXYIN PNTPN : DXPYTIN TNNX DY DIXNNN NVYON OTPH NN .3
DN DY DXODINNN YR IN NNTHN HYANI MY MDTN DY NIRNN NN 01D
TIVN NNRY N7TAD NVDAN MMITPN DX NN 1-11 YAV . 11 NavrIa MINDIVE DN
N2O -y CHg 212y nvos »m1pn nysn 2-11 nbav .omvn opdTn Y Nnnnn »Mopn

DN ONIPNN NIY MTIO MTINYI OINRIN OMNMN IYND ,0MUN DXPOTN MY
D2TOINM PINDNN MVPONNDI 1212 NN NOYYN ,MNIND N1OYyNn1

NOYIYN NINTNNDVI OITNT NP DIVATY NIWIN—2 DIYINNVIY e

MIYIN MY NHIWIN DXPOTN NI 2T DMNONN DN PR INYID INNI IN DNON HYINY ON
DMINRD NIVYN NPNN IN OXTNTN NP THD DY WHNYN DNV DPOTN MND NN IWND
999 WNNYN DNV DXPYTN MND NN DXDYN ,NYND DMIPNI .INNIY

=

DMV (1IN 21N 29D) DNIPNNT DY NIOPNNN NIPN

PNY NDIN MINNN AV DN JPNNN DY TPVININD NINNN MY .2
(991D NP TINNRN NDIYD

PN YV RYMIVN nhyonn nwy .3

DY9IWIN DXPYTN MNON

: N DIPNNN NN T DY NIIWIN OXPYTN NN IWIND IXNYNN

FC =ERx EFk OTx ETiZi
HV

JIUND
o1 nmo - FC

19N PN Y YN NPn - ER
ypnnn My - EFF

nrmv Noyan nww - OT

TVYNRN NN M - ETT

9N POTN SY NP Tvn - HV

T D02 DY DMV NIV NPNN DY MVINNN MPNID DYNPN 07y NNN 3-1T nYav Il nsora
.DY9WIN DOPYTN DY NNNN MNP

<



DMV N9V PN NoO-1 CHy noshs 2wsn — 3 W0 nosy e

PYTN N0 P RDY NDIVN 1PNN DY PNDNIVI OXNYY NN JPINN NXINNN NN INNN HY MOV
DOWN ,NOIWIN PYTN MO THD DY NON MV AWND NIVORN DPYD NIONNY 1 2N NOOY .9V
DN IPMND NPNONIVM NIYN NPNN DY VNN YT YW TUNKD VNINID 1NN YNDN WN
DMOPNNY OIIRNNN NV M TPNI WIdY > DY NoO x CHy Hw mvrvs awny ynd) NHND 0Mpna
DN DN D) NON DXAWIND DIXDMNN NVXVIN dNTPN .DOPIT NOIVD MNNN NPNYNOV DY DNV

JI nooia qun 4-11 nHava

89D 2PNNN MVIT NREPN — 4 DWN NVIY o

LDOPYT HY MND NNINGD TAN YVIIN ANINND INY PXAN NINY NN DY TRND ION TPXINP PR
NN TI9)2 NNTD N (0NN DN IN) NP M DNRYN NN N D2APNIA 22900 WY NI 1PN
,TONNN 0N P YHRNYN HYINN ON THYHNI DOPXANNIN THNX D10 NPVINDIN NNNNN I3 NV

JONIND DNYNN NYAY IN DNM0N NMIPYY NISPNN DNYNN TN NN N Ownd

VIV NP1 NI2N . T NNTY NI PR TN MTITHN M9 NTMYN MITWIN NI¥N XD NININNDN NVIWN
DMWY TININD IPIAND MIVIDA "MXPNDY DN OOON POTN NIINN 9D MYIYIN DD NN NNTD
TNY YN NINK 172N T DY INPND NVIP IN DNPYN DIWIN IWRD YD DY 7PN N WD NV

9N 4.7 P92 MNPV 29 (2 D1990) MAPYN MLV NN AWND

: DN N NVLIWIA NN POV

DNNN2 DNYN-DIN NADWNN NIIVNN MNIPNNKI NNNNND OT) DY MWD MYYON NN oyayp .1
299 MININNN VNN MOIWY

SV DMYPOIVAN DMMNND NIANWNT NIIWNN DY NVXPM DNPYNN NPIvN X Dyp 2
SV NP9 N7IVINNVLN MNIM NN MND THO YY NYIAPI NVIPA DIND NYIdDN ; NOIWNN
VPN

PN DN .DYHNYN DAY TNYNOVY DRNNA NVIPM DNPVYNN NI DY MPHN NN 0y .3
N2 MY 80% DNV ,OTNH NI ONMA WHNWYND VAN ,NMDNID DIPNTH DN
90VN X 35%-) ,N0P

S NMININ MNNVYNI NIV NVIPM DNYNN PIARD NNNNN A1) NVID NNYPH DX DAavNn 4

En = (H/ey) / [(H/en) + (Ple)] x Er

Er=Er- B4
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NVOY2A DY ANV PAOITH NN DIIVIRND WX NNNN INTPN .WIDdYIY DVPN TPNONOLY ONNNA
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CO, emissions [t] = Activity data * Emission Factor

NO9¥IN VNIIPN NN O DY - 10.1 NVIY
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NN NIYNI DNPI IYNRD ,UNIIP DY NV IO5 NPT PO HY MTNL AWINK NVIYIN DTPN .PIDN
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- VINOW NPPNHOTIN NN MO NN DIYann L1
MTN NIV HY9NI OOV NVPN MIIWN IND NN DYIP  ©
MOIWNNN NNX DI DOVNNYN DNAY NPPN OO OND NN DYAP o
1N, 0PMPN ONN) PR DN .MIIWYINN NNX D52 PPN HODTNN THNR DD NYIDN NX DOYNp  *
NaDI WX 1-1V NHava DONRAMN ,NMIVY VP MOIYN NN DMHYIN DN WHNWNY
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— MNPPNHOYINN TR YD DY NIV NV DXaAYNN .2
NPMYN MOLYYAN NN AWND YT 1PNDY IRNYNL DXVNRNYNI ,NVPN I TR DO NIy
AN PID JNVIN ,MIYN TYND PPN ,MOIYND MIPNNND MYIANN MVIJI NPN IRNYNN @
MOYT NMIPMANNT MLV NN PI AVNY ¥ NN, MDIYNI NPY PN NMIDN MVl ON
7252 NOIYNN YN DY NRNIN 1Y NPV
Annual Emissions = [(Gy X k) + (CxxxT)+ (G xy x (1 - 2))]
NP NN HY NNPINN NYA X DYTN NIIWNY DXOINNN NP D1 Mnd - Cy
NNDN NONYWI NOWNN NP - C
(T<L NN ,mwn Yo Tuna qVIV YW T=1) noynn noyon nuw - T
NVYNO NNYWIN NOWHN NP — Cp
NN NN N MPNN NYA N9OTN N — K
NN DIWON NYA NPOTN NN — X

NP 290 NIIYNI INNY NVPPN 23NN DINX —Y
NIIYN NIOVN MY NP DN NAVN NN INN — Z

712y NMVY MV MNON NN PNNY ND) )P DXIYINN D NN YN 1P 2NN MNNY
NPPNHODINN TR D

— TPMVY NV DIVIND NPPNHOVINN TAR I DY MYIYAN NN 0OoN .3

97PN MY oxnNNa 0w PFCs-Yy HFCSYY n2yyn nynd My PN M T YD e
PPN OOINH TAN DI DY IPMIVYN NVIDON NN DD ¥ 1991 ,N5IYN DD P DY MVIATIN
1792

YT MDD NAY YDN0HN DN DNONIVID MTPN DX PN IV Nooia wn 2-1V nbav e
SV NYLITHVD XY MAIWYNL DIVNNYN DN .HNPNN MINDNN DIDN 29 D1VITIVD NP
TAN DD MY 4 990N 1YV NNV DMNIN) THD DY 1DON ONTPNN NN AWYND ¥ NPP I
D020 MADINN TAX DD SY SOMNN NN DVPY TN ,MPT DXI»NN BYHN YIMNND
AON MIYNA
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Total Annual Emissions =2, (Annual Emissions) x GWP;
NP NP MIIWNN MUY MYWINY NN NVIY — /K11 YN NVIY

PR AUNRI PNN NN NP MIIVNND NNHN T MYV TINNRD DINNIND YOON TYUN IO NV OIIN
NV NONY 11 NVIYA YITID NIINN YNNI DOVNPNWN DNAY VPN DTN NN 9272 DN DA
GIPXA NN NPP NIVNY OIPMNN TPXN MND DY INDN DY NDDIIN 1 NVOY NITVINN NINDION
NVYVYN TN TPON YOP DINN) NODIX NAMNN 1 Y .DMYN DNPNNN MDY DININXIND NV MITPN
NVODY MTPNIY MOIWNN DY NIV NP NYIONA YINOWN DX MINT N DY NI DTN NOMID
M12)2 OMINNX NV MNPND NNV NPMYHYN 1N IDN NMDIYNN MOLIDH DN 729D .DOWNINN

NP AT P9 TIN 11 2N NOUYY DIVMD NIAYD W OTX ,MPTN DY DOYINN

\9PINN DY DY NDDIN NI INDN NOIWI NINTN TIVN DY DOPNN NP2 NN 1T 1IN DY
NPYY IMND TIvnn oy Hova (UK DEFRA) 71722 11K Mnda) Ny’ N>a00 TIvn »y
JDECQ o%prn

DIMN DX PN DNIYY DINN DIMNI P IX 772NN MINN Y5 MY /N11 VOV wHnwns \nm
DN2 )INAY T2 N3 MYV SV MWNI NPDY DY D) NN .11 2N NOLW DIW»Y DWITN
T MY NV 25,000-5 Y1 MVIION TON 5%-1 NIN) MNT 1N NN IN NPPN MIIWHNHD MYYON
TUNI 1DIXIY NPPN TN NN DY SN0 YN NUNT NPNRY NN N NOW SY PN (07719
NI ONWIN INKIND MWD MWN NV MPY SY APYN NIYONND NPNY NIN N9Y NIONN .1V
MOYIY MWD MDOYT NYINS NNNTHN NIANN 7Y IWIY MWD WHNYN DN NPPN 29N

SWNT N NV DYMD »TO]

YNOY PIRND NN NVPN MOWN DI DY OINRINN TV 1PN @
DYVTN OIPNNN IRXINI MOV )POIN @

D9)P ONPNN KV NPINNND NIRXIND MOV PN @

MOIYN NV VN IRIIND MV PHON @

moM%»aN To VN e

s TMNPN 900N PWND 1M (P) NPYOLN NP NP DTN N0 DY YN

NIV IN TYNI YIDIY IIIITN ,TPNN DY DNDN : NPIDITIN MTNN ;NN NN, 00N NIY (N)
; PRNN

STYSN DY 02N NPP PN N1 (2)

8 “Guidelines to Defra / DECC’s GHG Conversion Fastior Company Reporting: Methodology Paper for
Emission Factors”, 201 2ittp://www.defra.gov.uk/publications/files/pb1378&ission-factor-methodology-

paper-120706.pdf




PIN NN NP MOIWN DY NIOIDVN NDIDNN NNV P2)D DMIND DN NPADN 4 190N NYIV
v

PIN NI VPP NIV SV SPDID0 19999 - 4 1909 1530

Type of Equipment Typical Range in T8N N0
Charge Capacity (kg)
N590 YV Y0120 NNV
9995771 Y91

Domestic Refrigeration 0.05-0.5 YPAMNYP
Stand-alone Commercial 0.2-6 DYNNNY DPINDN DMWY
Applications

Medium & Large 50 - 2,000 D2 DMINDN DIV
Commercial Applications =R=ARP)
Transport Refrigeration 3-8 N72NN NP
Industrial Refrigeration 10 - 10,000 TIDY 5513) XNMOVYN NP
(incl. food processing and (MNOPM D
cold storage)

Chillers 10 - 2,000 DMOYN
Residential and Commercial 0.5-100 YINDN) M2 PIN NN
AIC

Residential and Commercial 0.5-100 NN 0IN MIANYN
Heat Pumps NPINON)
Mobile Air Conditioning 05-15 T PIN NN

MAIN NN (2 NNH91) MArPY MLV 6.4

PONIN TITIY MAND TRND VN TN MMPHNI VIV 1NIPN IWUR ,MOPYN MOLIYIN 2N
NPIYY MYTHN QNN N1AY (2 91991D0 NNNDNN) MAPY MVLIVAY N0 W .NITHRN )ININD DY 1NN
DM/NVPN NN IN DNYNN DX NIXPNY NIIND NIAY (1 2195100 NHNDNN) MY MOYID NPNID
VN DMWYN DIIDONIY NNNND AT P2 29YD NOW TNHD 2IWN T9D .WNnvnn 1 DY DOWINN DN

VYA MPTI M9 521 TIVNN NINK,TINA OMNX NNTYI DNIN DIDDY

YNRYN NYINN ARKIND MIPY MLV - 12 WP NVIY .1

DINNON DIND 2NYN NYIIN MYIND MDPY NMVIV NWIND MDIYIN 1TO

SNWNN 21N DY NP NXIP MYSNND ,NHANN DY HYONI INNX YD 2y Dnwnin N8 nyap 1
2NN MND TO NX OXTYNN NOX MNIVNY ININA ,HNYNN NMNIAVN NPPON IX NYIN DV
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%99 DMV DIPIYN DI TWRD TNPHRA NIWN 1T NTION .2PNN MDD NN P N wopa
SPYNN NIYN TINK NIIXIN DXW/OIPT NN NN NHY NN TIT PR IN 1OW N8N Nyw

DYV HNYN NN DY NPTNN DY .DOVHNYN 1AV DNYND DINNNN NVIYN DTPN YW NN .2
MTPN AYINND YNYN NMYY OV 1IN MPY> YONN DNYN P D>T7aND W NdVND
DY) ON .DNUNN PN 1NV NPNYNIVI DXPYTO DNXNNA DNV NPND DMWY NV
TN AR DMMINNT DMNTNN DX JIN IMND YR ¥ VI 1IN DNUYNN NN DD NN
Ao¥an1a SnuNn
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DOUNNYN ININD YNNI .(07NN) DNIYD HNVYNN NN DY DNYNN NYIN WIIN DNDYNN DAY ININD
DYTANRND NN NIVYNI NPIY IR NN NVXYON DTPN IVIN PDNDN NVIVHN DTPHN NAY >7NN NN

NPN 98D HNUNN NI5INA OMNOPN

2008 Ty 2000 D7MWO DMINON NVIDIN MITPNDY DNPYN MNNMD NN NN NN NPNND PND NDAVN
LDV DNV T DY HNYN NN DD DN NDIV DIWNNN DNYNN N NV PO 1IN

PONIYIY SPUNA N3P B DIV AVISD W TPH — 5 1901 AhAV

2012 2011 2010 2009 2008 2007 2006

783 733 726 736 773 798 823 MO0 NV
CO2 *
v7oNp /7 09)

(WY 9aynn
NYAIY NIVIND NOTNYN XN NTINYD DN NNNN IT PN NV = 10 YD NV *

MITPN DY YTNRY 5NUN XM NINNN-IT YINI NVIYI 1272 YN DIPIDN NIV DIWINNN OINMN
SY MLDAN MDYN DOPRN XDIPY NMNAD NI DNYNN NXMN JPINN NXIMNN-NM INNN DY NN
NON DN AYND 1N .DNWUNN NN PYND YAV 1) DY IHIMYNWYNN NPT DY NDW NN NNNN T

2NYNN MY PHNNINIVIV DIPOTNN TNNX DI 12)0 Y/NN YTXAY DMNIONN DINMN THO DY

,NONYIN NIYN N7TON NMIN NN NDN DIDDA ,0IND 1M NONMIN PN YNIVYN WII) DN
SNYNNY NIPNA JPINN NXINNN-NNT IRNN DY MOVIYS DY 191 MINNK N7TH MOV DY NNTO ¥ DN
oV W70 D95 NPHNDN MVLIVIN NI TN IN YHY NN NI ,DOVTNND MIDN MNPRHN PO

(7NN) SNILY HPWN N3N ST Y 190N 1t 19201 NN °
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Steam
mo9s 1078 v v v Vehicle Fleet
mmpRR 15721 VDY On-Site Vehicle Mobile Emissions
o VNN
Syann DINN2 Use
DYh 1IN Heaters/ Pre-
NIV \ \ \ | Heaters )
. . Stationary
mMpnn | Calcinators/ Pret Calcinators/ Pre Combustion
DN Calcinators v v \ | Calcinators
DYV N v V| Kilns
Calcination CQ J Calcination CQ
TN MV Process Emissions
SO, Scrubbers J SO, Scrubbers
PIN NN MIIWNH x/ A/C Units
NTO MIWN Fire Suppression
o morw N \ | Systems
Y
N n?:'\rjm ; DONNN \ N Refrigerants Fugitive Emissions
Coal/Fuel
P97 MONNY D190 N Handling and
onM 9

Storage

Cement and Lime
Production




MNMIVYN N

Emissions

Industry Sector

NPINIOPYN

nVIYAN NO NVIYON MNPN Emissions Type
Source
2578 v \ | Vehicle Fleet
MOPY ML 3273 Yy On-Site Vehicle | | jirect Emissions
Syonn 0NNl N N | Use (forklifts,
(Y19 MMION) etc.)
Mmoo Purchased
mMpPHN YN HnYN N N N y Mobile Emissions
Electricity
[ak p23}
010 N \ | Generators
Syann 0N Facility Heating .
m_‘?}i’ ;g N V Y Stationary
i DT V| N | Boilers Combustion
mawn NN v | Incinerators
v v \' | Burnboxes
0971 ¥ Semiconductor
NNy N Production
T°5NN MV NP \ | Cleaning Process Emissions
N¥MINA NN Nitric Acid
NP N Etching
Process Gas
T NOMNY NS .
Transportation
TOIN
and Storage
ND MV . :
Nitric Acid
V99 . .
N MO | pyimn Sw TP v Fugitives Fugitive Emissions
nPTPIN RPN 9
FIN NN MOWN A/C Systems
9T MOIYN Fire Suppression
morw \ | Systems

Electronics




INIVYN N

NVIYIN MO

NVILAN MNPN

Emissions

Emissions Type

Industry Sector

- N
MINVIDIDIN

Source
w5 SYn Purchased
NN \ | Electricity . -
mMapy MY Purchased Indirect Emissions
v mee \ \ \ | Steam
DDIOIN NN \ | Buses
MO N 1T N N J Fleet Vehicles
mMNPHN . Mobile Emissions
o) N — Agricultural
NN \ | Vehicles
VW9 NN \ | Boats
T IPVIN J J J Cf;g:’gﬂe for
DN VoA \ | Heating
wh 18 Electrical
" VoA V' | Generation .
Stationary
mNPHN ; . Steam Combust
onM e m VI V| Generation ombustion
IV 131 VINIY Laboratory
nTayma SR V| Natural Gas Use
NONY DA VIDY Food Prep Gas
57N N V| Use
MNTIAVN VIV Laboratory CQ -
TONN MVY W Mp ea v and Dry-Ice Use Process Emissions

Education-
University




— N
MINVIDININ
(Tunn)

NVIYIN MO

NS MV
nPTPIN

NVILAN MNPN

NONNY NS
Y2 NP N9

Emissions

Source

CO, and Dry Ice
Transport and

Storage
Electrical
VN Ypnm Breakers
MV INITH Fire
VoW Suppressants
NPP M N Refrigerants
IN NN MOIWN v A/C Systems
Natural Gas

YAV 1) NYN

Transmission

NN NOON
1PN NN

N,O Storage

Emissions Type

Fugitive Emissions

Education-
University
(cont.)




INIVYN N

Emissions

Industry Sector

YRYn 8

nVYIN ND 10990 MNP Emissions Type
Source
Facility
ZPYN V1Y Electricit
Syana y
Usage
Purchased . -
mMOpy MY V571 Hnvn . Indirect Emissions
Electricity
Transmission &
R3NP Distribution
NP 199N
Losses
mous ERARM Vehicle Fleet
mMpnn» Mobile Mobile Emissions
S T3 TPN :
Equipment
. Power
Y » .
TT) HPYUN Y Generation
MMMV, 01N Boil
(Y1) (Boi _ers,
Turbines, etc.)
N PYTOND Fuel Cells i
namy Stationary
mmpRn NVIP NN Steam Combustion
SHAMS ' Production
Emergenc
DYPNY DNV gency
Generators
98T 12 VIDOY Office Gas
TIVN Usage
SO, /Acid Gas SO, /Acid Gas
Scrubbers Scrubbers o
TONN MVY Process Emissions
CO, pass-througt CO, pass-

cleaning

through cleaning

Electric Power
Production




SRYUN MY
(qunn)

NVIYIN MO

NO MVIYo
nYTPIM

NVILAN MNPN

PIN NN MWD

A/C Systems

Emissions
Source

mMarw N5t Fire Suppression
Coal Handling
DN NONMNY D19V
and Storage
Natural Gas

AL ) NOYIN

Transmission

DX MNINN

Vented Gases

NN MOIWN
O OPIIM

Electrical
Switchgear and
Breakers

Emissions Type

Fugitive Emissions

Electric Power
Production
(cont.)




MNMIVYN N

Emissions

Industry Sector

MMV

nVYYAN NO NVIYON MNPN Source Emissions Type
wo) YW Purchased
NN \ | Electricity
MOPY MY SnYN1 YW N N J Electricity Use | Indirect Emissions
A Purchased
NN \ | Steam
257 »Y J J J Vehicle Fleets
Mobile
mur»vo NN TYN \/ \/ \/ Equipment
mNPHN . . Mobile Emissions
oY% 1571 VY On-Site Vehicle
Syann 0INNA «/ «/ V| Use
noWwn VoA V| Aviation
VW9 N V| Boats
PPONN T J J J Acetylene Torch
o7 NN \ | Boilers
m_‘?}i’ ;z XM N V| Cogeneration | Stationary
D:nm =2} \epbb) NN \ | Generators Combustion
AL TN VIDY Building Natural
D12 NN \ | Gas Use
DN N V| Heating
o o PIN NV MOWN A/C Units
NY MYYa : . . -
MM M2>7T9 MOIYN Fire Suppression Fugitive Emissions
morv \ | Systems

Government




Emissions

MIMIVYN N0 NVITON WO NVYI9N MNPN Source Emissions Type Industry Sector
Purchased . -
mMOpy ML V571 Hnvn . Indirect Emissions
NN \ | Electricity
257N Fleet Vehicles
moa v v v
mNPHRN DYDININN \ «/ \ | Ambulances Mobile Emissions
e 2572 VIDY On-site Vehicle
5yonn 0NN N N \ | use
oM Boilers
IR
Back-U .
MMV y130 oo P Stationary
N2 IMPY nMMPHN NN V| Generators , Healthcare
NI . Combustion
o DN VoA \ | Heating
oA DT Sterilization
VoW V| Boilers
5NN MV MY N1 \ | Medical CQ Process Emissions
NOMNY NN CO, Storage anc
N9 \ | Transport
NO MW | PIRNPD MWD \ A/C Systems Fugitive Emissions
TP NP NN Refrigeration 9
NTO MIWN Fire Suppression

morv N \ | Systems




MNIVYN N

Emissions

Industry Sector

NONN MY

NVIYAN NO NN MNPN Emissions Type
Source
mMaYpPy MY w7 Ynwn Purchased Indirect Emissions
' SR V| Electricity
mono 107N NN V| Vehicle Fleet
mmpnn P— Mobile Mobile Emissions
D7) SR V| Equipment
N TINA Acetylene
TP T NN ' | Welding and
" 120NN . :
Cutting Stationary
mNpnn S N N N ;
o DMWY Furnaces Combustion
nPNN DN Ladle Heatin
! U J
TN MOLYY 799 Y J Steel Production Process Emissions
Coal Handling
DN NONIRI 919V
T \ and Storage
N9 MV . . e
M Y "M
i PINNVD MTN A/C Units Fugitive Emissions
mMarw N5t J Fire Suppressiorl\

Metal working




MNIVYN N

NVIYAN NO

NVILIN MNPN

Emissions

Emissions Type

Industry Sector

INYPN SN PYN

Source
Purchased . -
MOPY MO w59 Hnvn .. Indirect Emissions
Electricity
Mo INIPN TN Farm Equipment
mMNPHN Mobile Emissions
D1 NN 197 Other Vehicles
Enteric -
TONN MVY NMILVIN NOXON . Process Emissions
Fermentation
MNMIN DA MPIN Dry Compost
v Lots
TN DAY MDY Compost Piles
NONOR MDY Solid Storage
N7 Mo mpsn Piles Fugitive Emissions
NP 9

DMPNIX DN
NONNX M1

Anaerobic
Lagoons and
Storage Ponds

YPIP DWW

Land

Application

Livestock Feeding
Operations




MIUYN AN VY9N NO V29N MNPN Emissions Source Emissions Type | Industry Sector

MOPY MY w97 HYnwn Purchased Electricity Indirect
v N N Emissions
v NP Purchased Steam
MR
MMPHR MY 997 MY Vehicle Fleets Mobile
(=R Ad] v N N Emissions
DINNA 1571 VIV On-Site Vehicle Use
Syann N J J
YN THN Mobile Equipment
MR
NP NN TPY Railcar Moving
v V| V| Equipment
MMNPHNN NIV [=2aninl Boilers Stationary
D \ J J Combustion
NIXaH HT ; . Blasting Diesel
V .
masni DXV v v V| Generators Quarries
DYNNN ,0IYIN Hot Plant Burners,
DYTOND) v v V| Heaters and
Vaporization
PP IVY Refining Equipment
MR
DN \ J V| Heating
N NYa Methane Flares
VN A
NS MVY DN NONINY 190 Coal Handling and | Fugitive
TOW V Storage Emissions
IN NN MIIWN Y AJC Systems
MDY MOIWN Fire Suppression
monv \/ \ \ | Systems




INOVYN 1NN

NVIYIN MO

NVILAN MNPN

Emissions Source | Emissions Type

Industry Sector

9185
(¢ 1))

w57 5nwn Purchased Electricit .
MY v v v y Indirect
mopy Emissions
v NP Purchased Steam
AR
25798 A \ \' | Vehicle Fleet
Mmoo .
> . . Mobile
mMMpNn EINNI A3 VIDY On-Site Vehicle Use ..
o Syann N NN Emissions
)
DDWLN \/ N \ | Aircraft
o7 A \ \ | Boilers
DM v \ \ | Generators
DN \ vV | | Heating
AW YN \ V| | Cogeneration _
Stationary
MNP W N N+ | Dryers bust
Do Combustion
D DN Water Heatin
NI °
D»NIN DINHNN Thermal Oxidizers
VNN
TYNN N1 WIDOY N Process C@Use
DINNA DXV N2 IV On-Site Wastewater
Syann N N v | Treatment
RN oS OTOR—— COZ.CIeanlng Pro_cegs
v | Equipment Emissions
NPNIVPON OMIP Electron Beams
Wastewater
D29V 92 919V N
N, Treatment Lagoons

Manufacturing
(General)




(*999) Ny
242N

nVIYIN MO

NS MV
nPTPIN

nVILIN MNPN

Emissions Source Emissions Type

NP Refrigerants Manufacturing
PIN NP MOIYH A/C Systems Fugitive (General) — cont.
Fire Suppression Emissions
MY NITY NN

System




INIVYN N

Emissions

Industry Sector

1999V 193 91950

nVYIN MO 10990 MNP Emissions Type
Source
Purchased . -
mMOpy MY v Hnvn . Indirect Emissions

Electricity

movu»wa 57N Vehicle Fleet

mMNPHN 1571 VIO On-Site Mobile Emissions
il Syann onna Vehicles Use
Ja}/ . .
namv Digester Gas Stationary
m7pnn 95y12 1) NIV . :

oY Combustion Combustion

Anaerobic
92 Y2AVPNIN DIV Waste
POV
Treatment
ST PSPIOIV) Nitrification/
M 2ah) > itrifi 1 . .
TN MY WIPI0N Denitrification | process Emissions

Effluent

DN NYIAPY NYIN

Discharge to
receiving waters

PO M Septic Tank
PIN NN MIIWN A/C Systems
ND ML : — Fugitive EMissi
TN N2T9 MWD Fire Suppression ~HgItve EMISSIONS

mov

Systems

Wastewater
Treatment




MNMIVYN N

nVIYAN NO

mMarYpy MY

NVILIN MNPN

v Hnvn

Emissions Source

Purchased Electricity

Emissions Type

Indirect Emissions

Industry Sector

VNN
mMoYYa 259 MY Vehicle Fleets Mobile Emissions
DT MNPHN N N N
YN TN Mobile Equipment
VNN
nMYPn nawn VW V| Aviation Telecom
MNP N9W own VoA V| Heating Stationary
DR o N N \ | Boilers Combustion
DNVM v N \ | Generators
N9 MV I NDD MTN v A/C Units Fugitive
NP 91579 M37YN Fire Suppression Emissions
monvy \ \ | Systems
mMaYpy MY v 5nwn Purchased Electricity Indirect Emissions
VNN
moa RRRRXN \/ \/ V| Vehicle Fleet Mobile Emissions
DT MNPHN
DINNA 2591 VIDY On-site Vehicle
(Y72 MNON) Syann N N vV | Usage (Fork-lifts,
etc.)
Aoy | PP 1Y 1POIN T Acetylene Torches Stationary Transportation
N \ \ \ Combustion
oPNNN N N \ | Heaters
DNVM v N \ | Generators
N MVYYI IN NN M ~ A/C Units Fugitive
nYIPIN 1572 PN NN N Vehicle A/IC Emissions
NDTH MIIWYN Fire Suppression
momy \ \ | Systems




INNVYIN 9N

NVIYIN MO

NVILAN MNPN

Emissions Source | Emissions Type

Industry Sector

P94 PN YN
20

VoM Ynwn ici .
J J J Purchased Electricity Indirect
mMapy ML Emissions
v NP J J J Purchased Steam
257 "N J J J Vehicle Fleets
DTN MPSD v v \ | Crew Boats
YNNN TYN J J J Mobile Equipment
nav Mobile
MMPNN | POTNPNT NPRYN J J J Fuel Delivery Trucks .
oY) Combustion
YN MANYND Mobile Pumps
VNN P
ATy M0 N N \ | Work Boats
9571 M0 Tanker Vessels
VN
N NYPYI Methane Flares
‘ MR
NN I NPYIA Acid Gas Flares
VN
X o7 J J J Boilers/ Re-Boilers
nanv Stationary
halm)pja)al SR Heaters/Pre- Combust
DN v v \ | Heaters/Re-Heaters | ~Ompustion
DMV N N \ | Generators
oI N9V Coke Combustion
P MR
PYT NV Fuel Combustion
! VIO

Oil & Natural Gas
transportation and
distribution




nNPIYM NYAN
= %9a0 Y PYT
TUnn

NVIYON MNPN

Emissions Source

NONT YN N J J Compressor Engines
DMLV \/ N V| Dehydrators
DPN NV J N N Vacuum Furnaces
MIANWD \/ \/ V| Pumps
DYNOLHILP MTN v Catalyst Units
SO, Recovery Scrubbers v SO, Recovery Scrubbers
N91092 N9V \/ \/ V| Waste Treatment
mos TYAN MIMN \/ V V| Process Venting ProF: ess
ToIN Emissions
CO, Pass-Through Cleaning v CO, Pass-Through Cleaning
2o I8 \/ \/ V| Hydrogen Production
DY NP TINPIDONT v V| Tank De-gassing and Cleansing
DR ¥9200 MV \/ \/ V| Storage Tank Emissions
,DMNDY) DX1IIN MDT \ \ V| Component Leaks (Valves,
(DNN9 , 0PV Fittings, Hatches)
91T N2 PHT MYV v V| Bulk Oil Transport
movos Y0 MYYN v V| Natural Gas Transport Fugitive
N DI9) NOMIR NPNN NPP v LPG Storage Cooling Emissions
e PIN NV MM v A/C Units
MY MY v V| Fire Suppression
NP v Refrigeration
0N PYT NTION v Oil/Water Separation

Qil &
Natural Gas
transportatio
n and
distribution —
cont.




MNMIVYN N

Industry Sector

990 HINN NN

1YY MO 10990 MNPN Emissions Emissions Type
Source
mPYy ML SnYN oM Electricity Indirect Emission
N oA \ | Consumption
mouos 2572 VW On-Site Vehicle | Mobile Emissions
m7pnn Syann DINN2 N N \ | Use
o 17N N v | Vehicle Fleet
bialy VIR HIYN Kraft Digester | Stationary
mMpn NN Combustion
o DNV NN \ | Generators
NP v v \ | Cogeneration
DYN T N \ | Boilers
O MY N \ | Lime Kilns
DINIP N v | Calciners
mawn NN v | Incinerators
DWIIN NN \ | Dryers
Nawn MIN Recovery
NN \ | Furnaces
TONN MY D29V XN 510 On-Site Process Emissions
Syann DINN2 N Wastewater
Treatment
M NN IMIN Wastewater
D09V ~ Treatment
Lagoons
NI TIDYY | PIN NP MIWN AIC Systems Fugitive Emissions
nrIPImn 979 MOIYN

mov

Fire Suppression

Systems

Pulp and Paper
Production




MNIVYN N

NPAONY NYAN MY
»

Emissions

NV MO NVIN MNPN 5)_' Source Emissions Type
vo SBYN Purchased
SR V| Electricity . .
MYPY MOV burchased Indirect Emissions
v mee VoA \ | Steam
o 257 »Y J J J Vehicle Fleets
mNPHN N DY Mobile Mobile Emissions
late SR V| Equipment
noWn NoA \ | Aviation
TP YONTA Transmission
NN \ | Compressors
) DXNVITNT \ \ \ | Dehydrators Stat
MNP DMV NN \ | Generators c ationary
N DAY NN \ | Flares ombustion
DPNNN NN \ | Heaters
o7 NN \ | Boilers
5NN MV SO, Scrubbers \/ SO, Scrubbers Process Emissions
TINN NN v Vents
PIN NN M A/C Units
Component
&0 ? mmb-)r Leaks (Valves,
Niw?:-\rjrj:; (cwrm’at: g‘)’;z‘:’s VoA A E'itttinrgljs,) Fugitive Emissions
atches
NI MOWN Fire Suppression
morv \ | Systems

Industry Sector

Gas Utility

e
¢



MNMIVYN N

nVIYAN NO

NVILIN MNPN

Emissions
Source

Emissions Type

Industry Sector

nYYoa N

Purchased . L
moYpy MYY w27 5nwn J J J | Electricity Indirect Emissions
ERRRN \/ \/ V| Vehicle Fleet

Mobile
mov»wo YNNN TN . . .
S VoA v Equipment Mobile Emissions
DINNA 2571 VIDOY On-Site Vehicle
Syann N N \ | Use
oSO Joa| | oo
PP oMW M7 VoA V| Boilers Stationary
DM DMV N N \ | Generators Combustion
DN \ \ vV | Heating
D799 v v v | Flares
SO, Scrubbers J SO, Scrubbers
THIN MV Process Emissions
NP MOWN \ | pH Control
NN systems
oW YBMYRY 7YY Transfer and
Y NONIXI NN
NP MOIWNY N1 J fStorage of C?
JT— or pH contro
systems
CH,From
©2570 WD \ Anaerobic
o»511uNn .
N9 MLV OPPRON Metabolic Fuaitive Emissi
nYTPMm Processes ugitive EmISSIons
\ | Biogenic CQ
NP NPT (Optional
Reporting)
IPIN NN MIIWN A/C Systems
N2YTY MWD Fire Suppression
mony \ | Systems

Waste
Management




INIVYN N

Emissions

Industry Sector

OPIMION MNN

nVYIN ND nV990 MNP Emissions Type
Source
Purchased
w59 Hnvn ..
R V| Electricity . .
mMapy MY Indirect Emissions
- Purchased
R \ | Steam
mvYe 170N R V| Vehicle Fleet
mpnn 2572 VI On-Site Vehicle | Mobile Emissions
o™ Syann 0NN NI V| Use
591 N \ | Digester
nonn NN V| Smelting
M9 NN NN N V| v | Merge Cells Stationary
Ea)iplalal - ;
D P> NoA \ | Casting Combustion
010 R V| Generators
DAPNIP NN \ | Calciners
PN ToIN V| Calcining
Process
TN MV . Process Emissions
91N J Electrolysis
NVIIVPON Processes
P97 NONNY NN \/ Fuel Lines
NY VLYY | MIRNVND M A/C Systems .. -
R - —{ Fugitive Emissions
nIPIn T MWD Fire Suppression
mory \ | Systems

Aluminum
recycling




.DMMNN YO MY YIndwd 0IRNN 1-11 N51va OININN O TPNN

[I-1. Reference CGQ Emission Factors

NET CALORIFIC VALUE (TJ/Gg) EMISSION FACTOR (tC@TJ) FUEL TYPE DESCRIPTION

42.3 73.300 Crude oll

275 77.000 Orimulsion

44.2 64.200 Natural gas liquic

443 69.300 Motor gasoline

43.8 71900 Kerosene

38.1 73.300 Shale ail

43.0 74.100 Gasl/diesel oll

40.4 77.400 Residual fuel olil

47.3 63.100 Liquefied petroleum gases
46.4 61.600 Ethane

445 73.300 Naphth:

40.2 80.700 Bitumen

40.2 73.300 Lubricants

325 97.500 Petroleum coke

43.0 73.300 Refinery feedstocks

495 57.600 Refinery gas

40.2 73.300 Paraffin waxes

40.2 73.300 White spirit and SBP
40.2 73.300 Other petroleum products
26.7 98.300 Anthracite

28.2 94.600 Coking coal

25.8 94.600 Other bituminous coal
18.9 96.100 Sub-bituminous coal

119 101.100 Lignite

8.9 107.00 Oil shale and tar sands
20.7 97.500 Patent fuel

28.2 107.000 Coke oven coke and lignite coke
28.2 107.000 Gas coke

28.0 80.700 Coal tar

b



NET CALORIFIC VALUE EMISSION FACTOR (tCO J/TJ) FUEL TYPE DESCRIPTION

38.7 44.40( Gas works gas

38.7 44.400 Coke oven gas

25 260.000 Blast furnace gas

7.1 182.000 Oxygen steel furnace gas
48.0 56.100 Natural ga

n.a. 143.000 Industrial wastes

40.2 73.300 Waste oils

9.8 160.000 Peat

15.6 112.000 Wood/wood waste

11.6 100.000 Other primary solid biomass
295 112.000 Charcoal

27.0 70.800 Biogasoline

27.0 70.800 Biodiesel

274 79.600 Other liquid biofuels

50.4 54.600 Landfill gas

50.4 54.600 Sludge gas

50.4 54.600 Other biogas

n.a. 85.0 Waste tires

10.1 155.2 Carbon monoxide

50.0 54.9 Methane

Sources:

- IPCC 2006 Guidelines for National Greenhouse Gasé&an Inventories, September
2007,
- EU Directive 129: Monitoring and Reporting Guidesfor EU-ETS, Aug. 31, 2007

Glossary:

-t CO2 = metric tonnes of GO
- TJ =Tera Joules (1bJoules)
- Gg = Giga grams (fayrams or 1000 metric tonne)



lI-2. ReferenceCH,4 and N,O Emission Factors(Fuel Basis)

EMISSIOM FACTOR (t N ,0/TJ)

EMISSION FACTOR (t CH,/TJ)

910 Mo

XN ONPHNN DN ONIPHN  OINMIONPHN DN DNPHN TN DNPHN 0N ONPHN

INTNN NVPOI NENANPYINT  NNYYNI INONN NOPYE NYVUYNI n»Yyna
MMM 7933 AIIND MTOMM  NMAM NN AIIND
0.0006 0.0006 0.0006 0.010 0.003 0.003 Aviation Gasoline/Jet Gasoline
0.0006 0.0006 0.0006 0.010 0.003 0.003 Biogasoline
0.0006 0.0006 0.0006 0.010 0.003 0.003 Biodiesel
0.0006 0.0006 0.0006 0.010 0.003 0.003 Bitumen
0.0015 0.0015 0.0015 0.001 0.001 0.001 Coke Oven and Lignite Coke
0.0006 0.0006 0.0006 0.010 0.003 0.003 Crude Oill
0.0001 0.0001 0.0001 0.005 0.001 0.001 Ethane
0.0001 0.0001 0.0001 0.005 0.001 0.001 Gas Coke
0.0006 0.0006 0.0006 0.010 0.003 0.003 Gas/Diesel Oil
0.0006 0.0006 0.0006 0.010 0.003 0.003 Jet Gasoline
0.0006 0.0006 0.0006 0.010 0.003 0.003 Jet Kerosene
0.0015 0.0015 0.0015 0.010 0.010 0.001 Lignite
0.0001 0.0001 0.0001 0.005 0.001 0.001 Liguefied Petroleum Gases (LPG)
0.0006 0.0006 0.0006 0.010 0.003 0.003 Motor Gasoline
0.0006 0.0006 0.0006 0.010 0.003 0.003 Naphtha
0.0001 0.0001 0.0001 0.005 0.001 0.001 Natural Gas
0.0006 0.0006 0.0006 0.010 0.003 0.003 Natural Gas Liquids
0.0001 0.0001 0.0001 0.005 0.001 0.001 Other Biogas
0.0006 0.0006 0.0006 0.010 0.003 0.003 Other Kerosene
0.0006 0.0006 0.0006 0.010 0.003 0.003 Other Liquid Biofuels
0.0006 0.0006 0.0006 0.010 0.003 0.003 Other Petroleum Products
0.004 0.004 0.004 0.300 0.030 0.030 Other Primary Biomass
0.0006 0.0006 0.0006 0.010 0.003 0.003 Paraffin Waxes
0.0006 0.0006 0.0006 0.010 0.003 0.003 Petroleum Coke
0.0006 0.0006 0.0006 0.010 0.003 0.003 Residual Fuel Oil
0.0015 0.0015 0.0015 0.010 0.010 0.001 Bituminous/Sub-Bituminous Coal
0.004 0.004 0.004 0.300 0.030 0030  Wood/Wood Waste
Source

Intergovernmental Panel on Climate Change (IPQ@)6 IPCC Guidelines for National
Greenhouse Gas Inventories, Volume 2, Chapter 1, 2006 Revised April 2007.

<8



I1-3. Energy Conversions by Generator Type

J (input)/
J (output) Fuel Type Generator Type
1.392 -1.671 Natural Gas Combined Heat and Power
2.361 Natural Gas Combined Cycle Single Shaft
2.698 Natural Gas Combined Cycle Steam Turbine with
Supplemental Firing
3.759 Liquefied Propane Gas Gas Turbine
3.956 Refinery Gas
2.614 Gasoline Internal Combustion Engine
2.780 Natural Gas
3.020 No. 2 Fuel Oil
3.693 Refinery Gas
3.283 Coal (Anthracite) Steam Turbine (Boiler)
2.768 Coal (Bituminous)
3.044 Coal (Lignite)
2.883 Coal (Sub-Bituminous)
3.954 Liquefied Propane Gas
2.770 Natural Gas
2.409 No. 2 Fuel Oil
3.816 Refuse, Bagasse,
non-wood
4.378 Wood and Wood Waste
Sources:

- U.S.EPA EIIP Guidance for Emissions Inventory Development, VVolume VI11: Estimating
Greenhouse Gas Emissions, EIIP Greenhouse Gas Committee, October 1999.

- U.S.EPA AP-42, Supplements A, B, and C, Table 3.3-1, October 1996.

<8



[I-4 . Device Specific Emission Factorsfor CH,4 and N,O

(LHV Basis)

EMISSION FACTOR

(tN,O/TJ)
0.00028

0.00098

n.a.

n.a.

0.0000389

n.a.

n.a.

0.0000389

n.a.

EMISSION FACTORS

(tN,O/m?)
0.000064
0.000064
0.000031

0.000064
0.000031

0.00011

0.0000060

EMISSION FACTOR

(tCHJTJ)
0.0011

0.0011

0.0000078
0.000292

0.000326

0.000326

0.000214

0.000239

0.000239

EMISSION FACTORS

(tCH 4/m®)
0.000034
0.000120
0.0000062

0.0000569
0.0000259

0.000024

0.000213

SOURCE/DEVICE

Boiler/Heater — natural gas
(controlled)

Boiler/Heater — natural gas
(uncontrolled)
Boilers/furnaces/heaters — Diesel
Refinery Heater (Low k)
<10 giga-J/hr

Refinery Heater (Low k)

10 - 100 giga-J/hr
Refinery Heater (Low k)

> 100 giga-J/hr

Refinery Heater (High b
<10 giga-J/hr

Refinery Heater (High b
10 - 100 giga-J/hr
Refinery Heater (High

> 100 giga-J/hr

Utility boilers — No. 4,5,6 oil
Industrial boiler — No. 5/6 oil
Industrial boiler — No. 4 or distillate

oil

Commercial combustors — No. 5/6 oil

Commercial combustors — No. 4 or

distillate
Industrial/commercial boilers —
Butane/Propane

Residential furnace — Fuel oil

"



Sources:

US Environmental Protection Agency (EP&ompilation of Air Pollutant Emission Factors, Volume
I: Sationary Point and Area Sources, AP-42, Fifth Edition, January 1995, with Suppletsef, B, and
C, 1996; Supplement D, 1998 — errata updated 402&0pplement E, 1999; and Supplement F, 2000.

American Petroleum Institue (APICompendium of Greenhouse Gas Emission Estimation
Methodology for the Oil and Natural Gas Industry, August 2009

Glossary:

LHV — low heating value (based on NCV)

tCH4 = metric tonnes of methane emissions
tN20 = metric tonnes of nitrous oxide emissions
TJ = Tera Joule (#8Joules)

m®= cubic meter



[11-1. Road Transport Default Emission Factors

EMISSION FACTORS (ton GHG/TJ)

FUEL TYPE

N2O
0.0032
0.0080

0.0057

0.0039
0.003

0.0002

CH,
0.033
0.025
0.0038

0.0039
0.092
0.062

CO;
69.3
69.3
69.3

74.1
56.1
63.1
56.1
71.9
73.3

Motor Gasoline
Motor Gasoline — Oxidation Catalyst

Motor Gasoline —Low Mileage Light
Duty Vehicle Vintage 1995 or Lat
Gas/ Diesel Oll

Natural Gas

Liquefied Petroleum Gases
Liquefied Natural Gas

Kerosene

Lubricants




[11-2. Emission Factorsfor European Gasoline and Diesel Vehicles (mg/km)

CH, Emission Factors

N,O Emission Factors

Rural | Highway Urban Highway, Rural Urban Vehicle Fuel Type Vehicle Type
Hot Cold Hot Cold
Technology
41 86 131 201 6.5 6.5 10 10 pre-Euro Passenger Car
14 16 26 45 8.0 17 22 38 Euro 1 Gasoline
11 13 17 94 2.5 4.5 11 24 Euro 2
4 2 3 83 15 2.0 3 12 Euro 3
0 2 2 57 0.7 0.8 2 6 Euro 4
8 12 28 22 0 0 0 0 pre-Euro
3 9 11 18 4 4 2 0 Euro 1
2 3 7 6 6 6 4 3 Euro 2 Diesel
0 0 3 7 4 4 9 15 Euro 3
0 0 0 0 4 4 9 15 Euro 4




CH4 Emission Factors

N>O Emission Factors

Rural | Highway Urban Highway, Rural Urban Vehicle Fuel Type Vehicle Type
Hot Cold Hot Cold
Technology

0 0 0 0 pre-ECE
25 35 80 8 13 21 38 Euro 1 LPG

2 3 13 23 Euro 2

1 2 5 9 Euro 3 and later
41 86 131 201 6.5 6.5 10 10 pre-Euro Light duty

) vehicles

14 16 26 45 52 52 52 122 Euro 1 Gasoline
11 13 17 94 22 22 22 62 Euro 2
4 2 3 83 5 5 5 36 Euro 3
0 2 2 57 2 2 2 16 Euro 4
8 12 28 22 0 0 0 0 pre-Euro
3 9 11 18 4 4 2 0 Euro 1 Diesel




CH4 Emission Factors

N>O Emission Factors

Rural | Highway Urban Highway, Rural Urban Vehicle Fuel Type Vehicle Type
Hot Cold Hot Cold
Technology
2 3 7 6 6 6 4 3 Euro 2
0 0 3 7 4 4 9 15 Euro 3
0 0 0 0 4 4 9 15 Euro 4
70 110 140 6 6 6 All Technologies Gasoline Heavy Duty
Trucks and
20 23 85 30 30 30 GVW<16t
Buses
70 80 175 30 30 30 GVW>16t Diesel
Urban Busses &
70 80 175 30 30 30 Coaches
5400 pre-Euro 4
900 n.a. Euro 4 and later CNG
(incl. EEV)
Sources:

EU COPERT IV MODEL
IPCC 2006 Guidance for National GHG Inventories



I11-3. Default Emission Factors for Off-Road

Mobile Sources and Machinery

EMISSION FACTORS

N2O CH, CO, TYPE OF OFF-
(UTI) @ty @ry ROADSOURCES
Diese
0.028¢ 0.0041! 74.1Agriculture
0.028¢ 0.0041! 74.1Forestry
0.028¢ 0.0041! 74.lIndustry
0.028¢ 0.0041! 74.1Household
Motor Gasoline 4-stroke
0.00z 0.08( 69.2Agriculture
69.Forestry
0.00z 0.05( 69.3Industry
0.00z2 0.12( 69.ZHousehold
Motor Gasoline 2-Stroke
0.000¢ 0.14( 69.ZAgriculture
0.000¢ 0.17(¢ 69.:Forestry
0.000¢ 0.13( 69.2ndustry
0.000¢ 0.18( 69.ZHousehold

Sources:

European Environmental Agency, 2005
- IPCC 2006 national GHG inventory guidelines



[11-4. GHG Weighting Factors As A Function of Engine Design Parameters Relative to

Uncontrolled Rail Engines (dimensionless)

N.O CH, RAIL ENGINE TYPE

1.0 0.8 Naturally Aspirated Direct Injeion

1.0 0.8 Turbo-Charged Direct Injection / Inter-cooled Turbo

Charged Direct Injectic

1.0 1.0 Naturally Aspirated P-chamber Injection

1.0 0.95 Turbo-Charged Pre-chamber Injection

1.0 0.9 Inter-cooled Turbo-Charged Pre-chamber Injection
Source:

European Environmental Agency, 2005
IPCC 2006 national GHG inventory guidelines



IV-1. Emission Factorsfor Refrigeration & Air Conditioning Equipment

Recovery Refrigerant Operating Installation
Efficiency Remaining at Emission Emission
z Disposal Factor Factor
(% of y X K Capacity  Type of
remaining) (% of capacity) (% of (% of capacity) (kg) Equipment
capacity
lyear)
70 % 80 % 0.5% 1% 0.05-0.5 Domestic
Refrigeration
70 % 80 % 15 % 3% 0.2-6 Stand-alone
Applications
Commercial
70 % 100 % 35 % 3% 50-2,000 Medium &
Large
Commercial
Refrigeration
70 % 50 % 50 % 1% 3-8 Transport
Refrigeration
90 % 100 % 25 % 3% 10 - 10,000 Industrial
Refrigeration
including Food
Processing and
Cold Storage
95 % 100 % 15 % 1% 10-2,000 Chillers
80 % 80 % 10 % 1% 0.5-100 Residential and
Commercial
A/C including
Heat Pumps
50 % 50 % 20 % 0.5% 0.5-15 Mobile Air
Conditioning
Sources:

IPCC,Guidelines for National Greenhouse Gas Inventories (2006) Volume 3: Industrial Processes

and Product, Table 7.9 (using the highest valubherrange)

i



UNEP RTOC Reports (UNEP-RTOC, 1999; UNEP-RTOC, 2003

IV-2. Global Warming Potentials of Refrigerant Blends Source

Global Warming Potential Refrigerant Blends
(GWP)
18 R-401A
15 R-401B
21 R-401C
1,680 R-402A
1,064 R-402B
1,400 R-403A
2,730 L)69R-403B (or
3,260 R-404A(or FX 70, or HP62)
0 R-406A
1,770 R-407A
2,285 R-407B
1,526 R-407C(or KLEAG6)
1,428 R-407D
1,363 R-407E
1,944 R-408A
0 R-409A
0 R-409B
1,725 R-410A
1,833 R-410B
15 R-411A
4 R-411B
350 R-412A
1,774 R-413A
1,774 R-413A
0 R-414A
0 R-414B
25 R-415A
105 R-415B
767 R-416A
1,955 R-417A
4 R-418A
2,403 R-419A

<



Global Warming Potential

Refrigerant Blends

(GWP)
1,144 R-420A
37 R-500
0 R-501
0 R-502
4,692 R-503
313 R-504
0 R-505
0 R-506
3,300 R-507/507A(0r AZ50)
10,175 R-508A
10,350 R-508B
3,920 R-509/509A

Source: ASHRAE Standard 34



o2yo Py ISO 14064.13pn .mHan YW 17512 XMPTY OINWY) YW NdOYI INXIN 1PNY NYI0N
NNTIIHHI 1IN DNY 2NN INN AN ,NITHN GNIN DY INYT NPV DINONIND "IN

TN 0PN AR PNIPNY OIPN IXIN
79 1991 YV Nhyann
ISO 14064 -1 YNV DIVWIIN

19993 N1Y YN NNN

PMIN/NIIND DY NMIVIVON NNON NN 2.3
0NN T NMIVIDI HINMD DN TN

IN NDNPA NIWN NPT MV T3 NNTY I 3.1
NP NN Y9Ya DPYT

M) DY MNNM IN MV DY NYIVN NIVTD 1N 52.1
NNTHIN NN IN NN DY MDOYN NINSIND NNNN
MM NWYI NNTN IYNRD ,NIINN MDINNY XIND
N9 TIY MV DY

I8Y DY NNPIY NHANNY DXOPMI DY NNTD 1N 522
T MY ONNTH DN TYND ,NNHNN 2T NNNINY
MTN NNPNY N1

0NN T DINMY MIONN HY NNON

YN ,ANTHN QNN MY HY NPT GON VIO
NDY 79932 192NN MINNND TAX DI NIAY NN N
DMONND DIV P

NNTY 112 MINN MPPY MYIYS DINNON DN 4.2.4
YIN9 79y NNV H¥ MTN*A

NNNNAND DOYNNN DN, MNTN N NIIWN 5.4 13

NIIKY IN MWD DMON> OITTNH DY NN NNON
N NTND NNNN 2T NV DY

IN DPNNN OITTHY ONNNI MNINI VINA NN
DONWN DNPNY NNV

TINNNN P IRYN NINDY YTNN DI NN NN 6.1 23

«f



09D NN NNIYI

m»ys 0TPN Activity Factor AF

RN Methane CH,

(N779) 2NN YT NI Carbon Dioxide CcO,
n»19 7Y NNV CO, Equivalent COE
NV DTPN Emission Factor EF

European Union Emissions Trading Scheme EU-ETS

Gross Calorific Value GCV

(N773) NNNN T Greenhouse Gases GHG
Global Reporting Initiative GRI

Global Warming Potential GWP

YTNNIZI-ITN YN Hydrofluorocarbons  HFCs
Higher Heating Value  HHV

Intergovernmental Panel on Climate Change IPCC

International Organization for Standardization  ISO
DIN) Joule J
YWY ORN-IP kilowatt-hour kWh

Lower Heating Value LHV

AN TIY INY NIV PN Million Metric Tonnes Carbon Equivalent MMTCE

YWY LNN - Megawatt-hour ~ MWh

Net Calorific Value NCV

o8



1PN NXIMNN NN Nitrous Oxide N,O

D»VITIVD DINRINA APWN VN Nm®

Organization for Economic Co-Operation and Develepin OECD

YTNNIDI-I9 PN Perflurocarbons PFCs
NNV WY NI Sulfur Hexaflouride Sk
(10 15 1n) DN NIV Tera grams (16 g) Tg
SIN TV Tera Joulegl0* Joules) TJ

World Business Council for Sustainable DevelopmewtBCSD

World Resources Institute  WRI



