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ESG & Carbon Services was commissioned by the Aus@Galsimdustry Trust (AGIT) to undertake a
RSa102L) NBOASE 2F GKS yI GdzNIF £ 3| #EneaduseiRairand NBE Q &
reporting, and to highlight some industry initiatives to reduce methamaissions.

ESG & Carbon Services in collaboration with TRKN Consulting have developed thts mpwitle

a factbased contexfor AGITto address questions about the methane emissions from the Australian
gas industryThe report is not intended as advocacy publication but as a reference source for AGIT
and its members.

Due care and skilhave been exercisedn the preparationof this report Notwithstanding, ESG &
Carbon Services and TRKN Consulfisglaim any liability, including liability for negligence, loss
howsoever caused damage, injury, expermecost incurred by any person as a result of accessing,
using,or relying upon any of the information or data in this publicafitmthe maximum &tent
permitted by law. No representation expressed or implied is made as to the currency, accuracy,
reliability, or completeness of the information contained in this publication. The reader should rely
on their inquiries to independently confirm the infoation and comment on which they intend to

act.



Table of Contents

EXECUTIVE SUMMARY. ...ttt ettt e et e e et e e e s et eme e e s e e ba e e e e aaaa e s s e banamesaa s eeeabassessasansesessanmeren 5
THE GAS INDUSTRY IN FOCIS. o ttttuieitttetetieeestaeeesatesesaaeesetasesaa st eaaeseta e sesaesesansaranseeanssssssnsesetaseersrasans 5
RECOGNISING INCONSISTENT REPQORTING ..t uueeerttieeetniereieeretnerrsnesrsseersssesssnsssssssersssesrssserssseersrneeesseessd 6
AUSTRALIAN METHANE EMISSIONS. .. euuiittiittiitiittttteettesitestassstessasssaassansssnsesasttnsetnssstssnssstesranessnsersnssrnsed 6.
N DO R 2 2 { S T =T ST N1 T 7

ABOUT THIS REP O R ...t eee et me et e et e e et e s e b e e s b mt b e e saa s san s s abeeba e sanssnssees 8

SECTION 1: THE AUSTRALIAN NATURAL GAS INDUSTRY ... oo 9

SECTION 2: INTERNATIONAL FORECAST FOR NATURAL.GAS... ..o 12

SECTION 3: GLOBAL EMISSIONS REPORTING FRAMEWORK .....cootiiiceei e 14
UNITECNATIONSRAMEWORKONVENTION OBLIMATECHANGE ... cvtuiitiietieiie et e st esaeseteessnesstsesaeetnssnnessnsesnnns 14
PARISAGREEMENT REPORTING OBLIGATIONS. .11 cttuiittiittettttteetteteteetessneestesssssessnsesstestresnesstassssesrneenns 14
L O T = N TP 15

SECTION 4: AUSTRALQ{ /[ Lal! ¢9 /I ! bDO9..t.h[|.Li. ... Cw.l.a.9.2.h.w.Y1l6
[ I [ 72 16
(0] Y= Y N o= 16

Publication of Austrén greenhouse and methane data..........cccccceeeeiiiiiciiiiiiii e 17
AUSTRALIAGREENHOUSEISSIONENFORMATIOBY STEM. .. cvtiiitniiiiiiiieeeteitiesnesatestetsneessesteesnestneesnesstesens 18

{9/ ¢Lhb pY ! b![,{LbD ! {¢w!][L!L.Q{... Dw9.9.b.1..h.}..{£..9.....109
AUSTRALIAN NATURAL GAS INDUSTRY GREENHOUSE.EMISSIONS ....uiituiiiietiiitieiieiiiieenesieesnessneesneesienns 19
AUSTRALIAN METHANE EMISSIONS. .. evuitttiittitttieetesstettneestiestestntestsssssteetttsteestetsrestessttesaestaresieesneres 22
AUSTRALIAN METHANE EMISSIONS FROM THE NATURAL GAS INDUSTRY.....cuuiiiiueeietnieierieeeirieeeesneessnesenns 25

SECTION 6: ANALYSING GLOBAL METHANE EMISSIQNS... ..ot 28
GLOBAL METHANE DATA SE LS. e ituuittntituettetaetteta ettt et sttt et et tet ettt et rtan ettt ereessraerans 28

=Y ] (o] T MY (= { g F= T g LT W = Tod = TP 30
GloDaAl MEINANE ASSESSIMEBIAL. . ... i iieee ettt et et et e e et e et eeeat s e eaa e s s et e e eataraesnseeaneeesrnees 32

SECTION 7: MEASUREMENT OF METHANE EMISSIQNS.......ooii e eme e 35
TOPDOWN VERSUS BOTFORIMEASUREMENT ... .iitniittiiiteeiieiteetesete e st estaeeaaeesbesatsstnsesnasstnsesnesstesanesanesans 35
ACCOUNTING FOR NATURAL METHANE SEERAGES. .. .ituittiittiaeiiteseetteeeanesttsestasstesanesstiestestsseneesanesnnns 36
VALIDATION ARG EREMISSIONS FACTORS. ...t utittiittiettetteetetteesteettae et sst e et sss e taetttrertaesteesesstaesnassterans 37

SECTION 8: INDUSTRY INITIATIVES AND COLLABORATIONS......cootiiceee e 41
WORLIBANK ZERO FLARING INITIATIVE 1ot ttttieeteeeteeeeeteeeeeetsesaesats et s et seanseansssaseanssanssensesasenssransesnsennsd 41
GLOBAL GAS FLARING REDUCTION PARTNERSHIP....uiituiitiitieeiteeeieeeeetteeeaseansesaeesnsssansesnsssnesssnssensesnssennsd 42
QLIMATE ANKLEANAIRGOALITION . .ttt tetuttetettnetsatesasesssesansssnsesasssnsssnessnseasstssenesssseransetnsesnsesseereresnrsenne 42
OIL ANDGASMETHANBPARTNERSHIR. «.eeveeeniieieitetteeseetseeasstnsesnesstsssneesnsssnssstssssnsesnsernnsesnsesnsesneerneeenens 43
GLOBALMETHANBLLIANCE .....ivtiiieiitieeiee it e tae et e st ee st estaeesaessbasennssbnsesnssstessnessnserssssssersnessnsesnnessneennenens 44
INTERNATIONAL METHANE EMISSIONS OBSERVATORY ...uuiituiittittttttieetettitesnessteesesstesesstieraeesieraesinee 44
GLOBAIMETHANBNITIATIVE . ... ivteiteittiettee it etae et e saeesae st eesaessbnssnsstnsesnssstsersnssssserssssssersnessnsesnnessneennenens 44
OIL ANDGASOLIMATHNITIATIVE . .1ttt ettetttteetee et e et e st e ea e st e st esta e e et s s b e et s st e ean s st esan s sasesasssesansstnsssnasstnnes 44
METHANKSUIDINGPRINCIPLES. ...ttt iitteitt et ettt e e et s e e et e s aae s st e s e ea e s aa e e et s s b s e sa s sbassanssbasesnssbnssanessssensd 46
/ { LSGBRSINDUSTRY SOCIAL AND ENVIRONMENTAL RESEARCH. ALLIANCE .....uvviiirierreeeeesesiinnernnneeeeeeaeens 46
UNIVERSITY QUEENSLANBCOENTRE FARATURAIGAS .....euttittitieiaaeaaeseseeeeeeeeeeeeeeeeeeseeesssssnsnnnaasasaaseaeaaaeaeees 47
AUSTRALIAN GAS INDUSTRY ASSOCLATIONS. .ttt tttuttettetaetetetansstntesasstasesassassssetssenesttetantessernseraesrerees 47

N e N 48

Australian Natural Gas Industry:
Monitoring, Reporting, and Mitigating Methane Page 3 of 59

{

9alL{{



S N @ 1= TP PP PPPPPPPPPPPPPPPPN 50
LAY (070 ] 5 L1 | ] =S PP PP PPPPUPPPTPRPPPRPPIN 52
] X L T L PP 52
EXXOMMOBILAUSTRLIA ...t teteeteeteeseeseaseeneestessessessesseaseaseaseaseessesseseessessesesseasessenseaseeneansaneensensenseneenensns 52
AGLENERGYIMITED. 1. ttteteeteeteeteeseeseenseseeseessessessessessessesseaseassaseaseassessassessessenseasessesseasensessessessennenssenens 53
1 PSP P PP PR PR 53
8 = 1= N OO P PP TP PUPPTTRPRRTRRRR 54
APPENDIX ONE: AGEIS OIL AND GAS SECTOR CATEGQRIES..........iiiie e 55
APPENDIX TWONITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE.............. 57
UNITEDNATIONSFRAMEWORKONVENTION OBLIMATECHANGE ...cceetvtttttttttttititiiaaaeeeeeeeeeaesaaaaeeeeeeeeessnssnnnnnnnnns 57
GREENHOUSE GAS EMISSIQNS . ....cciitiiittititteutututuia e s e s aaaaaaaaaaaaaeeteeaesesssssstabasnaa e aaseeaeaeeaaaaaaaeeeeeeeeeenes 57
UNFCCBNNEXLPARTIES. ...etttttttetteusnssstnsutaaaaaaaasaeaeaaeteteteteeeesresssssssaaaa i aaaataaaaaeaaatereeeemssrmnnmmnnnnnnnnnnnns 57
UNFCCHONANNEXL PARTIES. ....cittttttteteeeeunnsatunnsa e aaaaasaaaaaaaaaaeserenessssssssssssssasa s aaaeaeaeeaeeerereeersmnnnnes 58
PARIS AGREEMENT ....cetttttttttttittttaas s e e e e e esaeaeaeeeeseseeeeeeasess s ssn e s s s s e oo o e e e e eeaaeeeeeeeeeeeesssebebnbnbannaaneaeeeeeeeeas 58
NDCS and LOAGEIM SIratBOIES . ..cee ittt ettt e e e e ettt e e e e e e e e e e s st b e e e e et e e e e e e s e s aannnreeeeeeas 59
Tables
Table 1 Industry sector methane emissions contribution (Australia 2019)............................ 24
Table 2 Oil and gas sector methane emissions contribution (Australia 2019)...................... 27
Table 3 Date of last emissions submission to the UNFCCC by top natural gas producing n28ons.
Table 4 Comparison of global oil and gas methane reports/estimates for 2019.................... 29
Table 5 Comparison of oil and gas industry methane data for 20ER vs AGEIS................... 31
Figures
Figure 1  Australia prinary energy production by fuel type.........cccccoe 9
Figure 2  Australian natural gas flows (petajoules) 2018/19.............ccooeeiiiiiccccininnniivnereeee, 10
Figure 3  Australia primary energy consumption by fuel type..........cccoeeeiiiiiiii 10
Figure 4  Australia energy mix by state/territory 2018/19Q...........ccccvvviviiieiieiiieiiieeieeeeeeeeeeen, 11
Figure 5 |EA estimates of global energy supply t0 2040.............oovviiiiiiiiiiiieeen e 12
Figure 6 Global mean methane amount, 1982019, pats per billion............cccccceeviiiiiiennnnn. 13
Figure7 ! dzZA G NJ f A Qa { I.F.S.3dz:.NR...a.SOKLEY. ALY ... 17
Figure 8 Major industry sectors greenhouse gas emissions (tonnes)@019........................ 19
Figure 9 Contribution to energy related greenhouse gas emissions (tonnes)QQ19............ 20
Figue 10 Annual oil and gas industry greenhouse gas emissions and productian.............. 21
Figure 11 Relative contribution of methane from the Australian oil and gas industry........... 22
Figure 12 Methane emissions in Australgg2019 (tonnes CO2.)........cooeeieecceneveimeiiieeieeieeeeee. 23
Figure 13 Australan natural gas related methane emissions (tonneseLO..........cccceevvivvneen. 27
Figure 14 Annual methane emissions by region and sector (million tonn&elCO................... 33

Figure 15 Regional and Sector contributors to global methane emissions (2017) (million tonne
CO2¢) 34
Figure 15 Extractq Santos 2021 Climate Change Report.........cccooveeieeiiiiiice 51

Australian Natural Gas Industry:
Monitoring, Reporting, and Mitigating Methane Page 4 of 59



Executivesummary

The Australian gas industry must continue to focus on reducing its greenhouse gas emassibns
demonstrate transparency in its approach to measure, report and méigaemissions.

Thisreport sets outhow greenhouse gas and methane emissifsom the Austalian gas industrare
estimated andeported, andit placesthe emissions in both the Australian aimdernational context.

The reportalsohighlightssome of the actions being taken by the Australian government and industry
to continually validate andrprove the reporting of methane emissioimsAustralia.

This report is intended to provide a reference source for the Australian Gas Industry Trust to address
guestions about the methane emissions from the Australian gas industry. It is not the single &

all production and emissions reposs these are updated annually and numeretether, the report

provides a guide on the relevance and veracity of various data sources and how to compare them to
ldzZAGNF £ Al Qa O2YLX Al yOS NBLRNIAYI FNFYSE2N] F2N vy

Reference sources are provided throughout the report to eitias reports and scientific studies to
enable the reader to readily access these as needed.

The gas industrin focus
Global anthropogenic methane emissions are dominated by agriculture practices (~40%), fossil fuel
coal, oil and gasrelated emissias (~35%)and waste management (~20%).

Historical oil and gas industry practices in some parts of the world have resulted in significant releases
of methane. For example, the use of methane activated pneumatic valves on gas wells has been
responsible dr significant methane releases in the US and Russithe venting and flaring of gas
associated gas produce with oil production in west Afrldawever, therelative newness of the
Australian industry means that such devices and the resulting methdeases are rare in Australia.

Methaneemissiondrom the oil and gas industmttract particular attention withthe World Banland
United Nations EnvironmerRrogram havindaunched a series of initiatives to either promote action
to drastically reduce the level gfeenhouse gas and methane being emitted by the oil and gas industry
or to bring a stop to the industry all togethection 9}

1 In December 2017, the World Bank Group annount®gbuld no longer fund upstream oil and gas af2e9.
https://www.worldbank.org/en/news/pressrelease/2017/12/12/worldbankgroup-announcementsat-one-planetsummit
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Sme commentators claim thahe levels of methane released, from the production of natural gas,
are poorly understood and likely to be higher than reporte@hese claims often speculate on the
level of methane emissions, and inadequadmeeporting rather than presenting peeeviewed data.
However, concernabout the veracityand lack of reportingf greenhouse and methane emissions
from UNFCCC nelnnex 1 countries should not be assumed as automatically apply to Australia.

This report finds thamethane emissions fromil and gas operations isome countries, including
Australig are well understood, but data on emissions froen number of significanhatural gas
producing regions arkess well represented

Recognisinqiconsistent reporting

The estimation andeporting of greenhouse gas emissiom®t just methane, wrldwide is not

consistent. Generally, countries that are Annex 1 parties to Whmited Nations Framework
Convention on Climate Change&NFCCE including Australiahave establishedestimation and

reporting frameworksand reporttheir emissions to the UNFCCThirteen2 ¥ (G KS deMy RQa (2
gas producing natiorare not included in Anex 1 of the UNFC@@d report emissionto the UNFCCC

less frequently Several of thesdarge gas producing tians havenot submitted emissions inventories

to for the lastten years.

To fillthe gapin global reportingof emissiondrom countries that are not listed in Annex 1 of the
UNFCCCorganisations such as theatérnational Energy Agency (IEAhd the United Nations
Environment Prograrhaveproducedglobalassessments of methane emissions

A close examination dhe IEAmethaneestimates with the detailed bottorup assessment fahe
Australiaoil and gas industriighlights some significantliscrepancies in the IEA datss such, théEA
data may beuseful at a broad scale but may not ke reliableat a detailed levelparticularly for
UNFCCC Annéxcountries.

Australian methane emissions

Methane emissions from the Australian oil and gadustry represent 1.74% of Australia's annual
greenhouse gas emissions. This compares with methane emissions from agrigiiléecoal(4.8%)
and waste(2%)

Greenhouse and methane emissions can be estimated using either boporntop-down estimaton
methods. Bottoraup methods have been traditionally used and involve identifying each emission
source and estimating emissions from each of those souibgsdown methods generally involve
remote sensing and use complex mathematical modelxdavert he detected signal into an
emissions rate and themust apportion the detecte@missions tdhe various sources.

2 For example:
WOYGPBANRYYSyYy Gt AYLI OG& 2F yIlddNIt 3IFLaQr ! yazy 2F /2yO0OSNYSR { OxA
https://www.ucsusa.org/resources/environmentéhpactsnaturalgas
Y2 Kg 3Ala A& O0FR F2NI OtAYLFGS OKIFy3aS FyR SySNHe LINAOSaAKQsS /fAYIFG
https://www.climatecouncil.org.au/resources/whig-gasbadfor-climate-changeand-energyprices/
'‘Methane released in gas production means Australia's emissions maybe 10% higher than reported’, Guardieen 2@strali
August 2020 https://www.theguardian.com/environment/2020/aug/26/methareeasedin-gasproductionrmeansaustralias
emissionsmay-be-10-higherthan-reported
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Both bottom-up and topdown approaches require careful design and field checking to validate the
results. Results from topdown emissions estimates need to be carefully interrogated to ensure
appropriate experimental design and field checki&gmilarly, bottomup assessments should be
interrogated to validate the emissions factors being used.

In Australia, eporting ofgreenhousegasemissionsincluding methangis undertakerin accordance
with the National Greenhouse and Energy Reporting Act 208BER) NGER usea bottom-up
approach and incorporates these of factors in estimatingpmeemissions sources.

The appropriateness of these factdnas been an area of continughlidationby the industry and
Australian Governmensince the inception of NGERer ten yearsaga Section 8 of this report
outlines some of those studiess they relate to the oil andag sector. Re reviewshave either
validated the appropriateness tifie emissions factorer where requirechaveprovided the scientific
evidence tosupport amendments

As part of these reviewSovernment and industry vaworked toupdatethe methodsfor estimating
fugitive emissions from oil and natural gas facilitieemsure theyeflect the latest available research
and reflect the results of Leak Detection and Repair (LDAR) programs

Industry response

The gas industry in Australia musintinue to monitor and track methane emissions and publish
results in a scientific, fadiased wayto address misinformation and myshegarding the industry.
Australia mustontinue toactively engage in international forums poomote transparent reportig

of greenhouse gas emissions, including methane, and demonstrate its commitment to mitigation
methane emissions.

In responsgo the focus on methane emissions the global oil and gas indystrijcipates in the
processes initiated by the World Bank addited Nations Environment Program. dddition, the
industry has launched th@il and Gas Climate Initiative and in Austrabaeralthe larger upstream

oil and gas companies have publicly disclosed the actions they are taking to reduce their methane
emissiongSections 9 and 30

3 http://www.cleanenergyregulator.gov.au/ERF/Pages/News%20and%20updates/awaspx?Listid=19b4efbf5d-4637-94c4
121c1f96fcfe&ltemld=924
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About this report

The natural gas industry is uniquely placed to achieve dual goals of lowering emissions and meeting
energy security demandsultimately acceleraing the transition to a netzero economy both here in
Australia and internationally.

For the natural gas indiry to improveits sustainability credentials it must commit to transparent
measurement and reporting of greenhouse gas emissions, energy effice@mtgmissions reduction
initiatives to further reduce lifecycle emissions. Although #hestralianindustry is well advanced in
most ofthese aspects, the perception of the industiften differsfrom reality. This is reflected in
many sections of the medidyy activists andelements of thecommunity, and by some investor
analysts.

This report is intended tprovide areferencesource for the Australian Gas Industry Trust (A@IT)

address questions about the methane emissions fromAhstralian gagdustry.lt is not the single

source for all production and emissions repogtas these areupdated annually and numerous.

Rather, he report provides a guide on the relevance and veracity of various data sources and how to
O2YLI NB (GKSY G2 !dzZAGNItEAFQa O2YLX Al yOS NIBdJ2 NI Ay 3
report also places thenethane emissions from the natural gas industricontext withother sectors
internationally and here in Australia.

The reference sources are provided throughout the report to the emissions reports and scientific
studies to enable the reader to readily assghese as neededhe reportis divided intathe following
sections

Section 1: The Australian natural gas industry Establishes theontext for the natural
Section 2: International contexfor natural gas gasindustry

Section3:  Globalreporting framework Provides an watline of the reporting and
Sectiod:  Australian policy framework policy contexfor methane emissions

Section5:  Australian greenhouse gas emissions  Analyssgas industrymethane emissions
Section6:  International greenhouse gas emissions in context withother secbrs

Section?; Measurement method Reviewof methanemeasurement
methodologies

Sections: Initiatives and Collaboration Presents an @rview of various
Section9: Australian industry methane mitigation initiatives,commitments, and industry
initiatives collaborations to mitigate methane
emissions
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Sectionl: The Australian Natural Gas Industry

Natural gas represents an importaoomponent of the Australian economy, both domestically and
through exports. Approximately one third of the gas supplied to the Australian domestic market is
used for electricity generation, the remainder is used across industry and manufacturing ard in th
residential sector.

The Australian Energy Update 2020 published by the Department of Industry, Science, Energy and
Resource estimatethat in 2018/19 natural gas providd NP dzy R 2y S [jdzZ- NIISNJ 2F | d
energy production at 500 petajoules.This is approximately 50 times the energy production from

wind and solar PV at 63.8 and 53.5 petajoules respect{gebfigurel).

20,000
18,000
16,000
14,000
12,000
10,000

Petajoules

8,000
6,000
4,000
2,000

0
1978-79 1983-84 1988-89 1993-94 1998-99 2003-04 2008-09 2013-14 2018-19

m Black coal Brown coal Oiland LPG Natural gas ®Renewables

Figurel Australia primary energy production by fuel type

Figure2 shows the flows of Australian natural gas in 2018/19. Natuaalagpnsumption in Australia

was spread across electrical power generation, manufacturing, residential, mining and minerals
processing and other uses. This highlights the broad integration of natural gas as a primary fuel type
across the Australian economy

4Source: Australian Energy Update 2020
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Figure2 Australian natural gas flows (petajoules) 2018719

Primary energy consumption by fuel type

Adjusting this data for exports and imports shows consumption of natural gas in 2018/19 amounted
to 1,593 petajoules, bout 15times more than the contribution diydro powerwind and solar PV
(seeFigure3).

7,000
6,000
5,000
4,000

3,000

Petajoules

2,000

1,000

0
1978-79 1983-84 1988-89 1993-94 1998-99 2003-04 2008-09 2013-14 2018-19

mCoal mQOil »Gas = Renewables

Figure3 Australia primary energgonsumption by fuel tyge

The contribution of each State and Territaoythe energy mix in 2018/19 is shownkigured. By way

of observation, gas utilisation is proportionally higher in those states that are less dependent on coal.
The exception being Tasmania given its abundant hydroelectricity genergtien.South Australia
consumed three times more energy from natural gas than renewable energy in 2018/19.

5 Source: Australian Energy Update 2020
6 Source: Australian Energy Upda&2p
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7 Source: Australian Energy Update 2020
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SECTIOR InternationalForecast for Natral Gas

The International Energy AgendyEA)publishes anannual forecast for global energy supply and

demand as part of its World Energy OutloGke2020 outlook forecastglobal supply for oil, coal,

natural gasand low carbon fueleutto 2040¢ KS L 9! Q&4 wnun ¢62NIR SySNH& 2
report, with their 2021 report scheduled for publication in OctoBég1

Figure5a K2 ga (KS L andeR@?2 B i ik rsdtedSpalityGéenanioand Wustainable
development scenarfddnder the sustainable development scenario, natural gas is forecasipialy
around 2800million tonnes oikequivalent(-120,000 Petajoulésto the global energy supply in 2040.
Broadly the same amount of energy as provided by natural gaslih 20

¢CKS L9!Qa 22NIXIR 9YySNH& hdzif 22 {the N& ZéroNHeporalsoK 2 dzf R
published by the IEAKS L9! Q&4 bSiG %SNR wSLR2NI A&. TheNRIR YI L
acknowledges the gap betweamhat needs to occur in theet zero road mapand what the IEA

expects to occuin realityin its World Energy OutlooK he reference to methane emissions in the IEA

net zero reporisan assumption in the road map that fossil featissionswill drop by 75% by 2030

the world is to achieve net zero emissions by 2050.

oil

Coal

Low-carbon fuels

T T T T T T T T T T T T T T T T
2010 2012 2014 2018 2018 2020 2022 2024 2026 2028 2030 2032 2034 20386 2038 2040

il (STEPS) 0il (SDS) Coal (STEPS) Coal (SDS) Natural gas (STEPS) Natural gas (SDS) Low-carbon fuels (STEPS) Low-carben fuels (SDS)

Figure5 IEAestimatesof global energy supply @040

Greenhouse gas emissions, andoarticularmethaneemissionshave become a focus of these and
other similar reportsThis is made opaque by the various standards of reporting internationedér (
Section7). Australidas an exception with over a decade of mandatory reporting of methane emissions
from the natural gasndustry.

8 One million tonnes oil equivalent equates to approximately 41.9 Petajoule
9 Globalfuel supplyby scenario 20102040, IEA, Parikttps://www.iea.org/data-and-statistics/charts/globafuel-supplyby-scenarie
20102040- One milliontonnse oil equivalat equatesto approximately41.9 Petajoules.
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The amount of methane in the atmosphere has changed over the past four decades with
concentrations sharply increasing during the 1980s but slowed to a near constant level between 2000
and 2005 when emissions and sinks were roughly balanced.eWwowin recent time atmospheric
methane amounts have increasdeigure6 shows the increase in global mean atmospheric methane
levels in parts per billion since 1980.

1900

1850

1800

1750

1700

GLOBAL MEAN AMOUNT (PPB)

1650

1600

1980 1985 1990 1995 2000 2005 2010 2015 2020

Figure6 Global mean methane amount, 1982019, parts per billio®

Methane is emitted from both natural and anthropogenic sowdduman activity can directly impact
anthropogenic sources while humamduced climate and land use change have a strong influence on
natural methane sources.

10 source: Ed Dlugokencky, NOAA/ ESRL (www.esrl. noaa.gov/igmd/ccgg/ trends_chd/)
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SECTIOBt Global EissiongReportingFramework

United Nationg-ramework Convention on Climate Change
TheUnited Nations Framework Convention on Climate Chadd#-CCCequires signatory parties to
provide information orgreenhouse gas emissions and sinks.

National reporting frameworks are required to be develop&d t & dzLJLJ2 NIi S| OK O2dzy il
reporting obligations. Integral to the UNFCCC process is the independent verification and assurance
processes (international assessment and review) undertaken by the UNFCCC of the reports submitted
under the convention.

The monitoring and verification framework for both the Annex 1 and #omex 1 parties are
scattered over multiple decisions made at the Conference of Parties under the Convention. This makes
it difficult for stakeholders who are not directly involved in ti&lFCCC process to comprehend the
complexity and nuance of thegequirements.

It is important to note that theeporting requirements diffedependant orthe signatornybeinglisted

in Annex lor nonAnnex lof the Convention(these are summarised iAppendix 2. Countries
identified in Annex 1 of the UNFCCC tend to have robust emissions reporting schemes and data on
methane emissionslhis enables comparison with reports from other Annex 1 economies.

Whereasmany norAnnex lparties have not submitted regular greenhouse gas inventories under
these provisionsMany of these parties are significant natural gas producing nations. This represents
a significanpotentialgap in understanding, not jusf the global methane emissis from the oil and

gas sector, but from the global greenhouse gas emissimre broadly

However thisis scheduled ta@hangefrom 2024 under the terms of the Pagreement.

Paris Agreement reporting obligations

Under the terms of the Parisgreement, fom 2024 onwardsall parties to the Agreemenmust
submit Biennial Transparency Reports every two ye@hese transparency reportsnclude the
partie<greenhouse gas inventory and mubisclose information on progress made in implementing
their Nationally Determined Contributions.

Unlike the previous UNFCC@&porting requirements, thetransparencyframework makes no
distinction between industrialised andeveloping countries (Annex 1 and rAnnex 1 economies)
with the reportingrequirements appying equally to all parties to the Agreement.

However, developing countries with limited capacitégs allowedto deviate from the requirements

and to report to a lesser extent, less frequently or in less detail. Countries wishing to makethise of
flexibility must, however, justify their need to do so and indicate a date by which they will have
overcome the obstacles that stand in the way of full reporting

Australian Natural Gas Industry:
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As there are currently 191 parties to the Paris agreement, post 2024 the qualitjira@lihess of
global emissions reporting should improve significantly enabling a meaningful picture of global
methane emissions to be determined.

Further information on the Paris Agreement and the UNF@@isded inAppendix 2.

IPCGSuidelines

To support consistency in reportingnder the UNFCC@he Intergovernmental Panel on Climate
Changes (IPCC) has establistezplirements forhow the inventories are prepareshd the formatof
the reports.

The Guidelines which were most recently updated ir029, establishdetailed protocols for the
estimation of emissions including those from the oil and gas inddstry

The IPCC defines the global warming potential of the various greenhouse gas emi&sighsbal
warming potential was developed to allow comparisons of the global warming impacts of different
gases. Specifically, it is a measure of how nmadmtiveenergy the emissions adne tonne of a gas

will absorb over a given period, relative to the emissiongraftonne of carbon dioxide.

In Australia, the National Greenhouse and Energy Reporting Scheme and the Australian Greenhouse
Emissions Information Systeuntilise the same reporting categories and definitioast out in the
UNFCCC reporting requirementbhis ensures commonality across theee platforms.

CKAA NBLRNI FR2LJGa GKS 3t206Fft g NYAYy3I LRAISYGAlr
and units are reported in tonnes of carbon dioxide equivalent ££F0nless otherwise stated.

11 https://www.ipcc-nggip.iges.or.jp/public/2006gl/
2As recommended in the IPCC Fifth Assessment Repertonne of methane haghe equialent global warming potential as 28 tonnes
of carbon dioxide.
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Policy
Under the Paris Agreement, Australia committed to reduemissions by 2&8 per cent below 2005
levels by 203(@; this represents ahalving of emissions per persai®0% per capita target)

CKASE O0dAtRA 2y ! dAGNI AN Q& (I NE& the KigtdBoEPloK S & § O

reduce emissions by fiyger cent below 2000 levels by 2020, whlwdis been achievedat almost 17
per cent.

As part of its commitment to the Paris AgreemeAtstralia provides detailed submissions to the
UNFCCC annualljheAustralian Governmenteportsthat it is focused onrmeating a pathway to net
zero emissions through practicakalableand commercially viable technologi€entral to this is the
Technology Investment Roadmaphichwaslaunched as a framework to drive Australia's efforts of
reaching netzero emissionssasoon as possible in partnership with the Stalesritories,and private
sector.

A Technology Investment Advisory Council of industry, private investraadtresearch leaders is
advising the Australian Government on technology priorities and annual Low Emissions Technology
StatementsLed by Dr Alan Finkel, the Office of the Special Adviser to the Australian Government on
Low Emissions Technology supportsiza G4 N> £ A Qa Of AYF S OKIy3aS | yR
across government and internationally.

Compliance
Australiannatural gas companies are required to comply witbmerousstate and federal climate
change policieand strict penalties apply faron-compliance The headlineompliancepoliciesare:

1 National Greenhouse and Energy Report (NGER): requirement for facilities da@bper
year to report a detailed breakdown ofcope 1 and Scope @reenhouse gagmissions
annually ando be subject to periodic auddf those emission reportisy the federal regulator
(Clean Energy Regulatpandthe

1 Safeguard Mechanism (SGM): which establishes an emissions cap on facilities c&C®0
per yearand requires liable entities to submit an Australian Carbon Credit Unit (ACCU) for
every tonne by which they exceed their facility base(seeFigure?).

Australia hasrniternationally recognised technical expertise in the design and implementation of
measurement, reporting and verification systearsd is building capacity in measurement, reporting
and verification of greenhouse gas mitigation, and support for the devedoprof blue carbon
inventories in the Pacific and Indonesfa

13 https://www.industry.gov.au/policiesand-initiatives/australiasclimate changestrategies/internationaiclimate-change
commitments/supportfor-developingcountries
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Safeguard Mechanism

ACCWdmust be surrendexd
to the Regulatoifor any
emissions above the facility
baseline

Year 1 Year 2  After surrender
of ACCUs

Emissions below baseline mmmm Emissions above baseline=== Facility Baseline

Figure7 ! dz& (i Nshféghardklechanism

In Australia,the National Greenhouse and Energy Reporting Act Z@@nmonwealth)requires
operators of individual facilities that emit greater than 2600 tonnes ofScope 1 andScope2
greenhouse gas emissionsarporate groups that emit greater than 5000 tonnes of Scope 1 and
Scope2 greenhouse gas emissioper year to reporttheir greenhouse gas emissions, energy
production and energy consumpti@nnually'*

Thestatedobijectives of the NGER scheme are to:

1

= =4 =4 4

inform government policy

inform the Australian public

help meet Australia's international reporting obligations

assist Commonwealth, state and territory government programmes and activities, and
avoid duplication of similar reporting requirements in the states and territories.

Publication 6Australian greenhouse and methane data
The Australian Government publishes greenhouse related data through several channels:

1

For corporate groups reporting under the NGER scheme, the Clean Energy Regulator publishes
annual data orthe controlling corporéion's greenhouse emissions, energy production and
energy consumptiott

For facilities that emit greater than 1{@®DO tonnes of scope 1 emissions in a reporting year,
under the Safeguard Mechanism, the Clean Energy Regulator publishes annual data on
scope 1 emissions from each facffity

The Department of Industry, Science, Energy and Resources maintains the @wustrali
Greenhouse Emissions Information System, an online database documenting emissions by
industry sector and activity by year since 2600

14 Reporting thresholds also exist for the production and consumption of energy at a facility or corporate group.

Bhttp://www.cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%20reporting%20data/Corporate%20emissi
ons%20and%20energy%20dat

http://www .cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%?20reporting%20data/dafstityard
reported-emissions

17 http://www.cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%20reporting%20data/sédeitityard
reported-emissions
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international inventory eporting requirements on greenhouse gas emissions.

The corporate and facility level published data is aggregated by gas and emissions source and as such
is of limited value in understanding the contribution of individual sectomethane emissions to
ABGNI Al QA 20SNIff AINBSYK2dzaS 3l a SYAaarzya LINET

The data available is restricted to those corporations reporting under the NGER system and facilities
subject to the safeguard mechanism. Genetdhlys excludes information on the agriculture sector
and land use change related emissions.

Thepublicly accessiblAustralian Greenhouse Emissions Information System (AGEIS) is the database
that sits behind Australia's national greenhouse accounts and international reporting obligations. It
brings together data reported frorseveralsources including NGER and FullC#id provides an
economywide view of Australia's greenhouse gas emissiéns.

AGEIS is used the foundation of the Australian Governmenifgernational reporting obligations.

Australian Greenhouse Emissions Information System
AGEIS providemnualdata bygreenhouseyas and industry sectofhe gasindustry sector breakdown
is highly granulagAppendix 1)For examplegreenhouse gas emissions from decommissioned oil and
gas wells areeported under 60 separate categories
1 30 dfferent categories for reporting fugitive emissions from abandoned oil and gas wells
1 12 differentcategories for fugitive emissions from abandoned oil wellsl
9 18different categories for fugitive emissions from abandoned gas wells.

This report focusess discussion on AGEIS data from 2010 i.e., since the introduction of the provision
of reliable, consistent data from the NGER system

18 https://www.industry.gov.au/dataand-publications/nationalinventory-reports
¥ The Full Carbon Accounting Model (FullCAM) is a calculation tool for modelling Australia's greenhouse gas emissionsig®m land
land use change ahforestry sectors.
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Australian natural gas indusigyeenhouseemissions

The most recent data available in AGBI$or2019and this shows dza G4 NI f A Qa G2dF € 3N
emissions were 529 million tonnes £0Figure 10 shows the contribution of the major industry

sectors tothese emissionsenergy, industrial processes, agricultumad waste

12,691,190

® Energy
® Industrial processes
m Agriculture

= Waste

Figure8 Major industrysectors greenhouse gas emissigiannesCQe) 2019
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Figure9 shows thecontribution to the energy sectors greenhouse gas emissions frormtjer

industry sectors.

791,820

100,345,970

40,752,300
l %3,005,170
J ‘ 21,180,050 604,520
317,940
9,267,820

® Public electricity and heat production m Petroleum refining

= Manufacture of solid fuels = Qil and gas extraction

= Coal mining ® Gas production and distribution

Manufacturing industries and construction = Transport

m Other sectors m Other (not clasified elsewhere)

m Fugitive emissions from solid fuels m Fugitive emissions from oil and natural gas

Figure9 ontribution to energy related greenhouse gas emiss{tommes Cge) 2019

Energy sector emissions are approximgtel

I 180million tonnes Cek from the generation of public electricity
100million tonnesCQe from the transport sector
49 million tonnesCQe from oil and gas industmelated emissions
40million tonnesCQe from manufacturing and constructipand
37 million tonnesCQe from coal industryrelated emissiong’

= =4 =4 =4

20 Coal mining, fugitive emissions from solid fuels and manufacture of solid fuels
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Oil and gas ingstry-related emissions in 2019 wespproximately49 million tonned. This is just
dzy RSNJ mE: 2F ! dzZadNIXfAlFQa 2@0SNIff Syraaizya

Note the AGIES data does not differentiate emissions related to the production of oil and gas, likely as
both these commodities can be produced frahe one faciliy. Consequentlythe number reported

is likely to be amverestimateof just thoseemissiongelated to natural gas by several million tonnes.

Nor does this figure include the enge emissions associatedth the combustion ohatural gasy

end usersn Australia.

It has beerthe growth inoil and gas missions over the last ten years that fasused attention on
the industry(seeFigurelQ). To assist in the relative comparisonetiinnual productiorof natural gas
(petajouleg is alsoshown

50 6000
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35
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o~
3 30 3
3 =
2 o
c 25 3000
2 o
@ - a
o 20
= 2000
) ) . . . .
10 — — —
1000
5
0 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Qil and gas extraction - Combustion Gas production and distribution - Combustion

mmmm Oil (produciton, tranpsort, refining, distribution) - Fugitive mmmm NG - Exploration (includes development drilling) - Fugitive

mmmm NG - Production - Fugitive mmmm NG - Pocessing - Fugitive
NG - Transmission and storage - Fugitive NG - Distribution - Fugitive
NG - Other (Gas consuming devises) - Fugitive Oil and gas - venting

mmmm Qil and gas - Flaring == Gas Production Rates

Figurel0 Annual oil and gas industry greenhouse gas emissions and production

21 Oil and gas extraction, gas processing and distribution, fugitive emission from oil and natural gas. [In 2020 Austreéd pidu
mmboe of petroleum, of which 913 mmboe was gas and 48 mmbbl was oil and liquids so gas was about 95%. Expressedjpn an ener
SlidA @l £t Syl olaaas Ay Hamdkun ONHRS 2Af LINRPRAzZOGAZ2Y YIRS dzJ F 62dzi p
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The main contributors to this growth relate to increases in combustion, flaring and venting related to
the growth in LNG processing. Itlisely that emissions levels will plateau in 2020 or 2021 with the
addition of emissions from the Prelude facility but venting emissions reducing as the Gorgon Carbon
Dioxide Injection Project is brought online.

Australian methane emissions
In 2019 AGESreported that! dza G NI £ A I Q& 3INB Sy K 20dnilliSntoANesiCAE¢d 4 A A 2 YV &
Figurel?).

Methane emissions comprised approximately 24% of these emissionsr(illzh tonnesCO:e) and
of that, the principal source of methane emissions was from agriculture (~50% of methane emissions).

The energy sector, which includes coal mining, accounted3fomillion tonnesCQe (29% of
ldzZA ONF £ A Q& YSGKIYS SyAaaizyao | yhilionioKn8sO2 aff

Iy R
0KS YSGKIYS SYAaarazya otTdox 2F ! dzaldNIfAFQa YSi

uKIF

While still significant, the methane emissions from the tPal@n oil and gas industry represent a
NBfFGAGSE@ YAY2NI LINPLRNIAZ2Y 2F 1 dzZAGNIfAFQa 3INBSy

Australia's methane emissions in context (mtCO,e)

Total GHG Emissions 529

Subtotal Methane 126

Subtotal Energy Sector Methane
Subtotal Oil and Gas Industry Methane I 9.2

Figurell Relative contribution of methane from the Australian oil and gas industry
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Australian emissions
2019 =529 Mt
24% from methane (126 Mt)

29% of Australia’s methane
emissions are from the
energy sector (37 Mt)

14,757,560

= Energy

= Industrial processes

19,591,230
10,306,790

u Agriculture

m Carbon dioxide LULCF

= Methane
= Waste

= Nitrous oxide

Other

Figurel2 Methane emissions in Australig2019 (tonnes CO2e)
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69,650
\2,269,950
554,300
2,414,810

1.74% of Australia’s
emissions are from methane
released from the oil and gas
industry (9.2 Mt)

Fuel combustion = Coal
= Qil (produciton, tranpsort, refining, distribution) = Natural gas

= 0&G Venting m O&G Flaring



The major contributors to Australia's methane emissions and the proportion these represent of
Australia's overaljreenhouse gasmissionsare outlined inTablel.

I ANR Odzf GdzNBE R2YAY Il Sa ! dza ( NdvdrsixtinRsihighesthiaK frojhdhe S Y A & & A
oil and natural gas industrit isalsointeresting to note that rethaneemissiondrom oil and gasre

comparable to that from the waste sectand substantivdy smaller thanthose from the Australian

coal industry.

Tablel Industry sector methane emissions contribution (Austi20ih9??

Source Contribytion to Contribytion to Methane emissions
I dza U Ndreerhduseé ! dza U Ndhethdné Q& (million tonnes CO2e)
emissions emissions
Agriculture 11% 48% 61
Energy 7% 29% 37
Coal industry 4.8% 20% 25.2
Oil and gas 1.74% 7.3% 9.2
Incomplete fuel combustiol <1% 1.9% 2.4
Land use, land use change. forestry 3% 12% 15
Waste 2% 10% 13
Industrial processes <1% <1% 0.08

Methane emissions from thegaicultural practicesre primarily from:

1 gases releaseddm animals thattilise enteric fermentation as part of their digestive process

1 ogases released from manure or manure management practices, such as where waste from
intensive pigeriesor dailesis washed into pondsand

1 biogenic releases from submerged land such as tlhissé to cultivate rice.

Activities that can reduce these emissions include altering the feed or microbiome ahiimals or
installing covers on manure ponds that enable the methane to be captured and either burnt or used
for electricity generation.

Coal deposits contain varying amounts of methane adsorbed to the coal. Generally, the deeper the
coal deposit the higher the pssure andhe greater the volumef methane adsorbed to the coal.
During the coal mining process, the caabrought to thesurface,and thisreduces the pressure on

the coal and liberates the methane that was formerly adsorbed to the coal.

Most ofthe methane is released shortly after the coal is minedwever,degassing may continue for
several weeks. These emissions can be reduced by actively draining methane in advance of mining
the coal.

22 Source- Australian Greenhouse Emissions Information System
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Australiammethaneemissiongrom the natural gas industry
When reviewing oil and gas industry greenhouse and methane emisgposs, readers should be
aware that fugitive emissions may be used to describe different categories of emiS&ensrincipal
sources of methane emissions from the Australian natgaal industry include:
1 Natural gas
o0 released during the drilling and workover of gas production wells
o leakage from flanges and valves throughout the natural gas supply chain (transmission
and distribution systems)
o0 leakage around natural gas compressor seals
0 released during planned and unplanned maintenance activities
1 Oil and gas flaring
0 oil and gas operations are required to undertake hydrocarbon flaring to ensure the
safe operation of their facilities incomplete combustion during flaring results in
methare being released into the atmosphere.
1 Oil and gas venting
0 products such as carbon dioxide are extracted during oil and gas processing
operations are frequently vented to the atmospheag¢his venting of inert gases can
include very small amounts of methane

2 A0KAY GKS 2Af FyR 313&8 AYRAAGNEET GKS GSNY WTFdAAI
GKFG WL daArgsSte SaldlLSQ FTNRY 2LISNI §and pipeles.C2 NJ SE
Generally, these emissions are dominated by methane.

Other reporting schemes, such as NGER reporting under the UNFCQRe flaring and venting of
waste or byproduct gas streamsire categorised as fugitive emissiomdpngside theleaks from
flanges and valves.

This report adopts the oil and gas industry approach of defining fugitive emissions as unintended
emissions from sources such as flangadyes and pipelines. Emissions related to flaring and venting
are specified separatgl

In Australia, flaring of hydrocarbon streaimgenerallyonly undertaken to ensure the safe operation

of a facility. In other parts of the world, gas produced as @ioguct of oil production (associated

gas) is flared where there is no alternativechanism to commercialise the produced gas. While these
emissions sources will be dominated by carbon dioxide, methane may also be released through this
process because of incomplete combustion in the flare. These activities can result in substansial level
of emissions.

Venting of byproduct streams is undertaken where there is poacticable alternative option.
Generally venting is only undertaken where the vent stream has a high level-bfydoocarbon gases

that would prevent the byproduct stream fron being flared. The venting of carbon dioxide extracted
from raw natural gas during gas processing is a relevant example. While vent sources will be
dominated by inert gases such as carbon dioxide, minor concentrations of methane, and other gases,
may be mcluded in the vent gas stream.
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AGEISloes not differentiate between flaring and venting in the oil and gas sectors. This is not
surprising givenmany production and processing facilitiggoduce both oil and gas.h& dat
presented in this report idade flaring and venting data for both the oil and gas industries. While this
will overstate the emissions attributable to the gas indusityis likely that thisoverstatement is
minimal given the respective size of themary production of oil and ga®n a barrelof oil equivalent

basis annualgas productionn Australiais approximately @ times larger than annual oil production

Globally flaring emissions from oil producin can besignificantwhere gas processing and distribution
infrastructureare lacking for example in West Africa. In these jurisdictions, natural gas associated
with oil production has historically been flarethis practice is uncommon Australia.

For2019, AGEIS identifi@2 million tonnes C@, or 1.74%of! dzA G NI f A Q& 3INB Sy K2 dza ¢
arosefrom methanereleasedrom the naturalgas industry® Figurel3 shows thecontributioneach

component of the natural gagalue chairis responsible for to the overall level of natural gas sector

methane emissions.

69,650 _ |—35,970
\

é

= Qil (produciton, tranpsort, refining, distribution) = NG - Exploration (includes development drilling)

1,151,140

1,621,430

1,082,240

NG - Production NG - Pocessing
NG - Transmission and storage = NG - Distribution
m NG - Other (Gas consuming devices) = O&G Venting
® O&G Flaring

23 Oil sector methane emissions are includedrigurel3asit is not possible to differentiate flaring and venting emissions between the oil
and natural gas sectors.
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Figurel3 Australian mtural gas related methane emissioftsnnes C@e)

Broadlythese emissions are equally split between
1 upstreamcomponents of thenatural gas value chain
9 transmission and distributionomponents of the natural gaslue chainand
9 flaring and ventingvhich ispredominantlyassociated with the upstream components.

The contributionoS I OK 2F GKSaS O2 Yydenfiobsé aniinetiiaBe emidsionisNI f A | Q&
set outin Table2.

Table2 Oil and gasector methane emissions contribution (Australia 2819)

Source Contribution to Contribution to Methane emissions

1 dzZA GNJ £ AF Q! dza G NI £ Al Q (milion tonnes CO2e)

greenhouse emissions emissions

Upstream 0.531% 2.22% 2.809
Exploration (incldevelopment drilling) <0.001% 0.028% 0.035
Production 0.228% 0.913% 1.151
Processing 0.308% 1.28% 1.621

Flaring and/enting 0.534% 2.24% 2.824
Oil and gas flaring 0.105% 0.440% 0.554
Oil and gas venting 0.429% 1.80% 2.270

Downstream 0.586% 2.46% 3.098
Transmission and storage 0.205% 0.859% 1.082
Distribution 0.381% 1.60% 2.016

Other
Natural gas consuming devices 0.008% 0.332% 0.419
Oil production, refining and distributio| 0.013% 0.055% 0.070

AGEIS further breaks dowime methaneemissions from thelownstreamgas industrynto:
M transmission 389,000 tonnes Ce@
1 LNGstorage 309,000 tonneL Qe
1 Natural gas storage 83,000tonnes C@e
1 LNG Terminals 311,000 tonnes C@.

The LNG storage and LNG termiridentified in this data refer to themallLNGplants used to manage
supply/demand in the domestic grid and LNG terminaisd to distribute LNG for domestic purposes.
This should not be confused with the export LNG faslivhichreport under the upstream and flaring

and venting categories.

24 Source Australian Greenhouse Emissions Information System
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SECTIOB Analysingslobal Methane Emissions

Global methane data sets

The most readily available data on global greenhouse gas emissions is contained in the periodic
emissions inventories submitted to the United Nations Framework Convention for Climate Change
(UNFCCCQC).

As discussedhe availabilityand credibility2 ¥ G KA & RFGF &aSG A& Odz2NNByGf @
party status to thdJNFCCC

Forty-three countries, designated as Annex 1 countries and comprised mostly of advanced economies,
submit annual greenhouse gas inventoriden-Annex 1 countries are noequired to submit regular
SYrxaairzya Ay@Syiz2NRASad ¢KAa AyOfdzRSa Ylye 2F (K

'da’y

¢tKS Y2al NBOSyYyid SyYraaAizya Ay@Sya2NER adomYAGGESR
producing nationss provided inTable3 (ordered by date of last submissioft)

Table3 Date of last emissions submission to the UNFCCC by top natupebdasing nations.

Nation Date of last UNFCCC
emissions submission
USA 2019
Russian Federatid 2019
Canada* 2019
Norway* 2019
Australia* 2019
Netherland$ 2019
The United Kingdom* 2019
China 2014
United Arab Emirates 2014
Saudi Arabia 2012
Uzbekistan 2012
Argentina 2012
Malaysia 2011
Turkmenistan 2010
Qatar 2007
Iran 2000
Indonesia 2000
Algeria 2000
Nigeria 2000
Trinidad and Tobago 1990

* Annex 1 countries under the UNFCCC

In the absence of a consistent and up to date global reporting framework several organisations have
developed estimates gjlobal emissions.

25 National gas prduction ranking as of 2015
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These include the:

1 Working Group Il Contribution to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Chang@ata presented up to 2030

i The United States Environmental Protection Agency publishes data extracted from
contributions to the UNFCCC Fifth Assessment Répmrtains data current to 2008

1 The World Bank tracks global emissionsbyntry (data set is current to 2092

1 International Energy Agency, Global Methane Tradikeits its analysis ttnethaneemissions
from the oil and gas industry and lacks transparency #®to thedatais estimated®, and

1 WBlobal Methane Assessment: Benefits and Costs of Mitigating MetbanigsionQis a eport
by the United Nations Environment Program and Climate and Clean Air Coatitiogports
methaneemissiongrimarily by region

Table4 preseris a comparison of select data on oil and gas sector methane emissions from séveral
international data sourcesThe table is not intended to be comprehensive but illustrative of the

difference between some of the global methane emissiassessments.

Table4 Comparison of global oil and gas methane reports/estimates for 2019.

Nation Global Methane IEA Methane UNFCCC GlobalMethane
Assessment Tracker Greenhouse gas Initiative
(tCQe) Database database (tCQe)3t
(tCQe)?® (tCQe)30
North America 395,000,000 384,860,000 242,195,840 266,100,000
USA* 330,120,000 203,264,540 220,980,000
Russian Federation* 409,000,000 390,684,000 100,855,940 618,930,000
Canada* 54,740,000 38,931,300 45,120,000
Australia* 14,840,000 8,553,640 12,345,000
United Kingdom and Northern Ireland 4,872,000 4,673,800 4,780,000
Kazakhstan 26,936,000 4,629,390 790,000
Norway* 952,000 543,000 740,000
Saudi Arabia 51,184,000 No data 13,380,000
Qatar 23,240,000 No data 2,900,000
China 64,000,000 88,200,000 No data 1,564,470,000
Malaysia 12,208,000 No data 18,460,000

* Annex 1 countries under the UNFCCC

The comparison shows dh for economies that have a history of emissions reportipgmarily
through the UNFCCC process, the data are in broad alignmsiemtar order of magnitude lthough
Russia is an exception. Thbserveddifferencesmay bebecause of different reporting handaries,
global warming potentials and estimation methodologies. For those economies that do not have a
history with estimating and reportingmissionsunder the UNFCCC proce#ig variation between

data sources is significant

26 https://www.epa.gov/ghgemissions/glob@reenhousegasemissionsdata

27 https://data.worldbank.org/indicator/EN.ATM.METH.KT.CE?end=2012&start=1970

28 https://www.iea.org/reports/methanetracker2020

29 https://www.iea.org/articles/methanetracker-databaseNote the EIA data is expressed in kilo tonnes and has been converted to CO2e
using the AR5 global warming potential (28)

30 https://di.unfccc.int/comparison_by_gas

31 https://www.globalmethane.org/methaneemissionsdata.aspx
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Thissuggests that the @aal level of global oil and gas methane emissiomsdsnsistent and there is
some lack of transparency in methodologies and assumptibinis is likely to applglsoto methane
reports from other industry sectors.

While developed from a bottormip assesment the UNFCCC datshould be the most credible
because of the UNFCCC processesitaralidit and verification measureblowever,one of the main
limitationsin the UNFCCC dagatisthat many countriesre not(yet)reporting. It will be interesting
to see if this changes after 2024 with the nezporting obligations in the Paris Agreement.

IEA Global Methane Tracker
In 202Q the International Energy Agen@Aupdated its global methane tracker database to include
estimates of oil and gasdustry methane emissions in 2019.

The IEA noted that global:
O6Emissions levels and abatement potentials are based on sparse and sometimes conflicting
data, and there is a wide divergence in estimated emissions at the global, regional and
country levels

The estimates shown represent our best understanding of emissions from oil and gas
operations based on currently available data. They are designed to help governments and

other stakeholders understand the magnitude of the issue, but given the uncertiadt

SEAaGAaT (GKSeé NS OtSINIeée y2i GKS f1Fad 62NRED

The IEA models its medium to long term energy projections using its World Energy Model. The model
is a largescale simulation designed to replicate how energy markets function and is the principal tool
ud SR G2 3ISYSNIGS GKS aSO02NJ FyR NBIAZ2YIf LINR2SO0

In recentyears,the World Energy Model has been expanded to output greenhouse and methane
emissions data.

The IEAeports that theirmethane tracker integrates dire@missions (topdlown) measurement in
addition to bottomup estimates. Beyond this, the IEA does not disclose how it derives the methane
emissions published in the methane trackkris possiblethe IEA apply a country specific emissions
factor to the levéof oil and gas production output from its World Energy Model but does not disclose
those factors.

Table5 provides a comparison between the IEA estimates of oil and gas methane emissions in
Australia for 2019 with those published by the Australian Government in the AGEIS database.

Table5 Comparison of oil and gas industry methane data for 2QER vs AGEIS

IEA methane emissions for AGEISmethane emissions date for

Australian oil and gas sector the oil and gas sector

Upstream Natural Gas Natural gas
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- Fugitive 3,286,920 - Exploratiori 35,970
- Vented 7,378,280 - Production 1,151,140
- Flared No data - Processing 1,621,430
Sub total 10,665,200 Sub total 2,808,540
Downstream natural ga¥
- Fugitive 1,118,040 - Transmission and storage 1,082,240
- Vented 617,960 - Distribution 2,015,710
- Flared No data - Other (gas consuming devices 418,770
Subtotal 1,736,000
Total natural gas 12,401,200
QiP4 (full value chain) 69,650
Oil Related
- Fugitive 157,080 - Venting (oil and gas) 2,269,950
- Vented 1,707,160 - Flaring(oil and gas) 554,300
- Flared 570,640
Total oil related 2,434,880
Total oil and gas | 14,836,080| Total oil and gas 9,219,170

While the overall level of methane emissions is of a similar order of magnituddeser examination
of the data shows some significant anomalies.

For example, the IEA indicates methane emissions from the upstream natural gas sector at ten million
tCQe. Thigs substantially higher than the 2.8 million t@0®eported in AEGI®8specially as the IEA
report emissions for LNG processing under the downstream sector.

Additionally, he figure ofl.7 million tC@e from the venting of methane in the oil sector also appears
high.The AGEIS datgppears anorereasonableepresentation othe level of methane emissions for

the Australian oil and gas sector

%includes development drilling.

33The IEA includsthe transportation and processing of gas into LNG in the downstream category
34 Includesproduction, transport, refining, distribution.
35The |IEA data are expressed as tonnes of methane. For this comparison, the IEA data has been converted to tonsieg @@2E8R5

global warming potential for methane @8.
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Global Methane Assessment

¢ KS WDf 2 0AssessméhBdnéfits &d Costs of Mitigating Methane Emissionsg I & NBf S| & ¢
by the United Nations Environment Program a@timate and Clean Air Coalitiearly in 2021. The

report is primarily focused on using a range of models to evaluate the impact of methane emissions

and methane reduction strategies on climate and ground level ozone formation and the subsequent

flow on inpacts to air quality, public health, agriculture, and other development benefits.

The Global Methane assessment synthesises data from a rangmewfous global methane
assessmentand provides accessible data 8017 methane emissions from major emitg regions

and sectorsrepreseriing about 90% of global methane emissiofdethane emissions from industry,

land use, land use change and forestry, and methane emissions from the Oceania region are not
included in the Global Methane Assessment.

The Gbbal Methane Assessment notes tliata is inherently uncertain and varies betwedata
sourcesWhile the absolute estimates of emissianghe Assessmerghould be treated with caution,
the likely relative scale and distribution of methane emissions represents a credildpectiveof
global methane emissions and the sources of those emissimaisingmethane emissionm Australia
to be placed in a globb@ontext.

The Global Methane Assessment finds that anthropogenic activity is responsible for approximately
300billion tCQe released annually. This is roughly 60% of global methane emissions. The remaining
40% of global methane emissions ariseorih naurally occurring sources Global athropogenic
methane emissions are dominated by agriculture practices (~40%), fossil fuel related emissions (~35%)
and waste management (~20%).

Within the fossil fuel related emissions, the Assessment estimates thanoi gas industry is
responsiblefor approximately 23% of anthropogenic global methane emissions. This is around three
times higher than the contribution of the oil and gas industry to anthropogenic methane emissions in
Australia at 7.3%.

Despiteglobd methane emissions from the oil and gas industry representing less than one quarter of
global anthropogenic methane emissions and the Assessment making recommendations across the
agriculture, coal, oil and gasnd waste sectors, oth of themediacommentary following the release

of the Assessmerttas focused on the oil and gas sectdtis highlights the focus by stakeholders on

the oil and gas industry.

Figurel4 is derived from the Global Methane Assessment report and shows the estimated annual
methane emissions, inohnes CQe per year, by global region and sector. To enable methane
emissions from Australia to be placed into the global cepteigurel4includes data from Australia's
principal anthropogenic methane emissions sources in 2019.
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Figurel4 Annual methane emissions by region and sector (million tonnes 02¢)

The Global Methane Assessment notes thatissions of methane vary greatly across regions, with
the largest totals in China and South Asia, but there argfgignt contributions from all regions.

Figurel5ranks the data by the level of emissions. Methane emissions related to oil and gas production
in the Middle East, Russiand North America rank in the top five largest methane emissions sources.
Methane emissions from the Australian oil and gas industry aoouairds the bottom of the Figure.

Itis clear from this figure thatgricultural and waste practicese large contributors tanthropogenic
methane emissionsThe Global Methane Assessment observes that:
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gas subsector as well as emissions associated with its extraction, will increase even under
aggressive climate change mitigation policigis is quite distinct from the use of coal or
oil, which drop much more uniformly across all potential scenarios

Most of the scenarios that include increases in gas use over the next decades maintain
consistency with the stringent climate targets by relying on lsgge negativemissions
technologies in the future to compensate for their high early emissions.is primarily
biofuel energy with carbon capture and storage (BECCS), which does not currently exist at
scale, is currently quite expensive though the models project that it might be inexpensive
many decades into the future and requires convertingdaageas of land to growing
biofuel crops rather than food with associated issues around food security, water usage,
fertilizer application and biodiversity".

36 Source: Global Methane AssessmdBenefits and Costs of Mitigating Methane Emissions with Australian data addethane
emissions from the Oceania region and related to land use change are not shown. To ensure consistency with the Gloleal Methan
Assessment date, Australian agriculture emissions comprise; enteric fermentation and manure (60.49 million tonran € 6&e)
cultivation (0.035 million tonne CO2e). 0.152 million tonnes CO2e related to land use change in Australia have noutiedn incl
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