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1. Introduction and propositions

Greenhouse gas emissions from fossil energy have become an increasingly important issue in a world
which, by general agreement, is not on track to meet net zero emissions and temperature reduction
goals in the first half of this century.! At the start of 2022, OIES published a study by this author of
measurement reporting and verification of methane emissions from natural gas and LNG trade.? That
paper was based on two general propositions which are restated here:

e Any organization selling fossil fuels internationally (but in many countries also domestically) will
need to make publicly available data on greenhouse gas (not just carbon dioxide) emissions
from the supply chain of those fuels, but also methodologies showing how emissions were
measured, how they are reported, whether an independent organization has verified the data
and to what standard of accuracy.

e Failure to provide publicly available details of measurement, reporting and verification (MRV)
will compromise the credibility of any published data and claims by governments or companies
to be meeting targets, commitments or pledges. This is likely to speed up the phase-out of
unabated fossil fuels, particularly in countries where there are substantial societal pressures to
meet GHG reduction targets, with imported fossil fuels coming under particular scrutiny.

Since 2022 much has happened in terms of national and international governmental policies, pledges
and agreements, as well as corporate initiatives, aimed at methane emissions reduction. The US
Inflation Reduction Act and the European Union’s Methane Regulation are substantial pieces of
legislation. In North America increasing numbers of companies have joined initiatives to certify
emissions from their oil and gas production.

There is general agreement that reduction of methane emissions from the fossil energy — oil, natural
gas and coal — sector is one of the few measures which is cost-effective, relatively simple to achieve,
and can make a substantial difference to the growth of atmospheric warming by mid-century.® While in
many countries agriculture and waste are larger contributors to anthropogenic methane emissions than
the energy sector, the number of energy companies and sites is significantly less than for other sectors,
and substantial reductions are hence more manageable and achievable on a shorter time scale.

This paper provides an overview of progress on the measurement, reporting and verification of methane
emissions from 2022-25 with a particular focus on the LNG sector, and considers how this sector may
be impacted by regulation to be introduced in the period up to 2030, particularly in the European Union
and the United States. While LNG accounts for a relatively small subset of fossil fuel emissions, the
significant expansion of global LNG trade over the next five years means that it is attracting considerable
attention. Methane emissions are the Achilles Heel of any claims for natural gas and LNG to be
considered a transition or “bridge’ fuel to a low or zero carbon future.

The paper updates legislative, regulatory and corporate initiatives since the 2022 study focusing on how
much progress has been made over the three year period and the impact this may have on LNG trade.
It is structured in ten sections, following this introduction:

e Section 2 examines the development of global methane emissions from oil and gas flaring,
venting and leakage (fugitive) of methane.

e Section 3 looks at the limitations of sources, methodologies, metrics and verification of
emissions.

e Section 4 examines intergovernmental methane initiatives.

e Section 5 deals with UN and corporate initiatives.

LUNFCCC (2023), UNEP (2024).
2 Stern (2022).
3 Estimates range from 0.1-0.3 degrees centigrade by 2050.
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e US and EU methane legislation and regulation are the subject of Section 6.

e Corporate and government MRV and methane-related LNG initiatives are the subject of Section 7.
e Section 8 narrows the focus of the paper to emissions from the ten largest LNG exporters.

e Section 9 deals with transparency and confidentiality as major obstacles to progress in reducing
methane emissions.

e Section 10 summarises and draws conclusions.

2. Global methane emissions from oil and gas

Global methane emissions have steadily increased since the industrial revolution. A 2024 study
estimated that from the second half of the 19" century to 2019, methane emissions have been
responsible for around 65% as much warming as carbon dioxide, and that from observed warming of
1.07 degrees centigrade from 2010-19, methane emissions accounted for 0.5 degrees.* Emissions have
continued to increase steeply in the 2020s with two thirds attributable to anthropogenic sources.> Non-
energy anthropogenic sources of methane emissions, principally agriculture and waste; and non-
anthropogenic sources, principally tropical wetlands, are also major sources of emissions.® But some
assessments have shown that in the period since the late 2000s, fossil fuel emissions have been a
major (and perhaps the major) contributor to increasing emissions.”

The International Energy Agency’s (IEA’s) Methane Tracker estimated that out of 120Mt of energy-
related emissions in 2023, oil accounted for 49Mt, coal for 40Mt, natural gas for 29Mt; bioenergy
provided a further 10Mt. Figure 1 shows that after a continuous increase in the first two decades of the
century there was a peak in 2019 followed by a sharp decline (presumably due to the Covid pandemic).
But since 2020, there has been a slow but significant increase in energy-related emissions which have
almost returned to 2019 levels.

Figure 1. Methane Emissions from Fossil Fuel and Bioenergy Production and Use 2000-2023
(Mt methane)

o 140
& Bioenergy
= 120
= Coal
= oa
= 100
80
Natural gas
60 g
40
Qil
20

2000 2005 2010 2015 2019 2020 2021 2022 2023
Source: IEA (2024a)

4 Shindell et al (2024) citing the IPCC 6™ Assessment Report.

® The increase in global methane emissions is shown in Global Monitoring Laboratory - Carbon Cycle Greenhouse Gases
(noaa.gov). Jackson et al (2024) provides a more detailed breakdown of emissions by sector, region and country for the period
up to 2020.

& Shindell et al (2024).

7 Jackson et al (2024) summarise as follows: “Fossil fuel emissions [from 2000-2002 to 2018-2020]..rose an estimated 18-
28%..Methane emissions from fossil fuel extraction and use are now comparable to direct methane emissions from cows and
other ruminants globally...but emissions from agriculture and waste, including landfills, remain approximately twice those
associated with fossil fuels’.
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The IEA’s Net Zero Emissions by 2050 (NZE) Scenario — which sees the global energy sector achieving
net zero emissions by mid-century, limiting the temperature rise to 1.5 °C, requires methane emissions
from fossil fuel operations to fall by around 75% by 2030 from 2023 levels. And:

o if all methane policies and pledges made by countries and companies to date are implemented
and achieved in full and on time, methane emissions from fossil fuels would decline by around
50% by 20308,

e around 40% of the 120 Mt of methane emissions from fossil fuels could be avoided at no net
cost, based on average energy prices in 2023. The share is higher for oil and natural gas (50%)
than for coal (15%).°

Table 1 breaks down global methane emissions from oil and gas into different operations: venting, flaring
and fugitive (leaked) emissions; these sectors only include emissions from production to the point of
export, and exclude those from distribution or end-use. More than 60% of these emissions originate
from (onshore and offshore) oil production with two thirds from vented gas, defined as intentional
releases for safety or operational (inspection and maintenance) requirements. Fugitive emissions —
defined as unintentional or “leakage’ of gas — account for 21%, two thirds of which are from onshore oil
and gas. Flared gas — which the IEA records only in relation to oil production — accounts for 10% of total
methane emissions. A quarter of emissions originate from (onshore and offshore) gas production with
over 70% of those volumes from venting. For both oil and gas, onshore production is by far the most
important source of emissions, although this may be a consequence of limited availability of
measurements from offshore activities and stricter safety standards. Gas pipelines and LNG facilities —
treated as a single element in the IEA data - account for less than 10%. But as discussed in Section 7,
these figures can be far higher for individual countries, and particularly for individual projects.

Table 1: Global Emissions of Methane from Global Oil and Gas Operations 2023* (Kt)

Fugitive Vented Flared TOTAL
Onshore Oil 5903 23613 6250 35766
Offshore Oil 1935 7741 1272 10948
Onshore Gas 4243 10588 0 14831
Offshore Gas 1166 2910 0 4076
fﬁé ?;F(’:ﬁ:llneess and 2762 4362 0 7124
Other Oil and Gas 0 0 0 2450
TOTAL 16009 49214 7522 75195

*not including international trade and end use
Source: |IEA (2024b)

Emissions from gas flaring

Although flaring and fugitive (leakage) of emissions tend to attract headlines, a conclusion from Table 1
is that in relation to methane they are far less important than emissions from venting.

8 See Sections 4 and 5 for a review of pledges and initiatives.
° |IEA (2024b), Key Findings.
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Figure 2: Global Gas Flaring at Upstream Oil and Gas Facilities, 1996-2023
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Source: World Bank (2024), Figure 3, p.2

Figure 2 shows upstream gas flaring declined significantly in the first decade of the century followed by
a plateauing and slight increase in volumes, but a slight decline in intensity (ie volumes flared per unit
of oil production) thereafter. This is a more successful historical trend than for methane emissions (which
continued to increase through the 2000s) but a similar more recent trend with plateauing or slightly
increasing in the 2020s. Comparing Figure 2 with Table 1, the vast majority of flared gas is assumed to
be associated with oil production.®

Emissions from flaring involve significant complexity of measuring, on an ongoing basis, the proportion
of flared gas that is fully combusted — so-called “flare (or “combustion) efficiency’. It had been
traditionally assumed that a flare constituted 98% carbon dioxide and 2% methane — i.e. a 98% flare
efficiency. But, due to US studies showing that malfunctioning equipment resulted in many flares being
partially or fully extinguished (i.e. emitting 100% methane), in 2021 the IEA reduced its flaring efficiency
assumption from 98% to 92%.1! The importance of flaring efficiency is emphasized in the World Bank’s
Global Gas Flaring Tracker Report which shows that at 92% efficiency the carbon dioxide equivalent
(CO2e) emissions for globally flared gas in 2023 was 494 tons CO2e, compared with a 98% efficiency
of 381 tons CO2e — a difference of 23% - with every 1% reduction in flaring efficiency resulting in a 4-
5% increase in total CO2e emissions.? A major problem is that accurate measurement of flaring
efficiency is extremely complex requiring, according to detailed experimental research, "a new
generation of reference methods’.1® The majority of the literature on methane emissions from flaring fails
to make clear how (or whether) combustion efficiency was measured or simply assumed.

10 This is because natural gas collection and evacuation facilities are not always available at oil production sites, at least not
from the start of production. Whereas at a gas field those facilities are an integral part of the project from the outset of
production. While the vast majority of flaring is associated with oil production, flaring does occur at facilities along gas supply
chains.

11 |EA (2021), p.76. For more detail on flaring from LNG exporters see Section 8. In contrast, the World Bank data have
maintained a 98% destruction efficiency’. World Bank (2024), p.30.

12 World Bank (2024), Figure 23, p.32. This data assume CO2 equivalence (CO2e) of methane measured over a 100-year
period of 28 (see Metrics section below). Using a 20-year time horizon increases the CO2e of methane to 84 which would
increase total emissions nearly 20% significantly to 470Mt CO2e in the case of 98% efficiency. Assuming 92% flaring efficiency
and a 20 year time horizon raises total emissions by nearly 60% to 852Mt CO2e.

13 Evans et al (2024).
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The IEA and the World Bank data are global, current and detailed by segment and use a consistent
methodology to produce a set of country-level estimates of emissions. They cannot be used to calculate
specific project-level emissions.

3. Limitations of sources, methodologies, metrics and verification/certification

3.1 Sources

From what has been said above, it is clear that public domain data on fossil fuel methane emissions are
difficult to interpret and, outside North America, relatively scarce. Most of the public domain data in
general literature can be traced back to sources in Figures 1 and 2, and Table 1 specifically: the IEA’s
Methane Tracker, the World Bank’s Global Gas Flaring Tracker, and proprietary data from consultancies
Rystad Energy and Wood Mackenzie. In turn, much of the data from these sources — to the extent they
are transparent — can be traced back to US government engineering estimates or actual measurements,
or information from satellite providers. The methane literature is dominated by studies of US emissions
which provide public domain data from corporate, academic and NGO studies relating to specific
companies and projects, but it is not easy to identify the assumptions on which these are based, creating
difficulties to compare their findings.

To the extent these studies either use US government data, or focus on emissions from US companies
or projects, they are heavily influenced by independent academic and NGO studies starting from the
2010s, which found that US Environmental Protection Agency (EPA) statistics based on generic
emission factors and engineering estimates had systematically under-estimated US methane emissions
over a long period of time.1* A 2021 study found methane emissions from production about 1.8 times
greater than EPA’s Greenhouse Gas Inventory estimates due to differences in equipment leakage
measurements, and the frequency and magnitude of emissions from controlled and uncontrolled liquid
storage tanks.® A study of 15 aerial campaigns integrating one million site measurements from regions
accounting for 52% of US oil and 29% of gas production found weighted average emissions roughly
three times the national government inventory.® EDF’s "Methane Air’ Study conducted using specially
equipped jet aircraft, measuring emissions from regions accounting for 70% of onshore contiguous U.S.
oil and gas production, found US emissions were over four times higher than EPA estimates and eight
times greater than industry targets.'’

In relation to LNG, US studies tend to be polarised between the industry and academics/NGOs, and
between pro- and anti-LNG export views. The leading proponent of negative views is Robert Howarth
who has become a scourge of the US natural gas and LNG community. He first drew attention to the
importance of methane emissions in 2011, concluding that emissions from US shale gas were "at least
30% more than and perhaps twice as great as those from conventional gas’.’® Since then, his published
research has concluded that US natural gas production, US LNG exports and blue hydrogen (hydrogen
produced from natural gas) in the US have higher GHG emissions than coal, and can make no
contribution to the energy transition.®

These (and other) studies raise several inter-related problems:

e Data availability has increased enormously in the United States and Canada, but availability
elsewhere is far more limited or completely absent.

14 The seminal work which created a major impetus for other studies was Alvarez et al (2018).
15 Rutherford et al (2021).

16 Sherwin et al (2024).

17 Environmental Defence Fund (2024).

18 Howarth et al (2011).

19 Howarth (2014), Howarth (2022), Howarth (2024), Howarth and Jacobsen (2021).
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e Lack of specificity as to how much of the emissions from the full supply chain have been
measured or estimated using default emission factors, which methodologies or models have
been used, and (if reported in CO2 equivalent) how data are being reported in terms of time
horizons and emission factors.

e Uncertainty as to whether data has been independently verified and if so using which methods
and methodologies, and whether verifiers (or certifiers) were accredited as being technically

qualified.

3.2 Methodologies
The IEA Methane Tracker

Section 2 of this paper used the IEA Methane Tracker database (Tables 1 and 2) which is the only

current public domain dataset which includes all countries and substantial granularity on emissions from

different energy sub-sectors. But it is important to understand the methodology behind the Tracker data

shown in Figure 1 and Table 1.

Figure 3: IEA methodology for estimating methane emissions from oil and gas operations

Measurement studies

US emissions

intensities
Satellite readings
Country
emissions
intensities
Governance indicators
Rule of law, regulation...
Country
scaling
factors

Industry indicators
Operator; age; flaring;
pipeline length

Source: IEA (2024c), Figure 1, p.6

Activity data ===
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The Tracker methodology is based on a combination of measurements and estimates from ground level
and satellite information which are translated into country scaling factors (informed by government and

industry indicators from individual countries). These factors and US emission intensities are then
converted into national emission intensities which, multiplied by activity data, provide the country-level

emission estimates.?° The Tracker estimates are therefore highly dependent on US emission intensities

and the country scaling assumptions derived from them.

“This scaling is based upon a range of auxiliary country-specific data. For the upstream emission
intensities, the scaling is based on the age of infrastructure, the type of operator within each
country (namely international oil companies, independent companies or national oil companies)
and average flaring intensity...For downstream emission intensities, country specific scaling
factors were based on the extent of pipeline networks and oil refining capacity and utilisation’.?

20 Appendix 1, Tables A1 and B1 show the US sources and intensities on which scaling factors are based and how these were

applied to nine leading global LNG exporting countries.
2L |EA (2024), p.6.
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The methodology raises questions about the extent to which this data should be relied upon, specifically:

e whether methane intensities of subsectors in an oil and gas sector as large and diverse as the
US can be generalised to a single figure.

e how emission estimates for other countries based on US data are interpreted using quantitative
but also qualitative judgements.

e Whether the data can or should be used to estimate emissions from a specific project or supply
chain.

A specific question which the methodology raises is whether the very high venting intensities for both
oil and gas upstream onshore and offshore, which account for 65% of global emissions in Table 1, are
a typical reflection of conditions outside the US, taking into account the extremely high venting intensity
numbers from unconventional oil and gas production which is not produced in significant volumes
outside North America.??

Having noted these reservations, the methodology is transparent and there are no recorded objections
from governments claiming that the data is wrong or over-stated.?® The IEA Tracker is the only
comprehensive public domain source of current methane emissions from the oil and natural gas sectors
in the majority of countries which produces comparable data using a common methodology.2* The World
Bank’s Global Gas Flaring Tracker Report provides the same service for emissions from flaring.2°
Methane emissions data are available from the UNFCCC for all countries, but can be substantial
numbers of years — and in some cases decades — out of date with no indication of how they were
derived.?6

Measurement of emissions has generally been referred to as "bottom up’ — ie measured at an individual
source, and top-down ie measured aerially. But these must now be combined with the OGMP 2.0 (see
Section 5) formulation of “source level’ and site level’ noting that:?”

‘Sometimes the term ‘“top-down” is used to describe ‘site-level” measurements, which is
interpreted by some to mean that a technology should be applied from a vantage point that is
physically above an asset. This is not the case. “Site-level” measurements are simply
measurements that can capture emissions at a site or facility level.’

Reconciliation between source level and site level data is key to the credibility of emission estimates
and an important part of achieving OGMP 2.0 Level 5 reporting (see Section 5). The two data sets will
not coincide exactly and, as important as the data will be, neither will the description of the
methodologies employed to arrive at these estimates. For granularity at the level of all material operating
assets, an acceptable degree of uncertainty will need to be established. The need for public domain
asset-level detail of emissions raises the issue of confidentiality which is discussed in Section 9.

3.3 Satellite development

Figure 4 shows how different measurement techniques compare in relation to the geographical and
coverage limits. On the left side of the chart are bottom-up site measurement techniques ranging from
handheld devices to low level top-down measurements such as Unmanned Aerial Vehicles (UAVs or
drones) and low flying aircraft which can detect emissions at low concentration levels but over limited

2 Argentina is an exception, but US unconventional oil and gas production far exceeds that of any other country.

2 The only objection of which this author is aware was from Norway which provided documentation of lower emissions resulting
in changes to the Tracker data.

24 The emphases here are on “‘comprehensive’ and “current’ with coverage of every country regularly updated to the current
year.

% World Bank (2024).

26 https://di.unfccc.int/time _series

2 EAQ — OGMP 2.0 Top-down and bottom-up are spatially descriptive but have been adjusted by OGMP (see Section 5) to
‘source level’ and ‘site level’ to better reflect oil and gas industry realities.
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geographical areas. On the right side of the chart are satellites which provide emission estimates over
wider areas but detect large emission sources with varying time periods between overflights. An
important element is the visit frequency i.e. the time gap between satellite observations.

Figure 4: Coverage Area and Emissions Limit for Methane Detection Devices
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Since 2020, methane emission estimates have been revolutionised by the use of high altitude satellites
which can identify emissions on a periodic basis as they circle the globe.?® These have the advantage
of not needing source- or site-level access to oil and gas assets which their owners and operators may
be unwilling to grant.2° However, they also have limitations for assets which are located offshore, in
snow-covered regions, in tropical regions, dense forests and anywhere with substantial cloud cover.
These limitations vary between complete inability to identify emissions with any accuracy, to limited time
periods (e.g. seasons) when they are available. This is particularly important in relation to emissions
from flaring where readings tend to be taken during the hours of darkness with longer periods in winter
than in summer. Satellite detection is continuously improving but where greater accuracy is required,
collection of data from low flying aircraft is increasingly being used.

There is significant difference between satellites which detect very large emissions — so-called “super-
emitters’ (in excess of 100kg/hr) and those able to detect much smaller emissions with a high degree of
accuracy attributable to a particular asset. As many satellite data providers are commercial companies,
data may only be available on a commercial basis. The launch of EDF’s MethaneSAT and Carbon
Mapper’s Tanager-1 in 2024, and in 2025 the GOSAT-GW promise higher spatial resolution of sites with
publicly available data.2® However, all satellite data depend not only on accurate observations but also
on algorithms which convert atmospheric methane concentrations into emission estimates. As
regulations in Europe raise the possibility of imposing financial penalties on fossil fuel production and
delivery to markets with emission intensities in excess of certain limits, the accuracy of these estimates
will become increasingly important.

In general, we should expect continuous improvements in satellite data, for both large and small
emission sources, but reconciliation with source- and site-level data will be required for accurate
estimates. The assertion that emitters will have “nowhere to hide’ raises the important issue of action

28 Vollrath et al (2024), Figure 6 shows that significant numbers of studies using satellite data only began to appear in the early
2020s.

2% North America is unique in that the majority of oil and gas production assets are onshore in locations which can be accessed
by road and drone and aircraft overflights. In many countries accessibility of assets and permission from political and security
authorities may be substantial obstacles to measurement studies.

30 A study of methane emissions from oil and gas in Continental US in 2021 found that 70% originated from well sites emitting
less than 100kg/hour (i.e. not “super-emitters), and this finding was similar across eight major basins. Williams et al (2025).
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that can be taken against those who ignore or deny emissions even when alerted to their existence.3!
Even when substantial emissions are identified, the International Methane Emissions Observatory
(IMEO - see Section 5) has found responses to its Methane Alert and Response System (MARS) very
disappointing. Over the 1200 emission notifications that MARS delivered to governments and
companies in the period January 2023-September 2024, fewer than half were acknowledged by
recipients. Of those, only 15 (just over 1% of the total) responses provided information about the source
of the emissions and whether any mitigation action was considered or taken.32

3.4 Metrics
Global Warming Potential (GWP) and other metrics

Two major analytical and policy issues impact how methane emissions are reported in relation to carbon
dioxide equivalents. First, which time horizon should be chosen to measure the impact of methane in
terms of its equivalence to CO2. Second, which metric should be used for this comparison. Methane is
a much more potent greenhouse gas than carbon dioxide, although it has a much shorter atmospheric
life. Emissions are very often reported in terms of carbon dioxide equivalent (CO2e), with the most
common metric, established in the IPCC Assessment Reports (ARs), being the global warming potential
(GWP) of methane.

IPCC ARs progressively raised the GWP for methane to 28 over a 100-year, and 84 over a 20-year,
horizon in AR5 published in 2014; but adding climate feedback mechanisms and oxidation, these figures
increase to 36 and 87.15. ARG, published in 2021, raised the GWP of methane to 29.8 over a 100-year
horizon (GWP-100) but reduced the 20-year horizon (GWP-20) factor to 82.5.3% With the adoption of the
COP 21 (Paris Agreement), and particularly of net zero, targets for 2050 there is a convincing case for
taking a 20—30-year, rather than a 100-year horizon. A time horizon of 2050 would produce a 2.5-2.8-
fold increase in CO2 equivalent emissions for methane compared with a 100-year horizon, and would
substantially impact emission calculations and therefore the achievement of targets. The original
agreement by the Conference of Parties (COP) did not rule out the use of shorter horizons, but 100
years is the standard which is near-universally used by governments and companies, many of which
are also still using a GWP100 of 25 from AR4.34

The importance of the AR GWP and time horizon metrics is demonstrated in a study which used a
dataset from CDP (formerly the Carbon Disclosure Project) for the period 2014-23 taking data over that
period from the 371-2072 companies which explicitly reported methane emissions and used an AR
metric.® Only around 20% of companies disclosed methane emissions and 82-90% used a 100-year
time horizon sourced from older AR metrics which had a substantial impact on total emissions. The
study found that over the 10 year period using a harmonized GWP for a 100-year horizon, Scope 1
methane emissions would have been 170MtCO2e higher than reported, and using a 20-year horizon
that figure would have risen to 3300MtCO2e.

The second issue is which of the different metrics could (or should) be used as alternatives to GWP.
There are at least 15 different climate metrics related to global methane impacts with different values
over three different time frames including: global temperature potential (used by a number of different
sources), sea level rise potential, precipitation change potential, cost potential, and damage potential. 36
In addition, GWP* has been advanced as superior to GWP but does not seem to have been widely

31 Elkind et al (2020). Also attributed to former US Climate Envoy John Kerry at COP 29: “With better tracking, you can run but
you can't hide....We'll be able to see who is cutting their emissions and who isn'’t,’. https://www.catf.us/2023/12/turning-pledges-
action-cop28-global-methane-pledge-ministerial/

32 UNEP (2024a), p.21. Alongside this rather negative finding the same source includes positive examples of governments and
companies taking action after receiving alerts.

3 |PCC (2021), Chapter 7, Table 7.15, p.1017. GWP-20 has a confidence factor of +/-11, the GWP-100 confidence factor is +/—
25.8. Note these are metrics for fossil gas, non-fossil gas metrics are slightly smaller for both time horizons.

34 Although AR5 established a GWP of 28, further increased to 29.8 in ARG, this has not been formally agreed by governments.
% Cenci and Biffis (2025).

3% Balcombe et al. (2018), Table 3.
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adopted.3” GWP aside, the most widely used metric is global temperature potential (GTP) which is
included in the IPCC assessment reports. GTP100 for fossil methane is shown as 7.5 +/- 2.9 in ARG,
which is around a quarter of the GWP100 figure.38 However, given that IPCC governments have
struggled to update their data in line with successive Assessment Report findings, it seems unlikely that
they will be persuaded to move their standard metric away from GWP.

Methane Intensity

There are two types of methane-related mitigation targets: absolute (e.g. Global Methane Pledge) and
intensity (emissions per unit of output).3® They both have advantages and disadvantages. Absolute
targets provide greater certainty as to the achieved environmental outcomes, but require a robust
baseline, against which to measure mitigation progress. Intensity-based targets on the other hand
enable straightforward comparisons across operators, but do not guarantee that environmental benefits
are achieved, since intensity can increase or decrease without any changes to emissions if production
increases or decreases. Another issue with intensity-type targets is that there are different ways of
calculating and presenting (e.g. using simple calculations or more sophisticated Life Cycle Assessment
models), which are not equivalent, since they lead to different conclusions, e.g. when comparing the
intensity of dry and associated gas wells.

With the need to draw comparisons between assets, different certification organisations created different
rankings of intensities of oil and gas producing countries, regions (basins) and projects, which led to
more confusion than clarity.

3.5 Certification schemes, verification and standards
Certification Schemes

Natural gas certification schemes originated and remain focussed on the North American (particularly
the US) market, where the gas in question is known as “certified’, “differentiated’ and ‘responsibly
sourced’ gas, but also operate internationally.® They were created as a response to ESG concerns from
investors and to allow companies to monetise emission reduction efforts and differentiate themselves
from competitors. The three best known certification schemes are operated by Equitable Origin, MiQ
and Project Canary. These companies claim to have certified significant shares of US gas production.4!
A comparison of the services offered by these three companies in relation to supply chain coverage,
certification processes and periods is shown in Appendix 2 Table A.4?

In the context of this paper, MiQ is the only company with supply chain coverage which includes offshore
production and LNG, and the only company which requires direct measurement of emissions. Project
Canary is the only company which does not employ a third party (verification) assessment.

Appendix 2 Table B shows the grade levels for the three main certification schemes. All three companies
define emissions in terms of grades with letters or colours: A-C (Equitable Origin), A-F (MiQ) and
platinum/gold/silver-rated (Project Canary). These bespoke metrics are then related to intensity
percentages and various other metrics of company practice. None provide public domain emissions
data in physical units of methane per unit of production, methodology of measurement (or estimation)
for specific assets, or detailed supply chain boundaries in relation to the specific assets which have been
certified.

37 Lynch et al. (2020). For a discussion of the merits of GWP* see House of Lords (2024), paras 83-104.

% |PCC (2021), Chapter 7, Table 7.15, p.1017.

39 Olczak (2025).

40 Some European companies have had North American and European assets certified. Handler and Ayaburi (2024), National
Petroleum Council (Forthcoming).

41 As of November 2024 MiQ reported that it was certifying 5% of global gas supply or 24bcf/d Home - MiQ ; Equitable Origin
reported that it was certifying “approximately 15% or over 15bcf/d of North American gas production’, Home - Energy
Standards ;

42 ERM (2023). Other comparisons can be found in Highwood Emissions Management (2023) and Garg et al (2023).
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Commentaries on certification schemes range from an upbeat summary of progress and future
prospects:

"The differentiated gas market is positioned for growth as energy and industrial buyers focus on
the environmental attributes of their purchased gas and as systems are put in place to track these
environmental attributes.’#3

To the National Petroleum Council’s qualified acceptance with recommendations:

“While certified gas markets and price formation around certified natural gas are still developing
they are limited in scale, without a price premium, and lack uniform measurement-based criteria
to justify differentiation...The NPC recommends standard-setting bodies develop mechanisms to
enable utilities, gas marketers and consumers of natural gas to differentiate lower GHG intensity
natural gas, specifically providing recognised standards, frameworks and metrics for buyers and
sellers to incorporate into gas transaction contracts. These standards should be measurement-
based where feasible.”*

To the Environmental Defence Fund’'s somewhat sceptical view:

“Few companies currently do the kind of robust measurement-based accurate monitoring and
reporting necessary to sustain a claim that the gas they produce is fundamentally cleaner than
the industry average, and none we’re aware of do so with the kind of fransparency required to
enable independent verification that the so called certified gas is really worth the premium
price....With no uniform and mandatory standards for certification, it is critical that those seeking
to differentiate their natural gas based on methane intensity provide complete transparency
around their criteria and methodologies.

Without strong and uniform standards on the measurement and verification of emissions from any
particular supply chain, it is impossible to reach reliable conclusions about the climate impact of
purportedly differentiated natural gas. This creates ample opportunity for customer confusion or
misinformation...Companies can choose to seek certification of better performing facilities while
leaving older, leakier facilities outside of the analysis. Thus, certification doesn’t accurately depict
the practices or overall emissions of the operator...Third-party certification is no substitute for
comprehensive nationwide standards to reduce industry methane emissions — particularly
because federal requirements can apply to all oil and gas facilities, not just those cherry-picked
for voluntary certification programs.™>

At the extreme negative end of the critical spectrum, Oil Change International dismissed the services of
one specific provider as a "certified disaster’ and "certified gaslighting’, receiving a measured response
from the company at which these accusations were levelled.*¢

And perhaps most devastating, a letter from seven US Senators to the Federal Trade Commission:*”

‘Gas producers sometimes publicly describe their product as “certified,” “responsible,” or
“differentiated” and market it as a climate-friendly fossil fuel. But too often these green claims are
false or misleading due to opaque methodology, unreliable technology, and unacknowledged
downstream climate effects of gas combustion...This greenwashing scheme demands an FTC
investigation and the express inclusion of guidance for third-party natural gas certification regimes
in revised FTC Green Guides. These steps will help prevent gas producers and certification
companies from misleading and ripping off consumers, harming the environment, and hindering
progress on climate change.’

4 Handler and Ayaburi (2024).

4 National Petroleum Council (2024b), Finding 19, Recommendation 18, p.81.
4 Murphy (2023).

46 Qil Change International (2023) and (2024). Project Canary (2024).

4" Markey et al (2024).

11

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.



Certification schemes have been brought together in the creation of “certified natural gas registries’
which are registry and marketplace platforms where certified natural gas certificates can be stored,
tracked and exchanged. The four most active registries at the time of writing were CG Hub, EarnDLT,
MiQ Digital, and Xpansiv Digital Fuels.*® The aim is for certified natural gas to develop into a market
with trading capability. An obstacle to that development is the lack of transparency surrounding how
emissions are calibrated between the major schemes. Another issue is uncertainty about whether there
will be a commercial premium attached to certified low GHG gas nationally and internationally, which
may only become clear when regulation and legislation, currently under development, is implemented
(see Section 6).

Verification and Standards

A verification statement from an accredited third party is required by most certifiers and forms part of
the EU Methane Regulation requirements. Verification standards are generally expressed in terms of
‘reasonable assurance’ and “limited assurance’. The difference between the two is explained as follows:

"..a limited assurance engagement is..framed in a negative sense: "Based on the procedures
performed, nothing came to our attention to indicate that the management assertion on XYZ is
materially misstated." In contrast, a reasonable assurance conclusion would be formed in a
positive sense, i.e.: "Based on the procedures performed, in our opinion, the management
assertion on XYZ is reasonably stated.”®

The EU Methane Regulation states:

'If, following the verifier's assessment, the verifier concludes with reasonable assurance that the
emissions report complies with the requirements of this Regulation, the verifier shall issue a
verification statement attesting the conformity of the emissions report and specifying the
verification activities carried out.

The verifier shall issue a verification statement only where reliable, credible and accurate data
and information allow for methane emissions to be determined with a reasonable degree of
certainty and provided that the reported data is coherent with the estimated data, complete and
consistent.™°

Discussions with oil and gas companies suggest that limited assurance is a desktop exercise carried
out using records from a very limited number of sites. Reasonable assurance will involve visits to a
larger number of sites over a longer period. Notably neither standard requires verifiers to make their
own measurements for comparison with those of the asset owner.

Summarising the problems of MRV and data collection, it is clear that ground-level measurements can
only take place with the agreement of the asset-owner(s) and probably require significant financial
resources to be verified on any ongoing basis.5! This tends to result in relying on measurement data
from asset owners, the credibility of which is likely to be questioned by independent researchers. This
in turn lays stress on the independence and technical competence of verifiers, as set out in the EU
Methane Regulation. To the extent that verified site level data are not available, satellite data are the
main source which can be obtained independent of asset owners. Overflight and drones can also be
used in countries where these are not restricted by authorities on security grounds.

48 National Petroleum Council (forthcoming). But there are many other organisations offering tracing and registry services
including Context Labs, Fiutur, Attributes and Agora.

4 Limited assurance vs reasonable assurance | ICAEW The QatarEnergy Greenhouse Gas Verification Statement for the
company’s Scope 1 and Scope 2 emissions states that these “are verified to a reasonable level of assurance..the data quality
management system, data quality and completeness of reporting are of sufficient quality when assessed against the verification
criteria, not to have resulted in a material error.” QatarEnergy (2024), p.121. See Section 7.2 for a different definition of these
levels.

0 European Commission (2024), Article 8(4).

51 *Significant’ in this context could mean millions (or even tens of millions) of dollars depending on the size of the assets. This
may be significant for small operators, but not for international companies or LNG exporters with multi-billion dollar assets.
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Thus "Competent Authorities’ (regulators appointed by Member States) which are either unable to
access source and site level data, or believe data provided by asset owners are unreliable, will be forced
to rely on satellite data despite its limitations noted above. This may put pressure on asset owners to
cooperate with the MRV requirements of regulators, or being required to accept satellite estimates.>2
Given the variability of emissions over time, it may be necessary for Competent Authorities to define
more precisely the type and frequency of measurements which will be deemed acceptable. Certification
companies could act as “verifiers’ in the context which that term is used in the EU Methane Regulation
but would need to be much more transparent about asset-related data, verification methodologies, and
divergence from estimates provided by the asset holder. Transparency requirements of the EU Methane
Regulation are discussed below (Section 9).

4. Intergovernmental Methane Initiatives

The 2020s have seen a proliferation of international, and national, governmental and corporate initiatives
to address methane emissions. This section provides an overview of the main general initiatives (a more
complete list can be found in Appendix 3), some of which are specifically targeted at natural gas and
LNG sectors. In each case, only the major points are included here with more detail available in the
Appendices.

4.1 The Global Methane Pledge

The Global Methane Pledge is a landmark inter-governmental initiative launched at COP26 in 2021 by
the European Union and the United States. By the end of 2024 the Pledge had 160 participants, 60%
more than at its creation, although important countries such as China, Russia, India, Iran, Algeria and
South Africa were not signatories.>® The main commitments to which signatories are committed are:5

e to collectively reduce global anthropogenic methane emissions across all sectors by at least 30
percent below 2020 levels by 2030.

e totake comprehensive domestic actions to achieve that target, focusing on standards to achieve
all feasible reductions in the energy and waste sectors and seeking abatement of agricultural
emissions through technology innovation as well as incentives and partnerships with farmers.

e to mov[e] towards using the highest tier IPCC good practice inventory methodologies, consistent
with IPCC guidance, with particular focus on high emission sources, in order to quantify
methane emissions; as well as working individually and cooperatively to continuously improve
the accuracy, transparency, consistency, comparability, and completeness of national
greenhouse gas inventory reporting under the UNFCCC and Paris Agreement, and to provide
greater transparency in key sectors.

e to maintain up-to-date, transparent, and publicly available information on our policies and
commitments.

e to support existing international methane emission reduction initiatives, such as those of the
Climate and Clean Air Coalition, the Global Methane Initiative, and the relevant work of the
United Nations Environment Programme, including the International Methane Emissions
Observatory (IMEO — see Section 5), to advance technical and policy work that will serve to
underpin Participants’ domestic actions.

2 The EU Methane Regulation requires importers to obtain emissions data from domestic (EU) and external fossil fuel suppliers
which, if they are either unable to achieve or if such data is deemed unsatisfactory by their Competent Authorities (regulators),
may be subject to penalties (fines or taxes) in relation to methane intensity standards (see Sections 6 and 7).

%3 Global Methane Pledge (2024).

5 The full text of the Pledge is at Appendix 4.
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4.2 The G7

Meetings of the leaders and energy ministers in 20235 and particularly in 2024, recognised the
importance of methane emissions:

"Recognizing that cutting methane emissions from fossil fuel operations by means of already
existing technologies is largely feasible and cost effective for oil and gas operations, we will
intensify efforts to tackle methane emissions in line with the global reduction level of at least 35
percent in methane emissions by 2035. We commit to pursue a collective effort towards a 75 per
cent reduction in global methane emissions from fossil fuels, including by reducing the methane
emissions intensity of oil and gas operations by 2030, through developing a robust methodology
and use of measure data, and work with non-G7 oil and gas producing countries particularly in
Africa, to deliver deep cuts to methane emissions..”®

"We highlight that G7 countries are putting in place measures to collectively deliver reductions in
methane emissions across all sectors, including energy, waste, and agriculture, aligned with the
Global Methane Pledge’s collective goal of at least 30 percent reduction by 2030.%7

At the 2023 GMP Ministerial more than a billion dollars of additional funding was announced including
initiatives under the Methane Finance Sprint.5® But a major problem with the Pledge is the generality of
its scope including all methane emitting sectors and 160 country participants, which makes it impossible
to determine what has been achieved since its creation in 2021. While the Pledge does commit
participants to ‘comprehensive domestic actions’ to achieve the 30% target, there is no way to monitor
the degree of progress towards reducing national methane emissions in the period 2021-24, with most
evidence suggesting that global emissions are still increasing.®

4.3 Joint US-EU Energy Council

Following the Russian invasion of Ukraine and the resulting natural gas crisis, the US and EU set up a
Joint US-EU Energy Council which specifically targeted methane:

“The Council intends to continue advancing the reduction of global methane emissions in line with
the Global Methane Pledge and the Joint Declaration from Energy Importers and Exporters on
Reducing Greenhouse Gas Emissions from Fossil Fuels. The Council recognized the
International Methane Emissions Observatory as a key independent methane emissions data
collector and verifier, and the Council recognized the need to develop effective global schemes
to limit leakage, venting, and flaring, such as the mutually beneficial You Collect We Buy."°

4.4 International Working Group on MMRV

International Working Group to Establish Universal Approach to Measuring, Monitoring, Reporting, and
Verifying Greenhouse Gas Emissions Across the Natural Gas Supply Chain.

In November 2023 The U.S. Department of Energy's (DOE) announced an international working group
to advance comparable and reliable information about greenhouse gas emissions across the natural
gas supply chain to drive global emissions reductions.! In October 2024 the group had 21 participating

%5 G7 (2023).

6 G7 (2024).

57 The full text of the 2024 G7 Climate, Energy and Environment Ministers’ Communique relating to methane can be found at
Appendix 5.

%8 Global Methane Pledge (2023).

9 |t is possible that reported emissions are increasing as measurements replace standard emission factors which have tended
to underestimate true levels. Also countries where fossil fuel production is increasing may be achieving declining methane
intensity, but an increase in absolute emission levels.

%0 Joint Statement on the US-EU Energy Council (2023), para 18. "You collect we buy’ was replaced at COP29 by the Methane
Abatement Partnership Roadmap (see Section 6).

61 MMRV Framework (2023).
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countries with the aim of developing a consistent framework for the measurement, monitoring, reporting,
and verification (MMRYV) of methane, carbon dioxide and nitrous oxide emissions that occur during the
production, processing, transmission, liquefaction, transport, and distribution of natural gas.®2

The Group has two overarching goals:

e to provide emissions and operating data at a level of granularity needed to enable calculation
of the emissions intensity of delivered natural gas.

e To provide emission and operating data and supplemental information needed to provide a Data
Quality (DQ) score of the reported data.

And two main objectives:

e to provide flexibility by leveraging the use of existing methods (i.e., protocols) that companies
are already using to collect and report emissions and operating data for other but similar
purposes;

e to develop the requirements for reporting emissions and operating data in a manner that
ensures an accurate assessment of data quality can be conducted and provided to the buyer.

With the arrival of the Trump Administration in January 2025, continued US patrticipation in the Council
and the Working Group became unclear.

5. United Nations and Corporate Initiatives

5.1 The Oil and Gas Methane Partnership (OGMP) 2.0 and The International Methane
Emissions Observatory (IMEO)

The Oil and Gas Methane Partnership (OGMP) 2.0 of the UN Climate and Clean Air Coalition is “a multi-
stakeholder partnership that brings together oil and gas companies as well as international
organisations, governments and non-governmental organizations to improve the accuracy and
transparency of reporting of methane emissions’. OGMP 2.0 members account for around 42% of global
oil and gas production, 80% of LNG flows and over 20% of global gas storage capacity.® In October
2024, OGMP had 63 members from upstream companies, and 78 members from mid- and downstream
companies.’* 80% of the members are from North America (mostly the US) and Europe. There were
five members from the Middle East, eight from South America, four from Caspian and Central Asian
countries, and notably only four from Asia (one each from China, Japan, Indonesia and Thailand), two
from Africa (both from Nigeria) and one from Australia.®®

Figure 5 shows the five different reporting levels. Level 5, which requires source- and site-level reporting
and reconciliation, is regarded as the OGMP Gold Standard. Levels 4 and 5 informed the text of the EU
Methane Regulation but the latter includes independent verification which OGMP does not. The levels
of reporting represent a continuum from general categories based on generic emission factors through
source-level emissions to site-level measurements.

52 The text and participants can be found in Appendix 6.

53 UNEP (2024a), p.3

 Membership | The Oil & Gas Methane Partnership 2.0

% UNEP (2024a), Figure 3, p.3 shows the share of OGMP 2.0 members’ share of production by region.
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Figure 5: OGMP 2.0 Reporting Levels

UN&
environment
programme
OGMP 2.0
Reporting Levels
Levels
|
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5
Venture/Asset Emissions Generic Emission Specific Emission Level 4 + Site Level
Reporting Category Source Level Source Level Measurement
Reconciliation
+ Single, consolidated + Emissions reported « Emissions reported * Emissions reported » Level 5: Integrating bottom-up
emissions number based on IOGP and by detailed source by detailed source source-level reporting (L4) with
Marcogaz emissions type type using specific independent site-level
+ Only applicable where categories emissions and measurements.
company has very = Based on generic activity factors
limited information + Based on generic emissions factors » Site-level measurements: direct
emissions factors + Based on direct measurement technologies at
measurement or a site or facility level on a
other methodologies representative sample of
| facilities

Source: OGMP (2024).

The International Methane Emissions Observatory (IMEO), part of the United Nations Environment
Programme, collects data from OGMP 2.0 as well as satellites via its Methane Alert and Response
System (MARS), other scientific sources and national emissions inventories.®® It tracks and publishes
corporate data from OGMP 2.0, including levels attained by companies, on an annual basis.®’ It is
therefore highly likely that the EU Methane Regulation’s transparency database (see Section 6) will rely
on IMEO data. The IMEO makes an important distinction between "Gold Standard Pathway’ and "Gold
Standard Reporting’ where companies are measure across all operated and non-operated assets. In
2024, out of 122 members, 56 companies were recognised with Gold Standard Reporting and 41 with
Gold Standard Pathway 58

The definition of ‘reconciliation™ in the context of Level 5 is complex and explained by OGMP as
follows:%°

“Level 5 represents the reconciliation of source-level inventories (Level 4) with independent site-
level measurements. Site-level measurements complement — rather than replace — source-level
estimates, and the process of reconciliation helps improve accuracy, thoroughness and
confidence in reported emissions. Site-level measurements, alone, are typically difficult to
extrapolate to an annual reporting basis, and more importantly, source-level estimates are
necessary to guide and prioritize mitigation activities. Site-level contributes to ensuring that all
sources of methane emissions are identified, quantified, reported and included in the mitigation
strategy of the company. Reconciliation is an iterative process of investigation, year over year,
and should not be thought of as a one-off comparison of two independent values.’

€ UNEP (2024), p.ix.

57 UNEP (2021), UNEP (2022), UNEP (2023), UNEP (2024a). For 2021-23, the corporate data was included within the earlier
reports but was published separately in 2024.

% Gold Standard Reporting is based on measurements reconciled between source and site level. There is considerable
variation between companies on the percentage of their assets that meet Level 5. Generally percentages for non-operated
assets are much lower than operated. UNEP (2024a), pp.1-2.

89 OGMP (2022), p.2.
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The complexity of the reconciliation process may account for the fact that IMEO data shows that
aggregating the first three years of OGMP 2.0 reporting, less than 10% of more than 2 million tons of
methane emissions was assessed as meeting Level 5 standards.”

There is a significant lack of clarity as to how companies are graded by OGMP especially in relation to
Levels 4 and 5. OGMP 2.0 is a reporting framework™ containing the elements which need to be
considered for each Level. In addition, Section 4.5 includes the concept of ‘materiality’. All assets that
account for 95% of total emissions from a given operator are considered material. This focusses
attention on measurement and reconciliation of emissions per asset, which introduces an element of
subjectivity in how grades are awarded.

5.2 The Oil and Gas Climate Initiative (OGCI) and the Oil and Gas Decarbonization
Charter (OGDC)

OGCl is a collective of 12 international oil and gas companies.”? In 2018, these companies agreed to a
collective target to reduce upstream methane intensity (volume of methane emissions from oil and gas
operations/volume of marketed gas) from operated assets only, from 0.30% in 2017 to (0.25% (updated
in 2020 to “well below 0.20%’} by 2025, and achieved an intensity of 0.14% in 2023.73 OGCI’s Aiming
for Zero Methane Emissions Initiative provides "Guidance on near zero methane emissions’.”* "Near-
zero' can be interpreted in a number of ways. The OGCI figure of 0.20% methane intensity is widely
quoted by a number of organisations, recalling this is a corporate (rather than a regulatory) target.

At COP28 in 2023, OGCI agreed to assist in an initiative to create the OGDC and became its Secretariat
in 2024. By early 2024, OGDC had 32 national oil companies and 23 international oil companies and
independents.” It has a wider geographical scope than similar organisations and initiatives reviewed
above, as it includes companies from China and Russia. OGDC'’s detailed aims in relation to methane
emissions and flaring are reproduced at Appendix 7, and we return to its transparency commitments in
Section 9.

5.3 Zero routine flaring

The Zero Routine Flaring by 2030 initiative was launched in 2015 and "brings together governments, oll
companies, and development institutions who recognize the flaring situation described above is
unsustainable from a resource management and environmental perspective, and who agree to
cooperate to eliminate routine flaring no later than 2030.

‘Routine flaring’ is defined in the initiative as:

“flaring during normal oil production operations in the absence of sufficient facilities or amenable
geology to re-inject the produced gas, utilize it on-site, or dispatch it to a market. Venting is not
an acceptable substitute for flaring.’®

By early 2025, the initiative had been endorsed by 36 governments, 59 companies and 15 development
institutions which agreed that:"”

*...Governments will make every effort to ensure that routine flaring at existing oil fields ends as
soon as possible, and no later than 2030’

0 UNEP (2024a), Figure 4, p.4.

T OGMP 2.0 (2020).

2 Saudi Aramco, BP, Chevron, CNPC, ENI, Equinor, ExxonMobil, Occidental, Petrobras, Repsol, Shell and TotalEnergies.
7 OGCI (2024a), p.11. The definition of methane intensity is methane emissions from oil and gas divided by marketed
production of oil and gas.

4 OGCI (2024b).

S OGDC (2025).

8 Flaring for safety reasons is not included in the definition.

" World Bank (2025). For the full text of the initiative see Appendix 8.
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*Oil companies...will develop new oil fields they operate according to plans that incorporate
sustainable utilization or conservation of the field’s associated gas without routine flaring. Oil
companies with routine flaring at existing oil fields they operate will seek to implement
economically viable solutions to eliminate this legacy flaring as soon as possible, and no later
than 2030.’

Half of the governments from the 10 leading LNG exporting countries, (US, Russia, Indonesia, Oman
and Nigeria) have endorsed the initiative. Major LNG exporting companies which have done so are:
Sonatrach (Algeria), Woodside (Australia), QatarEnergy, Petronas (Malaysia), PDO (Oman) and NNPC
(Nigeria); as well as all of the international oil company LNG exporters.

In September 2024, the IEA (together with UNEP and EDF) published a document entitled “Turning
Pledges into Progress’ which highlighted that the industry was a long way from fulfilling their pledges
under OGDC, near zero methane and zero routine flaring by 2030.78

5.4 Other Initiatives

There are a number of other significant methane initiatives which, for reasons of space, will only be
noted briefly here.

The Methane Guiding Principles (MGP) group was created in 2017. It has 46 members including major
national and international oil and gas companies from different parts of the supply chain, international
organisations, NGOs and civil society groups.”® Its five guiding principles are:8°

e Continually reduce methane emissions.

e Advance strong performance across the gas supply chain.

e Improve accuracy of methane emissions data.

e Advocate sound policy and regulations on methane emissions.
e Increase transparency.

MGP has a number of outreach activities and issues best practice guides for: flaring, venting, equipment
leaks, pneumatic devices, operational repairs, transmission, storage, LNG terminals, distribution;
identification, detection, measurement and quantification.8!

The Global Methane Initiative (GMI), founded in 2004, is an international public-private partnership
committed to reducing methane emissions and capturing methane as a valuable energy source. GMI
has 48 country members, numerous key strategic partners, and hundreds of private sector and
multilateral organizations collaborating to take action on methane around the world. GMI advances
information sharing, promotes ambitious activities, trains stakeholders, and builds capacity to abate
methane.8?

Veritas is the US GTI Energy's Methane Emissions Measurement and Verification Initiative. It provides
comparable methane emissions measurement and accelerating actions that reduce methane emissions
reductions. It has standardized, science-based, technology-neutral, and measurement-informed
protocols which were built to assemble methane emissions inventories that are verified by direct field
measurements. The technical protocols which calculate methane emissions for natural gas systems
from production through distribution and LNG are available online on the Veritas website.83

8 |[EA (2024e).

 Collaborating To Drive Change | MGP Members

80 https://methaneguidingprinciples.org/about/frequently-asked-questions/

81 https://methanequidingprinciples.org/resources/methane-quiding-principles-2024-best-practice-quides/
82 Global Methane Initiative

8 veritas.gti.energy
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One Future is a US coalition of 49 member companies representing more than 39% of the US natural
gas supply chain, with the target of reducing methane emissions to less than 1% by 2025. The coalition
surpassed this target and, in 2023, its members achieved a collective methane intensity of 0.331%.84

6. US and EU Legislation and Regulation

Over the past three years the US and the European Union have passed major legislation and regulation
to control and reduce methane emissions. The documentation is extremely complex and only the main
points are listed here with references for those wishing to access more detail.

6.1 United States: the Biden Administration regulations and the potential impact of the
Trump Administration

Under the Biden Administration, five key US methane regulations were established dealing with
emissions control and reduction:8

The Environmental Protection Agency (EPA) methane standards apply to:86

e New (constructed, modified or reconstructed after December 6, 2022) and existing onshore oil
and gas production and processing facilities and natural gas transmission (including
compressor stations) and storage facilities.8” New facilities must meet the requirements by May
7, 2024, with an additional 1-2 years to phase out certain types of equipment and routine flaring.
For existing facilities (constructed before December 6, 2022) requirements will depend on state
plans approved by EPA.

e All operators are required to apply leak detection and repair (LDAR) measures using
technologies that need to be approved by EPA, and with a frequency which depends on the
type of equipment and technology.

¢ Routine flaring must be eliminated for all but exceptional cases (where flaring efficiency of 95%
must be verified).

e All existing process controllers and pumps (which have been a major source of emissions) must
be transitioned to alternatives with zero emission methane and volatile organic compounds.

e A new super-emitter’ program which requires reporting of events which result in a release of
more than 100kg/hour and at individual well or other facility.

e These standards will be harmonized with the Methane Emissions Reduction Program.

The Methane Emissions Reduction Program (MERP).88 The requirements of the Inflation Reduction Act
(IRA) caused EPA to update the requirements for the oil and gas sector under Subpart W of the
Greenhouse Gas Reporting Program (GHGRP).8 Subpart W reporting applies to onshore and offshore
oil and gas production (and associated) facilities that emit more than 25,000 tons of CO2e (equivalent
to 1000 tons of methane at a GWP of 25) annually. From the start of 2025, reporting must be on the
basis of direct measurement, not engineering estimates and an operator’'s Waste Emissions Charge
(WEC) for that year will be assessed in March 2026.%° The WEC will apply to each ton of methane which
an operator emits above threshold (ie methane intensities) levels: 0.2% for production; 0.05% for
gathering, boosting, processing and storage, and 0.11% for transmission; charges start at $900/ton for
2024 reported emissions, rising to $1200/ton for 2025 and $1500/ton for 2026 and future years.!

84 One Future (2024)

8 Much of this section is taken from Environmental Defence Fund (2024a).

8 EPA (2024)

8 These requirements are often referred to as OOOODb (for new and modified sources) and OOOOc (for existing sources).
8 FECM (2024).

8 EPA (2024a).

9% EPA (2024b). Optional calculations can be made starting in July 2024 which will then be paid in 2025.

1 In March 2025 it was reported that Congress had repealed these charges. Senate sends repeal of methane fee
implementation to Trump’s desk
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The Bureau of Land Management (BLM) Waste Prevention Rule relating to oil and gas waste on federal

and tribal lands became effective in June 2024 and includes measures to reduce waste, develop LDAR
plans and pay royalties on emissions. Rules will be phased in over 18 months depending on flow rates.
Measures are similar to those of EPA with the exception that there is no distinction between new and
existing sources and effective dates are slightly earlier. The Rule was published in the Federal Register
on October 4, 2024 and will go into effect six months after that date.%? Given that the majority of oil and
gas is produced on private land the impact of this measure may be limited.

The Pipeline & Hazardous Materials Safety Administration (PHMSA) updated Leak Detection and
Repair Rules becomes effective six months after publication in the Federal Register.%3

Since the arrival of the Trump Administration in January 2025, much of the Biden framework is being
substantially modified with the possible ambition of abolishing it altogether. At the time of writing, waste
emissions charges (also known as methane fees) have been rescinded; and the OOOOb and OOOOc
and the GHGRP requirements may also be reconsidered, which would dismantle a large part of the
framework.% However, close scrutiny of the Biden Administration’s regulation suggests that abolition of
the framework may be a difficult legislative task and, even if attempted, could take some years.% In
addition, major industry players, particularly those intending to export to the EU and therefore needing
to comply with the EU Methane Regulation, are reported to be continuing to monitor and reduce their
emissions.®®

6.2 The European Union Methane Regulation®’

The original Methane Strategy was published in October 20209 but the EU Methane Regulation only
entered into force on August 4, 2024. The main reason for this long gestation period relates to the 2022-
23 gas (and energy) crisis caused by the Russia-Ukraine war which resulted in a substantial increase
in EU LNG imports to replace Russian pipeline gas. The crisis also partly accounts for the near 4-year
delay in agreeing the Regulation as political attention was concentrated elsewhere.

The scope of the Regulation covers emissions from the production of all fossil fuels - oil, gas and coal —
but the initial focus is on natural gas and LNG which is also the focus of this paper.®® It has a domestic
and an international dimension with the latter reflecting the EU’s more than 90% dependence on fossil
fuel imports, meaning that the vast majority of GHG emissions associated with the burning of fossil fuels
originate from imports.

The essence of the Regulation is to introduce:

e measurement, reporting and verification (MRV) of methane emissions of both domestically
produced fossil fuels and imports into the EU;

e Leak Detection and Repair (LDAR) standards;
e aban on routine venting and flaring.

This builds on OGMP 2.0 which (as discussed in Section 5) is the United Nations Environment
Programme’s flagship oil and gas reporting and mitigation programme which it considers to be the “gold
standard’ of methane emissions reporting. It also relies on the IMEO (see Section 5), "to provide

92 Federal Register (2024).

% Federal Register (2023).

9 Book et al. (2025). A guide to these complexities can be found at Appendix 9.

% |bid.

% Volcovici (2025).

9 Only the main points of the Regulation will be set out and discussed here; for a more detailed discussion see Olczak et al
(2024) and Olczak (2025).

% European Commission (2024), European Commission (2020). The strategy and early drafts of the Regulation are discussed
in detail in Stern (2022), pp.10-12.

% Chapter 3 of the Regulation is specific to oil and gas; Chapter 4 is specific to coal. Chapter 5 deals with emissions from “crude
oil, natural gas and coal placed on the Union market’ (i.e. imports).
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accurate, unbiased, and up-to-date information on methane emissions’, and to act as a repository for
data. The Commission, Competent Authorities and verifiers will consider information made available by
IMEO and OGMP 2.0 in their data analysis. The Commission will also submit publicly available methane
data made available by the Competent Authorities, for example from its transparency database (see
below) to the IMEO (Article 10).

Under the Regulation, domestic EU operators have 12, 18 and 30 months (from the date of entry into
force) to achieve OGMP 2.0 Level 3-, Level 4-, and Level 5-compatible reporting (see Figure 5)
respectively. By 5 February 2025, Member States were required to appoint *“Competent Authorities’ to
which domestic operators and importers will report (Article 4).1%0

For EU-based operator obligations — quantification of source-level emissions and measurement of site
level emissions for operated assets non-operated assets within the Union — are set out in Article 12:

“Operators and undertakings established in the Union shall submit a report to the competent
authorities of the Member State where the asset is located containing quantification of source-
level methane emissions, complemented by measurements of site-level methane emissions,
thereby allowing assessment of and comparison with the source-level estimates aggregated by
site: (a) for operated assets, by 5 February 2027 and by 31 May every year thereafter; and (b) for
non-operated assets, by 5 August 2028 and by 31 May every year thereafter, where those assets
have not been reported under point (a). Before submitting the report to the competent authorities,
operators and undertakings shall ensure that the report is assessed by a verifier and includes a
verification statement issued in accordance with Article 8.

Chapter 5 is the international dimension of the Regulation concerning emissions from fossil fuels “placed
on the Union market’ i.e. imported into the EU. However, it is important to note that the Regulation only
applies to emissions from production of fossil fuels despite the fact that for imports of fuels with long
supply chains — potentially involving processing, transportation, liquefaction and shipping — production
may account for only 30-40% of the emissions from the product which is finally “placed on the EU
market’. There is some speculation that full supply chain (life cycle) emissions could be included in
Methane Performance Profiles which will be developed from the transparency database, and also in the
definition of third country equivalence (see below) which “applies to producers and exporters’.101

Importer obligations are set out in Article 27 and Annex IX:

" By 5 May 2025 and by 31 May every year thereafter, importers shall provide the information set
out in Annex IX to the competent authorities of the Member State in which they are established.
Where importers fail to provide that information, in whole or in part, they shall provide sound
justification to those competent authorities for such failure and set out the actions that they have
undertaken to obtain that information.1%2 The Commission is empowered to adopt delegated acts
in accordance with Article 34 to amend this Regulation by modifying the information required to
be provided by importers.’

Annex IX of the Regulation places obligations on importers to provide information on whether the
producer or exporter:103

e s carrying out source and site level quantification, and whether that data is subject to third party
verification;

¢ includes measures such as LDAR surveys or measures to control or restrict venting events and
flaring events;

100 At the end of February 2025 it appeared that most Member States had missed this target.

101 European Commission (2024), Article 30 (4).

192 The inference here is that if 'sound justification’ means that the importer has not received the required information from a
supplier then the Competent Authority and eventually the European Commission may directly require this information to be
provided and, in the event this fails, impose penalties for failing to meet intensity standards.

103 The full text of Annex IX can be found at Appendix 10.
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¢ has information showing that the crude oil, natural gas or coal is subject to monitoring, reporting
and verification measures at producer level that are equivalent to those set out in this
Regulation.

Figure 6 shows the key dates taken from Annex IX of the Regulation by which the various
methodologies, metrics and reporting obligations must be established.

Figure 6: Annex IX: Timeline of information to be provided by EU importers

>
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Source: Olczak (2025), Figure 2

Most of the key definitions, methodologies and metrics remained to be determined when the Regulation
entered into force. The following articles deal with the obligations on importers but the methodologies to
be used to define equivalence and intensity have yet to be decided.

Article 28 deals with equivalence:

"From 1 January 2027, importers shall demonstrate, and report in accordance with Article 27(1),
to the competent authorities of the Member State in which they are established that the contracts
concluded or renewed on or after 4 August 2024 for the supply of crude oil, natural gas or coal
produced outside the Union cover only crude oil, natural gas or coal that is subject to monitoring,
reporting and verification measures applied at the level of the producer that are equivalent to
those set out in this Regulation.

“For contracts concluded before 4 August 2024 for the supply of crude oil, natural gas or coal
produced outside the Union, importers shall undertake all reasonable efforts to require that crude
oil, natural gas or coal is subject to monitoring, reporting and verification measures applied at the
level of the producer that are equivalent to those set out in this Regulation. Those efforts may
include the amendment of those contracts.’

There are two levels of equivalence — country level and company level. To achieve country-level:

“the third country has demonstrated that those monitoring and reporting requirements ensure at
least source- and site-level quantification and regular reporting equivalent to those set out in
Article 12, for crude oil and natural gas..and that effective verification by an independent third
party...as well as effective supervision and enforcement are in place.’

For producers to achieve equivalence it is assumed that the OGMP2.0 Level 5 plus the verification
requirements of the Regulation will be required.
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Article 29 deals with intensity:

"By 5 August 2028 and every year thereafter, for the supply contracts concluded or renewed on
or after 4 August 2024, Union producers and, pursuant to Article 27(1), importers shall report to
the competent authorities...the methane intensity of the production of crude oil, natural gas and
coal placed by them on the Union market..".

“For supply contracts concluded before 4 August 2024, Union producers and, pursuant to Article
27(1), importers shall undertake all reasonable efforts to report to the competent authorities...th[is]
methane intensity...From 5 August 2028, Union producers and importers...shall report annually
to the competent authorities...’.

"By 5 August 2030 and every year thereafter, Union producers and importers..under supply
contracts concluded or renewed after 5 August 2030 shall demonstrate to the competent
authorities..that the methane intensity..is below the maximum methane intensity values
established..’.

The Commission has made it clear that: “To preserve security of supply, failure to meet the requirements
of the Regulation will not lead to an import ban, instead a system of penalties will be put in place”.1%4
The following infringements shall be subject to penalties if operators/importers fail to: provide the
competent authorities or verifiers with necessary assistance; carry out the actions set out in the
inspection reports; submit the methane emissions reports and the verification statements; comply with
maximum intensity values; provide various other types of information including an LDAR programme,
venting and flaring.1%

Article 33 sets out the penalties which member states may apply to infringements of the Regulation
which must be effective, proportionate and dissuasive and shall include at least:

o “fines proportionate to the environmental damage and impact on human safety and health, set
at a level which: (i) at least deprives those responsible of the economic benefits derived from
the infringement in an effective way; and (ii) gradually increases for repeated serious
infringements’;

e periodic penalty payments to compel operators, undertakings, mine operators or importers to
put an end to an infringement, comply with a decision ordering remedial actions or corrective
measures, provide information or submit to an inspection, as applicable. By 5 August 2025,
Member States shall notify the Commission of those rules and those measures and shall notify
it without delay of any subsequent amendment affecting them.’

Penalties have been a cause for concern since they can involve “up to 20% of annual turnover in the
previous business year. Member states are required to publish details of the penalties and the
operators/importers on which they have been imposed.

Transparency of emissions is a significant part of the Regulation. Article 30 establishes a Methane
Transparency Database and methane performance profiles for both EU producers and third countries
‘where crude oil, natural gas and coal is produced and from which it is exported to the Union’. The
database will be established by February 2026 and include publicly available information on whether
the Member State or Third Country has signed the Paris Agreement and the Global Methane Pledge.
However, given the size of this task, and the capacity of the European Commission to collect such data,
it seems highly likely that the database will rely on OGMP 2.0 data collected by the IMEO (see
Section 5).

Methane Performance Profiles of individual countries will also be published (and updated annually) and
will include methane emissions, a data quality assessment, MRV efforts undertaken, and an analysis of

104 European Commission (2024a). There is a ban on signing new long term contracts for unabated fossil gas with a duration
beyond 2049. European Commission (2024b), Article 31.3.
195 This is a summary of a much longer list at Article 33.5.
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super-emitting events. This last point relates to Article 31 which obliges the Commission to establish a
Global Methane Monitoring Tool (by August 2026) and a rapid reaction mechanism (by February 2026).
Using satellite data, the aim is to detect and alert countries and companies to super-emitting events and
eliminate these as soon as possible.

The issue of transparency, and information which will be made publicly available is a key issue
discussed further in Section 9.

The EU Methane Regulation: (as yet) undefined metrics and clarifications

As noted above, from the point of view of implementation it is clear that most of the key metrics have
yet to be defined and agreed. These will be included in a series of delegated and implementing acts
shown in Table 2.

Table 2: Content and Timing of Delegated and Implementing Acts Foreseen in the EU Methane

Regulation
DELEGATED ACTS IMPLEMENTING ACTS
Art. 22(3) restrictions on venting methane from Art. 12(4) MRV reporting templates
ventilation shafts for coking coal mines [2027] .
(advisory procedure)
Art. 27(1) further information to be required from Art. 14(7) Minimum detection limits and
importers, amending Annex IX detection techniques for LDAR surveys,

the thresholds applicable to the first step
of LDAR surveys [2025] (examination

procedure)
Art. 29(4) the methodology for calculating, at the Art. 28(6) MRV equivalence for third
level of producer, the methane intensity values countries: a) procedure and evidence
associated with imports [2027] requirements for establishing equivalence

and b) decisions establishing/revoking
equivalence (examination procedure)

Art. 29(6) maximum methane intensity values and
classes for crude oil, natural gas and oil

Art. 32 EU COM can establish mandatory standards
or technical prescriptions concerning e g.
measurement and quantification, LDAR

Source: Olczak et al (2024), Table 4, p.15
A clarification on Implementing Acts (IAs) was provided by the Commission:

“As per Article 28(6), the Commission will set out by means of an implementing act, the procedure
and requirements concerning evidence to be provided by a third country for establishing
[regulatory] equivalence. It will form the benchmark that will be used to undertake the individual
country-specific assessments of equivalence in view of a recognition of regulatory equivalence
for individual third countries in the various country- specific implementing acts (IA)s. The country-
specific IAs will therefore not be adopted before the general IA is adopted. %

This also includes the minimum requirements for regulatory “equivalence’: 107

e Setting out the method for the assessment, notably the existence of an equivalent legal
framework, effective supervision, and enforcement;

e Clarifying what input and evidence will be required by the Commission and how these should
be provided;

1% European Commission (2024c), Answer A16.
17 Ibid.
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e Clarification of the process for ensuring continued compliance with equivalence requirements
after the initial decision on MRV equivalence was taken;

e Determination of the inspection methods that will verify the compliance with the criteria and
provide input to the Commission;

e Description of the process and indicative timelines;

e Description of the involvement of third country authorities, including regular monitoring and
enforcement;

e Description of the monitoring and review/withdrawal process envisaged after an equivalence
decision has been taken, if not regulated in the basic act, or providing further details to ensure
uniform application at Union level.

Importers and contracts

An importer is defined as: "a natural or legal person who (...) places crude oil, natural gas or coal
originating from a third country on the Union market (...) (art. 2(59))’. But given the nature of
internationally traded fossil fuels — especially seaborne trades — the definition of the commercial entity
responsible for “placing’ on the EU market has been clarified by the Commission as the entity which
makes the product physically available for distribution.1%8 Related to this, a generic issue for all seaborne
imports is the definition of the supply chain for imported emissions, given that although LNG shipping is
covered under the OGMP 2.0 framework, from 2024, greenhouse gas emissions during shipping were
made part of the EU Emissions Trading System.1%° This raises the question as to whether emissions
from shipping will be included in methane intensity profiles given that, as shown in Table 6 below,
shipping distances — and hence emissions from shipping — are significantly different for different trading
routes with rerouting of voyages to take advantage of fast-changing spot prices in different locations
adding additional complexity.

New contracts should include clauses which include the requirements of the Regulation and the
Commission. These requirements will also apply to a ‘renewed’ contract which the Commission has
clarified as containing a renewed duration or substantial revision of key elements.1!? For existing
contracts “importers shall undertake all reasonable efforts’ to ensure imports are subject to MRV
measures and are applied at the level of producer that are equivalent to those in the Regulation which
may include amendment of the contract. For both new/renewed and existing contracts the Commission
“shall issue recommendations containing optional model clauses related to the information to be
provided...*11

In relation to existing contracts, the term ‘all reasonable efforts’ has given rise to questions of
interpretation and specifically whether those efforts also require the importer to propose contract
amendments and how these would be interpreted if they were rejected by the exporter. The response
of the Commission is as follows:

‘The assessment of “reasonable efforts” would have to be done on a case-by-case basis by the
competent authorities. The assessment would typically include at least: whether the obligated
party took timely appropriate actions based on available information, explored feasible
alternatives, and acted in line with the requirements of the Regulation and industry standards or
common practices that are compliant with that Regulation. 12

This suggests that in relation to MRV data from exporters, reasonable efforts may be judged by different,
standards. For example, for a relatively simple LNG supply chain — such as Qatar — a reasonable effort
may have a higher standard than for the US or Nigeria which have much more complex supply chains.

108 Which is deemed to be the entity listed in the Customs Clearance documentation. Ibid, Answers A32-33.
109 Olczak and Piebalgs (2023).

110 European Commission (2024c), Answer A7.

111 European Commission (2024), Article 28 (1-3).

112 European Commission (2024c), Answer Al4.
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But much greater publicly available information about emissions from US production (and supply chains)
may lead to a higher standard for reasonable efforts compared with information available from Algeria
or Nigeria.113

Another commonly asked question is about a situation where a third country exporter which sources
commingled gas from trading hubs is required to provide MRV data to an EU importer and/or the importer
does not have contractual relationship with the producer. The Commission’s response to both questions
is: “Importers and exporters need to make sure that the required information is passed down to them
via the person/entity they have a direct relationship with.” This requires the importer to ensure that MRV
data for each transaction is passed between the entities which take title to the gas as it moves through
the supply chain.

The Methane Abatement Partnership Roadmap (MAPR)

The Roadmap was launched at COP29 in November 2024.114 A similar previous initiative, “You Collect
We Buy’ was never precisely defined. The basic idea was for countries which were flaring gas to
implement collection schemes with financial and technical assistance from Brussels, which could then
result in additional purchases by EU member states, potentially combined with the Aggregate EU
initiative.115 You Collect We Buy was aimed at reducing flaring in Algeria and Egypt, but MAPR is
focused on all methane emissions and is better defined in terms of actions but lacks any commitment
to financial assistance. Egypt and Azerbaijan have been named as initial target countries, although
larger suppliers will be needed if the initiative is to achieve significant reductions.116

6.3 Other National and International initiatives

A range of other initiatives, measures and targets from governments around the world were announced
at the COP29 summit. Other countries included: Azerbaijan, Republic of Korea, United Arab Emirates,
Kazakhstan, UK, Brazil, Canada and Nigeria.''” This also included an update on the November 2023
US-China Sunnylands statement and China’s First Methane Reduction Action Plan.1® Methane policies
have only evolved relatively recently, principally in North America and Europe, and are developing
relatively slowly elsewhere.11?

7. Corporate and Government LNG Initiatives

The final sections of this paper are focused on LNG because, as explained in the Introduction, although
accounting for a relatively small subset of fossil fuel emissions, the significant expansion of global LNG
trade over the next five years means that it is attracting considerable attention. There have been a
number of mostly industry-led initiatives.

7.1 Statement of Gas Emissions (SGE)

In November 2021, a framework for MRV of emissions from LNG was published by the (SGE)
partners.1?? This was based on a 2020 tender for up to 2 Mt of LNG with a defined GHG content, issued
by Pavilion Energy. Three contracts were signed with Qatar Petroleum Trading, Chevron and BP. These
contracts are long-term sale and purchase agreements which do not require either seller or buyer to
offset all the emissions. The parties created an MRV methodology to ‘create a consistent, verified SGE
for each delivered LNG cargo’, from production to the delivery point at the import terminal. The

113 For a review of supply chains and emissions data from the 10 largest LNG exporters see Section 8.

114 The text of the Roadmap can be found at Appendix 11.

115 Olczak (2025) has more information on MAPR..

116 Particularly as Egypt's immediate future looks likely to be as a gas and LNG importer rather than exporter.

17 US Department of State (2024).

118 US Department of State (2023). Berkeley Law (2023) has details of China’s Methane Action Plan.

19 Olczak et al (2023).

120 SGE (2021, The SGE framework is specific to contracts signed by the Singaporean company Pavilion, for more details see
Stern (2022), pp.32-3.
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methodology covers all operational emissions associated with these life cycle stages, quantified and
reported per cargo both as total GHG emissions in CO2 equivalent and methane intensity per energy
content delivered.

At a minimum, emissions of carbon dioxide, methane, and nitrous oxide must be included. The
methodology includes: reporting principles, boundaries (segments), quantification and allocation
methods, reporting and assurance. Each Statement of Emissions requires a report containing: cargo
details, GHG data (intensity and emissions breakdown) and verification details. Reporters are required
to use the highest-quality data which (for operated assets) is expected to be primary data. For SGEs to
achieve a ‘reasonable’ level of assurance, a third-party verifier must assure that emissions have been
calculated using the methodology with no material errors or omissions. In 2023, Pavilion received its
first SGE certified LNG cargo.!?! However, there are no reports of this methodology being used by
others, or that it has been updated since the original publication.??

7.2 The GIIGNL MRV and GHG-Neutral Framework!23
The GIIGNL framework was also published in November 2021.124 |t is designed to:

e Provide a common source of best practice principles in the monitoring, reporting, reduction,
offsetting, and verification of GHG emissions associated with a delivered cargo of LNG.

e Promote the commitment to, and disclosure of, verified emissions on consistent GHG
accounting criteria and definitions, facilitating the calculation of an LNG cargo’s GHG footprint
that genuinely reflects its climate impact.

e Promote a consistent approach to declarations related to emission reduction actions and carbon
offsets that are associated with an LNG cargo.

e Position emission reduction action as the primary focus of a claim of ‘neutrality’, with the use of
offsets to compensate for residual emissions that cannot be reduced.

e Promote full accounting for methane emissions as well as carbon dioxide and other applicable
GHGs.

The Framework includes a cargo statement which requires companies to provide details of: the different
segments of the life cycle (stage statements), emissions from those segments, the standards applied,
the offsets used, an emissions reduction plan and (if claimed) a GHG neutrality declaration. Reporters
will use the framework to quantify the GHG emissions associated with a delivered cargo in a “GHG
footprint” statement. Responsibilities for MRV of emissions are separated from the issue of offsets, with
the option to make a claim of “GHG Offset”, “GHG Offset with Reduction Plan” or “GHG Neutral”
Cargo.125 There are two levels of assurance which must be agreed with verifiers (certifiers):126

e limited’ - where the nature and extent of verification activities have been designed to provide a
reduced level of assurance on historical data and information.

e ‘reasonable’ - where verification activities have been designed to provide a high but not absolute
level of assurance on historical data and information;

121 pavilion (2023).

122 1n June 2024 agreement was reached for Shell to acquire Pavilion Energy. Shell (2024).

123 GIIGNL is an organisation representing companies active in the import and regasification of LNG. It has 94 members
representing the LNG import industry from around the world in the Americas, Asia, and Europe.

124 GIIGNL (2021).

125 The options are: GHG Offset, GHG Offset with Reduction Plan” and GHG Neutral Cargo. GIIGNL (2021), p.2.

126 |bid, p.38.
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In January 2023, GIIGNL announced that a cargo had used its MRV framework for the first time.12” The
use of carbon offsets to create GHG-neutral LNG is challenging given the debate about the variability
of offset quality.128

7.3 Carbon-Neutral LNG Cargoes

From 2019-2023, 76 carbon-neutral LNG trades were publicly announced, the majority of which were
purchased by Chinese and Japanese buyers.1?° These trades involved the purchase of various types of
offsets equivalent to the greenhouse gas emissions from different stages of the supply chain of the cargo
(although the details of the offsets were very often not available).3° In many cases there was a lack of
information about the country where the cargo originated, and its seller and buyer. 2021 was the high
point of this trade when 34 cargoes were reported; no trades were announced in 2024 but cargoes are
known to have been traded. In 2022, this author concluded: “Carbon-neutral LNG has become
progressively limited to a small number of trades in Asia and cannot be considered a credible or reliable
environmental standard.’

7.4 Coalition for LNG Emission Abatement Towards Net Zero (CLEAN)

In October 2023, the US, Australian, Korean and Japanese governments and the European Commission
established the Coalition for LNG Emission Abatement toward Net-zero (CLEAN), which was
announced by KOGAS (Korea Gas Corporation) and JERA (from Japan). As Figure 7 shows, the vision
is of a globally aligned methane emission assessment of LNG projects, and to incentivize methane
mitigation by LNG producers by facilitating the information collection process of methane leakage
counter-measures and reduction targets announced by LNG producers. The aim is to move towards
collection of methane emissions and emissions intensity data at the cargo, portfolio, and operator levels.

Figure 7: Coalition for LNG Emissions Abatement Towards Net Zero (CLEAN)
Value Chain for LNG
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Source: CLEAN Annual Report (2024), p.11

127 GIIGNL (2023).

128 This is discussed at length in Atkin et al (2022).

129 Sergeeva and Ward (2024), Figure 1 p.5.

130 Stern (2022a), Table 1, pp.2-3 has CO2 equivalent and vintage dates of offsets for some cargoes from November 2020-July
2022.
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The priorities of the CLEAN Initiative are:

e For major importing countries to incentivise LNG producers to minimise methane leakage.

e For JOGMEC to provide a platform for methane reduction initiatives of LNG producers and
create a globally aligned assessment of LNG producers by emission footprints.

e To share knowledge gathered from the methane reduction information collection and support
methane reduction efforts of LNG producers.13!

Within Japan, The Japan Organization for Metals and Energy Security (JOGMEC) provides support
mechanisms for LNG producers and consumers by creating an initiative that collects methane measures
and best practices, complementing the work of other existing platforms such as OGMP 2.0. Japan has
also resolved to provide support for accelerated methane measurement and mitigation by LNG
producers, especially in Asian countries, by leveraging its expertise from ongoing support on emission
assessment and reduction in gas and LNG projects.132 The CLEAN 2024 Annual Report showed that
since the initiative was launched, 22 additional (mostly Japanese) utilities) had become participants and
11 international companies and six international organisations had expressed their support for the
initiative.

The ASEAN Centre for Energy is developing a Methane Leadership Program comprising seven South
East Asian countries which includes establishing an oil and gas methane emissions baseline in 2025.133
While these initiatives are still at an early stage and would benefit from greater participation by Chinese
and South Asian companies and governments, they are extremely important because typically up to
three quarters of global LNG is traded in Asia.

8. Greenhouse gas emissions from natural gas and LNG supply chains

Table 3 shows methane emissions from oil and gas operations by category for the 10 countries which
in 2023 accounted for 90% of global LNG exports. Taking Tables 1 and 3 together shows that these 10
countries accounted for 44% of the global emissions from onshore oil production, 23% of emissions
from offshore oil production, nearly 60% of global emissions from onshore gas production and nearly
40% of offshore gas production. However, the 47% of emissions which originate from pipelines and LNG
facilities is problematic because of the different characteristics of the two delivery systems, and because
the US and Russia have long pipeline networks and account for more than 80% of the total. Given the
extensive pipeline networks in both countries, it is likely that the vast majority of their emissions are from
pipelines rather than LNG facilities. But nevertheless this data highlights that:

e a substantial proportion of global methane emissions originates from countries which are major
LNG exporters;

¢ vented and fugitive emissions from onshore and offshore upstream oil and gas operations are
estimated to be the most substantial contributors to any supply chain for domestic or export
delivery to customers.134

131 CLEAN Annual Report (2024), pp.10, 54-56.

132 Joint Statement on Accelerating Methane Mitigation from the LNG Value Chain, 20230719001-2.pdf (meti.go.jp)

133 |GU (2025), pp.28-29.

134 Emissions from exports include those from shipping and regasification discussed below, but as noted above these are not
taken into account in the EU Methane Regulation which is focused on production.
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United States
Australia
Qatar

Russia
Malaysia
Indonesia
Oman
Algeria
Nigeria
Trinidad

Global emissions
% LNG Exporters

Table 3: Methane Emissions from Oil and Gas Operations for the 10 largest global LNG
exporters by category of emissions, 2023 (KT)

Onshore Oil Offshore QOil Onshore Gas Offshore Gas Pipelines and LNG Facilities Other Oil and Gas
Fugitive  Vented Flared  Fugitive Vented Flared Fugitive  Vented Fugitive Vented Fugitive Vented All
1076 4304 401 76 303 22 1245 3107 0 51 672 1061 577
0 9 9 9 35 5 34 85 55 137 15 23 24
18 1 21 58 233 17 3 6 142 355 21 32 5
1097 4390 958 47 189 39 881 2199 31 77 385 609 105
2 9 7 51 205 34 0 0 94 235 31 49 18
72 288 45 18 74 9 43 108 69 172 43 68 45
75 300 100 0 1 0 43 108 0 0 16 25 6
285 1142 475 0 0 0 191 478 0 0 45 71 16
86 342 88 177 710 128 48 120 23 58 28 a4 22
2 7 3 4 14 4 1 2 25 63 43 68 45
TOTAL 2713 10792 2107 440 1764 258 2489 6213 439 1148 1299 2050 863
5903 23613 6250 1935 7741 1272 4243 10588 1166 2910 2762 4362 2450
46% 46% 34% 23% 23% 20% 59% 59% 38% 39% 47% 47% 35%

Source: IEA (2024b)

Aside from methodological issues (discussed in Section 3) it is important to stress that the data in Tables
1 and 3 relate to countries rather than to LNG supply chain assets. However, before considering these
supply chains in more detail, flaring of gas requires more examination.

8.1 Flaring in leading LNG exporting countries

Because of the rapid increase in LNG trade in the 2020s, emissions from LNG supply chains, in countries
where associated gas plays an important part in supply to liquefaction terminals, has begun to attract
particular attention.

Table 4 provides a four-year snapshot of progress in reducing gas flaring by the ten largest global LNG
exporters, which accounted for 90% of global LNG exports and 40% of globally flared volumes in
2023.135

Table 4: Gas flaring and flaring intensity in top 10 global LNG exporting countries, 2019, 2023

LNG Export 2023 (bcm) Flared Gas 2019 Flared Gas 2023
Flared | Intensity | Flared Intensity

United States 114.9 17.2 3.9 9.6 2.0
Australia 108.3 14 10.4 0.7 6.5
Qatar 106.4 0.9 1.9 1.2 2.4
Russia 42.7 23.2 5.9 28.4 7.7
Malaysia 36.6 2.1 9.3 15 8.2
Indonesia 21.3 2.0 7.4 1.9 8.6
Oman 15.5 2.6 7.4 1.9 4.9
Algeria 17.7 9.0 19.6 8.2 18.9
Nigeria 17.7 7.8 10.9 5.8 11.0
Trinidad+Tobago 10.5 0.2 8.6 0.1 7.3
Total top 10 LNG exporters 491.2 66.4 59.3
TOTAL WORLD 545.9 150.0 147.6
10 exporters as % of total world 90.0% 44.2 40.2

Notes: GMFR — flared gas in becm, intensity in cubic metres of gas per barrel of oil produced = annual volume of
gas flared in a country/annual volume of crude oil produced in that country
Sources: GIIGNL (2024), p.10; World Bank (2024)

1352019 was chosen in order to eliminate anomalous results which may have occurred because of the Covid pandemic. Data
are for all gas flared in these countries.
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Over the four-year period, progress towards reducing overall gross flaring has been modest with a
reduction of 7.1bcm or 11%, but this is skewed by the increase in Russian volumes over the period.13¢
Taking Russia out of the data (but including the small increase in Qatar) flared volumes from LNG
exporters fell by 12.3 bcm or 28% over the period.

But as a measure of progress in emissions reduction from gas produced for exports of LNG, the data is
more complex to analyse. The general pattern of the data is one of reductions in both volumes flared
and flaring intensity with only Russia and Qatar as exceptions in both cases, and Indonesia and Nigeria
with higher flaring intensities. Emissions from flaring — which correlate to a substantial extent with oil
(rather than gas) production — will be most relevant in relation to emissions from LNG exports for those
countries where gas associated with oil production forms a significant part of supplies to their liquefaction
plants. In Algeria, Nigeria and some plants in the US, a significant share of the gas used for LNG exports
is known to originate from oil fields, measurement and reporting of which requires allocation of emissions
between the two fuels.

For six out of the ten countries in Table 3, the Gas Exporting Countries Forum (GECF) provides
alternative flaring data from the countries themselves.3” With the exception of Qatar, the GECF flaring
data are substantially lower than the GMFR numbers. The biggest differences are for Algeria where
GECF has 2.7 bcm and 2.2 bem for 2019 and 2023 compared with GMFR at 9.0 bcm and 8.2 bcm
respectively; and Russia where GECF has 16.5 bcm and 14.0 bcm compared with GMFR at 23.2 becm
and 28.4 bem for the two years. GECF also provides data for reinjection and shrinkage of gas which for
some countries can be extremely large figures, well in excess of flared volumes.13® For example GECF
reports reinjected and shrinkage volumes in Algeria were 51 bcm and 28 bcm respectively in 2023,
equivalent to more than 42% of gross production and it seems likely that some of the additional
emissions identified as flaring in GMFR data were attributed to those functions in national data.®°

8.2 Emissions from the ten largest LNG exporters: simple and complex supply chains

In Qatar and Australia, LNG supply chains originate from a single gas field (or fields in a limited
geographical area) delivered via an easily identifiable group of transportation, processing and storage
assets to a liquefaction plant. In the US, Nigeria and Algeria it is much more difficult to identify the
source(s) of the gas and its possible route(s) to different liquefaction plants — due to the complexity of
network assets including: gathering/boosting infrastructure, transmission pipelines, processing plants
and storages. An example of a complex supply chain is shown in Figure 8. As noted above, supply chain
complexity is increased if a substantial proportion of the gas is produced in association with oil.

136 Russian flaring and intensity has risen steadily since 2019 to a peak in 2023. World Bank (2024), p.20 notes that the increase
has occurred in each of the main oil producing basins and “suggests that the issues that led to flaring were system-wide...The
increase is likely to have resulted from a prioritization of oil production without corresponding investments in the infrastructure to
recover and utilise the associated gas. It is also likely that there has been a deterioration in the condition of oil and gas facilities
caused by the limited availability of equipment, which is in part a consequence of supply chain disruptions due the ongoing
invasion of Ukraine.’

187 A comparison with the World Bank data in Table 4 for Qatar, Russia, Malaysia, Algeria, Nigeria and Trinidad and Tobago for
the same years is shown in Appendix 12.

138 Reinjection is defined as: "Volume of gas processed through non-associated gas processing plants and field activities
returned to sub-surface formation to enhance recovery rate’. Shrinkage is defined as: "Volume reduction of wet Natural Gas due
to the extraction of some of its constituents such as liquid hydrocarbon products and others’. GECF (2024), p.156.

139 |bid, Figure 4.1.2.2, p.60.
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United States

Recent attention has focussed on LNG-related emissions from the US as one of the leading global LNG
exporters. This is because it has substantial additional export capacity under construction and, more
than for any other exporter, information and data from government, regulatory, corporate, NGO and
academic sources is publicly available. US data emphasizes the point that, particularly in relation to the
gas used as feedstock for LNG exports, a single percentage figure for emissions cannot account for
variations between different supply chains.

In relation to flaring, a study of three US basins in the early 2020s demonstrated a considerable
variability of flare efficiency.'® More recent research focussing specifically on the Permian Basin, with
a high percentage of gas associated with crude oil production, showed that reductions in flaring
depended considerably on new wells in the first year of production, and availability of sufficient pipeline
capacity to take away associated gas.'4! Nevertheless, the World Bank’s GMFR Report showed
Permian Basin flared volumes and intensity increased in 2023, while in the Eagle Ford Basins and the
rest of the US, emissions and intensity increased slightly, and Bakken emissions were stable and
intensity slightly lower.42 But an additional layer of complexity is that flared volumes and intensity vary
considerably on a monthly basis. Measurements in 2023 showed around a 50% difference in volumes
and intensity with a low point in March and a peak in September.143

A study of 15 aerial campaigns over the period 2020-22 integrating one million site measurements from
regions accounting for 52% of US oil and 29% of gas production found weighted average emissions
roughly three times the national government inventory.144 As noted earlier, a survey of basins comprising
70% of US oil and gas onshore emissions, carried out from June to October of 2023 by means of aircraft
overflights, found emissions which were four times greater than the US EPA target and eight times
greater than intensity targets adopted by industry associations.4> The survey found that gas-dominant
basins with high wellsite productivity (Appalachian, Haynesville) had methane loss rates of ~1%, while

140 From 12 research flights in 2020 and 2021, Plant et al. (2022) quantified the performance of flares across three regions
Permian, Eagle Ford and Bakken using aircraft-based sampling and observed an average mean effective efficiency of 91.1%
(ranging from 94.1% in the Bakken to 86.8% in the Permian).

141 Allen et al (2024).

142 World Bank (2024) Figures 13 and 14, p.23.

143 |bid, Figure 15, p.26. This was due to power supply curtailments in a particularly hot summer

144 Sherwin et al (2024).

145 Environmental Defence Fund (2024).
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oil-dominant or mixed oil/gas basins (Permian, Eagle Ford, Bakken) had losses ~2%, and relatively
mature basins (Uinta) had rates above 7%.146 Only one study located by this author found that methane
emissions from Permian oil and gas production declined by 26% in 2023 compared with the previous
year.14’

Variability of emissions from different basins in the United States is reinforced by a 2024 measurement
study which found that US LNG exports sourced from the Permian basin delivered to the UK were 42%
more emissions-intensive than exports sourced from the Marcellus Basin. The authors note that:

“The higher value of measurement-informed emission in the Permian Basin is partly attributable
to the extensive flaring activities in that region which account for 12% of total measured methane
emissions. 48

In relation to emissions from a specific LNG project or liquefaction terminal — and particularly a specific
LNG cargo - the most important factor will be not only the basins from which a company sources its gas,
but the emission characteristics of suppliers from which it purchases. In 2022, Cheniere’s suppliers from
the Permian basin had a collective production intensity of 0.45% compared to a basin average of
1.2%.14% Cheniere and ConocoPhillips are two major US LNG exporters which are OGMP 2.0 members
and achieved Gold Standard Reporting status in 2024; approximately 30% and 95% (respectively) of
their operated assets were reported as having met Level 5 standards in 2023.150 ExxonMobil and
Chevron are also OGMP2.0 members but as of 2024 there were no details of reporting levels.

Because the US represents the most complex set of LNG supply chains, it is often claimed that it is
impossible to track gas from the wellhead to the liquefaction plant and accurately measure emissions
from a specific cargo. Since 2022, Cheniere has been providing its long-term customers with Cargo
Emissions (CE) Tags showing the estimated GHG emissions associated with each cargo produced at
its two liquefaction facilities.'5! These are calculated from the company’s supplier-specific life cycle
assessment (LCA) model and provide a value chain emissions estimate from wellhead to point of
delivery.15?

This emphasises the point that using a single emissions percentage for US LNG — or even a single
percentage for emissions from gas originating from an individual basin — will fail to reflect the complexity
of identifying, and then measuring, emissions from the gas delivered to an individual liquefaction plant.
But this only deals with the upstream component of emissions. Emissions from the rest of the supply
chain are discussed in the following section. Nevertheless it is worth repeating that more public domain
data on methane emissions from oil, gas and LNG is available for the US than any other major LNG
exporter (other than Norway!%%), and that over the past five years huge advances have been made in
the volume and accuracy of measurements. Much less information is available for other major LNG
exporters.

146 The source reports that the gas-dominant basins are more focussed on delivery of gas production to market, while the larger
losses in the oil and mixed oil/gas basins may be due to inefficient flaring on insufficient gas gathering or takeaway capacity.
The mature basin rates are thought to stem from ageing, leak-prone wells which continue to go unaddressed even as
production declines. Ibid p.6.

147 S&P Global (2024).

148 Zhu et al (2024). See below Figure 11.

149 Allen et al. (2024).

150 OGMP (2024).

151 https://www.cheniere.com/our-responsibility/climate Clarifying that there is no relation with certification company products,
the company states that: "CE Tags are not a claim of a specific “differentiated” or “certified” or “responsible” LNG product, nor
has Cheniere transacted in the commercialization of such products.’

152 Details of the attributes of this model can be found in academic publications sponsored by the company: Allen et al (2024),
Roman-White et al (2024), Zhu et al (2025), Khaliukova et al (2024).

153 Equinor, the major exporter of Norwegian gas and operator of the country’s only LNG plant reports that the methane intensity
of its operated assets (upstream and midstream) is 0.02%. Reducing methane emissions - Equinor
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Qatar

In 2023, Qatar was the third most important LNG exporter after the US and Australia and has additional
capacity under construction which will confirm its future position as the second most important exporter

after the US.

Table 5: GHG emissions from, and intensity of, Qatari LNG Facilities, 2019-23 (Mt CO2e?*)

2015 2016 2017 2018 2019 2020 2021 2022 2023
Scope 1 Emissions 22.88 22.23 22.61 22.05 21.3 21.3 21.2 22 23.2
Scope 2 Emissions 0.42 0.42 0.41 0.42 0.43 0.3 0.4 0.4 0.4
Scope 1 Sequestration from LNG facilities 0.48 0.47 0.48 0.48 0.56 0.63 0.62 0.59 0.68
Scope 1+Scope 2 minus sequestration 22.82 22.18 22.54 21.99 21.17 20.97 20.98 21.81 22.92
Greenhouse Gas Emissions Intensity ** 0.314 0.315 0.31 0.307 0.299 0.3 0.3 0.31 0.31
Methane Intensity (%)*** 0.005 0.007 0.005 0.003 0.004
Flaring **** 29,217 | 26,558 | 24,442 | 21,091 | 16,894 | 21,706 | 17,564 | 15,818 | 16,828
Flaring Intensity (%) 0.57 0.59 0.54 0.47 0.38 0.49 0.39 0.35 0.38
|LNG Exports (bcm) 105.6 107.3 103.6 104.9 105.8 106.5 106.8 110.5 108.4

*100 year time horizon GWP of 28; *MtC02e/Mt hydrocarbon production; ***different metric prior to 2019;
**+*MMSCF hydrocarbon flared/MMSCF

Source: QatarEnergy (2019), Appendix E, p.79; QatarEnergy (2024), Appendix E, pp. 113-4. Energy Institute
(2024), p.43

Table 5 shows GHG Emissions from Upstream and LNG Facilities in Qatar from 2015-23. This gives
detailed information for a range of metrics, including methane, from the LNG supply chain. The data
also have the advantage of representing virtually all of Qatari LNG exports as joint ventures operated
and non-operated by QatarEnergy are included. Qatar has a relatively simple LNG supply chain with
the majority of gas originating from a single field, through relatively short offshore and onshore pipelines
to a group of LNG plants in a limited geographical area. In addition, the fact that the energy and LNG
sector is dominated by a single company, QatarEnergy, means that it should be possible to achieve
considerable accuracy of emissions data.

While Qatar’s LNG emissions data are generally low relative to other countries and individual projects,
with some exceptions, emissions have been stable or very slightly increasing as have emission
intensities, which corresponds to the data in Table 3. The variations over this period are interesting
because LNG exports have remained relatively constant within a range of 104-111 bcm, and the peak
of exports in 2022 does not correspond with peak emissions or intensities.

QatarEnergy is a leader in carbon capture and utilisation (CCUS) from LNG facilities with 2.2Mt of
capacity already deployed (0.68Mt actually achieved in 2023) with plans to increase this to 7-9Mt by
2030 and 11Mt by 2035.%%4 More than 4Mt of CO2 will potentially be captured from Qatar’s seven LNG
north and three LNG south trains, with the latter being utilised for enhanced oil recovery.1%% Scope 1 and
2 emissions in 2023 were 9% above those of 2019-21, but similar to the 2015 figure and rising CO2
sequestration from LNG facilities has not (yet) significantly changed that trend. Flaring emissions and
intensity fell significantly from 2015-19, but then increased and have plateaued since 2021. The
company is a member of OGMP 2.0 and for the years 2021-23 was awarded Gold Standard pathway
status with 90% of its non-operated assets achieving Level 4 and all of its operated assets Level 3.156

In its Sustainability Report, QatarEnergy publishes an Independent Assurance statement and a
Greenhouse Gas Verification Statement from companies meeting 1ISO 14065 and ISO 14064

1% QatarEnergy (2024), p.48.
155 1bid.
155 OGMP (2024).
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greenhouse gas accreditation requirements. 157 The statements provide qualified support for the
QatarEnergy data but no detail as to methodologies which were used to produce it, or that these
accreditors carried out their own estimates. 158

Russia

While Russia has the highest flaring volumes but not the highest intensity (Table 4), our focus is
emissions associated with the fields serving Sakhalin LNG (operated by Gazprom) and Yamal LNG
(operated by Novatek) the two principal LNG export projects.?%® World Bank data shows 2023 flaring
from East Siberia (where Sakhalin LNG is located) at 10.1 bcm, and Yamal (where Yamal LNG is
located) at 5.5 bcm.16° By contrast flaring data from Gazprom and Novatek in 2023 showed 1.6 bcm or
3.35Mt CO2e (94.7% utilization) and 43.4Mt CO2e (98.4% utilisation) respectively.1®! These very low
figures could be explained by lack of adequate measurement data (although the published reports of
the companies are relatively detailed), an alternative explanation could be that these are gas-focused
companies as opposed to the companies producing the majority of Russian oil.162

Algeria

In 2023, Algeria had the sixth highest global flaring volume and a flaring intensity only exceeded by
Syria and Venezuela.163 Moreover Table 3 shows that volumes and intensity declined only modestly
over the period. While Sonatrach assigned itself the goal of reducing flaring to less than 1% and
eliminating routine flaring by 2030, its claim to have cut flaring by 20% during the period 2017-22 is not
reflected in World Bank data or in data submitted to the GECF.%* Nearly 80% of national flaring
reduction since 2020 has come from gas recovery operations at the country’s largest oil field, Hassi
Messaoud, with the intention of implementing similar operations in other regions.1%> The National Gas
Dispatching Centre (CNDG) is located at the country’s major gas field Hassi R’'Mel, where gas from that
field is processed. Gas from around 20 other oil and gas fields (each with their own processing facilities)
is comingled with Hassi R’'Mel gas, for onward transportation to export pipelines and liquefaction plants.
Emissions from export facilities would therefore need to be calculated from each of the fields which feed
into CNDG, and a weighted average of these emissions then combined with emissions from pipelines
between CNDG and the export facilities.

A satellite study of Algeria carried out by the Oil and Gas Climate Initiative (OGCI) during 2022-23
identified 106 detections of methane plumes in six areas.% 40% of these detections were from
incomplete combustion at burning pits, 22% were from gas lift system venting and 18% venting from
other equipment. In relation to the gaslift venting, the vast majority of the plumes occurred in the winter
season (October-January).'6” The OGCI study found that more than 80% of the detected plumes were
located within 3km of Hassi R’'Mel which suggests these can be remedied relatively easily and
cheaply.1®® This would have been a good candidate for the European Commission’s "You collect we

157 QatarEnergy (2024), Appendix F, pp. 117-121.

1% See above note 49.

159 yamal LNG (operated by Novatek) with a capacity of 17.4Mt and Sakhalin LNG (operated by Gazprom) 10.8Mt are the two
major Russian LNG export projects. There are two much smaller export projects — Portovaya LNG and Vysotsk LNG 1.5Mt and
0.9Mt respectively. Another major export project Arctic 2 LNG (operated by Novatek) started production in 2024 but deliveries
have been delayed by western sanctions. Yafimava et al. (2024), Yermakov (2024).

160 World Bank (2024), p.20.

161 Gazprom (2024) p.179 and 196. Novatek (2024) p.46 and 88.

162 Although Gazprom Neft — the oil subsidiary of Gazprom — is one of the country’s three largest oil producers.

163 World Bank (2024), Figures 1 and 2, pp.12-13.

164 Sonatrach Annual Report 2022, p.75, although the company’s 2023 Annual Report (p.56) shows a 28% reduction from 2020-
23. World Bank data show national flaring at 8.8 bcm in 2017 and 8.2 bem in 2022 — a 7% reduction — although of the flaring
from the ten largest fields accounting for 5.7 bcm of flaring in 2020, 1.3 bcm were not operated by Sonatrach. Capterio (2020),
p.3. GECF data show a 14% reduction from 2017-22. GECF (2024), Table 4.1.2.2, p.60.

165 World Bank (2024), Figures 16 and 17, p.26.

166 OGCI (2024), Figure 2, p.11.

167 1bid, Figures 2 and 6, pages 11and 17. ‘Burning pits’ are used in oil and gas fields for the combustion of waste hydrocarbons.
The causes of methane emissions could be separation inefficiency, malfunctioning of the pilot mechanism or lack of ignition.

168 |bid p.15.
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buy’ scheme.1%® Another satellite study similarly focussed on Hassi R'Mel as the main sources of
methane emissions.170 There is very little public domain data available for Algerian emissions but an
academic article acknowledges Sonatrach for providing “daily and hourly in situ flared gas volume
measurements’ for the Berkine Basin, which show that the company collects this data.1’!

Nigeria

Nigeria is another major LNG exporter which has substantial methane emissions and emissions from
flaring. The main publicly available data found by this author is shown in Tables 3 and 4 showing that
methane emissions and flaring continue to be significant problems. OGMP Factsheets show Nigeria
LNG'’s Level 3-4 methane emissions of 33.4kt in 2023.172 Flaring is a long-running and well understood
problem but more recent publications suggest a greater awareness of methane emissions through
participation in international initiatives.1"3

Flared gas volumes have continued to fall but 2023 intensity rose slightly. After the US, Nigeria may
have the most complex LNG supply chain due to the large number of oil fields from which gas is supplied
to the LNG plants and the network of pipelines and processing plants through which the gas travels.174
Nigeria LNG is a member of OGMP2.0 and was awarded Gold Standard status for both 2023 and 2024.
Around 40% of the company’s operated assets achieved Level 4 with the remainder Level 3.175

For all other LNG exporters shown in Tables 3 and 4, methane emissions in 2023 were less than 1000kt
(with the exception of Indonesia which was just above that level), and flaring less than 2 bcm.

Australia

Australia is one of the three largest global LNG exporters but Tables 3 and 4 show relatively low methane
emissions from oil and gas at 440Mt CO2e and flaring at 0.7 bcm.176 Australian government data show
emissions from gas supply at 50Mt CO2e in 2022 of which 43% were fugitive and 44% from stationery
sources.”” LNG-related emissions in 2020 totaled 36Mt CO2e of which 12Mt were fugitive, 19Mt were
from stationery energy sources and 6Mt from electricity supply.1”® These figures are projected to fall due
to the renewables target and the Safeguard Mechanism policy which mandate progress towards net
zero targets.1”® Australia’s "Safeguard Mechanism’ applies to facilities that emit more than 100,000 tons
of CO2 equivalent per year.'8° The Mechanism involves a set of baselines and targets which asset
owners are required to meet or to purchase domestic offset carbon credit units (ACCUSs). Critics claim
that emissions are substantially underestimated and that the Safeguard Mechanism has had a limited
impact (although the latest reforms will only be implemented in the current fiscal year).181

Emissions from Australia’s 10 LNG projects are variable, with east coast coal seam gas projects having
much higher upstream emissions.182 Some of the Western Australian and Northern Territory gas fields
have a high CO2 reservoir content and a major carbon capture and storage project has been built at the
Gorgon field, although this has encountered problems.182 By contrast the Scarborough LNG project due
to be commissioned in 2026, also located offshore Western Australia, has very low upstream

169 Replaced by the "Methane Abatement Partnership’ and refocused on Nigeria and Azerbaijan (see Section 6).
170 Kayrros (2024), p.6.

171 Benhalouche et al (2022).

172 OGMP (2024), p.50.

173 Abdulsamad and George-lkoli (2024), Aminu et al (2024).

174 To gain an idea of this complexity see Map 5 in Stern (2022).

175 OGMP (2024).

176 Unlike many other major LNG exporters, Australia is a relatively small oil producer (15.7Mt in 2023).

177 Department of Industry, Sciences and Resources (2024), p.21.

178 Department of Climate Change, Energy, and the Environment and Water (2023), Table 24, p.62. 2020 is the most recent
year of estimation but the same source (p.61) gives the same figure for fugitive emissions in 2023.

179 Department of Industry, Sciences and Resources (2024), pp.23-26.

180 Department of Climate Change, Energy, the Environment and Water (2024),

181 |EEFA (2024).

182 For example the Queensland Curtis project. Heath and Ong (2022), Table 10, p.31.

183 Heath and Ong (2022) p.23-24 carbon capture and storage | chevron australia — Australia.chevron.com
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emissions.184 According to the national greenhouse gas inventory, three quarters of Australia’s 2022
methane emissions came from coal production, particularly from the Bowen Basin.18 Woodside which
is a major LNG exporter is a member of OGMP 2.0.

Malaysia

The Malaysian company Petronas does not give detailed information on emissions from LNG facilities,
but reported that in 2023 methane emissions from its groupwide natural gas value chain had fallen by
58% compared to 2019 levels, and that the methane intensity of gas sold had fallen from 0.91% to
0.42% over the same period.18 The company reported 106.1 kt of Level 3 methane emissions to OGMP
in 2023 but it is not clear whether this includes LNG assets.'®” The company introduced a zero routine
venting and flaring programme which has reduced upstream GHG emissions per barrel of oil equivalent
by 43% and upstream venting by 72% from 2019-23.188 VVolumes flared reduced by only 6% from 2018-
22 but vented volumes by 55%.8% Petronas is a member of OGMP2.0 and achieved Gold Standard

reporting in 2023 and 2024; just over half of its operated assets achieved Level 4 and the rest Level
3_190

Indonesia

Similarly the Indonesian national oil and gas company Pertamina gives no detailed data for emissions
from LNG operations but shows an increase in Scope 1 emissions for both its upstream and gas
business sectors, although a slight fall in methane emissions from 2021-23.1°1 Despite a fall in routine
flaring, total flaring increased over the same period as did fugitive emissions, while there was a slight
fall in process emissions and venting.1%? Pertamina is a member of OGMP2.0 but there is no information
about reporting levels achieved.

Aside from data in Tables 3 and 4, there is little information about emissions from oil and gas operations
in both Trinidad and Tobago and Oman. The National Gas Company of Trinidad and Tobago and
Atlantic LNG are both OGMP 2.0 members with Gold Standard reporting for 2024. Around 90% of the
National Gas Company’s operated assets achieved Level 4 reporting but Atlantic LNG’s Level 3
reporting was incomplete.1% Petroleum Development Oman (PDO) and Oman LNG are both OGMP
members, PDO’s 2023 Level 4 methane emissions were estimated at 15.4kt and Oman LNG’s Level 3
emissions at 3.3Mt. Oman LNG achieved Gold Standard reporting in 2024 with the majority of its
operated assets at Level 3.194

8.3 Emissions from LNG Supply Chains: lifecycle analysis, liquefaction and shipping

The previous section focussed mainly on emissions from specific sources of production in individual
LNG exporting countries. But more layers of detail are needed to specify emissions from a specific
project — and a specific cargo from that project — especially where a country has multiple export terminals
in geographically distant locations served by different sources of gas.1%

Analysis of LNG delivered to a specific location will need to specify emissions not just from the source
of gas production but also from:

184 Heath and Ong (2022), Table 8, p.25.

185 Australia’s National Greenhouse Gas Accounts (2024); Kayrros (2024), p.10.

186 petronas (2023), p.117.

187 OGMP (2024), p.103.

188 petronas (2023), p.120.

189 Sustainability Performance Data | PETRONAS Global

19 OGMP (2024).

191 pertamina (2023), p.105.

192 |pid, p.106. Fugitive emissions fell from 2021-22, but increased significantly in 2023.
193 OGMP (2024), p 27 and 48.

194 Ibid, p.102 and 53.

1% As noted above, only the production segment is relevant in the context of the EU Methane Regulation.
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e the route from the well head to the liquefaction terminal including: pipelines (gathering and
transmission), compressors, processing plant and storages;

e the specific liquefaction plant and (if there are multiple trains) the specific train;
¢ the length of the tanker voyage which will depend on the engine characteristics of the tanker;
e unloading from the LNG tanker into the regasification terminal.

Lifecycle analysis is complex and requires comprehensive data availability and transparency. A US
National Petroleum Council study of emissions from natural gas and LNG assessed more than 2000
lifecycle studies and found that differences in system boundaries, modelled stages of the supply chain,
units of published results and other technical decisions such as global warming potential, made
comparisons of results very difficult.19

As noted earlier, the vast majority of peer-reviewed studies with detailed public domain data and
methodologies come from the US and the main focus of these studies is upstream — exploration and
production — where the majority of emissions in the supply chain prior to export take place. But there
are an increasing number of studies dealing with emissions from midstream (gas gathering and
boosting, transmission, compression, processing and storage) 1%’ and more recently liquefaction
plants.1®® These are extremely technical papers, but their common elements are:

o the complexity of such estimates — particularly the number of data points which need to be
measured which, in the case of liquefaction plants run into several thousands;

o the difficulty of reconciling source- and site-level estimates (which can be more complex than
for upstream emissions);

¢ and the fact that generally emissions from mid-stream and liquefaction assets are larger (in
many cases significantly larger) than those assumed by regulatory authorities typically using
engineering emission standards.

Detailed technical studies demonstrate the problems of measuring emissions from a supply chain and
the limitations of using a single figure for LNG emissions from countries with complex supply chains,
with assets of different vintages. The “pause’ in US government approvals for LNG projects introduced
in January 2024 (and subsequently lifted) was at least partly based on the need to reappraise the
environmental impact of these projects.199

Liguefaction

Appendix 13 shows the liquefaction plants, number of trains and start-up dates of the ten largest LNG
exporters. The efficiency and hence emissions from plants, and also individual trains, will be strongly
related to their dates of construction. All the US, and most of the Australian and Russian, plants were
built in the 2010s and 2020s, compared to countries where the majority of the trains date from earlier
decades, in some cases 20-30 years ago. Two studies carried out at the Sabine Pass and Corpus Christi
liquefaction terminals - which accounted for around half of US LNG exports in 2023 - over significant
time periods using multiscale measurements, showed substantial variations in emissions over time.2%
This shows that "snapshot’ measurements from complex facilities can produce results which are not
representative of average emissions. This may account for the substantial differences between the
emissions intensities of liquefaction plants in the US Department of Energy’s assessment of LNG
exports.20!

1% National Petroleum Council (2024a), Chapter 4, p.5.

197 Subramanian et al (2015), Vaughn et al (2017), Yu et al (2022), Brown et al (2023), Ravikumar et al (2024).

19 Zhu et al (2025), Khaliukova et al (2024).

19 Fulwood (2024). The wording of the US Department of Energy Statement was that projects: "...must use the most complete,
updated, and robust analysis possible on market, economic, national security, environmental

considerations, including current authorized exports compared to domestic supply, energy security,

greenhouse gas emissions including carbon dioxide and methane’.

200 7hu et al (2025) which was carried out over 16 months, and Khaliukova et al (2024) over 9-15 months.

201 yS Department of Energy (2024), Appendix C, Consequential Greenhouse Gas Analysis of US LNG Exports, Tables 5 and
12, pages C12 and C17.
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IMEQO’s survey of OGMP2.0 data from its member companies reports flaring from LNG liquefaction,
shipping and regasification accounted for 40% of midstream emissions in 2023, transmission systems
over 50%, and underground storage the remaining 7%.202

Shippin
Table 6: Sea Distances Between Main LNG Export locations in Australia, Qatar and the US, and
main Importing Locations in North West Europe (nautical miles)

AUSTRALIA
DAMPIER to ASIAN PORTS: DARWIN to ASIAN PORTS
Shanghai 3306 Shanghai 2765
Tokyo 3679 Tokyo 3033
Incheon 3633 Incheon 3068
Yun-An LNG 2715 Yun-An LNG 2249
Cochin 3042 Cochin 3598

GLADSTONE to ASIAN PORTS
Shanghai 4134
Tokyo 3860
Incheon 4313
Yun-An LNG 3586

Cochin 5336
UNITED STATES
SAc:Balrlm\lalf (Zﬁgzsct:c;rﬁasl)l/_{\gazce)lz;rgb\gg ES‘SS}T& SABINE PASS to EUROPEAN PORTS:
Shanghai 10081 (13854) {15098} Le Havre 4787
Tokyo 9202 (14521) {15762} Wilhelmshaven 5137
Incheon 9998 (14169) {15416} Milford Haven 4588
Yun-An LNG 10459 (13238) {14485)
Cochin 13858 (9840) {11761}
NORFOLK to ASIAN PORTS: via Panama Canal NORFOLK to EUROPEAN PORTS
(Suez Canal) {Cape of Good Hope}:
Shanghai 10391 (12526) {14466} Le Havre 3360
Tokyo 9519 (13193) {155130} Wilhelmshaven 3737
Incheon 10308 (12841) {14784} Milford Haven 3156

Yun-An LNG 10769 (11910) {13853}
Cochin 14168 (8512) {11129}

QATAR
DOHA to ASIAN PORTS: DOHA&;EIU(ES;EQNGES nggp‘Q; Suez
Shanghai 5845 Le Havre 6138 (10871)

Tokyo 6512 Wilhelmshaven 6540 (11273)
Incheon 6160 Milford Haven 6091 (10824)
Yun-An 5229
Cochin 1776

Source: https://sea-distances.org/

202 NEP (2024a), Figure 5, p.5.
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Liguefaction plants in Qatar, Malaysia, Oman, Algeria, Nigeria and Trinidad and Tobago, are located
within a relatively small geographical area. By contrast in the United States, Australia and Russia,
liquefaction plants are hundreds, and sometimes thousands, of kilometres apart.2% Similarly, the
distance between liquefaction plants in the same country and a specific market can be very different.
Table 6 shows shipping distances between liquefaction plants in the three largest global LNG exporters
— Australia, the US and Qatar - and major import locations in Europe and Asia. For Australia, distances
are shown for liquefaction plants on the west, north and east coasts; and for the US plants on the Gulf
and east coasts.

From Australian terminals, the distance to Asian markets (where more than 90% of Australian LNG is
sold) varies from 2000-4500 miles, compared with Qatar 1800-6500 miles and the US 9000-15000 miles
(depending on whether the route is via the Panama Canal, the Suez Canal or the Cape of Good Hope).
For US LNG delivered to European markets distances are 3000-5000 miles (depending on whether the
liquefaction terminal is located on the east or the Gulf coast. For Qatari LNG delivered to European
markets the distances are 6000-6500 miles via the Suez Canal but an additional 5000 miles if the route
is via the Cape of Good Hope. Australian LNG cargoes are very rarely delivered to Europe because the
distance via any possible route is in excess of 11000 miles.204

In 2023-24 the Panama Canal restricted numbers of LNG ships due to low water levels and even when
these restrictions had been lifted vessel numbers remained low.2% During the same period, LNG
shipping via the Suez Canal was severely restricted due to hostilities against shipping in the Bab al
Mandab Straits forcing them to use the Cape route.?%6 These problems had a significant impact on the
shipping distance for US LNG deliveries to Asia and Qatari deliveries to Europe (shown in Table 6).
Therefore, in terms of emissions from shipping, US LNG has an advantage delivering to Europe,
particularly if Qatari LNG has to travel via the Cape route. Australian LNG has a substantial advantage
over the US, and a significant advantage over Qatar for all Asian destinations other than India (and the
rest of South Asia) where Qatari cargoes have the shortest route.

The extra distance which a ship needs to travel raises the issue of the different emission profiles of ship
engines. There are relatively few studies of emissions from LNG shipping based on actual
measurements.?%” The most important are fugitive emissions when the LNG is being unloaded from the
ship, and ‘'methane slip’ — the percentage of methane in fuel which is emitted unburned from the engine.
Of the total LNG tanker fleet of 772 ships in 2023, nearly 90% are estimated to be powered by LNG
(dual-fuel engines) and the rest by liquid fuels.?%® In 2023, the European Commission issued a
Regulation giving default emission factors for all types of ship including four types of LNG carrier
engines.?% These factors are similar but not identical to those of the International Maritime Organisation
(IMO).219 A previous OIES publication noted potential inconsistences between EU and IMO standards
and uncertainties over which will prevail in the longer term.?!* An independent study of measured
emissions from a large LNG-powered ferry and unloading emissions from three LNG carriers
recommended that both the EU and the IMO should consider increasing the default methane slip for the
low pressure dual fuel engine from 3.1% (EU) and 3.5% (IMO) to "at least 6%’.212

203 UsS plants are located on the Gulf and east coasts. Australian plants are located on the west, north and east coasts. Russian
plants are located on the north and east coasts.

204 https://sea-distances.org/

205 Financial Times (2024).

206 Sharples (2024),

207 Balcombe et al (2022) is the first academic study of which this author is aware.

208 GJIGNL (2024), p.26. DNV (2024), pp.19-20. In 2024, an additional 339 LNG-fuelled LNG carriers were on order.

209 Eyropean Commission (2023), Annex 1. The emissions factors (% of the mass of the fuel used by the emissions source) for
each engine are: LNG Otto dual fuel medium speed (3.1), LNG Otto dual fuel slow speed (1.7), LNG diesel dual fuel slow speed
(0.2), Lean burn spark ignited (2.6).

210 IMO (2023). p.51. This source includes an additional engine type: Steam turbines and boilers (0.01).

211 QOlczak and Piebalgs (2023).

212 |CCT (2024), p.v.
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From 2024, EU regulations required GHG emissions from shipping to be measured and reported under
the EU emissions trading scheme (ETS). Thus emissions charges for shipping of all fossil fuels will be
measured and paid for separately from the Methane Regulation.2!3

8.4 Estimates of greenhouse gas emissions from LNG supply chains from specific
exporting countries to specific markets

Results from a literature review of greenhouse gas intensity of European LNG imports, which includes
assessments of six of the ten largest global LNG exporters, are shown in Figure 9.

Figure 9: Greenhouse Gas Intensity of LNG Exporters to Europe
Well-to-Tank carbon intensity (gCO,e/MJ, AR5, GWP,y)
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collected, + = mean values, horizontal line = median values, o0 = maximum recorded values
Source: Carr et al (2024), Figure 3 and Table 8, p. 22

Despite some of the literature having been published several years ago, Figure 9 makes points which
are relevant to all observations of LNG emissions:

e There is substantial variation in the results from different studies, particularly for Algeria, Russia
and the US.

e Absolute data are very dependent on which GWP time horizons and which IPCC Assessment
Report (ARs) values are used. The study gives data for GWP 20-year and GWP 100-year time
horizons and values from AR4, 5 and 6 (see Metrics Section 3).

e Considerably more studies use AR5 metrics than AR4 or AR6, and many more use GWP100
than GWP20. For six of the ten largest LNG exporters there were 98 observations for AR5
GWP100 but only 26 for GWP20. There are also significant variations in literature on individual
countries, with 47 studies of US emissions using AR5/GWP100, compared with 5/6 for Nigeria
and Trinidad.2

This illustrates the uncertainty factors which are involved in any estimate of emissions and the possibility
of substantial differences between estimates depending on when and how the studies were carried out.

213 For a detailed discussion of EU emissions from shipping see Olczak and Piebalgs (2023).
214 |bid, Table 6.11, pp. 20-24.
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Figure 10: GHG Emissions Intensity of Selected LNG Exporters
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Notes: Shown as the emissions under normal operating conditions. Measured for LNG loaded onto vessels.
Includes operational and under construction projects.

Source: Department of Industry, Science and Resources (2024), Figure 2.6, p.27. Data from Wood Mackenzie
LNG Emissions Benchmarking (data tool), December 10, 2023.

A limited number of public domain estimates are available for greenhouse gas emissions from LNG
exports from different countries, both in general and delivered to specific locations. Unfortunately these
are mostly not comparable because of different units and different stages of the supply chain but it is
possible to compare Figure 10 and Table 7.215

Table 7: Global Warming Potential for LNG Delivered to Germany (GWP100)

GWP 100 [gCO2e/MJ] according to IPCC 2013 GWP 100
[gCO2e/M)] ac-
cording to IPCC
2021
Production | Pipeline | Liquefac- | Ship Regasifi- Total Total
and proces- | transport | tion transport | cation
sing
Algeria 19.2 1.0 6.3 0.8 0.1 27.5 27.3
Qatar 6.9 0.2 8.0 2.6 0.1 17.7 17.7
Malaysia 8.2 0.9 7.6 3.7 0.1 20.6 20.5
Nigeria 11.2 0.4 7.2 1.9 0.1 20.8 20.7
Indonesia 7.7 0.1 7.3 3.5 0.1 18.8 18.7
USA 12.4 0.9 7.2 2.1 0.1 22.7 22.6

Source: Munter and Leibich, (2023), Table 13, p.27

215 Figure 10 data are only for the production to liquefaction segment, so that for comparison ship transport and regasification
have to be subtracted from Table 7.
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For countries common to both sets of data, Table 7 data are 20-40% higher than Figure 10, with Qatari
emissions nearly twice the Figure 10 estimate. Table 7 also shows Algerian emissions by far the highest
due to production and processing figures far above all other countries, possibly due to the country’s
flaring intensity shown in Table 4. In all cases other than the US, Figure 10 data have a much higher
share of emissions from liquefaction than Table 7 which corresponds well to data from Rystad Energy
(although the two sources have very few countries in common).216 Of the 10 largest LNG exporters the
only country for which these sources provided no estimate is Oman. which corresponds to the
observation above of a complete lack of official data.

Figures 10 and 11 make different points about emissions from US LNG exports which are particularly
important given the country is, and will increasingly be, the largest global exporter. Figure 11 shows
measurement-informed GHG emissions intensity from two US basins — Permian and Marcellus —
exported to the UK and China from a liquefaction terminal in Louisiana, showing upstream and
processing emissions from the Permian Basin around 50% higher than the Marcellus. 217 This
emphasises the problem of studies (such as those in Table 7) which only provide a single figure for US
emissions from production to liquefaction. A smaller but still significant disparity is the difference in
shipping emissions which are twice as large for China compared with the UK.

Figure 11: Lifecycle Assessment of GHG Emission Intensity of US LNG Exported to the UK and
China (CN) Studies (100 year GWP)
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Source: Zhu et al (2024), Figure 2

Figure 12 shows emissions from US LNG exported to a much larger range of countries but specific to
the supply chains leading to Sabine Pass and Corpus Christi liquefaction terminals in 2022 using “gas
pathing’ methodology to achieve enhanced life cycle analysis.?'® A feature of this data is the very large
upstream addition caused by the measurement of emissions. By comparison, measurement
adjustments for liqguefaction and shipping are minimal. The differences in intensity for different countries
are mostly what would be expected with Asian markets greater than Europe (reflecting the differences
in Figure 11 between China and the UK). But aside from East Asian destinations, intensity is surprisingly
uniform for much of Europe, south and south East Asia and Latin America (with Brazil [high] and
Columbia [low] as outliers).

216 NSTA (2023), all data sourced from Rystad Energy’s Gas and LNG trade emissions analysis dashboard (July 2023).
217 Zhu et al (2024) takes data from a range of studies from 2017-22.
218 See Roman-White et al (2024) for an explanation of the methodology and how it differs from previous estimation estimates.

43

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.



Figure 12: Greenhouse Gas Intensity of US LNG Exports from Sabine Pass and Corpus Christi
Liguefaction Terminals to Selected Countries, 2022
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Source: Roman-White et al (2024), Figure 5. Page G

This section has underlined the need for granular detail for estimates of emissions attributed to supply
chains. The most important of these are clarity on measurement versus estimation of emissions for each
part of the supply chain, and the date and frequency of measurements. This is particularly important for
exporting countries where different liquefaction terminals can be supplied from a range of different
production locations, through complex supply chains. For estimates of emissions from LNG cargos
delivered to different markets, shipping distances and details of the type of ship delivering a cargo are
also very important. To summarise, without such granular detail generalisations of greenhouse gas
emissions of LNG exports from a specific country are at best misleading. The problem for researchers
is how to obtain such detail, which will require the asset-holders to provide it voluntarily or be required
to do so by regulators, and be subject to verification by accredited experts.

What these studies show is that comparisons of deliveries from different LNG suppliers to different
markets need accurate measurement and reporting of emissions from individual supply chain stages:

For production through liquefaction (i.e. before the LNG is shipped) comparisons need to take

[ ]
into account the complexity of supply chains and liquefaction plants in widely different locations.
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e For production through shipping (i.e. landed LNG prior to regasification) comparisons are
additionally required for shipping distances and the emission characteristics of individual ships.

e For full supply chain comparisons including end-use in the importing country, emissions from
the fuel or energy source which the importer is currently using which LNG would replace (or
would use in the absence of LNG) need to be calculated and compared with LNG. In the widely
cited case of LNG replacing coal in Asia, full LNG supply chain emissions need to be compared
with full coal (domestic or imported) supply chain emissions including methane emissions from
the coal supply chain. In addition, assumptions that LNG will always be replacing coal in power
generation may not be correct as in many Asian countries, industrial and transport sectors may
be more likely end users.

For comparisons between projects, an important additional factor which needs to be taken into account
is the age and efficiency of assets in the supply chain.

9. Transparency and Confidentiality

One of the major problems arising from any study of methane emissions, and any attempt to verify data
or methodology, is a lack of transparency. The most usual cause, or reason given, for this absence of
transparency is confidentiality. Natural gas and LNG contracts tend to include “blanket’ confidentiality
clauses as standard, an example of which is:

"Each party shall treat and keep all terms and conditions of this Agreement, any information
disclosed to it by the other Party...(collectively referred to herein as “Confidential
Information”)...and shall not transmit, reveal, disclose or otherwise communicate Confidential
Information in whole or in part to any Third party..’.?19

9.1 The EU Methane Regulation

Transparency requirements are stated in Article 1 of the EU Methane Regulation on subject matter and
Scope. Section 6 already laid out the provisions for establishing a Methane Transparency Database and
the publication of Methane Performance Profiles (Articles 30 and 31). However, three articles of the
Regulation refer specifically to confidentiality provisions.

Use and sharing of information: “in performing their tasks..the Commission, the Competent Authorities
and Verifiers shall consider the information made publicly available by the IMEO or OGMP 2.0..in
particular information on.. d) publication of aggregated reported data by core source and by level of
reporting, classified by, where available, operated and non-operated assets, in compliance with
competition and confidentiality requirements’.22°

Monitoring, reporting and verification measures: "The competent authorities of the Member States shall
protect the confidentiality of the information received from importers under this Article, in accordance
with Union law..[and] shall provide that information to the Commission which shall protect the
confidentiality of such information, in accordance with Union law.’??! The same wording applied to
methane intensity.???

Subsequent to the publication of the Regulation, the Commission replied to the question: "What
information will be published? How will commercial confidentiality be maintained?’ as follows:

"A key objective of the EU Regulation is to achieve much higher levels of transparency and
disclosure on the reporting and abatement of methane emissions than currently exists globally. It
is considered that all the information and data which the Regulation imposes on operators and
importers is of interest to the wider public and should therefore be publicly available and free of

219 Qatar Liquefied Gas Company Ltd and Pakistan State Oil Company (2016), Clause 25.1, p.60.
220 Eyropean Commission (2024), Article 10(1d).

221 bid, Article 28(4).

222 |bid, Article 29(3).
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charge. Should such information not be delivered, there is the risk that the obligated parties will
be considered to not have complied with the Regulation, and may face the consequence of non-
compliance. The industry should consider the possible reputational risk as such non-compliance
will be reflected in the country/company Methane Performance Profiles that the Regulation tasks
the Commission to adopt and make publicly available.?23

If disclosure of MRV of emissions is required by regulators and therefore included in contracts, these
would need to be specifically excluded from confidentiality requirements, which is straightforward as
long as both parties agree but may be contrary to corporate confidentiality commitments.

9.2 United Nations and corporate initiatives

OGMP 2.0 contains strict confidentiality provisions:

1. ‘Allinformation and data supplied by member companies to UNEP in connection with the “OGMP
2.0 Framework” shall be kept confidential and not disclosed to third parties subject to points 2
and 3 below.

2. UNEP may publish or disclose information consolidated in accordance with Section 4.6,
provided that member companies will have a reasonable opportunity to review and raise
comments prior to the publication on the information intended for publication.

"UNEP may disclose information or data received by member companies to a legal entity with
which it is under common control; as well as with a third party for the sole purpose of consolidating
and or analysing such information or data, on conclusion of an undertaking of confidentiality from
such third party at least as strict as the provisions of this Section. 224

The reporting framework of the Oil and Gas Climate Initiative (OGCI) confirms that its members collect
this data individually and have it verified but only publish it in an aggregated form.225

*Since 2016, OGCI has been working.. [with] an independent 3 party, to collect and check data
consistency, and guarantee the confidentiality of member companies’ data. In 2019, we
developed...information about the level of third-party assurance that member companies apply
individually into OGCI data reporting..Our process confirms that OGCI data, as well as information
about third-party data assurance are consolidated, reviewed and challenged in order to increase
the reliability of the aggregate data we publish.’

Following this template, OGCI emissions data is reported as an aggregate of 12 companies, defeating
one of the aims of the EU Methane Regulation which is to allow buyers to base purchases on the
emissions profile of individual suppliers.22¢

The aims of the Qil and Gas Decarbonisation Charter (OGDC) were discussed in Section 5 but its aims
in relation to MRV are also very important:227

"Make public their 2030 target for Scope 1 and 2 emissions by 2025, and update that target by
2028. Aim to implement current best practices by 2030 to reduce global average emissions
intensity of the oil and gas industry. Facilitate cooperation and transparency across the sector
and commit to publish emissions performance annually through the OGDC platform. Measure,
monitor, publicly report and independently verify GHG emissions and progress in reducing
emissions, and to support continuous improvement in data quality, in accordance with
internationally-recognized frameworks.’

223 European Commission (2024c), Answer A12.

224 OGMP 2.0 (2020), p.18.

225 OGCI (2024), para 3.1.

226 OGCI applied the same principle to its satellite monitoring work with external companies stressing that: “Trust and
confidentiality is critical for effective collaboration’, and "The confidentiality provided throughout the campaign helped to
establish a collaborative and dynamic environment’. OGCI (2024), p.6 and 22.

227 OGDC (2023). Continuous Improvement and Interim Ambitions, Transparency, Measuring and Reporting Progress.
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It is important to stress that these are aims and ambitions and that the commitment to publish emissions
performance is qualified by being “subject to applicable laws of respective operations and jurisdictions’.
Nevertheless these go significantly further than similar commitments from other initiatives, and are
subject to monitoring once the 2030 targets have been announced.

In 2024, OGDC launched a baseline survey - “a self-reported data collection process among
signatories’. This survey "and its iterations in the years to come will be the primary source of data for
OGDC as it monitors the progress of signatories toward Charter goals’.?2?228 OGDC’s 2024 Baseline
Survey suggests significant problems in achieving these aims. Somewhat surprisingly, the Survey used
Rystad Energy estimates of production levels and GHG emissions, rather than data from Charter
signatories themselves. The Survey noted that:

‘Rystad Energy leverages its proprietary methodology to provide the above estimates ...there is
some unavoidable uncertainty around upstream GHG emissions — particularly regarding
methane. As a result, its numbers should be considered ballpark figures only. Rystad Energy’s
estimates are based on a different methodology and dataset to those used by many companies.
Neither the OGDC not its signatories are in a position to validate or confirm Rystad’s data or
estimates’.?2°

These comments are not confidence-inspiring in relation to either transparency or quality of data and
raise the question of whether OGDC members will be required to submit corporate data for future
surveys.

The OGDC Baseline Survey posed a series of questions to signatories in relation to its major aims. In
relation to its near-zero upstream methane emissions ambition, around one third of responses were
partially or fully consistent with the text of the Charter and partially or fully substantiated with public
information; the figure for eliminating routine flaring was slightly higher at 41%. This means that between
41% and two thirds of responses to these questions were either not supported by public information or
not consistent with the Charter text.230

Certifying companies (see Section 3 and Appendix 2) provide little or no transparency of their operations
with public disclosure ranging between ‘none’, ‘list of participants only’ and ’list of consenting
participants’.23!

The lack of public domain data and insistence on confidentiality of emissions data, leads to questions
as to why this data should be considered confidential. This author has received the following
explanations from several LNG suppliers:

e Company policy is not to make this data public.
e Our contracts do not allow us to disclose this data.
¢ We would be willing to make our data public but our (joint venture) partners will not agree.

e If we make emissions from specific assets public, competitors will be able to estimate our
production levels or other commercially sensitive data.

In relation to any usual definition of commercial confidentiality - which is information that would impact
the commercial or financial position of a company - none of these explanations is convincing. Critics
therefore assume that the real explanation for lack of transparency is potential embarrassment for
companies with very high levels of emissions. Public confidence is not helped by mainstream business
reporting which suggests that oil and gas companies ‘regularly hide leakages of methane’. 232
Unwillingness of companies to make asset level and supply chain emissions data and methodologies
publicly available, contributes both to cynicism of their motives and assumptions of much higher

228 OGDC (2024), p.06.

229 OGDC (2024), p.16.

20 |bid, pp.30-31.

21 Highwood Emissions Management (2023), pp.35-36.
232 Financial Times (2024a).
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estimates by NGOs and academics which media and civil society tend to regard as credible. There is
little attempt by the industry to engage with published studies showing very high emissions from gas
and LNG exports, presumably because of a reluctance to reveal any of its own data.?33

Perhaps surprisingly, public disclosure of emissions has not thus far proved to be a major issue in US
gas and LNG supply chains. Section 15.10 of the North American Energy Standards Board (NAESB)
Base Contract for the Sale and Purchase of Natural Gas does not specifically mention environmental
data in relation to what parties may disclose.?3* No cases have been recorded involving confidentiality
of emissions data and should these arise they would need to be argued in court by the parties.

Transparency of emissions will be key to what is often referred to as "gas advocacy’. A leading gas
consultancy making the case for natural gas’s role as a transitional energy source, concludes that:

"The industry must do more to convince stakeholders of the benefits of gas through clear,
consistent and coordinated advocacy and messaging. Policymakers, lenders, consumers and the
wider population must all be persuaded of gas’s environmental credentials, reliability and flexibility
as a transition fuel’.?%>

Without transparency of MRV data at both corporate and supply chain level, any such advocacy and
messaging are likely to fail.

10. Summary and Conclusions:

There is general agreement that reducing methane emissions from the oil and gas sector is one of the
easiest and lowest cost measures which can have a significant impact on global warming prior to 2050.
Since 2022, there have been many announcements and documents signed both by governments and
oil and gas companies targeting methane emissions reduction both in general and specifically in the oil
and gas sector. Available data suggests that in the 2020s emissions have continued to increase globally
and from the oil and gas sector, but at a slower pace. Detailed analysis is difficult due to lack of granular
national and sectoral data. Global methane emissions from the energy sector, having fallen in 2020 (due
to the Covid-19 pandemic), increased slowly in the 2020s back to the peak level of 2019. At the same
time, significant progress has been made in creating systems for more accurate measurement, reporting
and verification of methane emissions.

Initiatives and Commitments

The Global Methane Pledge signed in 2021, covering emissions from agriculture and waste as well as
energy, has grown to 160 signatories. But despite being strongly endorsed by successive G7 meetings,
there is no way to judge either the overall progress of the Pledge towards its collective goal of reducing
emissions by 30% from 2020 levels by 2030, or the progress of individual countries. Industry initiatives
such as the Oil and Gas Climate Initiative (OGCI) have reported substantial reductions of emissions
from a group of 12 companies which have achieved their commitments (aggregate upstream operated
methane intensity target of well below 0.2% reached in 2021, four years ahead of the 2025 deadline),
but with no granularity of either individual company results or how these were reached. The Oil and Gas
Decarbonisation Charter (OGDC) launched a baseline survey of emissions which will inform its targets
for 2030, but not using data provided by its member companies.

The Oil and Gas Methane Partnership (OGMP) 2.0, a voluntary methane measurement and reporting
framework, has 140 corporate members in 70 countries, but with 80% of the membership concentrated
in Europe and North America. The International Methane Emissions Observatory (IMEO) collects and
publishes OGMP data as well as the reporting levels reached by its members. Significant progress has
been made in that 46% of companies achieved Level 5 (Gold Standard) reporting in 2024 but the actual
volume of emissions at that level remains small.

233 An exception is Al-Attiyah Foundation (2025) which challenges the assumptions in Howarth (2024) in relation to emissions
from coal and US LNG.

234 £5012102w4.PDF

25 Wood Mackenzie (2025), p.9.
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No additional inter-governmental or multinational corporate initiatives seem necessary but three major
problems are that:

e Signatories to these initiatives have not sufficiently documented their progress towards the
targets contained therein, so that it is difficult to judge the credibility of their commitments.

e None of these initiatives meets the needs of all stakeholders: governments, regulators,
investors, energy companies and customers.

e Signatories to corporate measurement initiatives are dominated by European and North
American companies, probably because of their complexity and a lack of available technology
elsewhere. Geopolitical considerations may account for the absence of China, Russia and India
from government initiatives, and very few of their companies are signatories to corporate
initiatives.

Requlation and Legislation

US and EU regulation and legislation in the process of being implemented, require companies to switch
reporting of emissions from engineering estimates or default factors to actual measurements. EU
regulation also requires third party verification by accredited companies. The Biden Administration’s
Inflation Reduction Act introduced methane fees charged on emissions which exceed defined limits, but
with the arrival of the Trump Administration these have been rescinded. It remains to be seen how much
of the Biden Administration’s methane reduction programme and engagement in international initiatives
will survive, although its removal is procedurally complex and may take time.

The EU Methane Regulation which entered into force in 2024 can be considered both a great
achievement and a great disappointment. The achievement is that it was adopted despite many member
states being unenthusiastic; the disappointment is that it is far less ambitious than was promised in the
2020 Methane Strategy. The Regulation is restricted to emissions from the production segment which
may miss the 60-70% of emissions from other segments of long and complex supply chains. It does not
become fully operational for imports until 2030 and key metrics such as intensity and equivalence have
yet to be defined, including eligibility for country-level as opposed to producer-level equivalence. Imports
which exceed intensity thresholds will not be banned from the EU, but will be subject to penalties
determined by Competent Authorities which will require consistent interpretation across member states.
While the Regulation applies to all fossil fuels, the initial focus has been on natural gas and particularly
liquefied natural gas (LNG) possibly because of the substantial increase in European imports post-2022.

Liguefied Natural Gas (LNG): measurement, reporting and verification

LNG-related Initiatives

Attributing GHG emissions to a specific cargo of LNG is a complex process. In 2021, SGE and GIIGNL
created LNG MRV initiatives but neither has been widely adopted. Trade in “carbon neutral’ LNG cargos,
concentrated on China and Japan, peaked in 2021 and by 2024 reports of trades had virtually ceased
due to cost issues and uncertainties about both the calculation of emissions and the quality of offsets.

The Coalition for LNG Emission Abatement towards Net Zero (CLEAN) was launched in 2023 focusing
on Japan and South Korea, with a mainly Japanese utility membership. CLEAN is a voluntary capacity-
building initiative which cannot be compared with regulation or legislation, and does not (yet) include
Chinese, South or South East Asian importers. But it is very important because around three quarters
of global LNG cargos are delivered to Asian countries.

MRV technologies

Evolving regulatory frameworks have led to a substantial improvement of measurement technologies,
particularly satellites which are able to identify smaller emissions releases with increasing geographical
accuracy. Where conditions do not allow satellite observations, aircraft overflights are being used. Both
of these techniques need to be reconciled with site- and source-level measurements at ground or low
altitude level. In the US, which has the most complex LNG supply chains, studies are combining
measured data supplied by asset holders — producers, marketers, transmission, processing and storage
companies - along supply chains using “gas pathing’ algorithms which allow data gaps to be more
accurately estimated, albeit with considerably complex calculations.
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For a country such as Qatar, where gas can be traced from a specific gas field through a specific pipeline
to one liquefaction terminal (or terminals within a limited geographical area), a country-level estimate of
LNG emissions may be considered representative. But for US and Australian exports cargos can be
sourced from completely different gas fields, (or in the case of the US different oil and gas basins),
through different export terminals which may be hundreds or thousands of miles apart. For cargos
delivered to a specific market or region, the location of the export terminal determines the distance from
the source of the gas, as well as the distance from the specific market to which a cargo is delivered
(including the specifications of the ship in which it is delivered), which will significantly impact the
emissions from the total supply chain. Changes in all these parameters over time mean that data for a
specific year may not be representative and studies have revealed how supply chain emissions can
change significantly over time, requiring MRV observations on a periodic (ideally quarterly) basis. Since
2022, the US company Cheniere has included a confidential “cargo emission tag’ for each delivered
cargo, which includes a calculation of its life cycle GHG emissions, which suggests that such
calculations are possible.

Studies seeking to demonstrate whether GHG emissions can be reduced by substituting other fossil
fuels (most often coal) with LNG are required to compare emissions from a specific LNG supply chain
with emissions from the energy supply chain which it is replacing, in addition to the GWP metrics which
have been used and the date(s) of the estimates. This may not be possible unless detailed emissions
data across both supply chains is available.

Confidentiality and transparency

A great deal more information is available about emissions for US LNG than for any of the other 10
largest global LNG exporters in Table 8. For many of these countries current data is either partial or
completely absent. All of the current and future sources of methane emissions data — such as OGMP
2.0, IMEO, OGCI, the EU Methane Regulation - include confidentiality provisions which allow
stakeholders to withhold information, except from parent organisations or governments.

Similar confidentiality provisions will apply to information gathered by accredited verifiers reporting to
regulatory authorities, resulting in a serious transparency deficit. Certification companies mainly
operating in North America present similar problems of transparency. These limitations strain the
willingness of civil society to accept the accuracy and credibility of emissions data. One of the keys to
acceptance will be a credible explanation of why MRV methodologies and data should be considered
confidential.

Consequences for EU LNG Imports

By 2030, the EU Methane Regulation promises to have a significant impact on emissions from LNG
trade. This will substantially impact companies which send the greatest percentage of their LNG to EU
destinations.

Table 8: Regional Exports of 10 Largest LNG Exporters 2023 (Mt)
EU Other Europe*  Asia  Asia Pacific Latin America Middle East North America Total

United States 35.6 21 6.66 14.44 5.6 0.75 0.46 84.51
Australia 0.01 0 24.7 54.8 0.04 0 0.07 79.62
Qatar 12.98 2 37.74 21.28 0.14 4.07 0 78.21
Russia 13.07 1.2 8.64 8.23 0.06 0.07 0 31.27
Malaysia 0 0 6.87 19.74 0 0.14 0 26.75
Indonesia 0.07 0 4.36 10.91 0 0 0.25 15.59
Oman 0.59 0.06 2.03 8.45 0 0.4 0 11.53
Algeria 7.09 4.63 0.83 0.33 0.07 0.08 0 13.03
Nigeria 6.23 0.7 2.53 1.51 0.81 0.87 0.33 12.98

Trinidad 2.52 0.57 0.81 0.39 2.32 0.13 0.92 7.66
78.16 30.16 95.17 140.08 9.04 6.51 2.03 361.15

*UK and Turkey
Source: GIIGNL (2024), pp.12-13
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Table 8 shows that, in 2023, on a national basis the share of exports delivered to EU member states
was Algeria (54%), Nigeria (48%), Russia (45%), the US (42%), Trinidad (33%) and to a lesser extent
Qatar (17%). Adding in exports to the UK and Turkey raises these percentages for Atlantic Basin
exporters, especially the US where the figure rises to two thirds of its exports.

The fact that US exporters provided nearly half EU LNG imports in 2023 and 2024 demonstrates the
importance of finding a regulatory accommodation between exporter(s) and importer at a country or
company level. The Trump Administration has linked commitments to increased LNG imports to the
imposition of tariffs on EU countries, but it remains to be seen how this plays out in negotiations. It is at
least possible that the Administration will demand a relaxation of EU Methane Regulation rules which,
for security of supply reasons, the EU may feel obliged to grant. However, the full impact of the
Regulation on imports — including possible penalties for failing to meet intensity targets — will not come
into force until 2030, beyond the term of both the current US Administration and the current European
Commission and Parliament.

10.1 Progress since 2022 and the focus on LNG - the “four As’: awareness,
agreements, aims and achievements

Summarising progress on methane emissions since 2022 the evidence assembled in this paper shows
that since 2022:

e There is a much greater degree of awareness of the problem and agreements about its
importance.

e Substantial numbers of governments and oil and gas companies have signed documents and
joined initiatives with aims and targets to substantially reduce emissions, which have been
reflected in much stronger regulation in Europe and North America compared with other parts
of the world.

e But the extent to which awareness, agreements and aims have led to achievements in terms of
verified reductions of methane emissions is not clear.

To return to the propositions in the introduction to this paper, methane emissions are the potential
Achilles Heel of any claim for gas and LNG to act as a transition or bridge fuel. For this reason far more
transparency on the part of governments in relation to their Global Methane Pledge and national
commitments is urgently needed. Similar transparency from the oil and gas sector is required in the form
of statements from companies of emissions data and measurement methodology at asset level.
Because of its projected expansion in the period up to 2030, attention is currently focussed on emissions
from LNG. The LNG community therefore has the challenge to lead the way on providing publicly
available detail of measurement, reporting and verification of emissions. The entire oil and gas sector
may be judged by its ability and willingness to demonstrate and document significant progress in
meeting that challenge as part of its license to operate.

51

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.



References

Abdulsamad A and George-lkoli T. (2024), Strengthening Methane Emissions Reduction in Nigeria’s
Oil and Gas Sector, National Resource Governance Institute, July 2024. Strengthening Methane
Emissions Reduction in Nigeria’s Oil and Gas Sector | Natural Resource Governance Institute

Al-Attiyah Foundation (2025), Competition on Emissions:; Coal Vs LNG, March 2025.

Allen, D.T., Roman-White, S.A., McCormick, M. and George, F. (2024), Moving Towards Zero Routine
Flaring in the Permian Basin Oil and Gas Production Region: measuring progress and driving factors’,
ACS Sustainable Resource Management (2024). Moving toward Zero Routine Flaring in the Permian
Basin Oil and Gas Production Region: Measuring Progress and Driving Factors | ACS Sustainable
Resource Management

Alvarez RA, Zavala-Araiza D, Lyon DR, Allen DT, Barkley ZR, Brandt AR, Davis KJ, Herndon SC,
Jacob DJ, Karion A, Kort EA, Lamb BK, Lauvaux T, Maasakkers JD, Marchese AJ, Omara M, Pacala
SW, Peischl J, . Robinson AL, Shepson PB, Sweeney C, Townsend-Small A, Wofsy SC, and
Hamburg SC. Assessment of Methane Emissions from the US Oil and Gas Supply Chain, Science
361: 186-8. Assessment of methane emissions from the U.S. oil and gas supply chain | Science

Aminu M.D., Mbungu G. and Mahmoud M.l. (2024). A Sustainable Path for Methane Mitigation in
Nigeria’s Oil and Gas Sector, September 3, 2024 A Sustainable Path for Methane Mitigation in
Nigeria’s Oil and Gas Sector - Africa Policy Research Institute (APRI) (afripoli.org)

Atkin J.E.B, Hedley A and Cheung N. Greenhouse Gas Neutral LNG, an Essential Evolution, Oil, Gas
and Energy Law Intelligence, Vol 20, Issue 4. June 2022.

Australia’s National Greenhouse Accounts (2024), National inventory by economic sector | ANGA

Balcombe, P., Spiers, J.F., Brandon, N.P., and Hawkes, A. (2018), ‘Methane Emissions: choosing the
right climate metric and time horizon’, Environmental Science: Processes & Impacts, 20 (2018), 1323—
39.

Balcombe P., Heggo D.A., and Harrison M. (2022), Total Methane and CO2 Emissions from Liquefied
Natural Gas Carrier Ships: the first primary measurements. Environ. Sci. Technol. 56 9632-9640.

Benhalouche FZ, Benharrats F, Bouhlala MA, and Karoui MS. Spectral Unmixing Based Approach for
Measuring Gas Flaring from VIIRS NTL. Remote Sensing Data: Case of the Flare FIT-M8-101A-1U,
Algeria. Remote Sens 2022, 14, 2305. Remote Sens. 2022, 14(10),

2305; https://doi.org/10.3390/rs14102305

Berkeley Law (2023), China Climate Action Brief — Methane, November 2023, China’s Climate Action
Brief.pdf

Book K., Cahill, B., Danish K., Jenks C. and Stout B. (2025). Will Trump Mend or End Federal
Methane Rules? Center for Energy and Environmental Systems Analysis, University of Texas at
Austin,
https://staticl.squarespace.com/static/66f440245e8cad0f685673ec/t/6792b95bba2c704e76780b96/17
37668958638/Jan+2025+White+Paper FINAL V3.pdf

Brown, J. A.; Harrison, M. R.; Rufael, T.; Roman-White, S. A.; Ross, G. B.; George, F. C.; Zimmerle,
D. Informing Methane Emissions Inventories Using Facility Aerial Measurements at Midstream Natural
Gas Facilities. Environ. Sci. Technol. 2023, 57 (39), 14539-14547.
https://doi.org/10.1021/acs.est.3c01321 .

Capterio (2020), Eliminating flaring and accelerating the transition: a practical roadmap for Algeria. 8
November 2020. Accelerating the transition by eliminating flaring: an Algerian roadmap | Flarelntel

Carr E.W., Winebrake J.J., McCabe S. and Elling M. Well-to-Tank Carbon Intensity of European LNG
Imports, Energy and Environmental Research Associates, August 2024.
WTT CO2e LNG Imports TE v2

52

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://resourcegovernance.org/publications/strengthening-methane-emissions-reduction-nigerias-oil-and-gas-sector
https://resourcegovernance.org/publications/strengthening-methane-emissions-reduction-nigerias-oil-and-gas-sector
https://pubs.acs.org/doi/10.1021/acssusresmgt.4c00091
https://pubs.acs.org/doi/10.1021/acssusresmgt.4c00091
https://pubs.acs.org/doi/10.1021/acssusresmgt.4c00091
https://www.science.org/doi/10.1126/science.aar7204
https://afripoli.org/a-sustainable-path-for-methane-mitigation-in-nigerias-oil-and-gas-sector
https://afripoli.org/a-sustainable-path-for-methane-mitigation-in-nigerias-oil-and-gas-sector
https://greenhouseaccounts.climatechange.gov.au/
https://doi.org/10.3390/rs14102305
https://ccci.berkeley.edu/sites/default/files/China%E2%80%99s%20Climate%20Action%20Brief.pdf
https://ccci.berkeley.edu/sites/default/files/China%E2%80%99s%20Climate%20Action%20Brief.pdf
https://static1.squarespace.com/static/66f440245e8cad0f685673ec/t/6792b95bba2c704e76780b96/1737668958638/Jan+2025+White+Paper_FINAL_V3.pdf
https://static1.squarespace.com/static/66f440245e8cad0f685673ec/t/6792b95bba2c704e76780b96/1737668958638/Jan+2025+White+Paper_FINAL_V3.pdf
https://flareintel.com/insights/eliminating-flaring-and-accelerating-the-transition-a-practical-roadmap-for-algeria#:~:text=Accelerating%20the%20transition%20by%20eliminating%20flaring%3A%20an%20Algerian,Contract%20overhaul%20...%206%206%3A%20Attract%20third-party%20capital
https://static1.squarespace.com/static/65b27d4560a9af5ef9933359/t/66e1e7186623f35faedb3f38/1726080825320/WTT_CO2e_LNG_Imports_TE_v2.pdf

Cenci, S. and Biffis E. (2025). Lack of harmonisation of greenhouse gases reporting standards and the
methane emissions gap, Nature Communications (2025) 16:1537. Lack of harmonisation of

greenhouse gases reporting standards and the methane emissions gap | Nature Communications

CLEAN - Coalition for LNG Abatement Toward Net Aero, Annual Report (2024), October 2024.
300391390.pdf (jogmec.go.jp)

Department of Climate Change, Energy, and the Environment and Water (2023), "Australia’s
Emissions Projections 2023’.

Department of Climate Change, Energy, the Environment and Water (2024), Safeguard Mechanism,
May 2024. Safequard Mechanism - DCCEEW

Department of Industry, Sciences and Resources (2024), “Future Gas Strategy: Analytical Report’,
May 2024.

DNV (2024). DNV Energy Transition Outlook 2023, Maritime Forecast to 2050.

Elkind J., Blanton E., Denier Van Der Gon H. Kleinberg R.L. and Leemhuis, A. (2020). Nowhere to
Hide: the implications of satellite-based methane detection for policy, industry, and finance,
Columbia/SIPA Centre on Global Energy Policy, October 2020. Methane CGEP_Commentary v3.pdf

(columbia.edu)
Energy Institute (2024), Statistical Review of World Energy, 73" Edition.

Environmental Defence Fund (2024a), US Oil & Gas Methane Policy: an investor guide, U.S.-Oil-Gas-
Methane-Policy-Investor-Guide.pdf

Environmental Defence Fund (2024), New Data Show U.S. Oil & Gas Methane Emissions Over Four
Times Higher than EPA Estimates, Eight Times Greater than Industry Target, New Data Show U.S. Oil
& Gas Methane Emissions Over Four Times Higher than EPA Estimates, Eight Times Greater than
Industry Target | Environmental Defense Fund (EDF.orq)

EPA (2024), US Environment Protection Agency, Implementation of Oil and Natural Gas Air Pollution
Standards, https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-
operations/implementation-oil-and-natural-gas-air updated September 6, 2024.

EPA(2024a) Methane Emissions Reduction Program and GHGRP Subpart W (Petroleum and Natural
Gas Systems), Methane Emissions Reduction Program and GHGRP Subpart W (Petroleum and
Natural Gas Systems) | US EPA

EPA (2024b), Waste Emissions Charge Waste Emissions Charge | US EPA Federal Register,
January 26, 2024. 2024-00938.pdf

ERM (2023), Comparison of Natural Gas Certification Schemes: developed on behalf of the Natural
Gas Supply Collaborative, September 2023. Case Study (erm.com)

European Commission (2020), Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions on an EU
Strategy to Reduce Methane Emissions, COM(2020) 663 final. Brussels, 14.10.2020.

European Commission (2023), European Commission, Delegated Regulation: amending Regulation
(EV) 2015.757 of the European Parliament and of the Council as regards the rules for monitoring
greenhouse gas emissions and other relevant information from maritime transport. Brussels
12.10.2023, C(2023) 6278 final, Annex 1.

European Commission (2024), Regulation 24/1787 of the European Parliament and of the Council on
the reduction of methane emissions in the energy sector and amending Regulation (EU) 2019/942
(Text with EEA relevance). Official Journal of the European Union, L Series, 15/7/2024. Regulation
(EU) 2024/1787 of the European Parliament and of the Council of 13 June 2024 on the reduction of
methane emissions in the energy sector and amending Regulation (EU) 2019/942Text with EEA
relevance.

53

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://www.nature.com/articles/s41467-025-56845-3
https://www.nature.com/articles/s41467-025-56845-3
https://www.jogmec.go.jp/content/300391390.pdf
https://www.dcceew.gov.au/climate-change/emissions-reporting/national-greenhouse-energy-reporting-scheme/safeguard-mechanism#toc_0
https://www.energypolicy.columbia.edu/wp-content/uploads/2020/10/Methane_CGEP_Commentary_v3.pdf
https://www.energypolicy.columbia.edu/wp-content/uploads/2020/10/Methane_CGEP_Commentary_v3.pdf
https://business.edf.org/wp-content/blogs.dir/90/files/U.S.-Oil-Gas-Methane-Policy-Investor-Guide.pdf
https://business.edf.org/wp-content/blogs.dir/90/files/U.S.-Oil-Gas-Methane-Policy-Investor-Guide.pdf
https://www.edf.org/media/new-data-show-us-oil-gas-methane-emissions-over-four-times-higher-epa-estimates-eight-times
https://www.edf.org/media/new-data-show-us-oil-gas-methane-emissions-over-four-times-higher-epa-estimates-eight-times
https://www.edf.org/media/new-data-show-us-oil-gas-methane-emissions-over-four-times-higher-epa-estimates-eight-times
https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-operations/implementation-oil-and-natural-gas-air
https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-operations/implementation-oil-and-natural-gas-air
https://www.epa.gov/inflation-reduction-act/methane-emissions-reduction-program-and-ghgrp-subpart-w-petroleum-and
https://www.epa.gov/inflation-reduction-act/methane-emissions-reduction-program-and-ghgrp-subpart-w-petroleum-and
https://www.epa.gov/inflation-reduction-act/waste-emissions-charge
https://www.govinfo.gov/content/pkg/FR-2024-01-26/pdf/2024-00938.pdf
https://www.erm.com/contentassets/88be880d269247c789a51e20522eeb4a/comparison-of-natural-gas-certification-programs.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401787
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401787
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401787
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401787

European Commission (2024a), Questions and Answers on the EU Regulation to Reduce Methane
Emissions in the Energy Sector, Brussels 27 May, 2024. QANDA 24 2258 EN.pdf

European Commission (2024b). DIRECTIVE (EU) 2024/1788 OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL of 13 June 2024 on common rules for the internal markets for renewable gas,
natural gas and hydrogen, amending Directive (EU) 2023/1791 and repealing Directive 2009/73/EC.

European Commission (2024c), Questions and answers on importer requirements of EU Methane
Regulation (EU) 2024/1787, Answer A.16. Methane regulation import requirements Q&A final

Evans P., Newman D., Venuturumilli R., Lieskens J., Lowe J., Tao C., Chow J., Wang A., Sui L. and
Bottino G. Full-Size Experimental Measurement of Combustion and Destruction Efficiency in
Upstream Flares and Implications for Control of Methane Emissions from Oil and Gas Production.
Atmosphere 2024, 15, 333. https://www.mdpi.com/2073-4433/15/3/333

FECM (2024), Office of Fossil Energy and Carbon Management, Methane Emissions Reduction
Program — Technical and Financial Assistance | Department of Energy

Federal Register (2023), Department of Transportation, Pipeline and Hazardous Materials Safety
Administration, May 18, 2023, 2023-09918.pdf

Federal Register (2024), Waste Prevention, Production Subject to Royalties, and Resource
Conservation, Federal Register: Waste Prevention, Production Subject to Royalties, and Resource
Conservation

Financial Times (2024). Christin Murray, Oliver Telling and Shotari Tani, "Gas and grain ships shun
Panama Canal after disruption’, Financial Times, 8 August, 2024.

Financial Times (2024a), Mooney A. and Tauschinski, J. Under a Cloud, November 12, 2024, p.21.

Fulwood M. (2024). What Next for US LNG Exports? OIES: Oxford Energy Comment, January 2024.
What-next-for-US-LNG-ExportsFinal-.pdf (oxfordenergy.orq)

G7 (2023), Climate, Energy and Environment Ministers Communique, Sapporo, April 16, 2023, para 69;
G7 Hiroshima Leaders Communique, May 20, 2023, para 18.

G7 (2024), Apulia G7 Leaders Communique, p.17. Apulia-G7-Leaders-Communique.pdf; Climate,
Energy and Environment Leaders Communique, p.9 and 16. G7-Climate-Energy-Environment-
Ministerial-Communique Final.pdf

Garg S., Ege Boz D., Gilbert B. and Crompton J. A critical review of natural gas emissions certification
in the United States. Environ. Res. Lett. 18 023002, A critical review of natural gas emissions
certification in the United States - IOPscience

Gazprom (2024), Time to be together, Social Impact Report 2023.

GECF (2024), Gas Exporting Countries Forum, Annual Statistical Bulletin, 8" Edition, 2024. Annual
Statistical Bulletin | GECF

GIIGNL (2021), MRV and GHG-Neutral LNG Framework, November 2021, MRV-and-GHG-Neutral-
Framework.pdf

GIIGNL (2023), LNG Industry adopts GIIGNL’s MRV framework for the first time, January 24, 2023.
LNG industry adopts GIIGNL MRV Framework for the first time -

GIIGNL Annual Report 2024: The LNG Industry. https://giignl.org/wp-
content/uploads/2024/07/GIIGNL _2024-Annual-Report.pdf

Global Methane Pledge (2023), Highlights from 2023 Global Methane Pledge Ministerial, December 4,
2023 Highlights from 2023 Global Methane Pledge Ministerial - United States Department of State

Global Methane Pledge (2024), Homepage | Global Methane Pledge

54

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://ec.europa.eu/commission/presscorner/api/files/document/print/en/qanda_24_2258/QANDA_24_2258_EN.pdf
https://energy.ec.europa.eu/document/download/b545c5a6-03c9-4cfa-805a-0411de927ce6_en?filename=Methane%20regulation%20import%20requirements%20Q%26A.pdf
https://www.mdpi.com/2073-4433/15/3/333
https://www.energy.gov/fecm/methane-emissions-reduction-program-technical-and-financial-assistance#:~:text=Through%20the%20Methane%20Emissions%20Reduction%20Program%2C%20the%20U.S.,emissions%20from%20the%20oil%20and%20natural%20gas%20sector.
https://www.energy.gov/fecm/methane-emissions-reduction-program-technical-and-financial-assistance#:~:text=Through%20the%20Methane%20Emissions%20Reduction%20Program%2C%20the%20U.S.,emissions%20from%20the%20oil%20and%20natural%20gas%20sector.
https://www.govinfo.gov/content/pkg/FR-2023-05-18/pdf/2023-09918.pdf
https://www.federalregister.gov/documents/2024/04/10/2024-06827/waste-prevention-production-subject-to-royalties-and-resource-conservation
https://www.federalregister.gov/documents/2024/04/10/2024-06827/waste-prevention-production-subject-to-royalties-and-resource-conservation
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/02/What-next-for-US-LNG-ExportsFinal-.pdf
https://www.g7italy.it/wp-content/uploads/Apulia-G7-Leaders-Communique.pdf
https://www.g7italy.it/wp-content/uploads/G7-Climate-Energy-Environment-Ministerial-Communique_Final.pdf
https://www.g7italy.it/wp-content/uploads/G7-Climate-Energy-Environment-Ministerial-Communique_Final.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/acb4af
https://iopscience.iop.org/article/10.1088/1748-9326/acb4af
https://www.gecf.org/insights/annual-statistics-bulletin?d=2024&p=1
https://www.gecf.org/insights/annual-statistics-bulletin?d=2024&p=1
https://giignl.org/wp-content/uploads/2021/11/MRV-and-GHG-Neutral-Framework.pdf
https://giignl.org/wp-content/uploads/2021/11/MRV-and-GHG-Neutral-Framework.pdf
https://giignl.org/lng-industry-adopts-giignl-mrv-framework-for-the-first-time/
https://giignl.org/wp-content/uploads/2024/07/GIIGNL_2024-Annual-Report.pdf
https://giignl.org/wp-content/uploads/2024/07/GIIGNL_2024-Annual-Report.pdf
https://www.globalmethanepledge.org/#pledges

Handler B. and Ayaburi F. (2024) The cleaning of US natural gas; evolution of differentiated gas and
related crediting mechanisms, Resources Policy 90 (2024) 104750. The cleaning of U.S. natural gas;

evolution of differentiated gas and related crediting mechanisms - ScienceDirect

Heath C. and Ong C. (2022), Greenhouse gas emissions from the liquefied natural gas industry of
Australia, CSIRO EP2021-3519, June 2022, Table 10, p.31.

Highwood Emissions Management (2023), An Overview of Voluntary Emissions Reduction Initiatives
for the Oil and Gas Industry, Highwood Vi3 v17 CompressedSmall.pdf

House of Lords (2024), Methane: Keep up the Momentum, Environment and Climate Change
Committee, 15t Report of Session 2024-25, HL Paper 45. House of Lords - Methane: keep up the
momentum - Environment and Climate Change Committee

Howarth RW.; Santoro R. and Ingraffea A. (2011), Methane and the greenhouse-gas footprint of
natural gas from shale formations, Climate Change (2011) 106: 679-690. DOI 10.1007/s10584-011-
0061-5

Howarth RW. (2014). A bridge to nowhere: Methane emissions and the greenhouse gas footprint of
natural gas. Energy Science & Engineering. 2:47-60. doi:10.1002/ese3.35

Howarth R. (2022). Methane emissions from the production and use of natural gas. EM Magazine.
December 2022, pages 11-16.
https://www.research.howarthlab.org/documents/Howarth2022 EM Magazine methane.pdf

Howarth RW. (2024), The Greenhouse Gas Footprint of Liquefied Natural Gas (LNG) Exported from
the United States, Energy Sci. Eng. 2024;1-17, DOI: 10.1002/ese3.1934

Howarth R, Jacobson M. 2021. How green is blue hydrogen? Energy Science and Engineering.
9:1676- 1687. doi: 10.1002/ese3.956

ICCT (2024), The International Council on Clean Transportation, Fugitive and Unburned Methane
Emissions from Ships: characterising methane emissions from LNG-fuelled ships using drones,
helicopters and onboard measurements. January 2024.

IEA (2021), World Energy Outlook 2021. OECD/IEA.

IEA (2024a), Global Methane Tracker 2024, https://www.iea.org/reports/global-methane-tracker-
2024/key-findings

IEA (2024b), Methane Tracker Database, IEA, Paris. Last updated 13 March 2024. Methane Tracker —
Data Tools - IEA

IEA (2024b), Global Methane Tracker, Global Methane Tracker 2024 — Analysis - IEA
IEA (2024c), Global Methane Tracker — documentation 2024 version, last updated 19 March 2024.

IEA (2024d), Progress on data and lingering uncertainties — Global Methane Tracker 2024 — Analysis -
IEA

IEA (2024e), Turning Pledges into Progress: an accountability framework for reducing emissions from
the oil and gas industry, Turning Pledges into Progress — Analysis - IEA

IEA (2024f), Tracking pledges, targets and action, Tracking pledges, targets and action — Global
Methane Tracker 2024 — Analysis - IEA

IEEFA (2024), Institute for Energy Economics and Financial Analysis, Prioritising methane abatement
makes economic sense, December 2024. https://ieefa.org/resources/slides-prioritising-methane-
abatement-makes-economic-sense

IGU (2025), South East Asia ramping up methane mitigation efforts, Gas In Transition, March 2025.
Gas in Transition - Volume 5, Issue 1 | International Gas Union

55

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://www.sciencedirect.com/science/article/abs/pii/S030142072400117X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S030142072400117X?via%3Dihub
https://highwoodemissions.com/wp-content/uploads/2023/09/Highwood_Vi3_v17_CompressedSmall.pdf
https://publications.parliament.uk/pa/ld5901/ldselect/ldenvcl/45/4502.htm
https://publications.parliament.uk/pa/ld5901/ldselect/ldenvcl/45/4502.htm
https://www.research.howarthlab.org/documents/Howarth2022_EM_Magazine_methane.pdf
https://www.iea.org/reports/global-methane-tracker-2024/key-findings
https://www.iea.org/reports/global-methane-tracker-2024/key-findings
https://www.iea.org/data-and-statistics/data-tools/methane-tracker
https://www.iea.org/data-and-statistics/data-tools/methane-tracker
https://www.iea.org/reports/global-methane-tracker-2024
https://www.iea.org/reports/global-methane-tracker-2024/progress-on-data-and-lingering-uncertainties
https://www.iea.org/reports/global-methane-tracker-2024/progress-on-data-and-lingering-uncertainties
https://www.iea.org/reports/turning-pledges-into-progress
https://www.iea.org/reports/global-methane-tracker-2024/tracking-pledges-targets-and-action
https://www.iea.org/reports/global-methane-tracker-2024/tracking-pledges-targets-and-action
https://ieefa.org/resources/slides-prioritising-methane-abatement-makes-economic-sense
https://ieefa.org/resources/slides-prioritising-methane-abatement-makes-economic-sense
https://www.igu.org/gas-in-transition-volume-1-issue-5

IMO(2023). International Maritime Organisation, Marine Environment Protection Committee, Annex
14, Guidelines on Lifecyle Intensity of Marine Fuels, Resolution MEPC 376(80), 7 July 2023. Annex

14.pdf (imo.orq)

IPCC (2021). Forster P., Storelvmo T., Armour K., Collins W., Dufresne J-L., Frame D., Lunt D.J.,
Mauritsen T., Palmer M.D., Watanabe M., Wild M. and Zhang H. The Earth’s Energy Budget, Climate
Feedbacks and Climate Sensitivity, in Climate Change 2021: the Physical Science Basis, Contribution
of Working Group 1 to the Sixth Assessment report of the Intergovernmental Panel on Climate
Change. Chapter 7: The Earth’s Energy Budget, Climate Feedbacks and Climate Sensitivity

Jackson R.R., Saunois M., Martinez A., Canadell A.G., Yu X., Li M., Poulter B., Raymond
P.A., Regnier, P., Ciais, Davis S.J. and P K Patra (2024) Environ. Res.Lett 19 101002. Human
activities now fuel two-thirds of global methane emissions - IOPscience

Joint Statement on the US-EU Energy Council, April 4, 2023, para 18. Joint Statement on the U.S. -
EU Energy Council - United States Department of State

Kayrros (2024), The Global Methane Pledge, Thee Years On: partial progress report, September 19,
2024. The Global Methane Pledge, Three Years On: Partial Progress Report - Kayrros

Khaliukova, O.; Zhu, Y.; Daniels, W. S.; Ravikumar, A.; Ross, G. B.; Roman-White, S.; George, F.;
Hammerling, D. M. Investigating Aerial Data Pre-Analysis Schemes and Site-Level Methane Emission
Aggregation Methods at LNG Facilities | Energy | ChemRxiv | Cambridge Open Engage. August 23,
2024. https://doi.org/10.26434/chemrxiv-2024-rgppp.

Lynch J., Cain M., Pierrehumber R. and Allen M. Demonstrating GWP*: a means of reporting
warming-equivalent emissions that captures the contrasting impacts of short- and long-lived climate
pollutants. Environ. Res. Lett. 15 (2020), 044023. https://doi.org/10.1088/1748-9326/ab6d7e

Markey E.J., Merkley J.A, Whitehouse, S., Warren E., Blumenthal, R., Sanders B. and Booker, C.A.
Letter to the Honorable Lisa M. Khan (2024), Senator Markey, Colleagues Urge FTC to Crack Down
on Deceptive “Certified” Gas Claims

MMRYV Framework (2023), Public Announcement of International Working Group to Establish a
Greenhouse Gas Supply Chain Emissions Measurement, Monitoring, Reporting, and Verification
(MMRYV) Framework for Providing Comparable and Reliable Information to Natural Gas Market
Participants. MMRVFramework PublicAnnouncement 22 Nov2023.pdf

Munter D. and Leibich, A. (2023), Institute fur Energie-und Umweltforschung (IFEU) Heidelberg,
Analysis of the greenhouse gas intensities of LNG imports to Germany, Heidelberg, June 2023.

Murphy E. (2023) "New York Regulator approves a first-of-its-kind certified gas pilot program. Now
what?’, New York utility regulator approves a first-of-its-kind certified gas pilot program. Now what?

(EDF.orq)

National Petroleum Council (2024a), Charting the Course: reducing GHG emissions from the US
natural gas supply chain, April 23, 2024. chartingthecourse.npc.org/files/GHG-Chapter 4-GHG-
Life Cycle Assessment-2024-04-23.pdf

National Petroleum Council (2024b), Charting the Course: reducing GHG emissions from the US
natural gas supply chain, April 23, 2024. Charting The Course - Report Downloads

National Petroleum Council (forthcoming), Charting the Course: reducing GHG emissions from the US
natural gas supply chain, Overview of Certified Natural Gas Registries, Topic Paper.

Novatek (2024), Sustainably Growing, Sustainability Report 2023.

NSTA (2023), North Sea Transition Authority, Carbon footprint of UK natural gas imports, PowerPoint
Presentation (nstauthority.co.uk)

Oil and Gas Climate Initiative (OGCI) (2024), White Paper: Results of OGCI Satellite Monitoring
Campaign 2022-2023 over Kazakhstan, Algeria and Egypt. SMC-Results-vf.pdf

56

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/annex/MEPC%2080/Annex%2014.pdf
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/annex/MEPC%2080/Annex%2014.pdf
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter07.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ad6463
https://iopscience.iop.org/article/10.1088/1748-9326/ad6463
https://www.state.gov/joint-statement-on-the-u-s-eu-energy-council-2/
https://www.state.gov/joint-statement-on-the-u-s-eu-energy-council-2/
https://www.kayrros.com/the-global-methane-pledge-three-years-on-partial-progress-report/
https://doi.org/10.26434/chemrxiv-2024-rgppp
https://doi.org/10.1088/1748-9326/ab6d7e
https://www.markey.senate.gov/news/press-releases/senator-markey-colleagues-urge-ftc-to-crack-down-on-deceptive-certified-gas-claims
https://www.markey.senate.gov/news/press-releases/senator-markey-colleagues-urge-ftc-to-crack-down-on-deceptive-certified-gas-claims
https://www.energy.gov/sites/default/files/2023-11/MMRVFramework_PublicAnnouncement_22%20Nov2023.pdf
https://blogs.edf.org/energyexchange/2023/09/19/new-york-utility-regulator-approves-a-first-of-its-kind-certified-gas-pilot-program-now-what/?utm_source=mailchimp&utm_campaign=energyex_none_upd_dmt&utm_medium=email&utm_id=1535389929
https://blogs.edf.org/energyexchange/2023/09/19/new-york-utility-regulator-approves-a-first-of-its-kind-certified-gas-pilot-program-now-what/?utm_source=mailchimp&utm_campaign=energyex_none_upd_dmt&utm_medium=email&utm_id=1535389929
https://chartingthecourse.npc.org/files/GHG-Chapter_4-GHG-Life_Cycle_Assessment-2024-04-23.pdf
https://chartingthecourse.npc.org/files/GHG-Chapter_4-GHG-Life_Cycle_Assessment-2024-04-23.pdf
https://chartingthecourse.npc.org/
https://www.nstauthority.co.uk/media/5tib5x4n/nsta-gas-import-fact-sheet.pdf
https://www.nstauthority.co.uk/media/5tib5x4n/nsta-gas-import-fact-sheet.pdf
https://www.ogci.com/wp-content/uploads/2024/04/SMC-Results-vf.pdf

OGCI (2024a), Oil and Gas Climate Initiative, Gaining momentum: 10-year Progress Report.
241108 OGCI ProgressReport2024 FINAL.pdf

OGCI (2024b) Oil and Gas Climate Initiative, Aiming for Zero Methane Emissions Initiative, OGCI-
guidance-on-near-zero-methane-emissions.pdf Accessed March 2025.

OGDC (2023), Oil & Gas Decarbonization Charter, What are the Aims of the OGDC Signatories,
About OGDC: Our Role in COP 28 and Sustainable Initiatives

OGDC (2024), The Oil & Gas Decarbonization Charter — 2024: A Baseline for Action. The-Oil-Gas-
Decarbonization-Charter-Report-2024.pdf

OGDC (2025), Our Signatories, OGDC Signatories: Organizations Committed to Our Charter

OGMP (2020): Oil and Gas Methane Partnership — starters guide. OGMP-2.0-Starters-Guide-May-
2024.pdf (ogmpartnership.com)

OGMP (2020): Oil and Gas Methane Partnership - Mineral Methane Initiative, OGMP 2.0 Framework.
OGMP_20 Reporting_Framework.pdf

OGMP (2022): Oil and Gas Methane Partnership, Guidance Document: Reconciliation and
Uncertainty in methane emissions estimates, OGMP-2.0-UR-Guidance-document-SG-approved

(1).pdf

OGMP (2024), Oil and Gas Methane Partnership 2.0 Factsheets, OGMP-2.0-Company-Factsheets-
1.pdf
Oilchange International (2023), Certified Disaster: how Project Canary and gas certification are

misleading markets and governments, April 2023. Certified Disaster. How Project Canary & Gas
Certification Are Misleading Gas Markets & Governments - Oil Change International (priceofoil.org)

Oilchange International (2024), Certified Gaslighting: how gas certification has gained a policy foothold
even as it fails to prove it can accurately detect emissions, June 2024.
Oaaef0 6eef04f8each46cd91e0c0162c917507.pdf (certifieddisasters.com)

Olczak M. and Piebalgs A. (2023), The decarbonization of maritime transport: navigating between a
global and EU approach, OIES Energy Insight 141, November 2023. The decarbonisation of maritime
transport: navigating between a global and EU approach - Oxford Institute for Energy Studies

Olczak M., Piebalgs A. and Balcombe P. (2023), A global review of methane policies reveals that only
13% of emissions are covered with unclear effectiveness, One Earth, 6 May 2023.
https://doi.org/10.1016/j.oneear.2023.04.009

Olczak M., Piebalgs A. and Stern J. (2024), Analysing the EU Methane Regulation: what is changing,
for whom and by when? OIES Energy Insight 153, June 2024. Analysing the EU Methane Regulation:
what is changing, for whom and by when? - Oxford Institute for Energy Studies

Olczak M. (2025). EU Methane Import Requirements: Can a Regulation Change How and From
Where the EU Buys Gas? OIES Paper: ET 44, March 2025.

One Future (2024), Annual Report 2023. ONEFuture _AnnualReport2023.pdf

Pavilion (2023), Pavilion receives its First SGE Methodology Certified Cargo, 16 May 2023,
Singapore Receives its First SGE Methodology-Certified LNG Cargo | Pavilion Energy

Pertamina (2023), Ensuring Transition Energizing the Nation, 2023 Sustainability Report.
Petronas (2023), Together for Our Future, 2023 Intergrated Report.

Plant, G, Kort, E.A., Brandt, A.R.,Chen, Y., Fordice, G., Gorchov Negron, A.M., Schwietzke, S., Smith,
M. and Zavala-Araiza, D. "Inefficient and unlit natural gas flares both emit large quantities of methane’,
Science 377, 1566-1571 (2022).

Project Canary (2024), Project Canary Response to Certified Gaslighting Report, June 18, 2024.
Project Canary Response to Certified Gaslighting Report - Project Canary

57

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://3971732.fs1.hubspotusercontent-na1.net/hubfs/3971732/2024%20Progress%20Report/241108_OGCI_ProgressReport2024_FINAL.pdf
https://www.ogci.com/wp-content/uploads/2023/08/OGCI-guidance-on-near-zero-methane-emissions.pdf
https://www.ogci.com/wp-content/uploads/2023/08/OGCI-guidance-on-near-zero-methane-emissions.pdf
https://www.ogdc.org/about/
https://www.ogdc.org/wp-content/uploads/2024/11/The-Oil-Gas-Decarbonization-Charter-Report-2024.pdf
https://www.ogdc.org/wp-content/uploads/2024/11/The-Oil-Gas-Decarbonization-Charter-Report-2024.pdf
https://www.ogdc.org/signatories/
https://ogmpartnership.com/wp-content/uploads/2024/08/OGMP-2.0-Starters-Guide-May-2024.pdf
https://ogmpartnership.com/wp-content/uploads/2024/08/OGMP-2.0-Starters-Guide-May-2024.pdf
https://ogmpartnership.com/wp-content/uploads/2023/02/OGMP_20_Reporting_Framework.pdf
https://www.ogmpartnership.org/sites/default/files/2025-04/OGMP-2.0-UR-Guidance-document-SG-approved%20%281%29.pdf
https://www.ogmpartnership.org/sites/default/files/2025-04/OGMP-2.0-UR-Guidance-document-SG-approved%20%281%29.pdf
https://ogmpartnership.com/wp-content/uploads/2024/11/OGMP-2.0-Company-Factsheets-1.pdf
https://ogmpartnership.com/wp-content/uploads/2024/11/OGMP-2.0-Company-Factsheets-1.pdf
https://priceofoil.org/2023/04/17/certified-disaster-report/
https://priceofoil.org/2023/04/17/certified-disaster-report/
https://www.certifieddisasters.com/_files/ugd/0aaef0_6eef04f8eacb46cd91e0c0162c917507.pdf
https://www.oxfordenergy.org/publications/the-decarbonisation-of-maritime-transport-navigating-between-a-global-and-eu-approach/
https://www.oxfordenergy.org/publications/the-decarbonisation-of-maritime-transport-navigating-between-a-global-and-eu-approach/
https://doi.org/10.1016/j.oneear.2023.04.009
https://www.oxfordenergy.org/publications/analysing-the-eu-methane-regulation-what-is-changing-for-whom-and-by-when/
https://www.oxfordenergy.org/publications/analysing-the-eu-methane-regulation-what-is-changing-for-whom-and-by-when/
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2025/03/ET44-EU-Methane-Import-Requirements.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2025/03/ET44-EU-Methane-Import-Requirements.pdf
file:///C:/Users/ProfJonathanStern/OneDrive%20-%20Oxford%20Institute%20for%20Energy%20Studies/Documents/WINWORD2025/OIES/Methanegeneral/ONEFuture_AnnualReport2023.pdf
https://www.pavilionenergy.com/en/media/Singapore-Receives-its-First-SGE-Methodology-Certified-LNG-Cargo
https://www.projectcanary.com/blog/project-canary-response-to-certified-gaslighting-report/

QatarEnergy (2024), Your Energy Transition Partner, Sustainability Report 2023.

QatarEnergy (2019), Fueling Prosperity Through Cleaner Energy, Sustainability Report 2019.

Qatar Liquefied Gas Company Limited and Pakistan State Oil Company (2016), Long Term Sale and
Purchase Agreement, Execution Copy, 8 February 2016. gg_executed redacted version.pdf

Ravikumar, A. P.; Li, Z. H.; Yang, S. Y.; Smith, M. Developing Measurement-Informed Methane
Emissions Inventory Estimates at Midstream Compressor Stations | Energy | ChemRxiv | Cambridge
Open Engage. ChemRxiv February 2024. https://chemrxiv.org/engage/chemrxiv/article-
details/65¢c674d266¢13817294db299

Roman-White S.A., Prassana D.M., McCullagh A., Ravikumar, A.P., Allen D.T., Chivukla K., Khutal H.,
Balcombe P.,Ross G., Handler B., Bazilian M. and George F.C. (2024). Gas Pathing: Improved
Greenhouse Gas Emission Estimates of Liquefied Natural Gas Exports through Enhanced Supply
Chain Resolution.
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acssuschemeng.4c07162&ref=pdf

Rutherford JS, Sherwin ED, Ravikumar AP, Heath GA, Englander J, Cooley D, Lyon D, Omara M,
Langfitt Q, and Brandt AR. Closing the Gap: explaining persistent underestimate of oil and gas
production methane emissions. Nat Commun 12, 4715 (2021). https://doi.org/10.1038/s41467-021-
250174

S&P Global (2024). Decline in Permian Basin Methane Emissions Equalled the Annual Carbon
Emissions Avoided by Every Vehicle in the United States, December 23, 2024.
https://press.spglobal.com/2024-12-23-Decline-in-Permian-Basin-Methane-Emissions-Equaled-the-
Annual-Carbon-Emissions-Avoided-by-Every-Electric-Vehicle-in-the-United-States,-New-S-P-Global-
Commodity-Insights-Analysis-Finds

Sergeeva Z. and Ward C. Carbon Capture, Utilization and Storage (CCUS) Solutions to Decarbonize
LNG, KAPSARC Discussion Paper, June 2024.

SGE (2021) The SGE Methodology: GHG Methodology for Delivered LNG Cargoes, First Edition
2021. SGE-Methodology.pdf (pavilionenergy.com)

Sharples J. (2024) LNG Shipping Chokepoints: The Impact of Red Sea and Panama Canal Disruption,
OIES Paper: NG 188, February 2024.

Shell (2024), Shell signs agreement to acquire Pavilion Energy, Press Release 18 June 2024. Shell
signs agreement to acquire Pavilion Energy | Shell Global

Sherwin E.D., Rutherford J.S., Zhang Z., Chen y.,Wetherby E.B., Yakovlev P.V., Berman E.S.F.,
Jones B.B., Cusworth D.H., Thorpe A.K., Ayasse A.K., Duran R.M. and Brandt A.R. US oil and gas
emissions from nearly one million aerial site measurements, Nature 627, 328—-334 (2024).
https://doi.org/10.1038/s41586-024-07117-5

Shindell D, Sadavarte P, Aben I, Bredariol TdO, Dreyfus G, Hogland-Isaksson L, Poulter B, Sounois
M, Schmidt GA, Szopa S, Rentz K, ParsonsL, Qu Z, Faluvegi G and Maasakkers JD. The Methane
Imperative, Front Sci (2024) 2.1349770. https://doi.org/10.3389/fsci.2024.1349770

Sonatrach Annual Report (2022), RA 2022 EN_ Web.pdf

Stern J. (2022). Measurement, Reporting and Verification of Methane Emissions from Natural Gas and
LNG Trade: creating transparent and credible frameworks, OIES Paper ET06, January 2022.

Stern J. (2022a). Greenhouse Gas Emissions from LNG Trade: from carbon neutral to greenhouse
gas verified, OIES Energy Insight 124, September 2022.

Subramanian, R.; Williams, L. L.; Vaughn, T. L.; Zimmerle, D.; Roscioli, J. R.; Herndon, S. C.;
Yacovitch, T. I.; Floerchinger, C.; Tkacik, D. S.; Mitchell, A. L.; Sullivan, M. R.; Dallmann, T. R. and
Robinson A.L. Methane Emissions from Natural Gas Compressor Stations in the Transmission and
Storage Sector: Measurements and Comparisons with the EPA Greenhouse Gas Reporting Program
Protocol, https://DOI.org/10.1021/es5060258 Environ. Sci. Technol. 2015, 49, 3252-3261.

58

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://psopk.com/files/home/use_full_links/qg_executed_redacted_version.pdf
https://chemrxiv.org/engage/chemrxiv/article-details/65c674d266c13817294db299
https://chemrxiv.org/engage/chemrxiv/article-details/65c674d266c13817294db299
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acssuschemeng.4c07162&ref=pdf
https://doi.org/10.1038/s41467-021-25017-4
https://doi.org/10.1038/s41467-021-25017-4
https://press.spglobal.com/2024-12-23-Decline-in-Permian-Basin-Methane-Emissions-Equaled-the-Annual-Carbon-Emissions-Avoided-by-Every-Electric-Vehicle-in-the-United-States,-New-S-P-Global-Commodity-Insights-Analysis-Finds
https://press.spglobal.com/2024-12-23-Decline-in-Permian-Basin-Methane-Emissions-Equaled-the-Annual-Carbon-Emissions-Avoided-by-Every-Electric-Vehicle-in-the-United-States,-New-S-P-Global-Commodity-Insights-Analysis-Finds
https://press.spglobal.com/2024-12-23-Decline-in-Permian-Basin-Methane-Emissions-Equaled-the-Annual-Carbon-Emissions-Avoided-by-Every-Electric-Vehicle-in-the-United-States,-New-S-P-Global-Commodity-Insights-Analysis-Finds
https://www.pavilionenergy.com/sites/default/files/media/file/2021-11/SGE-Methodology.pdf
https://www.shell.com/news-and-insights/newsroom/news-and-media-releases/2024/shell-signs-agreement-to-acquire-pavilion-energy.html#:~:text=Shell%20Eastern%20Trading%20Pte.%20Ltd.%2C%20a%20subsidiary%20of,a%20global%20liquefied%20natural%20gas%20%28LNG%29%20trading%20b
https://www.shell.com/news-and-insights/newsroom/news-and-media-releases/2024/shell-signs-agreement-to-acquire-pavilion-energy.html#:~:text=Shell%20Eastern%20Trading%20Pte.%20Ltd.%2C%20a%20subsidiary%20of,a%20global%20liquefied%20natural%20gas%20%28LNG%29%20trading%20b
https://doi.org/10.1038/s41586-024-07117-5
https://doi.org/10.3389/fsci.2024.1349770
https://sonatrach.com/wp-content/uploads/2023/11/RA_2022_EN_Web.pdf
https://doi.org/10.1021/es5060258

UNEP (2021), An Eye on Methane 2021 Report.
UNEP (2022), An Eye on Methane 2022 Report.
UNEP (2023), An Eye on Methane 2023 Report.
UNEP (2024), Emissions Gap Report 2024.
https://wedocs.unep.org/20.500.11822/46404

UNEP (2024a), United Nations Environment Programme (2024), An Eye on Methane: invisible but not
unseen, https://www.unep.org/interactives/eye-on-methane-2024/

UNFCCC (2023). First Global Stocktake, Proposal by the President, Outcome of the first global
stocktake, FCCC/PA/CMA/2023/1.17, 13 December, 2023. Outcome of the first global stocktake. Draft
decision -/CMA.5. Proposal by the President | UNFCCC ; UNEP (2024).

US Department of Energy (2024), Office of Fossil Energy and Carbon Management, Energy,
Economic and Environmental Assessment of US LNG Exports, December 2024,
LNGUpdate AppendixC Dec2024.pdf

US Department of State (2023), Office of the Spokesperson, Sunnylands Statement on Enhancing
Cooperation to Address the Climate Crisis, November 14, 2023. Sunnylands Statement on Enhancing
Cooperation to Address the Climate Crisis - United States Department of State

US Department of State (2024), Office of the Spokesperson, The Sprint to Cut Climate Super
Pollutants: COP 29 Summit on Methane and Non-CO2 GHGs, November 12, 2024. The Sprint to Cut
Climate Super Pollutants: COP 29 Summit on Methane and Non-CO2 GHGs - United States
Department of State

Vaughn, T. L.; Bell, C. S.; Yacovitch, T. I.; Roscioli, J. R.; Herndon, S. C.; Conley, S.; Schwietzke, S.;
Heath, G. A.; Pétron, G.; Zimmerle, D. Comparing Facility-Level Methane Emission Rate Estimates at
Natural Gas Gathering and Boosting Stations. Elem Sci Anth 2017, 5 (0), 71.
https://doi.org/10.1525/elementa.257

Volcovici, V. US LNG exporters stick with methane measures despite EPA rollbacks, Reuters, March
20, 2025. US LNG exporters stick with methane measures despite EPA rollbacks | Reuters

Vollrath, C.; Hugenholtz, C.H. and Barchyn, C.E. Onshore methane emissions measurements from
the oil and gas industry: a scoping review, Environ. Res. Commun. 6 032001. Onshore methane
emissions measurements from the oil and gas industry: a scoping review

Williams, J.P.; Omara, M.; Himmelberger, A.; Zavala-Araiza. D.; MacKay, K.; Benmergui, J.; Sargent,
M.; Wofsy, S.C.; Hamburg, S.P. and Gautam.R. Small emission sources in aggregate
disproportionately account for a large majority of total methane emissions from the US oil and gas
sector, Atmos. Chem. Phys ACP, 25, 1513-1532, 2025 https://doi.org/10.5194/acp-25-1513-2025

Wood Mackenzie (2025), The bridge: Natural gas’s crucial role as a transitional energy source,
February 2025. https://www.woodmac.com/horizons/natural-gas-transitional-energy-source/

World Bank (2024), Global Gas Flaring and Methane Reduction Partnership, Global Gas Flaring
Tracker Report. Global Gas Flaring Data (worldbank.org)

World Bank (2025). ZRF Initiative Endorsers

Yafimava K., Ason A., Sharples J. and Stern J. (2024). EU Sanctions on Russian LNG: choices and
consequences, OIES Energy Insight 156. https://www.oxfordenergy.org/wpcms/wp-
content/uploads/2024/07/Insight-156-EU-sanctions-on-Russian-LNG.pdf

Yermakov V. Arctic LNG 2: the litmus test for sanctions against Russian LNG, OIES Energy
Comment, October 2024. Arctic-LNG-2.pdf

59

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://wedocs.unep.org/20.500.11822/46404
https://www.unep.org/interactives/eye-on-methane-2024/
https://unfccc.int/documents/636608
https://unfccc.int/documents/636608
https://www.energy.gov/sites/default/files/2024-12/LNGUpdate_AppendixC_Dec2024.pdf
https://www.state.gov/sunnylands-statement-on-enhancing-cooperation-to-address-the-climate-crisis/
https://www.state.gov/sunnylands-statement-on-enhancing-cooperation-to-address-the-climate-crisis/
https://www.state.gov/the-sprint-to-cut-climate-super-pollutants-cop-29-summit-on-methane-and-non-co2-ghgs/
https://www.state.gov/the-sprint-to-cut-climate-super-pollutants-cop-29-summit-on-methane-and-non-co2-ghgs/
https://www.state.gov/the-sprint-to-cut-climate-super-pollutants-cop-29-summit-on-methane-and-non-co2-ghgs/
https://doi.org/10.1525/elementa.257
https://www.reuters.com/authors/valerie-volcovici/
https://www.reuters.com/business/energy/us-lng-exporters-stick-with-methane-measures-despite-epa-rollbacks-2025-03-20/
https://iopscience.iop.org/article/10.1088/2515-7620/ad3129/pdf
https://iopscience.iop.org/article/10.1088/2515-7620/ad3129/pdf
https://doi.org/10.5194/acp-25-1513-2025
https://www.woodmac.com/horizons/natural-gas-transitional-energy-source/
https://www.worldbank.org/en/programs/gasflaringreduction/global-flaring-data
https://www.worldbank.org/en/programs/zero-routine-flaring-by-2030/endorsers
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/07/Insight-156-EU-sanctions-on-Russian-LNG.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/07/Insight-156-EU-sanctions-on-Russian-LNG.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/10/Arctic-LNG-2.pdf

Yu, J.; Hmiel, B.; Lyon, D. R.; Warren, J.; Cusworth, D. H.; Duren, R. M.; Chen, Y.; Murphy, E. C.;
Brandt, A. R. Methane Emissions from Natural Gas Gathering Pipelines in the Permian Basin.
Environ. Sci. Technol. Le?. 2022, 9 (11), 969-974. https://doi.org/10.1021/acs.estleD.2c00380

Zhu Y., Allen DT. and Ravikumar A.P. Geospatial life cycle analysis of greenhouse gas emissions
from UK Liquefied Natural Gas Supply Chains. ACS Sustainable Chemistry & Engineering 2024 12
(49), 17843-17854. Https://pubs.acs.org/doi/epdf/10.1021/acssuschemeng.4c07255?

Zhu, Y.; Ross, G.; Khaliukova, O., Roman-White, S.; George, F.; Hammerling, D. and Ravikumar, A.P.
Multi-Scale Measurements of Greenhouse Gas Emissions at U.S. Natural Gas Liquefaction Terminals
Environmental Science & Technology Letters 2025 12 (1), 44-50.
Https://doi:10.1021/acs.estlett.4c00713

60

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.


https://doi.org/10.1021/acs.estleD.2c00380
https://pubs.acs.org/doi/epdf/10.1021/acssuschemeng.4c07255
Https://doi:10.1021/acs.estlett.4c00713

~

—

Appendices

Appendix 1: IEA Methane Tracker Methodology

Table Al: Categories of Methane Emission Sources and Emission Intensities in the United
States

INTENSITY
HYDROCARBON | SEGMENT PRODUCTION TYPE EMII.SYSF!gNS (mass methane/
mass oil or gas)
OIL Upstream Onshore Conventional Vented 0.36%
OlIL Upstream Offshore Conventional Fugitive 0.09%
OIL Upstream Offshore Vented 0.36%
OIL Upstream Offshore Fugitive 0.09%
OIL Upstream Unconventional oil Vented 0.72%
OIL Upstream Unconventional olil Fugitive 0.18%
OIL Downstream Vented 0.004%
OIL Downstream Fugitive 0.001%
OIL Onshore Conventional | Incomplete-flare 0.06%
OlIL Offshore Incomplete-flare 0.01%
OlIL Unconventional Incomplete-flare 0.04%
NATURAL GAS Upstream Onshore Conventional Vented 0.29%
NATURAL GAS Upstream Onshore Conventional Fugitive 0.11%
NATURAL GAS Upstream Offshore Vented 0.29%
NATURAL GAS Upstream Offshore Fugitive 0.11%
NATURAL GAS Upstream Unconventional gas Vented 0.43%
NATURAL GAS Upstream Unconventional gas Fugitive 0.17%
NATURAL GAS Downstream Vented 0.15%
NATURAL GAS Downstream Fugitive 0.10%

Source: IEA (2024) Table 1, p.5-6

Table B1: Scaling Factors Applied to US Emissions Intensities for Major LNG Exporters

Oil Gas
Upstream Downstream Upstream Downstream

United States 1 1 1 1

Australia 0.8 0.5 0.6 0.5
Qatar 1.1 0.6 1 0.6
Russia 2.3 1.3 1.7 1.1
Malaysia 2.2 1.1 1.5 1.1
Indonesia 3.2 15 2.1 1.5
Oman 1.6 0.7 1 0.7
Algeria 4.7 1.4 2.1 1.4
Nigeria 3.8 1.8 2.4 1.8

Trinidad nd
Source: |IEA (2024), Table 2, p.7
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Appendix 2: Comparison of Natural Gas Certification Schemes: supply chain coverage
and grade levels

Table A2: A Comparison of Natural Gas Certification Programs: supply chain coverage,
certification process level, certification and GHG quantification

Segment Equitable Origin MiQ Project Canary
Offshore Production v

Onshore Production v v v
Gathering & Boosting v v v
Processing v v v
Transmission & Storage v v v

LNG Import/Export v

Distribution

Category Equitable Origin MiQ Project Canary
Public Standard v v v
Third-Party Assessment v v

Certification Scope (production) Site to basin level Basin or sub basin level Well to basin level

3 years, annual Annual, dynamic for

Certification Period . . Annual .

verification assessment certain elements
Category Equitable Origin MiQ Project Canary
Methane Intensity v v v

Project Canary’s Low Methane
Meth | ity Meth logy? NGSI Mi 2
ethane Intensity Methodology GSl iQ Standard Rating (LMR)

Requires Direct Measurement v
Allows Direct Measurement v v
GHG Intensity v V1

"Voluntary add-on to the certification program.

2 The Natural Gas Sustainability Initiative (NGSI) methane intensity protocol was developed to calculate intensity for each segment of the natural
gas supply chain. NGSI calculates methane intensity as methane emissions associated with natural gas divided by methane throughput. ONE
Future uses a similar calculation for methane intensity as NGSI, although the specific sources, emissions factors, and emissions allocation
approach varies for certain segments. While both the NGSI and ONE Future protocols include quantification procedures, emissions estimates from
direct measurement can be incorporated into the identical intensity equation used by both approaches. The Low Methane Rating (LMR) was
developed to capture methane intensity at the basin and site level. LMR also uses a similar calculation for methane intensity as NGSI. Methane
emissions calculations may also incorporate estimates from direct measurements, USEPA emission factors, emissions modelling, and other data
sources for a higher level of data integrity.

3 MiQ’'s methane intensity methodology is most closely aligned with the ONE Future protocol where certain emissions from sources are energy-
allocated while others are allocated to an individual product. However, the allocation methodology for each source does not exactly align with the
latest ONE Future protocol.

4Most MiQ-certified operators employ a direct measurement technology to meet their facility-scale monitoring requirements, and as such, most
operators are required to directly measure emissions and amend their methane emission inventories.

Source: ERM (2023), Tables 2,3 and 4, pages 7,8 and 11
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Table B2: Natural Gas Certification Schemes — grade levels

Equitable Origin

Grade Performance Target (PT) Level
A+ 100% PT1, 75% PT2, 50% PT3
A 98% PT1, 50% PT2, 25% PT3

A- 95% PT1, 25% PT2, 10% PT3

B+ 90% PT1

B 85% PT1

B- 80% PT1

C+ 75% PT1

C 70% PT1

Performance Indicator

Disclosure Metric

Methodology

NGSI intensity with description of methane

Meth | i P
ethane Intensity by Segment ercentage quantification methodology
EO100™ intensity with description of GHG
GHG Intensity by Segment COze/MJ
ity by Seg gLl quantification methodology
N ine flari ithin th i he full
Zero Routine Flaring Yes/No o routine flaring Wlt. in the 'flsset. during the fu
calendar year preceding certification date
Net-Zero Corporate Publicly announced corporate commitment to
. Yes/No - o
Commitment achieving net-zero emissions by 2050
Water Recycle Rate Percentage Water recycled / total water usage
Freshwater Use Intensity Percentage Freshwater usage / total water usage

Notes: gCO2e/MJ = grams of carbon dioxide equivalent per megajoule; GHG = greenhouse gas; NGSI = Natural

Gas Sustainability Institute

MIQ

Grade Methane Intensity Company Practices’ Monitoring Technology Deployment
A £0.05% 212 12

B £0.10% 28 8

Cc £0.20% 24 4

D £0.50% 0 0

E £1.00% 0 0

F £2.00% 0 0

1 Point thresholds are based on the individual segment standard
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Project Canary

Grade Score Meaning

Platinum >125 Top 10% of peers

Gold 100-125 First quartile performance

Silver 75-100 Second quartile performance

Rated <75 Dedicated to continuous improvement

Table C2: Project Canary Low Methane Intensity Rating (LMR) Criteria

Rating Methane Intensity Company Practices Scoring Requirements

LMR Minimum <0.20% Minimum Requirements 20

Qualification

LMRA £0.20% Minimum Requirements + Further 25
Differentiated Practices

LMR AA <0.10% Minimum Requirements + Further =10
Differentiated Practices

LMR AAA <0.05% Minimum Requirements + Further 215

Differentiated Practices

Source: ERM (2023), Tables 5,6,7,8 and 9. Pages 13-15
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Appendix 3: Initiatives for Reducing Methane Emissions

Name

Secretariat/Conveyor

Primary
Participants

Main objective

Numerical target

Support activities

Advancing Global

Methane Guiding Principles

Instigate and accelerate country-

Best-practice,

toward Net-
zero (CLEAN)

Jera

dialogue with producers, and by
developing and disseminating best
practices for reduction

Methane Companies e : support policy
Reduction (AGMR) (MGP) level methane emissions reductions development, MMRV
Companies strive
to reach “near
. . I Aims for companies to eliminate the | zero” methane
__ Oil and Gas Climate Initiative : . : . o
Aiming for Zero Companies | oil and gas industry’s methane emissions from
(OGCQl) - _
footprint operated oil and
gas assets by
2030
For LNG buyers and producers to
Coalition for LNG reduce methan_e emissions in the
. . LNG value chain by increasing the .
Emission Abatement | Korea Gas Corporation and : o L Best practices,
Companies visibility of emissions through

coordination
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https://methaneguidingprinciples.org/news/agmr-initiative/
https://methaneguidingprinciples.org/news/agmr-initiative/
https://methaneguidingprinciples.org/news/agmr-initiative/
https://aimingforzero.ogci.com/
https://www.jogmec.go.jp/english/news/release/news_10_00041.html
https://www.jogmec.go.jp/english/news/release/news_10_00041.html
https://www.jogmec.go.jp/english/news/release/news_10_00041.html
https://www.jogmec.go.jp/english/news/release/news_10_00041.html

Name Secretariat/Conveyor Primary Main objective Numerical target Support activities
Particinants
China National Petroleum
Corporation (CNPC), China . . 0.25% intensity of
. : : . Comprehensively improve the
China Oil and Gas Petrochemical Corporation : o natural gas
. . ) X Companies | standard of methane emissions >
Methane Alliance (Sinopec) and China National control in China production by
Offshore Oil Company 2025
(CNOOC)
A multi-donor trust fund focussed on
helping developing countries cut
carbon dioxide and methane
Global Flaring and Countries emissions generated by the oil and Financing, best
Methane Reduction World Bank (WB) and gas industry; ending routine flaring practices, project
(GFMR) Partnership companies at oil production sites across the development, policy
world; and reducing methane
emissions to the greatest extent
possible
Climate and Clean Air Coalition To take voluntary actions to Global 30% Coordination,
Global Methane (CCAC), United Nations Countries contribute to a collective effort to reduction from support policy
Pledge (GMP) Environment Programme reduce global methane emissions at | 2020 levels by development,
(UNEP) least 30% from 2020 levels by 2030 | 2030 financing
The first global satellite detection
Methane Alert and International Methane Countries anq notification system providing Satellite super-
Response System - and actionable data on very large . .
Emissions Observatory (IMEO) . - emitter detection
(MARS) companies methane emissions around the
world
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https://www.worldbank.org/en/programs/gasflaringreduction/about
https://www.worldbank.org/en/programs/gasflaringreduction/about
https://www.worldbank.org/en/programs/gasflaringreduction/about
https://www.globalmethanepledge.org/
https://www.globalmethanepledge.org/
https://www.unep.org/explore-topics/energy/what-we-do/methane/imeo-action/methane-alert-and-response-system-mars

Secretariat/Conveyor

Primary
Participants

Main objective

Numerical target

Support activities

Methane Roadmap

Climate and Clean Air Coalition

Supports the development and
implementation of transparent and

Coordination,
support policy

Action Programme (CCAC) Countries consistent national methane development, best
roadmaps practices
0.2% methane
Oil and Gas Dedicated to speeding up climate intensity of oil
Decarbonisation To be confirmed Companies action and achieving high-scale and gas
Charter (OGDC) impact across the oil and gas sector | production by
2030
Commits to providing a
: United Nations Environment comprehensive, measurement-
Oil & Gas Methane .
. Programme (UNEP), : based reporting framework for the
Partnership (OGMP ) Companies ; . . MMRV
2.0) International Methane oil and gas industry that improves
' Emissions Observatory (IMEO) the accuracy and transparency of
methane emissions reporting
Financing, feasibility
Commits governments and oil studies, project
. . World Bank (WB), Global Countries companies to voluntarily end routine . identification and
Zero Routine Flaring . . . Zero routine .
by 2030 (ZRF) Flaring and Methane Reduction | and flaring by 2030, as well as to flaring by 2030 development, policy
y Partnership (GFMR) companies annually report their flaring data and gy and regulation,

progress towards this target

monitoring, best
practices

Note: MMRV = Measurement, monitoring, reporting and verification

Source: |IEA (2024f)
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https://www.ccacoalition.org/projects/methane-roadmap-action-programme-m-rap
https://www.ccacoalition.org/projects/methane-roadmap-action-programme-m-rap
https://www.cop28.com/en/news/2023/12/Oil-Gas-Decarbonization-Charter-launched-to--accelerate-climate-action
https://www.cop28.com/en/news/2023/12/Oil-Gas-Decarbonization-Charter-launched-to--accelerate-climate-action
https://www.cop28.com/en/news/2023/12/Oil-Gas-Decarbonization-Charter-launched-to--accelerate-climate-action
https://ogmpartnership.com/
https://ogmpartnership.com/
https://ogmpartnership.com/
https://ogmpartnership.com/
https://www.worldbank.org/en/programs/zero-routine-flaring-by-2030/initiative-text
https://www.worldbank.org/en/programs/zero-routine-flaring-by-2030/initiative-text

Appendix 4: Global Methane Pledge

Global
Methane
Pledge

Recognizing that, in order to ensure that the global community meets the Paris Agreement goal of keeping
warming well below 2 degrees C, while pursuing efforts to limit warming to 1.5 degrees C, significant methane
emission reductions must be achieved globally by 2030;

Recognizing that the short atmospheric lifetime of methane means that taking action now can rapidly reduce
the rate of global warming and that readily available cost- effective methane emission measures have the
potential to avoid over 0.2 degrees C of warming by 2050 while yielding important co-benefits, including
improving public health and agricultural productivity;

Recognizing that methane accounts for 17 percent of global greenhouse gas emissions from human activities,
principally from the energy, agriculture, and waste sectors, and that the energy sector has the greatest
potential for targeted mitigation by 2030;

Recognizing that the mitigation potential in different sectors varies between countries and regions, and that a
majority of available targeted measures have low or negative cost;

Recognizing that, to keep 1.5 degrees C within reach, methane emission reductions must complement and
supplement, not replace global action to reduce carbon dioxide emissions, including from the combustion of
fossil fuels (coal, oil and natural gas), industrial processes, and the lands sector;

Recognizing that improvements to the transparency, accuracy, completeness, comparability, and consistency
of methane emissions data assessed and validated in accordance with United Nations Framework Convention
on Climate Change (UNFCCC) and Paris Agreement standards and Intergovernmental Panel on Climate
Change (IPCC) good practice can promote more ambitious and credible action;

Recognizing that, while there are multiple useful international initiatives that address methane, there is a need
for high-level political engagement in order to catalyze global methane action.

The Patrticipants in the Global Methane Pledge:

Commit to work together in order to collectively reduce global anthropogenic methane emissions across all
sectors by at least 30 percent below 2020 levels by 2030.

Commit to take comprehensive domestic actions to achieve that target, focusing on standards to achieve all
feasible reductions in the energy and waste sectors and seeking abatement of agricultural emissions through
technology innovation as well as incentives and partnerships with farmers.

Commit to moving towards using the highest tier IPCC good practice inventory methodologies, consistent with
IPCC guidance, with particular focus on high emission sources, in order to quantify methane emissions; as
well as working individually and cooperatively to continuously improve the accuracy, transparency,
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consistency, comparability, and completeness of national greenhouse gas inventory reporting under the
UNFCCC and Paris Agreement, and to provide greater transparency in key sectors.

Commit to maintaining up-to-date, transparent, and publicly available information on our policies and
commitments.

Commit to support existing international methane emission reduction initiatives, such as those of the Climate
and Clean Air Coalition, the Global Methane Initiative, and the relevant work of the United Nations Environment
Programme, including the International Methane Emissions Observatory, to advance technical and policy work
that will serve to underpin Participants’ domestic actions.

Welcome and encourage announcements of further parallel specific domestic actions by Participants and
commitments taken by the private sector, development banks, financial institutions and philanthropy to support
global methane abatement.

Resolve to review progress towards the target of the Global Methane Pledge on an annual basis until 2030
by means of a dedicated ministerial meeting.

Call on other states to join the Global Methane Pledge.

Source: Global Methane Pledge.pdf
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Appendix 5: 2024 G7 Energy and Environment Ministers’ Meeting Communique?23¢

h) Methane emissions — Noting with concern that methane concentration in the atmosphere is still increasing,
we underline that reducing methane emissions that account for about a third of the warming we experience
today, is key to keep a limit of warming of 1.5°C within reach and avoid climate tipping points and limit
temperature overshoot. We therefore recognise that methane emissions need to be reduced in all emitting
sectors. We also underline that according to IEA’s net-zero scenario reductions in the emission intensity and
consumption of oil and gas results in a 60 percent reduction in GHG emissions from oil and gas operations
from 2030 to limit warming to 1.5°C. We highlight that oil, coal and gas demand reduction is essential to reduce
overall CO2 and methane emissions to limit warming to 1.5°C. Considering the high potential of the fossil
energy sector to lead towards tangible methane emission reductions in the short and mid-term, we recognize
that cutting methane emissions from fossil fuel operations by means of already existing technologies is largely
feasible and cost-effective for oil and gas operations, and it should play a central role in national efforts to
reduce such emissions along with the development of a global market for hydrocarbons associated with lower
methane emissions. We also note the need to improve measurement and reporting of methane emissions
from oil and gas industry operations using globally recognised frameworks such as Oil and Gas Methane
Partnership OGMP 2.0 and call on the private sector to take effective voluntary measures by strengthening
international frameworks on measurement and reporting. We highlight that G7 countries are putting in place
measures to collectively deliver reductions in methane emissions across all sectors, including energy, waste,
and agriculture, aligned with the Global Methane Pledge’s collective goal of at least 30 percent reduction by
2030. We acknowledge the importance of taking practical actions to reach this goal with a view to identifying
best practices, regulatory options and measures. We call on the IEA to further monitor the methane mitigation
efforts and results at country level and develop concrete recommendations for reaching the 2030 collective
global methane pledge. To further accelerate these efforts,

We commit to

l. pursue collective effort towards a 75 per cent reduction in global methane emissions from fossil fuels,
including by reducing methane emissions intensity of oil and gas operations by 2030, through
developing a robust methodology and use of measured data, and work with non G7 producing
countries to reduce the methane emission intensity of imported fuels recognizing the IEA’s emission
reduction scenario;

Il accelerate methane measures in line with the global reduction level of at least 35 per cent in methane
emissions by 2035 reflected in 1.5°C IPCC scenarios;

1. iii. accelerate methane emission measures as well as support developing countries in reducing
methane emissions from waste sector including through advancing resource efficiency and circular
economy 10 approaches, and improving landfill management, to contribute to achieving the available
global methane emission reduction potential estimated from waste sector by 30-35 per cent by 2030;

V. explore options for regulatory approaches and market-based instruments to support methane
emission reduction actions;

V. enhance data transparency and accuracy, by utilizing satellite observation data, and supporting the
work of the UNEP’s International Methane Emissions Observatory;

VI. significantly reducing all domestic routine flaring and venting by 2030; and call G7 gas suppliers
to do so.

26 G7 (2024), p.9 and 16.
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13. Reducing methane emissions in third countries oil and gas producing economies — In order to
promote the cooperation with third country oil and gas producing economies, we underline the need of targeted
measures to reduce methane emissions and data consistency and comparability. We support international
initiatives to improve methane emissions detection, measurement, monitoring and verification 17 across oil
and gas supply chains, such as UNEP’s International Methane Emissions Observatory, to facilitate the rapid
methane reductions needed to achieve the objective of the Global Methane Pledge. We highlight the potential
of working with development finance partners and the private sector to increase support for methane
abatement in oil and gas producing economies, including developing countries, and emerging economies. We
underline the importance of implementing national frameworks and associated NDCs that are conducive to
long-term planning and investments in methane abatements.

We commit to:

i. in collaboration with IEA and UNEP IMEO and CCAC, work with interested oil and gas producing
countries to deliver deep cuts to methane emissions, including through technical cooperation and
transfer of enabling technologies, on voluntary and mutually agreed terms, and to identify best
practices, regulatory options and measures and enhance transparency of emissions;

ii. promote actions to reduce methane emissions along natural gas, LNG and oil supply chains and
enhance data transparency, improve methane emissions detection, quantification, source location;

iii. collectively explore actions to improve the measurement, monitoring, reporting and verification of
methane emissions, including through the EU and US-led MMRYV International Working Group and
the Oil and Gas Methane Partnership 2.0, with a particular focus on the natural gas supply chain.
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Appendix 6: International Working Group to Establish Universal Approach to Measuring,
Monitoring, Reporting, and Verifying Greenhouse Gas Emissions Across the Natural Gas
Supply Chain 237

Natural gas producers and exporters, importers and end users, governments, and other key stakeholders
have made significant progress towards addressing this challenge through various measurement, reporting
and verification protocols at local and international levels. A number of well-established domestic and
international emissions reporting approaches already exist, our efforts are aimed at building on these existing
approaches. This includes, but is not limited to, the United Nations Environmental Program’s QOil and Gas
Methane Partnership 2.0 (OGMP 2.0).

The MMRYV Working Group will advance comparability by reviewing and building upon existing standards and
protocols to provide a consistent set of technical criteria for reporting emissions and operating data at various
levels of data availability. The approach will encourage and prefer measured data over modeled data and
estimation of emissions, while balancing economic and technical feasibility. The MMRV Framework will also
be technology neutral with respect to approaches for measurement of emissions. These actions will improve
the accuracy and representativeness of the reported data. Comparability will be further supported by using
transparent and consistent tools for estimating GHG supply chain emissions and data quality from pre-
production through final delivery of the natural gas.

To provide comparable and reliable information, the MMRV Working Group will support independent third-
party verification of the accuracy and representativeness of the emissions data and the aggregate supply
chain GHG emissions intensity. It will also support accreditation to ensure that certifiers are independent of
the reporting entity and are technically qualified to conduct reviews.

The MMRV Working Group's deliberations and recommendations are informed by a diverse group of global
and local industry, environmental and technical stakeholders with broad expertise and technical knowledge
related to MMRYV and the oil and natural gas industry. With input from these stakeholders, the international
MMRYV Working Group will work collaboratively through 2024 to develop, where appropriate, guidance,
protocols, and tools for voluntary use in natural gas markets. The MMRYV Working Group may expand in the
future to include additional hydrocarbons.

The MMRV Working Group will address methodological aspects of MMRV and will not agree to or prescribe
performance-based emission reduction targets. Participants in the MMRV Working Group are not committed
to, nor restricted from, the use or inclusion of the work products in any regulatory process, policy measures,
or commitments.

Working group to advance credible information about greenhouse gas emissions

In October 2024, an international (GHG) across the natural gas supply chain to drive emissions reductions in
the global marketplace. This working group, which began collaboration last year, is developing a consistent
framework for the measurement, monitoring, reporting, and verification (MMRV) of methane, carbon dioxide,
and other GHG emissions that occur during the production, processing, transmission, liquefaction, transport,
and distribution of natural gas.

Currently, natural gas buyers lack the ability to compare claims being made about the GHG performance of
different natural gas supply options. This is due to widely varying approaches for quantifying and reporting

2 MMRV Framework (2023). The text and signatories can be found at
https://thedocs.worldbank.org/en/doc/a903b5e6456991faf3b5e079bba0391a-0400072021/related/ZRF-Initiative-text-list-map-104.pdf
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https://thedocs.worldbank.org/en/doc/a903b5e6456991faf3b5e079bba0391a-0400072021/related/ZRF-Initiative-text-list-map-104.pdf

aggregated natural gas supply chain emissions and a lack of clear metrics for valuing and fostering higher
quality data. The absence of an agreed framework for MMRV limits the ability of buyers to use purchasing
decisions to incentivize greenhouse gas emissions reductions.

Comparability and reliability are critical for buyers to have confidence in the GHG supply chain emissions
intensity data reported by natural gas suppliers. Buyers need a globally accepted approach for quantifying
and aggregating emissions across the supply chain and assessing data quality that ensures comparability and
reliability. The MMRV Framework is developing this approach and working to enhance credibility of reported
information by establishing expectations for engaging accredited entities to conduct rigorous independent
third-party reviews.

The International MMRYV Working Group has reached the following key milestones in its effort to develop and
deliver this framework for comparing natural gas supply chain GHG emissions from different suppliers in the
global market, starting in 2025:

o Developed a consensus-based design architecture to guide the current technical development of the
various elements of a future MMRV system

e Established multiple technical sub-groups consisting of a diverse mix of international government
technical experts to guide the development process

The ongoing work of the MMRYV Working Group includes:

e Leveraging internationally recognized principles for assessing the quality of data used to quantify the
greenhouse gas intensity of natural gas delivered to buyers

e Building upon existing technical protocols for measuring and estimating methane and carbon dioxide
emissions to establish a performance-based data quality approach that ensures comparability and
values accuracy through consistent verification requirements

e Assessing international approaches to provide reliability and confidence in measures of supply chain
GHG intensity using accredited independent third-party verification bodies

o Defining requirements and expectations for long-term management of the MMRV Framework to
enable trust and confidence in the marketplace

e Seeking and incorporating technical input from industry, academia, non-governmental organizations,
and other stakeholders to guide the development process and ensure future market acceptance of
the MMRYV framework once implemented.

Policy and technical experts from the governments of Argentina, Australia, Brazil, Canada, Colombia, Egypt,
France, Germany, India, Italy, Japan, Malaysia, Mozambique, Nigeria, Norway, the Republic of Korea, the
United Kingdom, the United Arab Emirates, and the United States, as well as the European Commission and
the East Mediterranean Gas Forum, provide overall direction and technical input for the International MMRV
Working Group. The group also receives input from experts in industry, non-governmental organizations, and
academia from global and nationally-focused entities.
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Appendix 7: The Oil & Gas Decarbonization Charter23

The following Charter lays out the aims of the Oil & Gas Decarbonization Charter:

Mission: This initiative aims to continue motivating oil and gas companies to join the decarbonization
effort, achieving broad geographical coverage and high scale of impact, and to help speed up actions
and to encourage learning. This Charter reflects the principles that the Oil & Gas sector believes will
contribute to supporting the aims of the Paris Agreement.

Scope 1 and 2 CO2eq Ambitions. The following reflect the ambitions that the Oil & Gas sector
believes will have positive impacts in support of the aims of the Paris Agreement and deliver
substantive reductions in greenhouse gases, and which we aim to work together as an industry to
achieve:

1. Net Zero Operations by or before 2050: We aim to reach net-zero CO2eq emissions (Scope 1
and 2) for operations under our control and, as applicable, engage with joint operating partners
towards net-zero CO2eq emissions (Scope 1 and 2), by or before 2050. The priority for
greenhouse gas emissions mitigation is the avoidance and reduction of operational GHG
emissions.

2. Aiming for Near-Zero Upstream Methane Emissions by 2030: We believe that virtually all
methane emissions can be avoided. We aim to implement the actions and practices needed to
achieve near- zero methane emissions by 2030 on upstream operations under our control and,
as applicable, engage with joint operating partners to achieve near-zero methane emissions.23°

3. Zero Routine Flaring by 2030: We aim to implement the actions and practices needed to
eliminate routine flaring by 2030 on all operations under our control and will leverage our
influence to achieve the same in our non-operated portfolio.24°

Continuous improvement and interim ambitions: If not already shared publicly, by 2025, we shall
set and share publicly, the aspiration for 2030 of Scope 1 and 2 CO2eq emissions (absolute and/or
intensity) in support of the ambitions set out herein. We will share publicly an update of this aspiration
again by 2028 (with potential increase in ambition).

Accelerated decarbonization: Implementation of the above ambitions will need increasing alignment
with industry best practices to accelerate the decarbonization of the industry’s operations. Reducing
methane emissions and stopping routine flaring will provide the largest reductions in emissions from
oil and gas operations by 2030. Increasing alignment with broader industry best practices would mean,
for example, additional reductions from electrification of upstream operations, deployment of CCUS,
and use of low-carbon hydrogen.

We aim to bring the whole sector together to join this effort. The success of this overall effort will
depend on the implementation from almost all, if not all, private Oil Gas companies and national Oil
& Gas companies along with the policy support of governments to join the challenge and create an
effective enabling environment.

238 This is an abbreviated version of the Charter text. The full text can be found at: COP28 O&G Charter (ogdc.org)
239 “Near-zero methane” is defined as below 0.2% methane intensity as per the formulation identified by OGCI
240 As defined by the World Bank
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VI.

Recognizing that Oil & Gas producers currently have varied emission intensities within their
operations, we will aspire to implement current best practices by 2030 to collectively reduce the global
average emission intensity for the Oil & Gas industry.

An Inclusive and Dynamic Approach to Achieving our Ambitions:

1.

National Policies to Accelerate Net Zero Delivery. Our commitment to help industry
decarbonization towards the aspiration outlined above will require government policies that
support the commercialization of new decarbonization and low and zero-carbon investments,
create a stable and balanced framework to achieve the energy transition, and expedite
permitting to streamline project implementation and infrastructure. We are ready to accelerate
the ambition of our decarbonization efforts and will seek to cooperate with governments to
identify the means to facilitate such acceleration.

Partnering with Other Sectors. This Charter is intended to mobilize and drive holistic
decarbonization and energy transition outcomes, and we will seek to achieve this through a
concerted partnership with key enabling sectors including technology and service providers, as
well as the financial services sector.

Engaging to Reduce GHG Emissions. We are ready to engage with our customers, policy
makers, partners, and other energy-intensive industries to reduce greenhouse gas emissions
and help accelerate the transition to a net-zero society.

Energy Security and Affordability. To support the UN’s Sustainable Development Goals, the
industry remains committed to the reduction of energy poverty and providing secure and
affordable energy to all our customers. We recognize the nexus between energy access and
poverty and are focused on providing accessible energy to support the development of all
economies.

Transparency and Collaboration. The following activities reflect the Oil & Gas sector’s desire to
transparently collaborate towards the achievement of the specific ambitions identified in (Il) above, in
each case in accordance with applicable laws and practices. We recognize that the ambitions set out
herein are voluntary in nature, and that each of us is subject to the applicable laws of our respective
operations and jurisdictions.

1.

Organizational Setup. In furtherance of our Mission, the Oil & Gas sector will develop an
organizational setup with required mechanisms to facilitate cooperation and transparency
amongst the sector in accordance with the objectives and tasks identified in this Charter.
Through such organization, we will remain action-oriented and commit to annually publish
emissions performance designed to achieve the decarbonization goals outlined herein.

Measure and Report Progress. We aim to measure, monitor, publicly report and independently
verify (MMRV) GHG emissions and our performance and progress in reducing our emissions,
and to support continuous improvement in data quality, all aligned in accordance with
internationally recognized frameworks, and to publish the same within our respective
sustainability reports.

Evolving Best Practices. We will work with Oil & Gas sector entities and other credible industry
bodies and partners to evolve further best practices and transition pathways.

Sector Collaboration and Best Practices. We will advocate, influence and share Oil & Gas
decarbonization best practices and insights related to ambition setting and transition planning.
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Appendix 8: Global Initiative to Reduce Gas Flaring: “Zero Routine Flaring by 2030724

During oil production, associated gas is produced from the reservoir together with the oil. Much of this gas is
utilized or conserved because governments and oil companies have made substantial investments to capture
it; nevertheless, some of it is flared because of technical, regulatory, or economic constraints. As a result,
thousands of gas flares at oil production sites around the globe burn approximately 140 billion cubic meters
of natural gas annually, causing more than 300 million tons of CO: to be emitted to the atmosphere.

Flaring of gas contributes to climate change and impacts the environment through emission of CO:, black
carbon and other pollutants. It also wastes a valuable energy resource that could be used to advance the
sustainable development of producing countries. For example, if this amount of gas were used for power
generation, it could provide about 750 billion kWh of electricity, or more than the African continent’s current
annual electricity consumption. While associated gas cannot always be used to produce power, it can often be
utilized in a number of other productive ways or conserved (re-injected into an underground formation).

This “Zero Routine Flaring by 2030” initiative (the Initiative), introduced by the World Bank, brings together
governments, oil companies, and development institutions who recognize the flaring situation described above
is unsustainable from a resource management and environmental perspective, and who agree to cooperate
to eliminate routine flaring no later than 2030.

The Initiative pertains to routine flaring and not to flaring for safety reasons or non-routine flaring, which
nevertheless should be minimized. Routine flaring of gas is flaring during normal oil production operations in
the absence of sufficient facilities or amenable geology to re-inject the produced gas, utilize it on-site, or
dispatch it to a market. Venting is not an acceptable substitute for flaring.

Governments that endorse the Initiative will provide a legal, regulatory, investment, and operating environment
that is conducive to upstream investments and to the development of viable markets for utilization of the gas
and the infrastructure necessary to deliver the gas to these markets. This will provide companies the
confidence and incentive as a basis for investing in flare elimination solutions. Governments will require, and
stipulate in their new prospect offers, that field development plans for new oil fields incorporate sustainable
utilization or conservation of the field’s associated gas without routine flaring. Furthermore, governments will
make every effort to ensure that routine flaring at existing oil fields ends as soon as possible, and no later than
2030.

QOil companies that endorse the Initiative will develop new oil fields they operate according to plans that
incorporate sustainable utilization or conservation of the field’s associated gas without routine flaring. Oll
companies with routine flaring at existing oil fields they operate will seek to implement economically viable
solutions to eliminate this legacy flaring as soon as possible, and no later than 2030.

Development institutions that endorse the Initiative will facilitate cooperation and implementation, and consider
the use of financial instruments and other measures, particularly in their client countries. They will endeavor
to do so also in client countries that have not endorsed the Initiative.

Governments and oil companies that endorse the Initiative will publicly report their flaring and progress towards
the Initiative on an annual basis. They also agree to the World Bank aggregating and reporting the same.

The parties that endorse the Initiative acknowledge that its success requires all involved — governments and
oil companies, with the support of development institutions — to fully cooperate and take the action described
herein to eliminate routine flaring no later than 2030.

241 World Bank (2024a)
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Appendix 9: "Reconsideration’ of US Methane Regulation by the Trump Administration:

Potential Policy Pathways and Complexities
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Appendix 10: Annex IX of the EU Methane Regulation
ANNEX IX

Information to be provided by importers in accordance with Article 27(1), Article 28(1), (2) and (3),
and Article 29(1)

Importers shall provide the following information:
(1) name and address of the exporter and, if different from the exporter, name and address of the producer;

(2) exporting third countries and regions, as classified in the Union nomenclature of territorial units for statistics (NUTS)
level 1, where the products were produced, and countries and regions, as classified in the NUTS level 1, through which
the products were transported before they were placed on the Union market;

(3) as regards crude oil and natural gas, information whether the producer or the exporter, as applicable, is carrying out
source- and site-level measurement and quantification, whether that data are subject to independent third-party
verification, whether its methane emissions are reported, either independently or as part of commitments to report
national greenhouse gas inventories in line with UNFCCC requirements, and whether they are in compliance with
UNFCCC reporting requirements or with OGMP 2.0 standards; a copy of the latest report on methane emissions,
including, where available, the information referred to in Article 12(4), where provided in such report; and the method
of quantification (such as UNFCCC tiers or OGMP 2.0 levels) used in the report for each type of methane emission;

(4) as regards crude oil and natural gas, information whether the producer or the exporter, as applicable, applies
regulatory or voluntary measures to control its methane emissions, including measures such as LDAR surveys or
measures to control and restrict venting events and flaring events, including a description of those measures, together
with, where available, relevant reports from LDAR surveys and from venting events and flaring events with respect to
the last available calendar year;

(5) as regards coal, information whether the producer or the exporter, as applicable, carries out source-level methane
emissions measurement and quantification, whether those methane emissions are calculated and quantified in
accordance with Annex VI, whether that data are subject to independent third-party verification, whether its methane
emissions are reported, either independently or as part of commitments to report national greenhouse gas inventories
in line with UNFCCC requirements, and whether they are in compliance with UNFCCC reporting requirements or in
compliance with a European or other international standard for monitoring, reporting and verification of methane
emissions; a copy of the latest report on methane emissions, including, where available the information referred to in
Article 20(6); and the method of quantification (such as UNFCCC tiers) used in the report for each type of methane
emission;

(6) as regards coal, whether the producer or the exporter applies regulatory or voluntary measures to control its methane
emissions, including measures to control and restrict venting events and flaring events: and, where available, the
volumes of vented and flared methane calculated for each coal mine at least during the last calendar year and the
existing mitigation plans for each coal mine, together with a description of those measures, including, where available,
reports from venting events and flaring events with respect to the last available calendar year;

(7) name of the entity that carried out the independent third-party verification of the reports referred to in points (3) and
(5), if any;

(8) information under Article 28(1) or (2), as applicable, showing that the crude oil, natural gas or coal is subject to
monitoring, reporting and verification measures at producer level that are equivalent to those set out in this
Regulation for contracts concluded or renewed on or after 4 August 2024 and information on the efforts undertaken
to ensure that crude oil, natural gas or coal supplied under contracts concluded before 4 August 2024 is subject to
monitoring, reporting and verification measures at producer level that are equivalent to those set out in this
Regulation:

(9) information whether the model clauses referred to in Article 28(3) are used in the supply contracts, specifying which
model clauses;

(10) information under Article 29(1) on the methane intensity of the production of crude oil, natural gas and coal placed
on the Union market under the relevant supply contracts.
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Appendix 11: Statement of Methane Abatement Partnership Roadmap2+

The European Commission, with support from Canada, Germany, ltaly, Japan, the United Kingdom, and the
United States, as well as Carbon Limits, Clean Air Taskforce, Environmental Action Germany, Environmental
Defense Fund, Environmental Investigation Agency, European Bank for Reconstruction and Development,
Global Methane Hub, ICA Finance, International Energy Agency, Methane Matters Coalition, and the
Organisation for Economic Co-operation and Development, present at the 29th UN Climate Change
Conference (COP29), gathered under the presidency of the Government of Azerbaijan, launches the Methane
Abatement Partnership Roadmap.

Recognizing the need to ensure that the global community meets the collective goal of the Paris Agreement
to keep warming well below 2°C while pursuing efforts to limit warming to 1.5°C;

Recalling the decision on the first Global Stocktake under the Paris Agreement, including for the first time a
reference to transitioning away from fossil fuels in energy systems, in a just, orderly and equitable manner, as
well as to tripling renewable energy capacity globally and doubling the average annual rate of energy
efficiencyimprovementsby 2030;

Recalling the Global Methane Pledge target of cutting anthropogenic methane emissions at least 30% by 2030
from 2020 levels and the strong international engagement on its implementation;

Noting that the 2024 Global Methane Tracker estimates that in the last years methane emissions have not
decreased but, on the contrary, increased,;

Recalling the launch at COP28 of the Oil and Gas Decarbonisation Charter with 53 signatory companies, with
more than half being National Oil Companies, committing to net-zero operations by 2050 at the latest, and
ending routine flaring by 2030, and near-zero upstream methane emissions by 2030;

Welcoming the launch of the Methane Finance Sprint at COP28 with more than USD 1 billion commitments
and the World Bank Global Flaring and Methane Reduction Partnership with USD 255 million, mobilising new
financing to effectively reduce methane emissions;

Recalling the G7 commitment to pursue a collective effort towards a 75 per cent reduction in global methane
emissions from fossil fuels, including by reducing the methane emissions intensity of oil and gas operations
by 2030;

Recalling the importance of importer-exporter cooperation, as outlined in the joint statement on 'Accelerating
methane mitigation from the LNG value chain' by the European Commission, Japan, the United States, the
Republic of Korea and Australia at the 2023 LNG Producer-Consumer Conference, as well as in the 'Joint
Declaration from Energy Importers and Exporters on Reducing Greenhouse Gas Emissions from Fossil Fuels'
by the United States, the European Union, Japan, Canada, Norway, Singapore, and the United Kingdom at
COP27;

Noting the need to support oil and gas developing producing countries in pursuing structural transformation
and systemic change, including as outlined in the OECD's Equitable Framework and Finance for Extractive-
based Countries in Transition (EFFECT);

Noting that the development and implementation of policies and regulations, such as the EU Methane
Regulation, the U.S. oil and gas methane mitigation regulations under the Clean Air Act, as well as
international initiatives such as the Coalition for LNG Emission Abatement toward Net-zero (CLEAN) and the
UNEP-convened Climate and Clean Air Coalition's (CCAC) Fossil Fuel Regulatory Programme, are urgently
needed to reduce methane emissions in the energy sector;

242 https://energy.ec.europa.eu/document/download/1978e73b-0158-4593-87a5-
c051bc0ec714 en?filename=Methane%20Abatement%20Partnership%20Roadmap.pdf
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Noting UNEP's International Methane Emissions Observatory 2023 Annual Report's reflections on harnessing
the methane data revolution as well as recommendations to advance further to deliver transparency needed
for rapid climate action and accelerate methane reduction on a global scale;

Recognizing that supporting the immediate reduction of emissions from existing fossil fuel operations can in
the short term both contribute to security of supply of fossil fuels and provide financial incentives to importing
and exporting/producing countries, while contributing to the decarbonisation of the energy system and the
transition away from fossil fuels in energy systems by 2050;

We urgently call for collaboration among countries, both fossil fuel importers and exporters, to accelerate the
reduction of methane emissions associated with fossil energy production and consumption, by collaborating
and aiming to implement a Methane Abatement Partnership roadmap. The objective of this roadmap is to
minimize emissions of methane throughout the oil and natural gas supply chain. This roadmap would strive to
achieve the following:

1. Establish cooperation frameworks between fossil fuel importing and exporting countries to strengthen
support for the initiative of reducing emissions from existing assets in the relevant supply chains.

2. Support the adoption of systems to enhance transparency of measurement-based data on the
methane emissions associated with the full supply chain of internationally traded fossil fuels,
recognising the importance of data quality in the journey towards lower emissions.

3. Encourage strengthening or development of relevant policies and measures, including a robust
Monitoring, Reporting and Verification (M RV) system. These approaches could include robust data
collection through regulation, building on the Oil and Gas Methane Partnership 2.0(OGMP 2.0)
principles as well as using satellite, aerial, and drone data to ensure reliable baseline information on
existing emissions. Other frameworks, such as that under development by the international GHG
Supply Chain Emissions MMRV Working Group, may also be used. These policies and measures
could be complemented by setting up dialogues with other jurisdictions, sharing knowledge and best
practices.

4. Encourage and work with relevant operators to build a sound project plan to abate methane emissions
from existing fossil fuel assets. This would strive to provide a clear timeline, investment plan and
human resources needed, as well as the amount of emissions to be abated, to the extent possible. In
order to ensure the effectiveness and rapidity of this step, the producing country could utilise existing
tools and frameworks, partnering with relevant organizations such as the International Energy Agency,
the Organisation for Economic Cooperation and Development, UNEP's International Methane
Emissions Observatory and the UNEP-convened Climate and Clean Air Coalition, as well as with
other relevant organisations and operators. At the same time, companies and private investors would
work towards creating suitable financial conditions able to mobilise the investments needed.

5. Secure the investments needed for emissions reduction projects in producing countries, together with
relevant operators, utilising measurement and reporting to target abatement measures. The World
Bank could be one of the key financial partners for developing countries through the new Global
Flaring and Methane Reduction trust fund, and private investors may provide capital through
sustainability instruments.

6. Follow up on the implementation of the cooperation framework, transparently ensuring that the
emission reductions were delivered and sustained, thus contributing to global decarbonisation and
increased security of supply. Relevant organisations, such as UNEP's International Methane
Emissions Observatory, could provide overall global reporting and progress reports to ensure robust
emissions reductions.

We call on other countries and stakeholders to support the Methane Abatement Partnership Roadmap and to
showcase examples of implementation at COP30.
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Appendix 12: Comparison of flaring rates for six out of the ten LNG exporting countries,
2019 and 2023 (Bcm)

2019 2023

GECF GFMR GECF GFMR
Qatar 0.7 0.9 1.3 1.2
Russia 16.5 23.2 14 28.4
Malaysia 1.2 2.1 0.9 1.5
Algeria 2.7 9 2.2 8.2
Nigeria 8.8 7.8 5.1 5.8
Trinidad 0.08 0.19 0.06 0.14

Sources: World Bank (2024) GECF 2024, Tables 4.1.2.2,4.7.2.2,4.8.2.2,4.9.2.2,4.10.2.2 and 5.4.2.2, pages
60,84,88,92,96 and 122
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Appendix 13: Date of Commissioning Liquefaction Plants and Trains for the 10 Largest LNG Exporters

United States
Calcasieu Pass (18) 2022
Cameron LNG1 (1) 2019
Cameron LNG2 (1) 2020
Cameron LNG3 (1) 2020

Corpus Christi (1) 2018
Corpus Christi (1) 2018
Corpus Christi (1) 2019
Corpus Christi (1) 2020
Cove Point (1) 2018
ElbaIsland (10) 2019
Freeport LNG 1 (1) 2019
Freeport LNG 2 (1) 2020
Freeport LNG 3 (1) 2020
Sabine Pass 1 (1) 2016
Sabine Pass 2 (1) 2016
Sabine Pass 3 (1) 2017
Sabine Pass 4 (1) 2017
Sabine Pass 5 (1) 2018
Sahine Pass 6 (1) 2021

Australia
NWS (5) 1989-2008
Darwin (1) 2006
Pluto (1) 2012
QCLNG 1(1)2015
QCLNG2(1) 2015

GLNG 1+2(2) 2015-16 QatarEnergy LNG S1 (2) 1999-2000

APLNG1 (1) 2016
APLNG2 (1) 2016
Gorgon (3) 2016-17
Wheatstone (2) 2017-18
Ichthys (2) 2018
Prelude (1) 2019

Qatar

QatarEnergy LNG N1 (3) 1996-98  Portovaya (2) 2022

QatarEnergy LNG N2 (1) 2009
QatarEnergy LNG N2 (1) 2009
QatarEnergy LNG N3 (1) 2010
QatarEnergy LNG N4 (1) 2011

QatarEnergy LNG S2 (1) 2004
QatarEnergy LNG S2 (1) 2005
QatarEnergy LNG S2 (1) 2007
QatarEnergy LNG S3 (1) 2009
QatarEnergy LNG S3 (1) 2010

Source: GIIGNL 2024, pp. 36-39

Russia Malaysia Indonesia

Vysotsk (1) 2019 ~ MLNG Dua (3) 1995 Tangguh 1+2 (2) 2009

Yamal (4)2017-21  MLNG Tiga (2) 2003 Tangguh 3 (2) 2023
Sakhalin2(2)2009  MLNGT9 (1) 2016 Donggi-Senoro (1) 2015
PFLNG Dua (1) 2021)
PFLNG Satu (1) 2017

Oman

MLNG Satu (3) 1983 Bontang 4 trains: 1990, 1994, 2x1998 Oman1+2 (2) 2000

Qathat (1) 2005

Algeria
Arzew GL1Z (6) 1978
Arzew GL2Z (6) 1981
ArzewGL3Z(2) 2014
Skikda GL1K (1) 2013

Nigeria Trinidad and Tobago
NLNG 1/2 (2) 1999/2000 Atlantic LNG 1/2 (2) 2002-03
NLNG 3 (1) 2003 Atlantic LNG 4 (1) 2006
NLNG 4/5 (2) 2006
NLNG 6 (1) 2008
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