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Executive Summary

The 20th National Party Congress pointed to the importance of improving “carbon emissions
statistics and accounting systems.” China’s green transition and climate plan similarly
highlighted the need to improve “carbon emissions verification, accounting, and reporting
standards for regions, industries, businesses, and products and establish a unified, well-regulated
carbon accounting system.”!

In recent years, there has been a sharp increase in the demand for different types of high-quality
climate data as the basis of credible GHG monitoring and reporting. Examples range from
mandatory sector-based GHG reporting to compliance and voluntary carbon sequestration data,
or data to measure carbon dioxide removal (CDR). Climate data has also become an important
feature of recent climate risk disclosure and environmental, social, and corporate governance
(ESG) standards for green finance.

This increased demand is matched by innovative ways in which climate-related information is
being supplied. For example, complementing well-established GHG monitoring protocols
derived from IPCC-based emissions factors, on-site measurement, and self-reporting approaches
are various and quickly evolving continuous emissions monitoring systems (CEMS) for COo,
methane, and other GHGs. Complementing these bottom-up and top-down monitoring are
nascent applications of artificial intelligence (Al).

There are well-established international standards for GHG monitoring and reporting, notably
those under the UN Framework Convention on Climate Change (UNFCCC). It is expected that
the UNFCCC'’s forthcoming Enhanced Transparency Framework and Global Stocktake will
increase attention to quality GHG monitoring, reporting, and verification (MRV) systems.

This study examines four topics: (i) GHG data monitoring and reporting for mandatory carbon
markets based on China’s sector-based reporting standards; (ii) methods and practices related to
carbon sequestration measurement; (iii) metrics and measurement standards for current and
emerging financial sector climate risk disclosure, and (iv) innovative new monitoring. It begins
by discussing the characteristics of data quality.

Given the pace of change in climate data MRV systems within China and internationally as well
as across mandatory and voluntary systems, this scoping study recommends that CCICED should
examine evolving best practices and standards for GHG monitoring and reporting on a regular
basis.

! A recent high-level report on China’s carbon neutrality policy framework, co-authored by Zhu and Stern among
others, notes: “An essential prerequisite to the effective delivery of [carbon neutrality] is a statistical and accounting
system capable of supporting efficient carbon-neutral policy design and tracking its implementation.”


https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2023/02/Embracing-the-New-Paradigm-of-Green-Development-in-China.pdf

This study notes significant changes and innovations underway in how climate data is generated.
Such changes are advancing rapidly and should be welcomed. At the same time, there are risks
associated with moving too quickly from familiar and established practices to new systems. For
example, new continuous monitoring of CO; and the use of top-down platforms are still in their
relatively early stages. It will take several years to determine their level of reliability and
accuracy and specify uncertainty ranges measured against benchmarked quality assurance (QA)
standards.

Accordingly, this study recommends a transition plan in which current bottom-up self-reporting
systems continue and complement continuous monitoring systems and other top-down systems.
As a bridging approach, hybrid monitoring systems are recommended. A pilot system that
combines bottom-up, top-down and hybrid methods should be launched and tested for 1-2 years,
building on the recent five-sector CEMS pilot. The goal of an integrated bottom-up and top-
down multi-sector pilot is to enhance the efficiency and accuracy of data needed to support a
well-functioning national carbon market.

At the same time, other high-emitting economic sectors should be included in the national carbon
market as soon as possible, with data monitoring and reporting conducted based on existing
methods.

This study notes current best practice in bridging bottom-up and top-down monitoring of
methane emissions and recommends that lessons from methane gas monitoring should inform
approaches to other GHG emission monitoring, including other powerful non-CO; greenhouse
gases.

This study explores some evolving monitoring and reporting systems for carbon sequestration.
Currently, China’s Emissions Trading System allows up to 5% of annual GHG emissions to be
covered through carbon offsets. Given the complexities inherent in carbon sequestration
assessments, this study recommends that carbon offset methods be updated regularly based on
IPCC and related methodologies and other international standards and practices, such as the
ongoing implementation of the Paris Climate Agreement’s Article 6 rules. This study
recommends that domestic and international case studies of credible carbon offset project-level
monitoring and reporting be maintained and updated, with examples illustrating carbon
sequestration characteristics of different ecological natural CDR systems, like forests, wetlands,
grasslands, etc., as well as emerging CCUS engineered practices. This study also recommends
that China’s carbon offset metrics and measurement standards align and are interoperable with
international best practices.

In the area of green finance, this study recommends that evolving domestic standards for climate
risk disclosure and reporting align with comparable climate data metrics and measurement
standards recommended in international jurisdictions as well as through the new International
Sustainability Standards Board (ISSB) standards.
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Part 1: Data Quality

Accurate, timely, and authoritative data are of central importance to the implementation of
climate change policies. As countries advance toward 2030 and mid-century or 2060 greenhouse
gas emissions (GHG) reduction targets, climate data is essential both in tracking progress and
attributing emission reductions to specific measures to determine if the right tools are in place.

The standard benchmark for official national-level climate data remains National Inventory
Reports (NIR), designed to track national GHG emissions and report via the UNFCCC. The
standard NIR methodology remains that of the IPCC. In turn, the majority of national
decarbonization plans are derived from the IPCC’s methods, notably in monitoring emissions at
the economywide level as well as via economic sectors such as energy, transport, industry, and
buildings. Virtually all net-zero frameworks are built around sector-based monitoring. A growing
number of decarbonization plans have been updated to widen sector coverage, for example, to
include land use, land-use change, and forestry (LULUCEF).

The common feature of national GHG monitoring and reporting system is the goal of providing
quality data. For example, MEE has noted through opinions and guidelines the importance of
“accurate and authoritative” climate data. The most common definition of quality data comes
from national statistical agencies, which produce weekly, monthly, quarterly, and annual
economic statistics and, as noted below, are increasingly issuing climate data. The UN defines
quality data as being (i) Relevant to users’ needs; (ii) Timely; (iii) Accurate and reliable; (iv)
Accessible; (v) Transparent and understandable; and (vi) Coherent and comparable?

At the heart of these six attributes is accuracy. Accurate data is described as information that is a
truthful measure, indicator or estimate of actual conditions or in the case of climate policy, GHG
emissions.® Since statistics are rarely 100% accurate all of the time, data providers disclose the
level of confidence concerning the accuracy of the data they produce. In the case of national
statistics, an accuracy confidence level of 95% is the general benchmark, with some statistics
attaining 99% accuracy rates. Statistical agencies regularly conduct reviews of their standard
errors, including coefficients of variation (CV).

While accuracy is the most important feature of data systems, the six data principles should be
seen together: for example, data that is accurate but inaccessible, irrelevant or untimely does not

2 From the 2019 UN Quality Assurance Framework Manual for Official Statistics report. Following the adoption of
the 2019 manual, the UN Statistical Commission has developed online tools for quality assurance and quality
control (QAQC), including online learning to help agencies determine compliance, partial compliance, non-
compliance, or non-tested data.

% Quality data terms related to accuracy include definitions of “trustworthiness, authenticity or consistency,” as well
as the disclosure of acceptable margins of error in estimates and the disclosure of uncertainties.


https://learning.officialstatistics.org/course/index.php?categoryid=4

meet data quality thresholds. For many national targets under the Paris Climate Agreement
closely focused on interim and 2030 targets, data that is timely becomes more critical.

How Much Does Good Data Cost? What Is It Worth?

Quality data is expensive to produce, both for governments and increasingly for companies that
are required to disclose it. Experts in this study noted that increasing accuracy levels from 95%
to 99% can escalate data costs sharply.

At the same time, the returns on quality climate data investments are substantial. Real-time and
accurate data can signal which sectors or measures are underperforming and need to be
strengthened, adjusted, or replaced. Quality data is particularly important in realizing cost-
effective climate measures, such as China’s Emissions Trading System. Accurate data is essential
to enable markets to realize the resource allocation efficiency of market-based measures, which
in turn can help unleash innovation through competition.

For decades, the main sources of public climate data have been national environmental agencies,
such as Sweden’s Environmental Protection Agency to Environment and Climate Change
Canada. Each has its own QA standards to ensure quality data. The European Environment
Agency (EEA) reports that its QA philosophy entails aligning the “degree of agreement between
the true value and the data used to represent the value” of emissions.*

A recent and welcome step has seen national statistical agencies begin to issue their own climate
statistics, usually on a more frequent basis than the NIRs. Examples include Statistics Finland,

Eurostat, and their equivalents in Turkey, the Netherlands, Norway and elsewhere are publishing
more regular GHG emissions data. In addition, a whole new set of net-zero implementation
indicators are being reported within the decarbonization plans of the United Kingdom, Scotland,
France, the European Union, Sweden and others. An innovative example of climate indicators is
the March 2022 launch of the United Kingdom’s first Climate Policy Dashboard.

China has taken important steps in creating a coherent and accurate set of national carbon
statistics. In April 2022, the National Bureau of Statistics, together with MEE and NDRC, issued
the “Implementation Plan for Accelerating the Establishment of a Uniform and Standardized

Carbon Emission Statistics and Accounting System.” The Plan aims to support China in

achieving its 30/60 climate goals by identifying four key tasks and five safeguard measures.
Key tasks:

o [Establish national- and local-level carbon emission statistics and accounting systems;

4 European Monitoring and Evaluation Programme (EMEP); EEA Guidebook, 2016.


https://stat.fi/en/statistics/khki
https://indicateurs-snbc.developpement-durable.gouv.fr/indicateurs-de-resultat-r20.html?debut_listearticles=8#pagination_listearticles
https://www.policyconnect.org.uk/taxonomy/term/153
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202208/P020220819537055381532.pdf
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202208/P020220819537055381532.pdf

e Improve the current carbon emission accounting mechanism, which works at a sectoral
and enterprise level;

e Establish and improve carbon emission accounting methodologies for key products;

e Improve the National Greenhouse Gas Inventory Compilation Mechanism.

Safeguard measures:

e Lay a solid statistical foundation;
e Build emission factor database;

e Apply advanced technology;

e (Carry out methodology research;
e Improve supporting policies.

Drawing from the implementation of this Plan and emerging international examples, NDRC
should consider issuing quarterly climate data reports. Such regular reporting can contribute to a
wider public understanding of GHG emission trends in the same way that regular GDP,
employment, or balance of trade statistics have wide public acceptance.

Sector-based emissions data: China’s national climate data system to monitor GHG emissions
at the economic sector level was launched in 2013. Its coverage has progressively expanded to
comprise power generation, power grids, iron and steel, chemical production, petrochemicals,
aluminum, magnesium, glass, cement, paper and pulp, and civil aviation. More recent reporting
standards include mining, public buildings, the food and beverages sector, and road transport.

Like other national monitoring systems, China’s climate data system is based on self-reporting
by businesses at the company and facility levels. MEE plays a key role in issuing QA guidelines,
checking data misstatements or fraud, conducting site inspections, providing training modules
and other steps. Company and facility-level reporting is via the competent provincial-level MEE
authorities. Data is reported to the National Pollutant Discharge Platform, which includes, in
addition to air and other pollutants, GHG emissions data. A recent report from EDF China helps
track the evolution of China’s sector-based climate data reporting system, as well as provides
examples from other jurisdictions such as U.S. federal system such as the U.S. Environmental
Protection Agency, and sub-federal systems led by California.

As in other bottom-up, self-reporting systems based on Pollutant Release and Transfer Register
(PRTR) approaches, discrepancies or anomalies in data accuracy should be reported directly by
companies or through third-party consulting companies engaged by enterprises to calculate
emissions. A public statement by MEE (MEE: 2022-03-14) noted that “Accurate and reliable
data is the lifeline for the effective and standardized operation of the carbon emission trading
market” and that instances of under-reporting or fraud have been reported. MEE warned that
additional steps will be taken to “severely crack down on the fraud of carbon emission data of

enterprises in the power generation industry.”


https://www.edf.org/sites/default/files/2023-03/Climate-related%20Information%20Disclosure%20Based%20on%20China%20national%20ETS%20Data%20Management%20Mechanism.pdf
https://www.mee.gov.cn/ywgz/ydqhbh/wsqtkz/202203/t20220314_971398.shtml

In 2021, MEE created 31 working groups to conduct special supervision and assistance to
improve the quality of climate data reports. Steps have included audits, warning third-party
verification consulting groups of instances of underreporting, as well as spot checks, additional
data quality safeguards, capacity building, and technical training.

An important new and potentially game-changing phase in sector-based GHG monitoring and
reporting was launched last year. In 2021, MEE initiated a pilot to test the efficacy of a
continuous GHG monitoring system. The new pilot program involves five sectors: thermal
power, steel, oil and gas, coal mining, and waste treatment. The pilot entails monitoring CO>
emissions through a Continuous Emissions Monitoring System (CEMS) to monitor criteria air
pollutants including particulate matter (PM), NOx, and SO..

As its name suggests, the key characteristic of the CEMS system is the provision of real-time—
usually hourly—air pollution emission information. These measurements are at the facility and
smokestack level. Empirical data is overlaid with emissions factors and other information,
whereby CEMS appears to enhance the spatial-temporal resolution of emission factor estimates.®

The MEE CEMS pilot tests a near-continuous CO2 facility-level GHG monitoring system. The
first phase of the pilot has concluded in 2023. Depending on its results, shifting to a new,
continuous stack-based monitoring system has the potential to improve the quality of GHG
emissions data from major industrial point sources in a number of key sectors. A key
improvement would be the provision of both accurate and timely climate data.

The CEMS pilot is designed to monitor CO; emissions. It will be important to augment that
initial focus with other non-CO> GHG emissions. Methane is an especially potent GHG, as well
as the focus of a number of innovative monitoring and reporting initiatives briefly described
below and examined more thoroughly in an annex prepared for this study by experts Dr.
Gabrielle Dreyfus and Tad Ferris of IGSD.

Fossil fuel methane emissions: The International Energy Agency (IEA) notes that as a
particularly potent GHG, methane (CH4) has been responsible for 30% of global warming to
date. Since methane is a relatively short-lived GHG, reducing emissions is crucial in slowing
warming in the near term. Globally, the oil and gas (O&G) sector comprises the largest
proportion of methane emissions, while in China, coal mining accounts for the largest share.

> CEMS has been used for years in China and other jurisdictions. For example, the U.S. EPA system to monitor acid
rain and wider criteria air pollutants focuses on monitoring large emission sources like coal power plants. The EPA
CEMS system has been augmented to include CO; monitoring. This builds on earlier CO, monitoring used to verify
whether corresponding SO2 and NOx emissions for a given facility based on emission factors or historical trends
were accurate. (This use of CO; emissions to help determine the quality of NOx and SOx emissions predates GHG
inventory self-reporting reporting requirements under the EPA for large emission sources; smaller combustion
sources continue to rely on average emission factors such as energy and fuel use.)

10


https://www.nature.com/articles/s41597-023-02054-w
https://www.iea.org/reports/global-methane-tracker-2023/understanding-methane-emissions

Measuring methane accurately is key to meeting China’s dual-control goals.

Bottom-up inventories are a primary tool for monitoring methane emissions from the oil and gas
sector. At their most basic level (IPCC Tier 1) (see Box 4 from Annex), they multiply industry
average emission factors by equipment or activity counts (e.g., number of pneumatic valves) to
estimate emissions at one or more facilities up to the national scale. Several tools, such as the
Country Methane Abatement Tool (CoMAT) developed by the Clean Air Task Force, allow
governments to build an inventory and estimate methane emissions based on several parameters,
including the number of wells, compressor stations, miles of pipeline, and other infrastructure
and operations information.® Bottom-up inventories provide essential information on potential
sources of emissions and are critical for planning mitigation approaches. However, a major
challenge is the dependence of this bottom-up approach on emission factors that are developed
for equipment and components at normal operation. When compared with atmospheric
measurements, these inventory-based approaches are found to systematically underestimate
emissions.

Box 4. Inventory approaches (e.g., IPCC tiers)

The 2006 IPCC Guidelines developed a tiered approach for estimating GHG
emissions:

Tier 1 relies on multiplying activity data by default emissions factors representing
emissions per unit of activity.

Tier 2 approaches generally apply country-specific emissions factors to national or
regional activity data.

Tier 3 approaches involve additional detail on the activity data (e.g., facility level) and
direct measurement or equivalent country-specific approaches.

The 2006 IPCC Guidelines and 2019 Refinement provide default emissions factors and
additional methodological guidance.

Atmospheric monitoring approaches combine measurements of atmospheric concentrations (CH4
mole fraction in the atmosphere) with transport and dispersion models that use meteorological
inputs to convert detected concentrations to emissions. These models rely on initial input

6 Clean Air Task Force, Country Methane Abatement Tool (last visited 16 June 2023).
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https://www.catf.us/comat/

assumptions about sources (priors) and provide the most accurate results when detailed facility
and activity data are available.

Dedicated testing facilities like the Methane Emissions Technology Evaluation Center (METEC)
and TotalEnergies Anomaly Detection Initiatives (TADI) are enabling the development of
international standards for leak detection and quantification of methane emissions.” These are
important resources for testing and verification of measurement technologies and approaches.
See Figure 1 from Annex.

Figure 1. Methane detection technologies provide information at a range of spatial and temporal

scales.
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Bottom-up monitoring systems are being complemented by a new generation of top-down
systems led by remote sensing, satellite-monitoring platforms. For example, UNEP’s
International Methane Emissions Observatory (IMEO) initiative marks an important step not
only in improving the accuracy of methane monitoring and reporting but also supporting greater

7US Department of Energy (4 April 2023) Joint Statement by the U.S. and EU following the 10" U.S.-EU Energy
Council.
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https://www.unep.org/explore-topics/energy/what-we-do/methane/imeo-action
https://www.energy.gov/articles/joint-statement-us-and-eu-following-10th-us-eu-energy-council
https://www.energy.gov/articles/joint-statement-us-and-eu-following-10th-us-eu-energy-council

interoperability of reporting across countries. Satellite platforms like MethaneSat of EDF provide
open methane data.

China’s 2022-2023 pilot GHG monitoring test includes methods to improve methane monitoring
in the oil and gas sector, and, in particular, to combine ground-level and remote sensing
monitoring to assess fugitive emissions (leakage, hot flaring and abnormal operations). The
results and recommendations of this pilot will be important given the unique challenges methane
emission monitoring pose.

Recommendations: Tracking CO; on a continuous basis has the potential to transform the
current MRV system in an innovative way. At the same time, it will take several years to
determine the level of accuracy of new systems, as well as their overall advantages, as well as
any shortcomings and limitations. Therefore, a transition plan should continue in which roles,
responsibilities and clear protocols are developed. Transitions are also a good time for intentional
system redundancies, which can also be used to benefit quality assurance. It is recommended that
there be a pilot test of the interplay between the current self-reporting system with the use of a
new CEMS system and the use of top-down systems.

The results of MEE’s pilot methane monitoring system should provide valuable lessons in the
wider application of bottom-up and top-down monitoring. China should also consider deepening
its partnership with two UN initiatives, UNEP’s IMEO and the Climate and Clean Air Coalition
(CCACQ) to address other potent short-lived climate pollutants.

Part 2: Carbon Sequestration

Scientists have long noted the significant contribution that carbon sequestration makes to
meeting decarbonization and dual-control carbon targets. Interest in carbon offsets has increased
sharply in recent years as more countries and companies adopt net-zero plans. For example, from
2020 to 2022, voluntary carbon markets grew by roughly 60%, reaching USD 2 billion.
Bloomberg estimates that carbon offset markets could reach USD 1 trillion by 2037.

Carbon sequestration is usually divided into two categories: ecosystem-based or nature-based
sequestration derived from forests, wetlands, grasslands, and oceans, and “technological” or
engineered solutions, such as carbon removal technologies. (Carbon utilization, capture, and
storage (CCUS) technology, while not removing carbon, is intended to avoid GHG emissions
that would otherwise occur).®

8 The IPCC definition of CDR is helpful: “CDR refers to anthropogenic activities that remove CO, from the
atmosphere and store it durably in geological, terrestrial, or ocean reservoirs, or in products. It includes
anthropogenic enhancement of biological, geochemical or chemical CO; sinks, but excludes natural CO; uptake not
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https://www.methanesat.org/
https://www.unep.org/explore-topics/climate-action/what-we-do/climate-and-clean-air-coalition-ccac
https://about.bnef.com/blog/carbon-offset-market-could-reach-1-trillion-with-right-rules/

The vast majority of public and private carbon sequestration projects involve nature-based
climate solutions. A 2023 report by Oxford concludes that “virtually all” CDR—that is 99.9%—
involves natural approaches, led by afforestation and reforestation.

As noted, markets and governments are increasing investments in carbon sequestration. Part of
this increased demand comes from exaggerated claims of carbon sequestration of large-scale
initiatives such as large-scale afforestation. For example, the Trillion Tree Initiative gained
attention and investors following a widely-cited 2019 Science journal article that claimed
afforestation was the most effective of any measure available to tackle climate change.®

Subsequent work at the scientific and implementation levels points to the significant challenges
associated with deriving fungible carbon credits from carbon sequestration projects. A central
challenge relates to monitoring and reporting. The IPCC has issued numerous and more detailed
methodologies to measure carbon sequestration. Thousands of companies in turn have been
launched, providing services to governments and companies.

The methodological complexities of monitoring and reporting LULUCF have long been noted.
Among the measurement challenges associated with estimating carbon sequestration include
comparing over time the sequestration rates of diverse ecosystems against average baselines.
Carbon stocks and sequestration rates differ across ecosystems and geographies. Estimating
above-ground carbon stocks requires data on the extent and health of standing forests and other
ecosystems and the extent of other factors, like dead and decaying organic matter. Estimating
below-ground carbon stocks is more complex, requiring on-site testing that is costly and
Intrusive.

Other challenges include estimating the duration or permanence of offsets in lieu of disruptions
due to land-use change, wildfires, floods, and other impacts.’® (A key finding of a recent

directly caused by human activities. Increases in land carbon sink strength due to CO; fertilisation or other indirect
effects of human activities are not considered CDR (see Glossary). Carbon capture and storage (CCS) and carbon
capture and utilisation (CCU) applied to CO, from fossil fuel use are not CDR methods as they do not remove CO-
from the atmosphere. CCS and CCU can, however, be part of CDR methods if the CO; has been captured from the
atmosphere, either indirectly in the form of biomass or directly from ambient air, and stored durably in geological
reservoirs or products (Sections 11.3.6 and 12.3)”

% Following criticism, the authors issued an erratum, saying they overstated the role of forestry as the climate
solution.

10 A recent audit from Canada’s Commissioner of the Environment and Sustainable Development concludes that the

government’s two-billion tree program intended to enhance carbon stocks will remain a net source of GHG
emissions to 2031, due to start-up site preparation and tree-planting activities.

14


https://www.ox.ac.uk/news/2023-01-19-co2-removal-essential-along-emissions-cuts-limit-global-warming-report
https://trilliontrees.org/
https://www.science.org/doi/10.1126/science.aax0848
https://www.oag-bvg.gc.ca/internet/English/att__e_44244.html

national assessment of carbon stocks in Canada’s national parks system, for example, tracks the
average decline in carbon sinks due to wildfires, invasive species, and other events.)

The IPCC notes that “CDR policymaking is faced with the need to consider method-specific
timescales of CO2 storage, as well as challenges in MRV and accounting, potential co-benefits,
adverse side effects, interactions with adaptation and trade-offs with SDGs.” The importance of
ensuring co-benefits of carbon sequestration activities were examined in a CCICED Special
Policy Study on Nature-Based Solutions.

Given these and other complexities, it is not surprising that there has been long-standing
criticism of carbon credits claimed from carbon sequestration projects. For example, a 2016
report of credits issued under the UN’s Clean Development Mechanism concluded that 85% of
credits had a “low likelihood” of delivering actual offsets.

There have been steps to improve the efficacy of carbon offset projects and markets.

At the multilateral level, there have been welcome steps to define and benchmark high-quality
carbon sequestration projects, especially as they related to nature-based solutions. In May 2022,
governments at UNEA adopted for the first time a common definition and standards for Nature
Based Solutions (which were based on [UCN’s Gold Standards). The final text of COP 27
referenced for the first time Nature Based Solutions, underscoring the climate-nature nexus,
while the Kunming-Montreal Global Biodiversity Framework notes linking climate and nature
through nature-based solutions and/or ecosystem-based approaches (Target 8).

At the operational level, the finalization of Article 6 rules at COP 26 sets out the framework
governing international trading in carbon credits. While much work needs to be done to
operationalize these new rules, it is expected that the rules will clarify how carbon sequestration
can be measured, traded, and accounted for. While Article 6 is intended to focus on rules
governing government activity in carbon credits, it is expected they will eventually help shape
private market standards as well. Various pilots have been initiated by governments around
Article 6, while the World Bank has launched the Climate Action Data Trust to support carbon
sequestration registries digitally.

At the market level, there have been several efforts to set out standards covering voluntary
carbon markets. In response to a number of extraordinarily deficient carbon sequestration
transactions, the Voluntary Carbon Market Integrity Initiative (VCMI) is formulating safeguards
and standards to ensure the integrity of carbon credits.

11 More recently, a January 2023 determination by The Guardian concluded that 94% of carbon credits issued by
Verra—the world’s largest certifier of carbon offset credits under REDD+—were essentially worthless.

15
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An additional development has been emerging standards and rules related to carbon offset credits
set out in recent mandatory and voluntary climate risk disclosure standards that include
recommendations on how carbon offsets can be claimed. For example, the IFRS Foundation’s
draft climate risk exposure standards (issued July 2022 by the ISSB) proposes detailed

accounting rules to measure carbon sequestration credits companies have purchased.'? Similarly,
the 2022 draft U.S. Security and Exchange Commission’s climate risk disclosure regulation
includes proposed rules as to how companies will treat carbon offsets, notably around risks that
the “market value of an offset could decrease substantially and suddenly” because of a forest fire
that would require the company to write off the offset and purchase a replacement.

Recommendation: Considerable uncertainties remain in estimating carbon sequestration
outcomes. It is important that bodies in China overseeing offset standards keep up to date with
the latest science and methodologies in the international voluntary carbon market, across the full
range of sequestration activities.

Part 3: Climate Risk Disclosure Data

As green finance continues to expand, so too have rules and standards covering metrics and
measurement protocols specifying the kind of data to be used for climate risk disclosure.

Recent rules and standards are based on evolving recommendations of the Task Force on Climate
Risk Disclosure (TCFD), such as its October 2021 Guidance on Metrics, Targets and Transitions.
Following the TCFD’s recommendation under its Measurement and Metrics sections identifying

the kind of climate data that companies should use, most national climate disclosure rules and
draft exposure have followed those TCFD recommendations. Two that are referenced in the
majority of public risk disclosure rules are noteworthy:

The GHG Protocol is an initiative of two CCICED partners—WRI and WBCSD—first
launched in 1998. Akin to the role of the International Organization for Standardization vis-a-vis
the World Trade Organization, the Protocol has become the data quality standard for the
international financial sector. The Protocol has expanded to cover both private and public sector
entity disclosure metrics. It has released a total of seven standards, from its first in 2001 on
Corporate Accounting and Reporting, to subsequent standards covering Scope 1 and 2 emissions,
Corporate Value Chain Scope 3 emissions, a Project-Level life-cycle emissions reporting

12 These proposed rules require companies to report on the extent to which the targets rely on the use of carbon
offsets; whether the offsets will be subject to a third-party offset verification or certification scheme (certified
carbon offset), and if so, which scheme, or schemes; the type of carbon offset, including whether the offset will be
nature-based or based on technological carbon removals and whether the amount intended to be achieved is through
carbon removal or emission avoidance; and any other significant factors necessary for users to understand the
credibility and integrity of offsets intended to be used by the entity (for example, assumptions regarding the
permanence of the carbon offset).
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standard, and others. The Protocol is developing a new standard on land sector and removals,
relevant to the discussion in Part 2, with a draft expected in 2023.

Carbon footprint: TCFD further recommends companies calculate their carbon footprint. That
calculation is derived from the aggregation of operational and first-tier supply Scope 1 and Scope
2 carbon footprints per USD 1 million of revenue, expressed in tons CO,e/$M. Data to estimate a
corporate footprint usually begins with energy consumption, requiring data on the source of
electricity generation (for example, coal, natural gas, hydroelectric power, renewable
technologies), business travel and other Scope 1 and Scope 2 data. These estimates are typically
overlaid with data from emission factor estimates developed by the IPCC for the given sector.

Converging standards: While TCFD has been the foundation for climate data, there has been a
high degree of fragmentation in how those standards are interpreted. One estimate suggests over
70 different metrics are used in different categories of climate finance.

This is why recent steps by many national jurisdictions to set out new rules based on TCFD are
so important. For example, the U.K., Canada, Hong Kong, New Zealand, and others have
introduced new market regulations. Three of the most important are rules from the European
Union (notably from the European Financial Advisory Group [EFRAG] Climate Change
Exposure Draft and SFDR rules), proposed 2022 rules from the U.S. Securities and Exchange
Commission (SEC), and new ESG and climate risk reporting rules from the International
Sustainability Standards Board (ISSB) of the IFRS Foundation.

Certainly, there are some differences among recent regulations, particularly regarding Scope 3
emissions and the EU’s inclusion of double-materiality. At the same time, there has been a
notable convergence around climate data that can be used, in particular, their common reference
to GHG Protocol and Carbon Footprint as the basis of climate data metrics.'®* Such convergence
is a key recommendation of the 2022 G20 Sustainable Finance Working Group’s call for greater

comparability and interoperability across green finance markets.

Green finance has been at the forefront of China’s agenda for nearly a decade. An important
focus has been climate risk disclosure: the 2021 Guidelines for Environmental Information
Disclosure of Financial Institutions issued by the People’s Bank of China (PBOC) marks an
important step in identifying the type of climate risks financial services actors like banks will be

13 Even with recent mandatory regulations, work continues to drill down into greater details of the type of climate
data most appropriate to specific market segments. For example, the Global GHG Accounting and Reporting
Standard was launched by the Partnership for Carbon Accounting Financials (PCAF) to define information related to
mortgages, commercial vehicle loans, and real estate. In October, 2022, the UK Financial Conduct Authority (FCA)
launched new Sustainability Disclosure Requirements (SDR), based on TCFD and ISSB, arguing that even with new

reporting standards, the risk of greenwashing remains significant. Among its proposals are a series of sustainable
investment labels designed to inform consumers of different financial products.
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expected to report. It is expected that by 2025 the current system will switch to mandatory
climate risk reporting.

Recommendation: China’s green finance standards and company practices should align with
emerging international norms and standards, including new ISSB ESG and climate risk
disclosure standards.

Part 4: Continuous GHG Monitoring Systems

There has been a sharp increase in the deployment of new, innovative climate data systems that
promise to provide near-continuous, highly granular, and spatially referenced carbon source and
sinks data.

Climate Trace presents country-level maps that identify all major facility-level sources of major
GHG emissions sources, notably oil and gas—the largest sector-based source of GHG emissions
globally—electrical power stations, cement factories or airports, based on satellite observations,
ground-level observations, and Al. The platform received considerable attention at COP 27.
However, it has also been criticized for how it aggregates different types of climate data that may
not be comparable.

The Crowther Lab employs machine-learning techniques and satellite imagery to help estimate
sources and sinks from forests, soils, and fungi. The platform also helps measure the effects of
tiny species, notably nematodes, to better understand the planet’s wider carbon cycle. The Lab
has launched a partnership with Costa Rica’s Restor platform to measure various carbon,
biodiversity and social characteristics from 288 sites. The project will help measure the country’s
world-class Payment for Ecosystem Services forestry program that has been running for decades.

The Vulcan Project, based in Northern Arizona University, provides near-continuous climate data
on an hourly basis across the mainland United States, at a scale of 1 km x 1 km.

There has also been a notable increase in climate data intended to support Article 6 rules. In
addition to the World Bank’s new portal noted above, the Climate Warehouse was recently
launched with a similar goal of improving the quality and transparency of climate data to support
Atrticle 6 in several developing countries.*

Given the challenges in estimating net above- and below-ground carbon stocks discussed in
Section 2 above, there have also been impressive new measurement techniques that include
quickly evolving, near-continuous spatial measurements. Finally, as in other areas, there has been
an increased use of Al to augment top-down, continuous GHG data systems, with ongoing

14 The pilot involves Bangladesh, Bhutan, Chile, Ghana, Kazakhstan, Japan, Peru, Rwanda, Senegal, Singapore,
Sweden, Switzerland, Ukraine, and Namibia, well as UNDP and other entities.

18


https://climatetrace.org/news/more-than-70000-of-the-highest-emitting-greenhouse-gas
https://crowtherlab.com/
https://restor.eco/blog/costa-rica-leading-the-movement-for-environmental-transparency/2hhxKXCmoGhAhlRSnBPj8a/
https://restor.eco/platform/collections/ffa5ba9a-b80c-4e34-9e36-f6d73eb979f5/
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1810
https://www.theclimatewarehouse.org/
https://environmentalevidencejournal.biomedcentral.com/articles/10.1186/2047-2382-1-6

research and company applications. These new hybrid systems promise to transform how climate
data is generated and accessed via smartphones and other platforms.

Recommendation: Given the central role that digitization and technological innovation play in
China’s high-quality development and 14th FYP, the MEE can be a world leader in new hybrid
climate data systems. A pilot system, noted above, that tests a holistic bottom-up, top-down and
hybrid system should be tested with the objective of improving China’s availability of high-
quality climate data for enhancing climate governance and decision making at all levels.
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Annex 1

Metrics and Measurement of Methane Emissions
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Background

This section on Metrics and Measurement of Methane Emissions focuses on oil and gas methane
emissions and will help answer the following questions:

e Why is it important to accurately measure methane emissions?

e What are the main sources of methane gas emissions, and do these sources pose
particular measurement challenges?

e Are there known gaps in current methane measurement approaches?

e Are there current or emerging methane monitoring systems that can improve the accuracy
and timeliness of emissions data?
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Executive Summary

Key messages:

e Fast action to mitigate non-CO; climate pollutants, such as methane, including through
implementing methane intensity requirements (such as via procurement specifications)
for domestic and imported oil and gas, can have a significant role in reducing the
likelihood of triggering catastrophic climate impacts as countries pursue carbon-
neutrality goals.

e Without robust monitoring, reporting, and verification (MRV) of methane emissions, we
will not be able to know the efficacy of methane mitigation policies and programs or
whether we are meeting methane mitigation targets.

e Acting quickly to ensure that new investments in oil and gas infrastructure are built with
enhanced MRV systems and methane intensity requirements in mind is essential to
limiting risks of stranded assets and aligning with carbon-neutrality goals.

Natural gas is not inherently a low-emission fuel. Over the past decade, many studies have
documented significant intended (“vented”) and unintended (“fugitive’’) emissions across the oil
and gas sector, from production to transport and distribution. The assertion that a transition from
coal to gas will reduce emissions of climate-warming gases depends on the magnitude and extent
of these intended and unintended emissions.

Methane (CHy4) is the primary constituent of natural gas and is over 80 times more potent than
carbon dioxide (CO») at warming the planet over a 20-year period.?> Conventional wisdom has
held that gas is “cleaner” than coal because generating electricity from gas produces about half
the CO; for a given electricity output than coal.> However, this comparison ignores the methane
emissions associated with producing natural gas and coal. Many studies have analyzed the cross-
over point at which venting and fugitive emissions from gas outweigh the climate benefits of a
transition from coal to gas, generally finding that leakage rates above 2.4%—3.4% eliminate the
climate benefit.* and as low as 0.2% when masking from sulfate co-emission for coal is
included.®

Reducing intended and unintended emissions to achieve lower-emission goals with a transition to
gas, and as we work toward a transition away from gas, requires measurement and MRV along
the full well-to-gate scope (producers, processors, and transporters of gas) both for domestic
producers and for importers seeking to impose methane emission intensity requirements. Such
quantification-based intensity requirements complement established approaches for controlling
methane leaks through prescriptive regulations. Measuring methane accurately is key to enabling
these types of policies. Further, successful quantification-based emissions policy, such as limits
to methane intensity or certification, requires accurate measurement technologies and robust
MRV systems coupled with sufficient compliance and enforcement. New investments in the oil
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and gas sector should build in enhanced MRV systems and methane intensity requirements to
limit risks of stranded assets and align with carbon-neutrality goals.

Collaborative efforts such as the International Methane Emissions Observatory (IMEO), which
builds on the reporting framework established by the Oil and Gas Methane Partnership 2.0
(OGMP 2.0), offer an opportunity to improve understanding and enable action by governments,
industry, and civil society to reduce methane emissions.
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1.0 Introduction

Methane, the primary constituent of natural gas, is a short-lived but potent greenhouse gas
(GHG). Methane has an atmospheric lifetime of about 10 years and is around 80 times more
powerful than CO; at warming the climate over a 20-year time frame.® As a result, methane
mitigation can have a fast impact and “is very likely the strategy with the greatest potential to
decrease warming over the next 20 years.”'The primary sources of anthropogenic methane
emissions are energy production (~35%), agriculture (~40%), and waste (~20%), with biomass
burning and biofuels as minor sources.®

Without the fast, near-term action to slow warming that cutting methane emissions can provide,
the Earth’s average temperature could exceed the Paris Agreement’s 1.5 °C temperature limit (at
least temporarily) by the end of this decade.® Impacts from warming above 1.5 °C include
increasing the risk that self-amplifying climate feedbacks will further accelerate rising
temperatures and trigger a cascade of irreversible tipping points in the climate system.°
Bilateral, multilateral, and plurilateral actions are essential to raising awareness of the
opportunity to slow warming by cutting methane in the sectors involved and the level of
ambition necessary. This action includes commitments in the methane emissions reduction
outcomes from the 2023 Major Economies Forum on Energy and Climate, the Joint Glasgow
Declaration on Enhancing Climate Action in the 2020s between China and the U.S., the Global
Methane Pledge, the Joint Declaration from Energy Importers and Exporters on Reducing
Greenhouse Gas Emissions from Fossil Fuels, and this effort to understand methane metrics and

measurement under the auspices of the China Council for International Cooperation on
Environment and Development (CCICED).

The oil and gas (O&G) sector presents a unique opportunity to pursue fast action on cutting
methane, as 75% of methane reductions from this sector could be achieved at low or no cost.!!
The 2021 Global Methane Assessment estimates this O&G sector potential mitigation at 29-57
million metric tons of methane per year (MtCHa4/yr). This potential can be largely realized
through capturing fugitive emissions, with most solutions involving mature existing technologies
and implementing prescriptive regulations on producers, processors, and transporters of gas
together with methane intensity requirements (such as through procurement specifications) for
domestic and imported oil and gas.!? The International Energy Agency (IEA) reported in its 2022
Global Methane Tracker report that there is a wide range of methane emissions intensities from
O&G operations in the best-performing countries and companies. Of these best performers, IEA
noted in the same report that Norway and the Netherlands have the lowest emissions intensities.
Significantly, IEA observed that if all producing countries were to match Norway’s methane
emissions intensity, O&G sector emissions would fall by 90%.

While different oil and gas resources have different characteristics that contribute to their
emissions profiles, production and transportation infrastructure and operation and maintenance
practices can significantly affect actual emissions. As discussed in Section 2, bottom-up
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inventory-based assessments tend to underestimate actual emissions by about 60%—70%2 and
highlight challenges with accounting for the intermittency of emissions.'*

Box 1. Methane intensity and key considerations

“Methane intensity” is an increasingly important method of communicating O&G industry
methane emissions data and performance. There is not yet a universally adopted methane
intensity standard, protocol, or guideline. Thus, it is important to consider differences in
methane intensity standards or other calculation methodologies. (See “Key Considerations,”
below.) As an example, the Oil and Gas Climate Initiative (OGCI), a voluntary CEO-led
organization including 12 of the largest O&G companies, defines methane intensity as
follows:

“[The] total volume of methane emissions divided by total volume of marketed gas. The
metric is already used by companies that account for 30% of global production and could be
adopted as an industry standard. Note that some companies report an alternative metric of
methane emissions normalized to total energy content of their oil and gas production. This
metric can be converted to the equivalent OGCI percent emission rate by adjusting the
relative fraction of energy production from oil versus natural gas.”®

Key Considerations in assessing a particular methane intensity calculation methodology
include scope of emission sources considered and source characteristics. Some intensity
calculations limit scope to upstream emissions from the well-head facilities, while more
comprehensive “well-to-city gate” include upstream and pipeline-gas extraction, processing,
and transmission emissions, as well as liquid natural gas liquefaction, shipping, storage, and
regasification emissions. Source-characteristics analysis accounts for variations between
gas extracted from different sources, which can differ based on geological conditions, gas
extraction techniques, and characteristics of the gas from production wells.®

The increasing importance of understanding O&G sector methane emissions characteristics and
intensity has given rise to a surge in performance-rating (or certification) programs for
“differentiated gas,” including “low-emission” and “responsibly sourced” gas. See Box 2. This is
a key factor in why it is so important to go beyond the certification conclusions to determine if
there is sufficient information warranting confidence in the performance ratings. For instance, in
assessing the credibility of a differentiated gas certification program, it is necessary to obtain
clear information on the type of standards used in the methane emissions measurement, the scope
of facility certification (e.g., does the certification cover all facilities, or particular facilities, and
if particular, are these only the best-performing facilities?), whether conformity with the methane
intensity target will result in emissions reductions (i.e., does the standard require reductions over
time, what is the starting point?), and whether the certification involves verification from a

26



credible and independent third party. Examples of differentiated gas certification programs
include MiQ, grading natural gas volumes produced and gas producer performance, Project
Canary’s “Trustwell” program, and Xpansiv’s Digital Natural Gas and Methane Performance
certifications. (See also Highwood Emissions Management (2022) Joluntary Emissions
Reduction Initiatives for the Oil and Gas Industry.)

For a more detailed discussion of key criteria for differentiated gas certifications, see Grossman
and Lackner (19 May 2022) Differentiated gas: Nothing but hot air without these five criteria,
Environmental Defense Fund).

Box 2. Definition of “differentiated gas” or “responsibly sourced gas”

“Differentiated gas” or fossil gas that is differentiated as to whether it is “low-emission” or
“responsibly sourced gas” refers to “gas that is purported to have been extracted via methods
that meet certain environmental, social and methane emission best practices.”*’
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2. MEASURING OIL AND GAS SECTOR METHANE EMISSIONS

2.1 Opportunities and Challenges of Measuring and Monitoring Emissions From the O&G
Sector

The two primary purposes for measuring methane are to understand emissions and to mitigate
emissions. Figure | illustrates how different methane measurement technologies operate at
different spatial and temporal scales and can be used to understand and/or mitigate emissions.

Bottom-up inventories are a primary tool for understanding emissions. At their most basic level
(IPCC Tier 1) (see Box 4), they multiply industry average emission factors by equipment or
activity counts (e.g., number of pneumatic valves) to estimate emissions at one or more facilities
up to the national scale. Several tools, such as the Country Methane Abatement Tool (CoMAT)
developed by the Clean Air Task Force, allow governments to build an inventory and estimate
methane emissions based on parameters including the number of wells, compressor stations,
miles of pipeline, and other infrastructure and operations information.*® Bottom-up inventories
provide essential information on potential sources of emissions and are critical for planning
mitigation approaches. However, a major challenge is the dependence of this bottom-up
approach on emission factors that are developed for equipment and components at normal
operation. When compared with atmospheric measurements, these inventory-based approaches
are found to systematically underestimate emissions.

Atmospheric measurement-based studies over North America have consistently shown that these
bottom-up inventories underestimate site-level emissions.® These studies show that methane
emissions are highly skewed to a small number of “super-emitter” events that are not generally
represented in emission factors.?% A forthcoming study finds that natural gas emissions in some
areas were as much as nine times higher than U.S. government estimates and that fewer than 2%
of the aerially measured well sites contribute over half of the total emissions.?* A small number
of ultra-emitters have also been observed globally to contribute a disproportionate 8 to 12% of
global oil and gas methane production emissions.?? This highly skewed profile of emissions from
a small number of facilities occurring intermittently presents a challenge both for detecting leaks
and quantifying inventories.

Screening technologies (see the M4 green dots in Figure 1) are rapidly improving to enable
better detection (and, in some cases, quantification) of fugitive emissions. Diluted and diffuse
emissions, such as from small leaks and agricultural sources, continue to be a measurement and
monitoring challenge. However, most O&G sources are concentrated and can be prevented or
controlled by being contained and captured (as opposed to agricultural and waste sources).

2.2 Measurement Techniques

Techniques for measuring methane operate across a range of scales in space and time (Figure 1).
The smallest-scale measurements use in-situ methods from the ground (e.g., handheld or
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mounted devices) or aerial sensors (e.g., on drones). These close-range methods are essential for
source identification, but they can be labour-intensive and miss infrequent emission events.

Leak detection and repair (LDAR) is an essential component of monitoring and reducing
methane emissions. Comprehensive monitoring programs (CMP) pair screening technologies
that can identify anomalous emissions with close-range detection methods such as optical-gas
imaging cameras that can distinguish and detect emitting sources. For additional information, see
Fox T.A., Barchyn T.E., Risk D., Ravikumar A.P. and Hugenholtz C.H. (2019) 4 review of close-
range and screening technologies for mitigating fugitive methane emissions in upstream oil and
gas, Environ. Res. Lett.: 14 053002.%

Atmospheric monitoring approaches combine measurements of atmospheric concentrations (CH4
mole fraction in the atmosphere) with transport and dispersion models that use meteorological
inputs to convert detected concentrations to emissions. These models rely on initial input
assumptions about sources (priors) and provide the most accurate results when detailed facility
and activity data are available.

Dedicated testing facilities like the Methane Emissions Technology Evaluation Center (METEC)
and TotalEnergies Anomaly Detection Initiatives (TADI) are enabling the development of
international standards for leak detection and quantification of methane emissions.?* These are
important resources for testing and verification of measurement technologies and approaches.

See Figure 1.
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Figure 1. Methane detection technologies provide information at a range of spatial and
temporal scales
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Figure 1. Methane detection technologies provide information at a range of spatial and temporal scales. The
coloured dots represent different measurement motivations: M1 = develop and refine emissions factors to improve
inventories; M2 = Estimate emissions from a region with multiple sources; M3 = Close-range leak detection; M4 =
Rapid screening for anomalous emissions. Dots without black borders either show promise or may be useful in a
limited capacity. Method 21 is a U.S. EPA regulatory framework for conducting LDAR; OGIs = optical-gas imaging
cameras; MGLs = mobile ground laboratory; UAVs = uncrewed aerial vehicles. The dotted line separates semi-
automated (above) and labour-based systems (below), based on current technologies. Reproduced from Fox T. A.,
Barchyn T. E., Risk D., Ravikumar A. P., & Hugenholtz C. H. (2019) A review of close-range and screening
technologies for mitigating fugitive methane emissions in upstream oil and gas, ENVIRON. RES. LETT. 14(5): 053002.
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Box 3. Satellites and the International Methane Emissions Observatory

High-precision spectral imaging instruments mounted on aircraft and satellites have
revolutionized methane monitoring and emissions quantification with their potential to cover
large spatial scales with almost continuous daily mapping (Figure 2). The International
Methane Emissions Observatory (IMEO) at the United Nations Environment Programme
(UNEP) was launched in 2021 to collect, reconcile, and integrate methane emissions data from
industry reporting through OGMP 2.0, national inventories, scientific studies, and satellite
observations through the Methane Alert and Response System (MARS). By providing open,
reliable, and actionable data IMEO empowers governments, companies, investors, researchers,

civil society, and others to reduce methane emissions.?

Figure 2. Classification of satellite instruments
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Figure 2. Classification of satellite instruments (italics denotes not launched as of July 2022) based on their

capability to observe methane on global, regional scales with high resolution, and for point sources, with detection
thresholds given as order of magnitude in kilogram per hour. Reproduced from Jacob D. J., et al. (2022) Quantifying
methane emissions from the global scale down to point sources using satellite observations of atmospheric methane,

ATMOS. CHEM. PHYS. 22(14): 9617-46.
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Box 4. Inventory approaches (e.g., IPCC tiers)

The 2006 IPCC Guidelines developed a tiered approach for estimating GHG
emissions:

Tier 1 relies on multiplying activity data by default emissions factors representing
emissions per unit of activity.

Tier 2 approaches generally apply country-specific emissions factors to national or
regional activity data.

Tier 3 approaches involve additional detail on the activity data (e.g., facility level) and
direct measurement or equivalent country-specific approaches.

The 2006 IPCC Guidelines and 2019 Refinement provide default emissions factors and
additional methodological guidance.

2.3 Gaps and Challenges in Current Approaches

Direct measurement and verification are essential to accurate and credible emissions
quantification. A key challenge in the methane monitoring space in the O&G sector is integrating
different measurement and monitoring techniques and approaches to provide accurate,
comprehensive, and timely quantification of emissions with source attribution. Multiple research
efforts are underway to develop methodologies for integrating bottom-up and top-down
approaches to address this challenge (e.g., Energy Emissions Modeling and Data Lab,?®
Veritas?’). In June, MiQ-Highwood released an index for integrating inventory and direct
measurement data for national-level emissions intensity quantification.?

Remaining issues for consideration as MRV methodologies and certification schemes are further
developed include how emissions associated with well preparation and completion, LNG and
transport, and mid-stream emissions are factored in/allocated.

Finally, no path (currently) exists to monitor all facilities at appropriate levels of detection
(MDL) and frequency for continuous and comprehensive emissions quantification.
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3. WHY ACCURATELY MEASURING METHANE EMISSIONS FROM
THE O&G SECTOR IS IMPORTANT

Achieving sustained methane emissions mitigation from the O&G sector requires a strong
methane intensity commitment and reducing methane intensity from that commitment over time,
combined with credible measurement of methane emission quantification, which depends on
effective monitoring, reporting and verification (MRV) systems to ensure sustained mitigation.

Industry voluntary commitments are a starting point for sustained methane emissions mitigation.
Examples include the framework established in the Oil and Gas Methane Partnership 2.0 (OGMP
2.0), the Oil and Gas Climate Initiative (OGCI), and the China Oil and Gas Methane Alliance.
Launched under the United Nations Environment Programme (UNEP) Climate and Clean Air
Coalition (CCAC), OGMP 2.0 member companies commit to setting an upstream methane
intensity or absolute reduction target. UNEP promotes the following aspirational goals with
respect to these targets:

e 45% reductions in methane emissions overestimated 2015 levels by 2025, leading to 60-
75% reductions by 2030;

e or, alternatively, a “near zero” emission intensity, such as the OGCI collective average
target for upstream operations of 0.25% by 2025, a target which has been updated to
“well below” 0.20% by 2025 in OGCI documentation, as described below.?

OGCl requires that its member companies commit to, by 2025, reducing the collective average
methane intensity of aggregated upstream oil and gas operations to well below 0.20% from a
2017 baseline of 0.30%.%° This target includes all operated upstream oil and gas assets, annual
reporting of collective methane intensity, and the China Oil and Gas Methane Alliance, an
association of seven Chinese companies, pledged to reduce members’ average gas-production
methane emissions intensity to below 0.25% by 2025.3!

A lack of sustained mitigation may suggest the need for expanded adoption of regulatory
approaches, such as those described below.

3.1 Examples of Regulatory Approaches

As mentioned in Section 1, the proliferation of voluntary industry collaborations aimed at
reducing methane emissions in the O&G sector and associated performance-rating initiatives
reflects the growth of bilateral, multilateral, and plurilateral actions raising awareness of the
opportunity to slow warming by cutting methane, the sectors involved, and the level of ambition
necessary. Nonetheless, because cutting methane emissions is the single most important action
humanity can take to slow warming in the near term, governments are undertaking regulatory
actions to drive more comprehensive action. Examples can be found in evolving regulatory and
other policy actions in Canada,?? China, the European Union,* Mexico,® Nigeria,® and the
United States.®” However, in each example, ensuring clarity and scientific and community
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scrutiny of methane emissions metrics and measurement is critical to ensuring that statutory and
regulatory climate goals can be reached. It is therefore important to consider initiatives that focus
on the rigour of methane metrics and measurement.

Subnational governments can be “first movers” in terms of environmental action. This is the
situation with several U.S. states with respect to methane abatement in the oil and gas sector.
Colorado adopted the first methane regulations in the United States in 2014, and has proceeded
since that time to adopt improvements. Reflecting the importance of more rigorous methane
measurement and the need for an improved regulatory mechanism to enable oil and gas operators
to confirm conformity with Colorado’s methane emissions requirements, Colorado’s Air
Pollution Control Division proposed a draft “GHG intensity Verification Rule.” Among other
important elements, the draft Rule proposes a “State default-intensity verification factor”
referring to the “methane factor developed to account for the difference in measured methane

emissions and reported methane emissions and used in the calculation of GHG intensity.” This
default-intensity verification factor is applicable to preproduction and production methane
emissions from oil or natural gas wells and associated equipment and activities as further defined
in the draft Rule.
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4. CURRENT AND EMERGING METHANE EMISSIONS MONITORING
SYSTEM BEST PRACTICES FOR ACCURACY AND TIMELINESS

A survey of existing methane policies found that only about 13% of global methane emissions are
currently covered by direct methane mitigation policies, with coverage of fossil methane emissions
ranging from 5% to 23% depending on geography.®® Most of the regulations in the O&G sector
have focused on prescriptive regulations, such as work practices and standards for LDAR,
equipment standards, and restrictions on venting and flaring. Improvements in measurement
technologies and approaches are enabling regulations that are based on methane emissions
quantification (such as the methane fee in the U.S. Inflation Reduction Act). Achieving compliance
and mitigation targets requires extending policy coverage, stringency, and increasingly adopting
emissions quantification-based measures, which depend on robust MRV systems.

While most solutions for mitigation methane emissions from the O&G sector are no- or low-cost
and involve mature existing technologies, their adoption is lagging due to informational, structural,
financial, and regulatory barriers.®® Below, we highlight examples of best practices for accurate
and timely methane emissions monitoring to achieve emissions reductions. For additional details
on practical methane policy implementation, see the IEA’s methane regulatory roadmap and
Environmental Defense Fund resources.*°

4.1 Work Practice Standards are in Place, Documented, and There is Evidence of Enforcement

Mandated regular LDAR combined with work practice (and technology) standards, as in the
example below, are well-established approaches that can deliver methane emissions reductions
when properly monitored and enforced.*! Regulatory agencies should consider what data is
required to be reported and on what timeline and frequency and should have the capacity to
verify reports and level fines for misreporting and non-compliance to ensure effective
enforcement.*? These prescriptive requirements can precede and complement policies based on
emission quantification.
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Figure 3. Work practice standards

Requirements

Regular instrument-based monitoring for leaks and abnormal emissions, including at smaller sites, and timely repair
of leaks

Transition to zero-emitting pneumatic devices

Prohibition of routine venting and flaring
Control/capture requirements for tank emissions
Reduced emission well completions

Liquids unloading best practices

Emission standards for reciprocating and centrifugal compressors

Figure 3. Table from Lackner M. & Mohlin K. (2022). Certification of Natural Gas With Low Methane Emissions:
Criteria for Credible Certification Programs, Environmental Defense Fund.

4.2 Measurement, Reporting and Verification (MRV) Standards for Quantification and
Coverage

The key features of a robust MRV framework include an agreed and consistent methodology
that: (1) is based on direct measurements that are statistically representative in space and time;
(2) integrates top-down and bottom-up measurement data to validate emissions estimates at the
facility level and over the reporting period (e.g., the MiQ-Highwood index methodology), and
(3) includes associated uncertainty in reported emissions estimates.*®

The “gold-standard” Level 5 reporting under the OGMP 2.0 framework, as set out in the table
below, requires methane emissions reported by detailed source type and direct measurements that
characterize site-level emissions for a statistically representative sample.
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OGMP 2.0

Reporting Levels

Figure 4. Reporting levels in the Oil and Gas Methane Partnership 2.0
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Figure 4. From Oil and Gas Methane Partnership (OGMP) 2.0, Frequently Asked Questions.

4.3 Pairing Voluntary Standards Certification Schemes with Regulation Captures All Players
in the Market

Certification schemes for low-emissivity gas should require and verify that a baseline set of work
practice standards is in place and enforced (see Section 4.1). Furthermore, any certification of
“differentiated gas” should require reporting consistent with OGMP 2.0 level 5 and meet or
exceed the OGCI metric of 0.20% and declines over time.**

4.4 Transparency and Timeliness

Best practice reporting would be at the facility scale and on a timeline to enable efficient
monitoring and learning cycles to achieve rapid abatement.
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5. CONCLUSION

The oil and gas sector is moving from monitoring methane to understand and locate emissions to
measuring to eliminate unnecessary emissions. Establishing strong and transparent MRV
practices in producing regions, together with regulatory requirements and standards for
producers, transporters, and for low methane emission intensity in both producing and importing
regions that enable efficient monitoring and learning cycles is key to achieving rapid emissions
reductions and meeting climate goals.

The Chair of the OGCI Executive Committee, Bjorn Otto Sverdrup, underscored the need for
further action at Global Energy Transition 2023 in June:

“It’s time to move beyond incremental improvement,” Sverdrup said, pointing to “zero-
tolerance” policies already in place for oil spills and safety incidents. “Let’s try to deploy
that mindset. All methane emissions can and should be avoided.”

As part of that, the industry should look beyond methane in the United States and Europe
by offering a “helping hand” to the poorer parts of the world, Sverdrup said. Toward that
end, the OGCI has been undertaking a satellite program for 20 months in which it is

detecting “super emitters” in places like the Middle East, Central Asia, and North Africa.

“Then we engage in dialogue—knocking on the door, basically saying, ‘We see you have
a problem. Are you aware of it? Do you know how to fix it? Are you willing to fix it?’”
Sverdrup explained, adding that the response to those knocks has been overwhelmingly
positive.*

International efforts such as IMEO aim to bring together industry-led reporting efforts with
satellite and research observations to inform and enable such action to reduce methane
emissions. Growing participation from governments, companies, and civil society and support
for improved transparency and access to actionable methane information will contribute to
achieving needed methane emissions mitigation.
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gas marketed or conveyed over the period, to aid in calculation of methane emission intensity. For midstream and downstream
segments, other parameters will be used to calculate the emission intensity (e.g., transmitted gas, distributed gas, length of pipeline,
regasified gas, withdrawal gas, etc.). Each company is to provide information reflecting the denominator used in their intensity
target. « Those companies that set an absolute reduction target should also report their baseline year and reference year for

calculating the absolute reduction in methane emissions.”) (emphasis in original) (last visited 16 May 2023).
30 Oil and Gas Climate Initiative (OGCI), OGCI’s 2025 Methane Intensity Target (last visited 16 May 2023).

31 China National Petroleum Corporation (CNPC) (19 May 2021) China Oil and Gas Methane Alliance was inaugurated (“It has
seven members: CNPC, China Petroleum & Chemical Corporation, China National Offshore Qil Corporation, PipeChina, Beijing
Gas, China Resources Gas, and ENN Energy, with CNPC serving as its first president. At the conference, the founding members
jointly announced their pledge to control methane emissions across the entire industry chain and take practical measures to push
for the clean and low-carbon transformation of energy. The China Qil and Gas Methane Alliance is committed to building a high-
quality and open platform for technical experience sharing and cooperation, improving methane emissions control, and actively
engaging in global climate governance. It will join the global efforts to ensure systematic, regular, standardized and international
methane monitoring and measurement, promote and adopt leak detection and repair (LDAR) and other effective emissions control
measures throughout the industry chain, from oil and gas production, storage and transportation to sales, increase the recovery and
utilization of vented gas during exploration and development, actively develop new energy sources, and reduce dependence on
fossil fuels during oil and gas production ... Through the China Oil and Gas Methane Alliance, member companies will incorporate
methane emissions control into their carbon emissions reduction plan, comprehensively improve methane emissions control, strive
to reduce the average methane intensity in natural gas production to below 0.25% by 2025”). Notably, CNPC is also a member of
OGCI. See OGCI, Our Members (last visited 16 May 2023).

32 See, for example, Environment and Climate Change Canada (2019) Regulations Respecting Reduction in the Release of Methane
and Certain Volatile Organic Compounds (Upstream Oil and Gas Sector) (“Companies must register their facilities before April
30th, 2020, or within 120 days of when the facility begins to be covered by any of the requirements. There are also provisions in
the regulations to retain information for record-keeping, inspection purposes, and for on-demand reporting to Environment and
Climate Change Canada. Regulatory requirements for fugitive equipment leaks, venting from well completions, and compressors,
come into force on January 1, 2020. Regulatory requirements for facility production venting restrictions and venting limits for
pneumatic equipment come into force on January 1, 2023.”).

33 See, for example, Institute for Governance & Sustainable Development (17 January 2023) Briefing: China Announces Progress
in Methane Monitoring and Evaluation in Preparation for the Release of Its National Action Plan on Methane (“China’s Ministry
of Ecology and Environment (MEE) highlighted progress on carbon dioxide and other greenhouse gas monitoring and evaluation
pilot projects aimed at answering critical questions on ‘what to measure,” ‘where to measure,” and ‘how to measure.” This includes
pilot projects exploring preliminary technical methodologies for methane leakage detection. In particular, MEE noted that the oil
and gas industry pilots have established a methane leakage detection mechanism by implementing an integrated “satellite +
unmanned aerial vehicle + cruise” monitoring system for tracking methane leakage in production processes. For the coal mining
industry pilots, MEE observed that a collaborative methane emissions monitoring technology has been developed using existing
coal mine safety monitoring systems. Last but not least, MEE commented that it has established a preliminary understanding of the
concentrations and the spatial and temporal distributions of global methane emissions through analysis of satellite remote sensing
data.”). In this regard, China’s MRV efforts are notable and relevant to this study, including:

e  Ministry of Ecology and Environment, Outline of Ecological and Environmental Monitoring Plan (2020-2035) (2020)
(“Following the principle of ‘accounting as the main focus and monitoring as a supplement’ and under the circumstances
that no significant financial investment will be required, the monitoring of greenhouse gases (including CO2, CH4, SF6,
HCFCs, NF3, and N20, etc.) shall be incorporated into the planning and design of routine monitoring systems”);

e Ministry of Ecology and Environment, 14" Five-Year Ecological and Environmental Monitoring Plan (2021) (“Develop
and implement the Work Plan on Carbon Monitoring and Evaluation Pilot Projects. Organize enterprises in key
industries such as thermal power, iron and steel, oil and gas mining, coal mining and waste disposal to carry out
greenhouse gas emissions monitoring pilot projects, including to monitor the emissions of carbon dioxide and methane”);

e National Development and Reform Commission, National Bureau of Statistics, and Ministry of Ecology and
Environment, Implementation Plan on Accelerating the Establishment of A Unified and Standardized Carbon Emission
Statistics and Accounting System (2022) (“Promote research on accounting for non-CO2 greenhouse gas emissions”);

e  Ministry of Ecology and Environment, Medium- and long-term Development Plan for Eco-Satellites (2021-2035) (2022)
(“Considering the requirements of promoting synergy in pollution reduction and carbon mitigation as provided in policy
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documents including the Action Plan for Carbon Peaking by 2030, the main needs for remote sensing monitoring of
atmospheric environment include:... remote sensing monitoring for proactive detection of and real-time response to
methane emission anomalies in key industries”; “The main needs for remote sensing to support ecological and
environmental protection enforcement include:... monitoring of methane emission anomalies in key industries such as
oil and gas, and coal”; “During the 14™ Five-year period, ... develop infrared multispectral satellites so that... greenhouse
gas emission source monitoring can identify CH4 emission anomalies above 10-20 ppb”; “During the 14" Five-year
period,... further enhance the monitoring accuracy and rapid response capability of satellites through coordinated
satellite-ground monitoring and new communication and navigation satellite services in order to provide branded services
including ... global distribution data of major greenhouse gases (CO2, CH4)”; “Table 4: Technological innovation system
of satellite remote sensing monitoring of ecology and environment” includes “Remote sensing technologies for
supervision and evaluation of methane emission sources in key industries”; “Table 5: Standard and Norm System of eco-
satellite remote sensing for monitoring, inspection and enforcement” includes “Technical specifications for nitrous oxide
monitoring by satellite remote sensing” and “Technical specifications for methane monitoring by satellite remote
sensing.”).

34 See, for example, European Commission (15 December 2022) Proposal for a Regulation of the European Parliament and of the
Council on methane emissions reduction in the energy sector and amending Regulation (EU) 2019/942, Art. 12 (“1. By ... [182
months from the date of entry into force of this Regulation)], operators shall submit a report to the competent authorities containing
the quantification of source-level methane emissions estimated using at least generic but source-specific emission factors for all
sources. Operators may choose to submit at that stage a report according to the requirements in paragraph 2. 3. By ... [36
months from the date of entry into force of this Regulation] and by 30 March 31 May every year thereafter, operators shall submit
areport to the competent authorities containing direct measurements quantification of source-level methane emissions for operated
assets referred to in paragraph 2, complemented by measurements of site-level methane emissions, thereby allowing improving
the assessment and verification of the source-level estimates aggregated by site.... 4. By ... [36 months from the date of entry into
force of this Regulation] undertakings established in the Union shall submit a report to the competent authorities of the Member
State where the asset is located containing direct measurements quantification of source-level methane emissions for non-
operated assets provided these have not already been reported by an operator in response to the obligation under paragraph
2. Reporting at such level may involve the use of source-level measurement and sampling as the basis for establishing specific
emission factors used for emissions estimation.... 11. The competent authorities shall make the reports set out in this Article
available to the public and the Commission, within three months from submission by operators and in accordance with Article
5(4).”) (emphasis in original).

35 See Government of Mexico (2022) Contribucicn Determinada a Nivel Nacional Actualizacicn 2022, 14 (“El sector
petrdeo y gas tiene una meta de 14% de reduccién de emisiones y contempla medidas para su cumplimiento que se agrupan en
tres ejes de actuacidn: a) el incremento de la cogeneracidn, tanto en centros procesadores de gas como en la refinacién del petrdeo;
b) reduccicn de las emisiones fugitivas del subsector gas y del subsector petrdeo, y c) el Programa de Eficiencia Energéica en
Petrdeos Mexicanos y sus empresas productivas. Petrdeos Mexicanos ha establecido una meta de aprovechamiento de gas metano
del 98%, considerando la produccicn de campos existentes y nuevos, para lo cual se desarrollarauna Estrategia de aprovechamiento
de gas en pozos existentes, y se realizarén obras prioritarias en los nuevos desarrollos, con inversiones estimadas en m& de 2000
mil millones de délares.”) (“The oil and gas sector has a goal of 14% emissions reduction and contemplates measures to fulfill it
that are grouped into three axes of action: a) increased cogeneration, both in gas processing centers and in oil refining; b) reducing
fugitive emissions from the gas subsector and the oil subsector, and ¢) an Energy Efficiency Program for Petrdeos Mexicanos and
its productive companies. Petrdeos Mexicanos has established a methane gas utilization goal of 98%, considering the production
of existing and new fields, for which a Gas Exploitation Strategy will be developed in existing wells, and priority works will be
carried out in new developments, with investments estimated at more than 2000 billion dollars.”) (in Spanish).

36 See, for example, Government of the Federal Republic of Nigeria, Upstream Petroleum Regulatory Commission (November
2022) Guidelines for Management of Fugitive Methane and Greenhouse Gases Emissions in the Upstream Oil and Gas Operations
in Nigeria. See also Clean Air Task Force (11 November 2022) Nigeria announces rule to reduce methane emissions from the oil
and gas sector (“Nigeria has shown great leadership on methane at COP27, giving the world a concrete example of the kinds of
action necessary to slash methane emissions and bend the curve on climate change,” said Jonathan Banks, Global Director of
CATEF’s Methane Pollution Prevention program. “Nigeria is turning ambition into action on methane. We sincerely hope that other
nations will step up and follow its lead.”).

37 See for example, United States Environmental Protection Agency (2 November 2021) EPA Proposes New Source Performance
Standards Updates, Emissions Guidelines to Reduce Methane and Other Harmful Pollution from the Oil and Natural Gas Industry
(“EPA is taking a significant step in fighting the climate crisis and protecting public health through a proposed rule that would
sharply reduce methane and other harmful air pollution from both new and existing sources in the oil and natural gas industry. The
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proposal would expand and strengthen emissions reduction requirements that are currently on the books for new, modified and
reconstructed oil and natural gas sources, and would require states to reduce methane emissions from hundreds of thousands of
existing sources nationwide for the first time.”). See also United States Environmental Protection Agency (11 November 2022)
EPA Issues Supplemental Proposal to Reduce Methane and Other Harmful Pollution from Oil and Natural Gas Operations (“EPA
is taking a significant step in fighting the climate crisis and protecting public health through a proposed rule that would sharply
reduce methane and other harmful air pollution from both new and existing sources in the oil and natural gas industry. The proposal
would expand and strengthen emissions reduction requirements that are currently on the books for new, modified and reconstructed
oil and natural gas sources, and would require states to reduce methane emissions from hundreds of thousands of existing sources
nationwide for the first time.”).
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