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Inclusive Forum on Carbon Mitigation Approaches (IFCMA) Papers

This work has been discussed at the plenary meeting of the IFCMA on 14 — 15 November 2023.

The IFCMA Papers series brings together outputs from the initiative’s work to take stock of different
carbon mitigation approaches, map policies to the emissions they cover, and estimate their impact on
greenhouse gas emissions, as well as its work on analysing methodologies for computing the carbon
intensity of goods and sectors. Comments on IFCMA Papers are welcome at IFCMA@oecd.org.

Background

The Inclusive Forum on Carbon Mitigation Approaches is the OECD’s flagship initiative to help optimise
the global impact of emissions reduction efforts around the world through better data and information
sharing, evidence-based mutual learning, and inclusive multilateral dialogue.

By taking stock of different carbon mitigation approaches, mapping policies to the emissions they cover,
and estimating their comparative impact in terms of emissions reductions, the IFCMA is enhancing
understanding of the comparative impact of the full spectrum of carbon mitigation approaches deployed
around the world and their combined global impact. The IFCMA is also identifying and addressing
challenges related to the calculation of sector- and product-level carbon intensity metrics, relevant to
the design and evaluation of mitigation policies, and to steer firms’ and consumers’ decisions towards
lower-emission products. This work supports better international coordination to avoid the proliferation
of different standards, help minimise compliance costs for business, and avoid disruptions to trade.

To advance its technical work, the IFCMA brings together delegates from the climate, tax, and structural
economic policy communities from more than 55 IFCMA members and numerous countries
participating as Invitees around the world.
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Abstract

This scoping note presents a high-level overview of the main approaches to, and challenges faced when,
calculating product-level carbon intensity metrics, including those applicable to collecting and verifying
information across the supply chain. Though the analysis focuses on approaches used in emissions-
intensive trade-exposed sectors (EITE), the findings also have broader relevance to other sectors. As part
of the analysis, challenges relating to computing sector-level carbon intensity metrics are also considered,
particularly as inputs to product-level metrics.

A full report, due by the second half of 2024, will analyse these aspects in more detail. The work for the
report, as outlined in this scoping note, seeks to identify approaches to minimise duplication among various
initiatives, minimise compliance and reporting costs for firms, and avoid disruptions to trade. This can
provide a foundation for developing basic principles and considerations to support the widespread
calculation and use of carbon intensity metrics globally.

Keywords: Climate Change, Climate Change Policies, Carbon Intensity, Carbon Footprint, Industrial
Decarbonisation
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Executive Summary

This scoping note presents a high-level overview of the main approaches to, and challenges faced when,
calculating product-level carbon intensity metrics, including those applicable to collecting and verifying
information across the supply chain. Though the analysis focuses on approaches used in emissions-
intensive trade-exposed sectors (EITE), the findings also have broader relevance to other sectors. As part
of the analysis, challenges relating to computing sector-level carbon intensity metrics are also considered,
particularly as inputs to product-level metrics. A full Inclusive Forum on Carbon Mitigation Approaches
(IFCMA) Carbon Intensity Workstream report, due by the second half of 2024, will analyse these aspects
in more detail, put forward possible solutions to the technical and policy challenges faced when calculating
carbon intensity metrics across an increasing number of products and sectors and outline areas for
possible future work.

The work for the report, as outlined in this scoping note, seeks to identify approaches to minimise
duplication among various initiatives, minimise compliance and reporting costs for firms, and avoid
disruptions to trade. This can provide a foundation for developing basic principles and considerations to
support the widespread calculation and use of carbon intensity metrics globally. Whilst the work does not
delve into sector-specific or product-specific issues, it builds on the relevant literature that does so.

The main messages of this scoping note are the following:

e Existing approaches to compute product-level carbon intensity metrics often use default values
and make limited use of primary data. Novel data collection methods can improve the timeliness
and quality of carbon intensity metrics. Choosing between computation methods involves
considering trade-offs between accuracy, costs, and the ability to generalise across sectors or
products. Combining methods can reduce costs, though at the cost of reduced comparability.

e Carbon intensity metrics have several use cases. These include helping governments to design
policies to deliver the ambitious mitigation goals countries have set, and guiding businesses and
consumers towards making less carbon-intensive choices. However, newer use cases require
timelier and more comparable carbon intensity metrics than are currently available. Whilst sector-
level metrics are already well established and used for policy making, they are produced with a
non-negligible time lag and at too of an aggregate a level to support targeted policy interventions.
Product-level metrics are still underdeveloped because of challenges relating to methods, data
collection, and data sharing. Consequently, consumers and firms have little reliable information on
the climate impacts of their consumption and investment decisions.

e The proliferation of product-level carbon intensity standards, initiatives, and methods that vary
across sectors and regions can increase firms’ reporting costs and fragment global value chains.
This variation may encourage firms planning to produce and sell low-carbon goods to source more
locally, forsaking the benefits of international trade. Ensuring technical and operational
interoperability among different standards and methods is challenging but necessary to preserve
open markets and avoid raising firms’ reporting costs.
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The scoping note also proposes additional areas of research and analysis that could be included in the
2024 report. Priorities, guided by comments from IFCMA delegates, are:

e Outlining selected sources of data to compute carbon intensity metrics as well as potential
empirical approaches for analysing product-level carbon intensity metrics for key basic products in
EITE sectors.

e Reviewing policy levers that can promote the calculation and sharing of carbon intensity metrics.
e Developing principles and guidelines that governments can consider as they design policies
requiring product-level carbon intensity metrics to help ensure international comparability.

Suggestions from delegates for work beyond the 2024 report are also noted in Section 4 of the scoping
note. This includes considering additional data sources for the computation of carbon intensity metrics,
performing empirical analyses and identifying scalable and reliable methodologies as a common basis for
further convergence of carbon intensity methodologies.
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Introduction

1. Climate change is an existential threat. To avert it, rapid progress needs to be made to
decarbonise economies, including the industry sector, which accounts for about a third of global
greenhouse gas emissions (Ritche, Roser and Rosado, 2020;1; IEA, 2021p2; IPCC, 20223; Calvin et al.,
20234)).

2. Carbon intensity metrics can enable the tracking of the carbon emissions associated with
producing outputs (either at country, sector, or product-level), supporting efforts to decarbonise
economies. Lowering carbon emissions while increasing outputs, employment and living standards
implies reducing the carbon intensity of production. Carbon intensity metrics are defined in this analysis as
the ratio between the greenhouse gasses (GHG) emitted (measured in tonnes of CO2-equivalent) in the
production of an output and the total output produced (measured in physical volume or economic value).
They can be calculated at different levels of aggregation, including at the sector and product-level,
depending on the specific purpose for their use. Carbon intensity metrics have also been calculated and
used at country-level as, in the UNFCCC context, some countries have set carbon emission targets in
terms of carbon emissions intensity per GDP unit (UNFCCC, 20225). Reporting can also take place at
the installation-level (i.e. plant-level), firm-level and for financial portfolios (Noels and Jachnik, 2022).

3. This scoping note sets out the main points to be fully developed in a report on product-
level and sector-level metrics scheduled for the second half of 2024. The report will focus on how the
Inclusive Forum on Carbon Mitigation Approaches (IFCMA) can work towards more accurate, timely and
granular product-level carbon intensity metrics. As part of the analysis, challenges relating to computing
sector-level carbon intensity metrics are also considered, including how novel data sources and
approaches for estimating product-level intensities can also lead to better and timelier sector-level metrics.
The possible use and improvements of economy-wide (or country-level) carbon intensity metrics are
beyond the scope of this analysis. This scoping note presents the main topics the report could deal with,
which cover key use cases of carbon intensity metrics, methodologies for calculating them and issues
relating to carbon emissions data collection, verification and sharing.

4. Carbon intensity metrics have many use cases that can help to deliver a reduction in global
emissions to net zero while supporting growth and improvements in living standards. (Table 1). In
general, carbon intensity metrics can be useful in designing, implementing, and evaluating mitigation
policies and strategies. They can help steer firms’ and consumers’ decisions towards lower-emission
products and provide investors with objective information on the GHG emission performance of firms’
activities, thus diminishing the risk of “greenwashing” (Noels and Jachnik, 20226;; Deconinck, Jansen and
Barisone, 2023[7;). Producers can use them to clearly signal to consumers, investors and other
stakeholders the intention to undertake actions to decarbonise their activities and measure progress in a
more objective way than current metrics, such as Environmental, Social and Governance (ESG) scores,
allow for (D’Arcangelo et al., 2023s); Boffo, Marshall and R., 2020(g)). At the sector-level, carbon intensity
metrics can be used to track the progress towards net zero emissions targets, for instance, via the IEA
Tracking Clean Energy Progress report (IEA, 2023;101). Moreover, sector-level carbon intensity metrics can
be used as the basis for default values to be employed in carbon intensity computations at the product-
level if the collection of primary data is too costly.
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5. Carbon intensity metrics are crucial to inform discussions on carbon leakage risks and how
to manage them (IEA, 202211)). Internationally uncoordinated decarbonisation policies can create
spillovers inhibiting the delivery of global climate goals. Carbon leakage is one such spillover, which may
arise from asymmetric mitigation policies across countries resulting in production and emissions shifting to
jurisdictions with less stringent mitigation policies and higher carbon intensity of production (HM Treasury
(United Kingdom), 2021(12]). Sector and product-level carbon intensity metrics can help to pinpoint where
and how carbon leakage risks may manifest, thus helping to prioritise and guide policymaking (Yamano
and Guilhoto, 2020;13;; OECD, 2023[141). Additionally, policy tools such as mandatory product emission
standards and border carbon adjustment mechanisms rely on the use of product-level carbon intensity
metrics to enable the mitigation of carbon leakage risks (OECD, 2020y15)).

6. Sector-level metrics can complement product-level information, for example, when tracking
the overall impacts of border measures. Used in conjunction with input-output tables, sector-level
carbon intensity metrics can be used to compute production and consumption-based emissions to evaluate
the contribution of international trade (Yamano and Guilhoto, 2020;13)). The demand for more timely and
granular carbon intensity metrics to serve these use cases is growing. The 2024 report will outline existing
use cases currently served by sector-level carbon intensity metrics and emerging ones that could be better
served by product-level metrics.

Table 1. Main use cases of carbon intensity metrics

Product-level metrics used as a basis for public procurement, tax incentives and explicit subsidies to support the
growth of the market for low carbon and carbon-neutral goods

Product-level metrics used in trade policy to increase the comparative advantage of low-carbon goods
Product and sector-level metrics to identify, quantify and mitigate carbon leakage risks through multilateral and
unilateral solutions

Product and sector-level metrics to underpin policy design and granular analyses of the impact of policies on
emissions

Sector-level metrics to help governments drive change, set high-level targets, and compare progress across
sectors

Product, firm, and sector-level metrics to help industry make better decisions and help firms to compare
themselves against sector-, firm -, and product-specific benchmarks

Firm-level metrics (or product-level metrics linked to firms) to help investors allocate capital to firms better able to
manage climate transition risks

Product and firm-level metrics to help improve Environmental pillar of ESG scores by providing quantifiable and
objective information on the carbon intensity of production and progress towards reducing it

Product-level metrics to help strengthen incentives to innovate and commercialize low carbon intensity products
Product-level metrics to inform consumers’ purchases and investment decisions

Product-level metrics as a basis for taxes to shift consumption decisions towards low carbon and carbon-neutral
goods

Source: OECD.

7. The analysis will highlight common challenges across products and sectors in computing
reliable and timely product-level carbon intensity metrics and seek to highlight potential ways
forward to overcoming them. The work will build on sector and product specific analyses already
available seeking to infer common problems among various sectors and products (IEA, 202316;; WBCSD,
2023p17;; Greenhouse Gas Protocol, 20111s;; OECD, 2023p19)). The work will discuss the trade-offs
associated with different metrics, including their impact on SMEs and developing countries, timeliness,
accuracy, and robustness to gaming. The work will not focus on sector or product specific issues as doing
so requires in-depth expertise in specific production processes and supply chains. Some of these more in-
depth analyses are already taking place across the OECD and relevant new work could be the considered
for extensions to this IFCMA workstream. To maintain a reasonable scope, the analysis for both the
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scoping note and the 2024 report will focus on approaches taken in emissions-intensive trade-exposed
sectors (EITE), though the findings have broader relevance as well.

8. The data and information requirements for granular carbon intensity metrics are high. This
scoping note presents the trade-off between flexibility in accounting and reporting methodologies, and
accuracy of the resulting data whilst considering the costs required to produce carbon intensity metrics. As
underlined in Section 2, methods to compute sector-level carbon intensity metrics relying on default values
and limited primary data can be useful in a transitional phase towards product-level metrics. This can allow
time for capacity to be developed, primary data to be collected and definitions to be agreed for the use of
product-level metrics, discussed in Section 3. Novel emissions data collection methods at the installation-
level, for example using satellite and machine learning technologies, aim to improve the timeliness and
completeness of data. They can complement conventional data sources and ensure better consistency
between sector and product-level metrics.

9. Fragmentation of public and private initiatives, guidelines, standards, and infrastructure
supporting the computation product-level carbon intensity metrics could have harmful
implications for global value chains. Section 3 provides an overview of some recent public and private
initiatives that are developing guidelines, emissions accounting standards, and infrastructure to facilitate
product-level carbon intensity computations. Some of these initiatives also focus on mitigating the
economic, technical, legal, and regulatory obstacles that have hindered the collection and verification of
data across supply chains. All these initiatives are a welcome addition to the data and evidence base, but
the proliferation of standards and methods varying across sectors, regions, and country blocs also present
risks in terms of fragmentation (WTO, 202320). The section underlines the importance of ensuring the
technical and operational interoperability among different initiatives so as to prevent disproportionate
transaction costs. This scoping note outlines options for governments’ action to build on such initiatives,
which the 2024 report will explore in more detail.

10. The final section of the scoping note proposes additional areas of research and analysis
that could be included in the 2024 report in line with IFCMA delegate priorities. These proposals
comprise of additional work exploring the issues highlighted in this scoping note. Additional proposals are
also included focusing on policy aspects, such as reviewing the range of policy levers to promote the
development and sharing of carbon intensity metrics, and developing basic principles and guidelines
governments might consider as they design policies requiring carbon intensity metrics while ensuring
international consistency and comparability. The aim of these principles will be to promote synergies, avoid
duplication, minimise compliance and reporting costs for firms, and pave the way towards better
interoperability and comparability of national or regional systems to compute product-level carbon
intensities.

11. Section 4 also notes suggestions from IFCMA delegates for work beyond the final report.
This includes reviewing the availability of data to enable the calculation of carbon intensity metrics and, if
data allows, providing illustrative computations of product-level carbon intensity metrics for key basic
products in EITE sectors, and identifying scalable, widely used, and reliable methodologies to provide a
common basis for further convergence of carbon intensity methodologies.
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z Sector-level carbon intensity
metrics

12. This section outlines the main approaches for computing sector-level carbon intensity
metrics in energy intensive sectors, highlighting their strengths and outstanding challenges, and
their uses to facilitate carbon intensity computations at the product-level. Sector-level carbon
intensity metrics are better established than product-level metrics due to the availability of national
emissions and output data at sectoral levels. Sector-level metrics are provided at high levels of aggregation
and are often not based on primary emissions measures. For this reason, sector-level metrics can be
easier to implement than product-level metrics, used as fall-back values where product-level metrics are
not yet developed and primary data are missing.

13. The measurement and use of sector-level carbon intensity metrics can help governments
to make public policy decisions, international bodies to monitor global progress, and industry
bodies to set benchmarks. To be fit-for-purpose, carbon intensity metrics need to be accurate, sufficiently
up-to-date and detailed. There is no silver bullet for measuring carbon intensities at the sector-level, but
rather a collection of approaches that serve different purposes, including supplementing for product-level
metrics where they are not yet developed. The 2024 report could describe a range of these methodologies
in more detail, highlight their different use cases and point to the need for greater granularity of sector-
level metrics and more timely updates to better support the transition to net-zero. Progress in these areas
can also ease the computation of product-level metrics by providing reliable and timely fall-back values
when primary product-level data are not available. At the same time, product-level metrics can be used to
improve sector-level estimates by providing information on the distribution of carbon intensities within a
sector that go beyond the simple average, which can support better policy making.

14. Current approaches to calculating sector-level carbon intensity metrics lack timeliness and
granularity. This is a challenge as the public and private sectors have increasingly begun to demand more
precise and timely carbon intensity metrics in the pursuit of carbon emissions mitigation targets. This
section first presents the motivations for improving sector-level metrics and the main methodological
approaches available to date. It then provides an overview of the main data sources and the guidelines for
computing carbon emissions using nationally reported sectoral carbon emissions and output data. Next,
the section explores the carbon intensity metrics used by governments for public policy analysis and by
industry bodies for tracking progress. The section concludes by noting some limitations of traditional data
sources and approaches, and points to some novel approaches that could complement them. It concludes
by emphasising the need for developing product-level metrics as a tool to improve and as a complement
to sector-level metrics.

Calculation approaches

15. Computing sector-level carbon intensities requires information on both greenhouse gas
emissions (GHG) (the numerator) and output (the denominator). The denominator at the sector-level
is more standard as output metrics are well-established within accepted and common frameworks for
countries’ national accounts. There is still misalignment, however, among carbon intensity approaches with
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some defining output in terms of volume (i.e. units of production) and others in terms of value (i.e. monetary
value). In addition, some rely on gross output while others on value added. The numerator, i.e. emissions,
in contrast, opens several conceptual issues where a common methodology for emissions accounting has
not been established, and varies between government and industry.

Calculations of sector-level carbon intensities by international bodies

16. Sector-level carbon intensity metrics can be at the centre of efforts to understand and
accelerate the global shift of sectors towards net-zero. This requires combining information on the
evolution of total emissions and output over time and tracking the possible impacts of policies and
technology shifts. These metrics can be decomposed to account for changes due to efficiency gains or
fuel switching. For example, the IEA’s annual Tracking Clean Energy Progress report (IEA, 202310)
measures progress made in key sectors towards achieving climate mitigation goals using sector-level
carbon intensity metrics. The IEA report distinguishes between total emissions and emissions intensity,
pointing, for example in the aluminium subsector, to increases in total emissions but a modest decrease in
the carbon intensity in the past decade. This implies that efficiency gains leading to lower carbon intensity
have not been sufficient to offset the increase in total emissions due to higher output. The IEA report also
highlights that the decrease in emissions intensity achieved to date is mostly attributable to improvements
in the efficiency of the aluminium production process and that fuel switching can play a larger role in further
reducing the carbon intensity of the sector. The 2024 report of the IFCMA carbon intensity workstream
could analyse in more detail the availability of and data requirements for this type of analyses to highlight
data gaps and possible actions to overcome them.

17. There are two main approaches to calculating emissions at the sector-level. The first
approach is based on energy and on non-energy use related emissions by a sector (or subsector) and its
associated emissions factors. The second approach is based on verified emissions data at the installation
level that are subsequently aggregated to the sector-level. The latter being the approach undertaken for
instance by the Environmental Protection Agency in the United States under its Greenhouse Gas Reporting
Program (GHGRP). The IEA adopts the first approach whereby it calculates emissions intensity for a
variety of sectors combining the IEA’s World Energy Balances (IEA, 2023;21;) with the IPCC’s default
emissions factors corresponding to the different energy carriers (IPCC, 200622;)) such as for electricity
generation (see Box 1)." This approach allows for a relatively simple way of computing carbon intensities
at the sector-level without direct measurements at the installation-level. The accuracy of the carbon
intensity metrics, however, ultimately depends on the quality of data provided by the submitting country
and the treatment of missing data. Inconsistencies in these two dimensions may undermine comparability
of carbon intensity metrics at the sector-level across sectors and countries. Collecting emissions data at
the installation-level is a way to overcome these problems (as discussed below). However, such primary
emission data collection poses its own challenges in terms of consistency across sectors and countries —
due to differing methodologies, resource capacity and technical expertise in measuring, verifying, and
reporting emissions.

18. Overall, approaches based on energy and on non-energy use related emissions by sector
and its associated emissions factors impose fewer data requirements and lower costs than
measuring and verifying emissions at the installation level. However, these remain estimates based
on a level of aggregation that does not reflect the different challenges sectors face in improving production
efficiency or switching to less carbon-intensive fuels. As a result, identifying tailored policies within and
across sectors is difficult with highly aggregated sector-level metrics as they can lump together subsectors
that have different production process and barriers to decarbonisation. In addition, such sector-level

' These data sources are discussed further in the following sections.
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metrics can differ based on methodological decisions made in the estimation process (e.g. what data
sources and default values to use) and the frequency in which they are updated.

19. The 2024 report could outline the advantages and disadvantages of a range of these
methodological approaches for computing sector-level carbon intensity metrics. Issues to be
explored in more detail include the usefulness and limitations of using default values (and how these are
calculated based on and energy use and emissions factors) rather than direct measurements, data
availability, and costs associated with primary data collection and reporting. Shedding light on these issues
and identifying trade-offs can guide choices towards improving methodological approaches. This can help
to create comparable and more accurate sector-level carbon intensity metrics that can also act as fall-back
values for when product-level carbon intensity metrics cannot be calculated.

Box 1. IEA methodology for calculating emissions intensity of electricity and heat generation

The methodology for computing IEA emissions intensities for electricity and heat generation (CO2 per
kWh) uses the IEA World Energy Balances for total emissions by energy source in each sector and
country (IEA, 202321;) and 2006 IPCC Guidelines default values for emission factors (IPCC, 200622)).
There are some adjustment factors such as for traded and lost energy (i.e. emissions that are
transferred to another process or lost due to inefficiencies). In addition, for fuels that are combusted
directly in production processes (rather than used for electricity generation), the IEA uses direct
combustion factors, which contain specific product, sector, and country coefficients for emissions by
input into a process. The IEA use Net Calorific Values for determining these factors (i.e. the physical
amount of emissions contained in a fuel source).

CO2kWh for electricity and heat generation =

quels ((Input Electricity plants + InputCHP plants + InputHeat plants + Own usePlants) X EFfuel)
Elelnland + Heatlnland

Where:

e CO2kWh: Carbon intensity (in CO2/kWh) calculated at the generation point
e > fuels: Sum over the fuels.

o Inputy.ns - Fuel input into the plants expressed in energy unit.

o EFp,e: Default emission factors as provided in the 2006 IPCC Guidelines.

e Elelnland + HeatInland: For the total emissions factor: includes the generation from all sources
(i.e. as well the non-emitting sources). For the emissions factors by fuel (oil, coal, gas, non-
renewable waste, and Memo: biofuels): includes only the electricity and heat generated by the
corresponding fuel.

Source: (IEA, 2022p3))

Calculation of sector-level carbon intensities for national reporting

20. Sector-level carbon intensity metrics are useful in monitoring progress towards
international climate goals. Some countries use carbon intensity metrics as part of their reporting for
Nationally Determined Contributions (NDCs) targets under the Paris Agreement. The NDCs are reported
with a range of metrics. These include absolute emissions reduction targets (37% of countries choose this
metric), relative emissions reduction targets such as comparisons with business-as-usual (46% of
countries), and other reporting including emissions intensities expressed as emissions per unit of GDP or
emissions intensity of sectoral ‘business as usual’ levels (17% of countries) (UNFCCC, 2022;5;; Jeudy-
Hugo, Lo Re and Falduto, 202124)).
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21. Carbon intensity metrics at sector-levels can be useful to analyse to what extent reductions
in emissions are being driven by lower output, higher energy efficiency, changes in fuel use or
other factors such as production efficiency gains. Reducing emissions while promoting growth in some
sectors requires lowering economy-wide and sector-level carbon intensities. To this end, sector-level
carbon intensity metrics can be useful in tracking progress and helping to design policies. However, sector-
and economy-wide carbon intensity metrics should be used judiciously as declines in carbon intensity may
mask increases in absolute emissions, if output rises faster than emissions (Rodriguez, Pansera and
Lorenzo, 2020p25)).

22. Sector-level carbon intensity metrics can be calculated using emissions from national
inventories reported to the UNFCCC, which commonly use sector estimates for energy use and
default emissions factors. The national inventories use the IPCC Guidelines (IPCC, 200622;), which allow
countries a flexible approach for estimation with minimum standards (see Box 2). The minimum standards,
or the Tier 1 approach, primarily requires the use of internationally available data such as the IEA’s World
Energy Balances (IEA, 202321) and applies default values for emissions factors that are provided by the
IPCC without direct measurement of emissions being required. This allows the flexibility for all countries to
be able to report on emissions and calculate emissions. The higher tier methods, such as Tier 3, require
the use of more sophisticated and direct measurement approaches to calculating emissions, such as that
reported at the installation-level to comply with an emissions trading system. Developing countries may
need technical assistance to build the capacity and expertise necessary to implement direct measurement
approaches.

23. The 2024 report could explore in detail the main datasets and methods governments use to
compute sector-level carbon intensity metrics. In doing so, it will highlight their strengths and
weaknesses and point to ways to address shortcomings. This can include a discussion of how to achieve
fit-for-purpose metrics by improving the comparability of economy-wide and sector-level carbon intensity
metrics while striking a balance between accuracy and data collection costs. The report could also identify
synergies in data collection efforts between sector-level and product-level metrics so as to enhance
consistency of carbon intensity metrics at different level of aggregation.
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Box 2. An overview of the 2006 IPCC guidelines

The 2006 IPCC Guidelines (IPCC, 200622) are intended to be used by all parties to the UNFCCC. They
provide guiding principles for measuring carbon emissions, provide default data and methods, and allow
flexibility for more sophisticated methods if countries have the desire and capability to use them. The
2019 Refinement to the 2006 Guidelines provides additional information to be used in conjunction with
the 2006 Guidelines (Calvo Buendia et al., 201926). This includes supplementary information on
sources and sinks of emissions and to account for the development of new technologies and production
processes that have emerged recently or were previously not well-covered (such as the production of
hydrogen, rare earth metals, and alumina). The 2019 refinement also provides updated emission factors
and other parameters based on more recently available scientific information, where significant
differences to the existing emission factor values were identified. The most basic method takes activity
data and multiplies it by an emissions factor. The guidelines include high level emissions factors as well
as more detailed ones for ‘key sectors’ within a country.

Principles

The IPCC’s pragmatic approach allows for cross-country and cross-sector differences in data
availability and quality. The approach concentrates on the key sectors or categories for a particular
country by providing more detail. The guidelines aid in:

e The identification of key sectors;

e Defining minimum standards for data;

e Providing flexibility for inclusion of better data;

e Establishing guidelines for industries that require a greater detail where more complex data and

calculations are needed to yield accurate results.

A tiered approach

These guidelines allow for a pragmatic approach to estimating emissions at the national level, broken
down by sectors, by using a ‘tiered’ approach based on an increasing level of accuracy and granularity.
There are three tiers:

1. Simple first order approach: default values corresponding to large spatial regions of the world
and based on globally available data are used, allowing the calculations to be done by any
country;

2. A more accurate approach: similar calculation method to Tier 1 but using country and region-
specific data;

3. Higher order methods: involving the use of countries’ own detailed modelling, inventory
measurements systems and data at a greater level of granularity.

Carbon intensity metrics to underpin climate policy analysis

24. Sector-level metrics can enhance industry and policy analyses when paired with other
sector-level data such as input-output (I0) tables, but challenges around data aggregation and
timeliness remain. 10 tables depict how much of a sector’s output is used as an input into production
processes in another sector, consumed domestically or exported. 10 analysis can therefore be used to
estimate the impact of an intervention in a sector by modelling the flow of inputs and outputs across all
sectors of the economy that have economic linkages to the initial sector. This technique has been used for
policy analysis to model the effects of government climate change mitigation policies through linking 10
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tables with emissions data. Changes in in sectoral output and emissions due to the policy intervention can
affect the sector-level carbon intensity.

25. Intercountry input-output tables, when paired with emissions data, can be used to compute
consumption-based emissions at the sector-level. Traditionally, emissions are measured taking a
territorial approach — accounting for emissions within a country’s jurisdiction, as in countries’ national GHG
inventories — or a production approach — accounting for Scope 1, 2 and 3 emissions resulting from
economic entities based within a country, as in air emission accounts. In contrast, a consumption-based
approach quantifies emissions embodied in the final demand of countries. The calculation of consumption-
based carbon intensity metrics starts with emissions intensity by value of output and traces emissions
throughout the production of final and intermediate goods using input-output analysis. This allows for an
aggregated and relatively simple method for taking into account Scope 1, 2 and 3 emissions in sector-level
carbon intensity metrics and can provide a comprehensive view of emissions embodied in countries’ trade
to inform international dialogues. The IMF (202227;) and the WTO (20222s]) both use the OECD’s Trade in
embedded CO2 (TeCO3) database to analyse and support dialogue on the decarbonisation of international
trade.?

26. However, the coarse granularity of the sectoral classification used in this type of analyses
can provide only a blunt assessment of the change in sector-level carbon intensities and may be
insufficient to identify the main drivers of changes in key sectors. For example, the OECD Inter-
Country Input-Output (ICIO) database and the OECD’s global input output tables use 45 sector
classification groups (OECD, 2022p29). Ceramic, stone, and clay products are subsumed under a single
sector despite cement’s emissions intensity being more than 20 times that of glass (Hasegawa, Kagawa
and Tsukui, 20150)). As the use of input output tables for climate policy has increased, so has the demand
for more granular data to help with this issue. Moreover, due to the high data requirements for 10 tables,
there is a significant time lag between data collection and publication. For example, the OECD’s IO tables
are published every three years, which risks that the economic linkages between sectors used in 1O
analysis may become outdated, particularly in sectors with rapid technological developments. Challenges
also arise in the matching of data on emissions and economic activity at the sector level. The classification
of sectors used for emission sources under common frameworks such as the IPCC Guidelines cannot be
directly matched to classification frameworks used for economic activity. Differences in sector definitions
and concordance between emissions and economic data can add to methodological discrepancies
between countries. It is therefore desirable to complement this type of analyses with more granular
approaches being developed in the context of product-level carbon intensity metrics (see Section 3). The
2024 report could explore the merits and limitations of using sector-level information for modelling and
analysing climate policy, including as complements and inputs to product-level metrics, based on 1O
analysis and computable general equilibrium models (Yamano and Guilhoto, 2020y13;; Chéateau, Dellink
and Lanzi, 201431;; Niamir, lvanova and Filatova, 202032)).

The role of installation-level data as a basis for sector-level carbon intensity
metrics

27. Installation-level data can be aggregated to deliver more detailed and timelier sector-level
carbon intensity metrics. This bottom-up approach produces alternative and complementary estimates
to sector-level carbon emissions provided by national bodies (using sources such as IEA World Energy

2 National governments also have in-house models for policy evaluation, such as Finland with the ENVIMAT-model
developed by the Finnish Environmental Institute.
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Balance data) while remaining consistent with the IPCC Guidelines.? In some cases, they can also be used
to compute product-level carbon intensity metrics (see Section 3). Thus, installation-level data and metrics
sit at the intersection of sector and product-level metrics.

28. The 2024 report could explore opportunities for increasing the use of installation-level data
in sector-level carbon intensity metrics. Two main means exist to gather installation-based emissions:
industry bodies that collect data from their members and public authorities that collect data from firms (i.e.
installations’ owners) for regulatory reasons. Collecting and reporting installation level data can be highly
resource- and cost-intensive for small- and medium-sized enterprises (SMEs) and developing countries
that still lack the infrastructure to monitor, report and verify primary emission data. These constraints may
justify the adoption, at least in an initial phase, of a lower-tier approach based on default values (referring
to the IPCC Guidelines) as countries gradually build the resource and capacity to monitor, report and verify
installation-level data and address the specific challenges SMEs face. These challenges and possible
solutions could be discussed in more detail in the 2024 report. The report could also explore the growing
number of public and private sector-level initiatives to collect data through novel approaches using, for
example satellite and machine learning technologies. In addition, the limitations of these methods could
be explored, including issues with incomplete and biased data that arise from self-selection and regulation
that often only includes large installations.

Government reporting frameworks for collecting installation-level carbon intensity data

29. There is a range of environmental reporting that can provide complementary emissions
data and may lead to better carbon intensity metrics for sectors. This includes mandatory reporting
of emissions to government agencies as well as supranational bodies. For example, the United States
Environmental Protection Agency (US EPA, 202333)) requires reporting of the emissions from cement
production and related emissions, which have been used to calculate a distribution of emissions intensities
for the sector (US EPA, 2019341). This reporting was restricted to only the direct measurement approach
using Continuous Emissions Measurement Systems (CEMS) under which the flow and carbon content is
measured directly at the installation. The EU Emissions Trading System and Carbon Border Adjustment
Mechanism also require reporting of emissions for a range of EITE sectors (in accordance with rigorous
monitoring and reporting, and accreditation and verification regulations), which can also be used to
calculate sector-level carbon intensity.* Further examples of reporting frameworks will be explored in the
report.

30. Reporting systems under emissions trading schemes are a source of data underpinning
sector-level carbon intensity calculations. The emissions data at the sector-level can be used to inform
national inventories reporting but can also be used directly for sector analysis. For example, Mura (202135))
provides a dataset that reports emissions per unit of GDP in detailed EU regions, using only installation-
level data and GDP statistics. These sector-level carbon intensities are used as a proxy for industrial
sustainability transition pathways.

31. Governments can use carbon intensity metrics to benchmark emissions. Most emissions
trading systems utilise free allocations of pollution permits to industry where they may be at risk of carbon
leakage. To do this, benchmarking is often used to allocate allowances to those firms that perform below

3 Estimates of industrial process emissions are based on production data for iron and steel, clinker for cement,
aluminium, and chemicals (OECD, 202379)).

4 Sectors covered by the EU Emissions Trading System include power, heavy industry and civil aviation as well as
buildings, road and other industry, as of 2023 under EU Emissions Trading System 2 (European Commission,
2023is1)). Sectors covered by the EU Carbon Border Adjustment Mechanism include cement, aluminium, fertiliser,
electricity and iron and steel and will be expanded to additional sectors in later phases (European Commission,
2023(s2)).
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the benchmarked carbon intensity (Lo Re et al., 2019s¢)). This approach incentivises early action and a
reduction in carbon intensity without stifling total output (through a benchmark on total emissions, for
example). The benchmark can be set at the ‘best achieved level’ to reward firms with low carbon intensities
and encourage those with high intensities to perform similarly. This leads to governments and firms being
able to recognise where in the sector they are positioned and can provide strong incentives to decarbonise.
As the method for calculating the carbon intensities and therefore benchmarks can have a significant effect,
it is important that these methodologies are accurate to provide strong incentives to decarbonise.

Industry bodies initiatives to compute sector-level carbon intensity metrics

32. Industry bodies provide an alternative source of sector-level carbon intensity metrics, but
often only have partial coverage. These are most commonly emissions and energy use per unit of output
split by process type. For example, the World Steel Association, a global steel industry body covering 85%
of global steel production across 60 countries, reports on emissions intensity of the industry (World Steel
Association, 202237;). This facilitates industry benchmarking and comparison as well as demonstrating the
progress of the industry in lowering carbon intensity (see Box 3).

Box 3. World Steel Association and carbon intensities computation

The World Steel Association has created its own methodology guidelines using a combination of
standards from the ISO, the GHG Protocol and the IPCC Guidelines (Worldsteel Association, 20223s)).
The emissions data is collected from firms using the ISO 14404 international standard — the calculation
method of carbon dioxide emission intensity from iron and steel production that allows for the
comparison between sites, firms and regions and includes Scope 1, 2 and 3 emissions. The emissions
measured at the installation-level are then aggregated along with output of tonnes of crude steel cast
to calculate the sector emissions intensity of steel. In addition, energy intensity and material efficiencies
are reported, which help with the interpretation of the emissions intensity. For example, a reduction in
emission intensities can come from productivity improvements (less inputs used) or from a change in
fuel type (hydrogen instead of coal). The sector-level emissions intensity is then disaggregated by plant
type such as blast furnace and scrap-based electric arc furnace global steel production routes based
on weights. In 2022, this included 104 steel companies that contributed to the data, covering 56% of
global crude steel production.

33. Although computations from industry bodies allow for comparison over time and within the
industry and utilise common guidelines, they may not cover all firms and are heavily biased
towards some countries. For example, the World Steel Association collects self-reported data and some
firms in large steel producing countries do not report to the initiative at all. In addition, the different
methodologies for reporting emissions to different bodies and government agencies can lead to a greater
reporting burden (see Section 3).

34. Industry bodies producing sector-level average carbon intensity metrics can help firms
assess how much progress they have made in decarbonising their activities and their potential for
improvement. This can inform decisions in investing in cleaner technology to improve their environmental
performance and potentially reduce their capital cost. The same information can help investors to make
decisions about where to invest and the environmental and financial risks associated with a firm.

35. The 2024 report will aim to assess a range of methodologies by industry bodies
representing certain emissions-intensive and trade-exposed sectors. The report will seek to review
and determine whether the sector-level carbon intensity metrics provided by industry bodies are adequate
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in achieving their goals by considering their granularity, timeliness and costs. The report also could
investigate how such metrics can be used as inputs towards the estimate of product-level metrics.

Novel approaches for improving the granularity and timeliness of carbon intensity
metrics in conjunction with the development of product-level metrics

36. The increasing need for more precision and granularity in policy evaluation and emissions
data analysis warrants more robust, timely and detailed sector-level metrics. Despite their long-
standing history in informing policy analysis, current frameworks for providing sector-level metrics may not
always be fit-for-purpose due to these limitations.

37. Novel approaches have been emerging for estimating sector-level carbon intensity metrics.
Often, installation and granular sector-level data are not available due to privacy concerns around revealing
trade secrets or misusing these data (see Section 3). In addition, data from energy use reported by
governments often comes with lags of two to four years and from sources that may not be independent or
lack common methodologies. Novel approaches to carbon intensity metrics can help to tackle challenges
in addition to easing the calculation of product-level carbon intensity metrics. These approaches come with
limitations, when not relying on primary data, but could ensure more consistency between sector and
product-level metrics.

38. The 2024 report will describe some novel approaches that utilise objective but indirect
measurements, which can lead to quicker and more granular reporting than traditional approaches.
This includes approaches across a range of economies with differing capacities and resources available
for measuring and reporting carbon intensity data. For example, Climate Trace uses satellites with infrared
technology and machine learning to measure output by installations and then apply emission factors to
estimate carbon intensities and total emissions. Data are then aggregated at the sector-level and, in the
case of steel, can be produced with a one-month lag. Climate Trace collects only minimal data from firms
(Ben m’barek, Phillpott and De Daniloff, 2022;39)). Instead, it makes use of several public datasets including
from the World Steel Organisation’s estimates of emissions intensities, IEA Energy Balance data, and
various sector-level emissions data sources for calculation and validation. Novel approaches, such as that
of Climate Trace, feature their own limitations as a result of indirect measurements. However, they can
offer faster and cheaper alternatives to compute carbon intensity metrics than primary data collection
methods. Comparing metrics from both methods, when available, can shed light on the reliability and cost-
accuracy trade-off between direct and indirect measurements, and provide information on the desirability
for extending the use indirect measurements.

39. Although novel approaches attempt to fill some problems at the sector-level, ultimately,
more granular, and timelier product-level data is needed. Sector-level metrics remain essential, but
installation or product-level metrics can provide information on the distribution of carbon intensities within
a sector beyond the simple average. Such information can help policy design and implementation given
that the average sector-level carbon intensity may poorly represent the carbon intensities of products within
the same sector. They can also provide more accurate and timely data to inform sector-level metrics. To
this end, the 2024 report could focus on improvements with regards to product-level metrics.
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3 Product-level carbon intensity
metrics

40. This section discusses key challenges associated with computing product-level carbon
intensity metrics and identifies areas that would merit an in-depth assessment. It first provides
motivations for using such metrics. It then discusses scope and boundary issues that need to be resolved
to compute comparable metrics that can inform policy makers, producers, and consumers. The section
also introduces the main methods to calculate product-level carbon intensity metrics, highlighting that their
use will be guided by data constraints and cost-benefit considerations. It then turns to the challenges
related to verifying emissions data, before discussing the challenges in sharing these data along the supply
chain.

Motivation

41. Product-level carbon intensity metrics are important for both information provision and
policy making. Information on products’ carbon intensity can help businesses and consumers to make
less carbon-intensive choices in several ways. First, they can help people to shift consumption towards
lower-emissions product categories. Wood buildings material can, for instance, to some extent replace
steel and concrete (Churkina et al., 2020u0). Second, within each product category, such metrics can
support the shift to lower-emissions producers (e.g. from higher- to lower-emissions producers of a certain
type of steel). Third, they can provide incentives to producers to invest in lower-emissions techniques
(Deconinck, Jansen and Barisone, 20237).° Product-level carbon intensity metrics enable governments to
select, for instance, products eligible for public support, decide if additional regulation or support is needed
to speed up clean-technology innovation or deployment, and evaluate the effectiveness of past policies
(Rajagopal, Vanderghem and MacLean, 201741]). Carbon intensity metrics can also be used to determine
the level of a tax or subsidy for a given product.

42. However, various challenges have meant product-level metrics are not yet as
systematically available as sector or country-level metrics. Reasons include data limitations,
challenges in sharing information along the supply chain due to “data silo-ing” (Industrial Deep
Decarbonisation Initiative, 202342), and, historically, a lack of use cases to motivate action to overcome
those limitations. However, the transition to net zero is providing impetus in some countries to develop
product-level carbon intensities to track progress and, in some cases, to establish border carbon
adjustments or mandatory product emissions standards. The report will highlight the relevant use cases
for new and improved product-level carbon intensity metrics (see e.g. Box 4).

43. In recent years, a variety of regional and international approaches have emerged to improve
the measurement of product-level metrics. Initiatives extend across public and private sector actors
and seek to address many of the issues related to carbon emissions accounting, including scope and

5 By contrast, economy wide and sector-level metrics (Section 2) do not in themselves lead to incentives for firms to
adopt cleaner-than-average technologies and consumers to pivot towards cleaner products.
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boundary-related considerations, calculation methods, verification, reporting and data sharing challenges.®
While these initiatives are a welcome addition to the data and evidence base, their multiplicity also presents
risks of value chain fragmentation due to a proliferation of standards and methods for measuring product-
level carbon intensity (WTO, 202320).

44, The development of standards and methods for carbon intensity metrics that differ across
countries and regions could have damaging implications for global value chains. Specifically, if
carbon intensity standards are incompatible, firms seeking to produce or sell low-carbon goods may
choose to source locally or regionally, forsaking the benefits from international trade.” The report could
discuss the main regional and international initiatives, analyse commonalities and differences among them,
and seek to identify policy options to avoid or reduce fragmentation. It will cover both private sector
initiatives, such as the Pathfinder Network (WBCSD, 202317;) and public-sector-led initiatives, such as the
Industrial Deep Decarbonisation Initiative (202342)).

Scope and boundaries

45. Product-level carbon intensity metrics draw on lifecycle assessment (LCA) methods to
quantify the GHG emissions associated with a product throughout its lifecycle. The traditional
approach is Attributional LCA (ALCA), which attributes a share of observed emissions to an individual
product. An alternative approach is a Consequential LCA (CLCA), which uses economic models to
estimate the emissions caused by the production and use of the product (Rajagopal, Vanderghem and
MacLean, 2017u1;). ALCA-based methods are more easily applicable to a large set of individual products
than CLCA-based estimates as these require economic model simulations for each individual product,
generating additional uncertainty due to the assumptions required (Rajagopal, 20133)). CLCA has been
used to carry out impact assessments of biofuel policies inter alia accounting for indirect land use change,
e.g. to determine feedstock eligibility for biofuel production in the context of the Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) (Prussi et al., 2021(4;). The report aims to discuss
the limitations and the appropriate uses of both types of LCA methods (Plevin, Delucchi and Creutzig,
2013ps5; Ekvall, 2020y46)

46. Product category rules (PCRs) provide product-specific instructions for conducting life-
cycle assessments (LCA) and reporting results in a comparable way across products. They can be
used in the context of environmental product declarations (EPD), which include but are not limited to
climate impacts, and product carbon footprints (PCF).8 They complement general product standards such
as the Product Lifecycle Accounting and Reporting Standard (Greenhouse Gas Protocol, 20111g)) by
providing detailed rules, requirements and guidelines at the level of a specific product category or sector.®
The report could compare selected product-level carbon emissions accounting standards against common

6 For example, novel work of the European Commission’s Joint Research Centre (JRC) estimates product-level
carbon intensities based on the definitions of the monitoring and reporting rules of the EU CBAM, adapting the
approach to publicly available information (Vidovic et al., 2023(s0)).

" OECD analysis carried out in the context of COVID-19 shows that such a re-localisation would make the economy
in most countries both less efficient and less resilient to shocks (Arriola et al., 2020(s4)).

8 This scoping note uses the term PCR, as in ISO 14025. Note that PCRs are referred to as Product Rules in the GHG
Protocol Product Life Cycle Accounting and Reporting Standard and as Supplementary Requirements in PAS 2050
standard.

9 In the European Union, for instance, environmental footprint methods provide harmonised rules for the evaluation of
carbon footprints and other life cycle environmental impacts both at the level of products/services (Product
Environmental Footprint, or PEF) and organisations/sectors (Organisation Environmental Footprint).
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criteria, such as their geographic focus and product specificity, and seek to identify complementarities,
duplications, and gaps.

47. Whether a full lifecycle assessment or more limited approaches are appropriate depends
on the circumstances. Full lifecycle (i.e. cradle-to-grave) approaches can help to design products in a
way that reduces their end-of-use emissions by considering products’ end-of-life issues such as recycling.
However, they require strong assumptions particularly for downstream emissions (Meinrenken et al.,
2020p71). Metrics calculated based on lifecycle standards therefore often take a more limited approach,
e.g. the ‘cradle-to-gate’ approach using ACLA methods to focus on Scope 1, Scope 2, and upstream Scope
3 emissions. This differs from ‘cradle-to-grave’ approaches because it does not include downstream
emissions from the use of the product, nor includes emissions involved in the products’ disposal. Domestic
carbon pricing systems, and policy instruments addressing carbon leakage and competitiveness concerns,
such as border carbon adjustment mechanisms, typically do not take a full lifecycle perspective (OECD,
2020p15)."° The report intends to discuss the trade-offs associated with each approach.

48. The temporal scope of the assessment can have material implications for carbon intensity
metrics as emissions intensities may vary significantly over time across facilities. Calculating
carbon intensity metrics involves choosing a time horizon. Greenhouses, for instance, tend to require more
heating in the cold season, but seasonal differences are averaged out when using annual data for heating-
related emissions. Another example is the carbon intensity of electricity inputs, which can vary depending
on weather conditions (e.g. wind, sunshine) and time of use. To date, metrics are typically calculated
annually. Increasing the granularity of the time horizon brings greater precision, which can be useful in
some contexts but not in others and whose benefits need be compared with the higher costs the data
collection will entail. The report could investigate these issues in more depth and provide concrete
examples.

49, Even when emissions are perfectly measured, comparing individual products is
challenging. For instance, a new processing technique may enhance a material’s strength, thus lowering
the amount of it needed to produce a certain product relative to the conventional processing technique (US
Department of Energy, 20221s;; Roychand et al., 2023p9)). In this case, the less material-intensive and
stronger product could also be the less carbon intensive choice even if it were to have higher emissions
per declared unit (i.e. its physical quantity, such as tonnes of steel). Expressing emissions relative to a
product’s functional unit, such as the amount of steel, in kg, needed to produce an automotive B-pillar that
meets all relevant structural and safety requirements over a vehicle lifetime of 200 000 kilometres travelled,
would allow for comparing such partial substitutes (Rajagopal, Vanderghem and MacLean, 2017411). The
report intends to reflect on ways forward to improve the comparability of carbon intensity information with
a view to ensuring that firms and consumers have sufficient information and incentives to evaluate cleaner
products.

Trade-offs between calculation methods

50. When selecting a calculation method for computing product-level carbon emissions, there
is a trade-off between accuracy and resource requirements. This implies that there is not a single
method that fits all applications and contexts, and practitioners may use a combination of these methods."
There are three main types of methods. First, the spend-based method, which involves multiplying

0 The EU CBAM is more limited in scope than the ‘cradle-to-gate’ approaches as it, for example, does not apply to
upstream transportation emissions, which also facilitates the work of customs authorities.

" Practitioners, may, for instance, reserve more resource intensive methods for those inputs that have large impacts
on the overall carbon intensity of the product. Less resource intensive methods can also be useful in a transitional
period while capacity is being developed for using primary data and where resource intensive methods would pose an
undue burden on certain groups, such as SMEs and firms from developing countries.
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company expenditures on a given product or input by an emission-intensity factor of these activities
(WBCSD, 2023(17)), e.g. based on environmentally extended input-output (EEIO) models discussed in the
context of input output tables in Section 2 (Steubing et al., 2022;5q)). Second, the average data method
relies on multiplying primary activity data (e.g. on material weight, fuel consumption) with activity-specific
emission factors based on industry averages when preparing carbon intensity estimates (Finnveden et al.,
200951;; Ben m’barek, Phillpott and De Daniloff, 202239)). Third, the primary data method draws on data
directly measured, collected, calculated, and shared along the supply chain (WBCSD, 2023(17;). The report
could assess each of these methods in greater detail and highlight trade-offs, e.g. related to (i)
administrative costs, which may mean that certain approaches are not realistic across countries and firms
with heterogenous capabilities, and (ii) decarbonisation incentives that could be compromised by using
less accurate methods that mask the performance of individual producers

51. Allocation rules for product-level carbon emissions are key for primary data methods as
plants may produce a variety of products. A major source of primary data is installation-level data that
can be collected for a variety of reasons beyond the computation of carbon intensity metrics, such as
complying with data collection and reporting requirements in emissions trading systems (Section 2).
However, as many installations produce more than one product, allocation methods are needed to arrive
at product-level estimates. The 2024 report could aim to review different allocation methods (such as those
used for the calculation of product-specific benchmarks used for the allocation of free allowances in
emissions trading systems).

52. Using supplier-specific data to measure product-level carbon intensity metrics involves the
verification and sharing of data across the supply chain. The subsequent subsections first outline the
challenges related to verifying emission data. They then discuss the challenges in sharing these data along
the supply chain, including costs associated with fragmented reporting standards, and the private and
public initiatives that have emerged to address these challenges. These initiatives are focussed on the
firm-level but can serve as a first step to achieving the data and procedural requirements for product-level
carbon intensity metrics (see Box 4). Standardised reporting of accurate and verifiable product carbon
intensity metrics that take into account data across the supply chain are central to a myriad of applications.
These include trade policy adjustments, carbon leakage mitigation, green procurement and providing
exhaustive information to consumers, firms and governments.

Box 4. Firm-level carbon intensity metrics

There is growing demand for firms to measure and report the carbon intensity of their business activities
to support their alignment with international and national greenhouse gas emissions reduction targets.
A consistent framework for firm-level carbon intensity metrics can help firms compare themselves to
others within relevant sectors and strengthen their incentives to innovate and commercialize low-carbon
products. By collecting detailed information on emissions, firms can also improve the transparency and
credibility of their Environmental, Social and Governance (ESG) commitments for stakeholders such as
investors and consumers of end-products. Importantly, reporting of firm-level metrics can serve as a first
step to achieving the data and procedural requirements for product-level carbon intensity metrics.

Calculation methods

At the firm-level, there are various methodologies to calculate carbon intensity, depending on the scope
of emissions and business activity measured. Regarding emissions, firms may measure direct
emissions at the installation, or combine activity data (e.g., on energy consumption, vehicle use or
fugitive gasses) with default emission factors provided by public bodies or private databases. For
example, the United States Environmental Protection Agency and the United Kingdom Department for
Energy Security and Net Zero both publish emission factors for such processes for public use (Tarleton,
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2023;52). As for product-level metrics, the scope of emissions also determines the extent and focus of
data collection.

Regarding business activity, firms may choose to express their emissions denominated in units of
output, revenue from sales, or enterprise value. The revenue methodology is most widely accepted as
it provides a proxy of production irrespective of the units of output, which can vary widely across sectors
for firms of a similar size in terms of revenue. Using revenue to normalise carbon intensity, however,
tends to favour firms with higher prices. Hence, it be more insightful to compare a single firm across
time, rather than with other firms that vary by size, organisational structure, and business activities.

As an alternative to the revenue methodology, firms may denominate their carbon intensity in terms of
enterprise value, which better reflects a firm’s total activities and assets, especially stranded assets.
This methodology, however, is sensitive to changes in firms’ market capitalization and can inherit equity
market volatility, leading to misinterpretation of carbon intensity metrics. For both within and across firm
comparisons over time, it can reward a firm’s market performance over emissions reductions efforts.

Both the measurement of emissions and business activity are subject to how a firm defines its business
entity, which is relevant, in particular, to firms embedded in larger, more complex organisational
structures. Taking the equity share approach, a firm reports its emissions and output, sales revenue, or
enterprise value according to the firms’ share of equity in the operations of its larger organization. Taking
the control approach, a firm reports carbon intensity for the business activities over which it has control,
which can be financial or operational. Accordingly, the scope of emissions included in a firm’s inventory
and the scope of business activity that is considered can vary.

Challenges in verifying and assuring the quality of the data

53. In contrast to firms’ financial reporting, the assurance and verification of sustainability
reporting remains optional, with country-specific practices reflecting the absence of a common
international standard. Verification of emissions data has increased in recent years, particularly among
the biggest companies within the European Union and the United States, which are likely most exposed to
public scrutiny (Figure 1). However, this practice is not yet widespread, and even within this group of
companies, only half of the companies verify their emission data. Furthermore, recent research on the oll
and gas sector highlights considerable misreporting of emission data among companies, including those
that voluntarily assure their reported emissions (Garcia Vega et al., 2023;s3). Misreporting may jeopardize
the accuracy of ESG scores or broader risk assessment reporting, hindering efforts to steer capital towards
firms better able to manage climate transition risks (D’Arcangelo et al., 2023js;; Boffo, Marshall and R.,
20209)).

54. The lack of an assurance requirement threatens the credibility of the emissions data shared
or disclosed by firms. This is thwarting efforts to compute reliable carbon intensity metrics for their
products also incorporating Scope 3 emissions. The absence of an international standard also breeds
uncertainty about the quality and scope of verification processes across different countries. Recognising
these issues, the European Union proposed a common EU-wide standard for mandatory sustainability
reporting assurance as part of the Corporate Sustainability Reporting Directive (CSRD). The European
Commission is also developing guidelines for the Carbon Border Adjustment Mechanism’s assurance and
verification process.'? The 2024 report could discuss this type of initiatives in detail and assess their
implications for product-level carbon intensity metrics.

12 Verification of declared embedded emissions by an external independent body will only be mandatory from 2026
onwards. The specific rules for this including accreditation of the verifiers will be detailed in an implementing act.
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Figure 1. Disclosure of emissions data and the share of audited disclosures
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Challenges in sharing emission data across the supply chain

55.

Measuring Scope 3 emissions, and including them in carbon intensity calculations,
requires a firm to collect information on processes (i.e. GHG emissions and activity data) not
directly owned or controlled by them. This is because Scope 1 and 2 emissions for one firm are the
Scope 3 emissions of another firm downstream in the supply chain. There exist a range of economic,
technical, legal, and regulatory challenges that firms are likely to encounter in this process (Stenzel and
Waichman, 2023;s5)). Consequently, the bulk of Scope 3 emissions’ measurement currently relies on
estimations or proxies rather than actual data (Figure 2). However, the use of proxies versus actual data
varies across sectors, indicating sector-specific differences in the severity of these challenges.
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Figure 2. Relative use of actual data vs. proxies for the measurement of Scope 1- 3 emissions
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56. Companies may be reluctant to share carbon intensity information due to potential adverse
impacts on their competitive advantages and the risk of divulging trade secrets. In the manufacturing
sector, for instance, revealing emissions could hint at energy usage, cost structures and other production
details. The severity of this problem may differ across sectors. The full paper could discuss in more detail
how the perceived competitiveness risk from sharing emission data differs across sectors and the solutions
being developed to overcome this problem.

57. Legal and regulatory barriers may also be significant obstacles to sharing emission data.
Firms could, for instance, encounter contractual restrictions when re-sharing data received from their
suppliers. Additionally, OECD (202257)) shows that the number of data localisation measures (i.e. an
explicit requirement that data be stored or processed within the domestic territory) is increasing and
becoming more restrictive. These measures can restrict cross-border flows of emission data, with
particularly severe implications for value chains spanning different countries. Furthermore, data sharing
among firms can be impeded by competition law, as Scope 3 emissions data could include competition-
relevant information (OECD, 2019ss)).

58. The absence of a mandatory requirement for Scope 3 emissions reporting in many
countries may generate a wait-and-see attitude on the part of companies to measure Scope 3
emissions. The GHG Protocol requires firms to report their Scope 1 and Scope 2 emissions, while
reporting on Scope 3 emissions is optional. Consequently, corporate reporting on Scope 3 emissions is
generally sparse and varies by industry with higher disclosure rates in emission-intensive sectors
(Figure 3). This lack of mandatory reporting may also create incentives for firms to allocate emissions to
Scope 3, for instance by outsourcing carbon-intensive production that is currently part of their Scope 1
emissions. Unclear messages from governments or standard setters on future regulations or requirements
may discourage companies from investing in a reporting infrastructure (e.g. information-gathering
processes) (Kauffmann, Tébar Less and Teichmann, 2012;59]). Recent research shows that climate policy
uncertainty discourages investment, especially in pollution intensive sectors (Berestycki et al., 2022;50)).
The full paper might provide a more detailed analysis on how Scope 3 disclosure rates vary across
industries, reporting region, and specific Scope 3 reporting categories.

Figure 3. Current climate-related disclosures by US companies

Scope 1-3 disclosure of US-listed companies in the MSCI USA Investable Market index as of March 2022
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Note: The MSCI USA Investable Market Index (IMI) is designed to measure the performance of the large, mid, and small cap segments of the
United States market. With 2,470 constituents, the index covers approximately 99% of the free float-adjusted market capitalization in the United
States

Source: (MSCI ESG Research LLC, 2022p1))

59. Initial analyses also point towards significant interoperability issues hampering effective
emissions data sharing. The lack of harmonised GHG accounting and reporting standards
(methodological interoperability), coupled with an absence of a common technical infrastructure for data
exchange (technical interoperability), entails high transaction costs and operational inefficiencies (e.g.
filling in different surveys or spreadsheets). This issue may be especially burdensome for firms operating
within global value chains and SMEs. The latter often lack the financial resources needed for the upfront
investments in a data collection and sharing system, and the in-house expertise to prepare the Scope 3
emissions data (OECD, 2019ss)).

Overcoming the challenges of sharing emissions data

Initiatives to overcome methodological interoperability challenges

60. Several private and public sector initiatives have emerged to promote and enhance
consistency in GHG accounting (i.e. data collection and measurement) and GHG disclosures.
Efforts to promote GHG disclosure are often part of broader sustainability disclosure initiatives that
encapsulate a broad spectrum of firm-level environmental issues, including proposals to mandate the
disclosure of Scope 3 emissions. While existing reporting initiatives do not primarily focus on promoting
disclosure of product-level carbon intensities, the obligation to disclose firm-level Scope 3 emissions could
reinforce corporate accountability. Progress in this area is a precondition for greater cooperation with
supply chain partners to decrease Scope 3 emissions, and to collect and disseminate the data needed for
calculating product-level carbon intensities.

61. The initiatives covering GHG accounting and sustainability disclosure fall broadly into two
categories:

e Sustainability reporting and GHG accounting standards: Often developed by governments or
standard setters, they define formal requirements or specifications to consistently measure (at the
product-level) and report (at the firm-level) emissions data. These efforts can enhance market
efficiency by reducing information barriers and transaction costs.

o Sustainability frameworks: Provide more flexible guidelines, including best practices and tools
(e.g. ESG software, a reporting platform, etc.) to help companies identify, measure and report their
emissions.

Sustainability reporting and GHG accounting standards

62. There is a growing consensus towards harmonising sustainability reporting standards.
However, ongoing efforts in this area target diverse adopter groups, vary in focus on environmental, social,
or economic aspects, and propose diverse requirements for Scope 3 emissions and carbon intensity
metrics. The Task Force for Climate-related Financial Disclosures (TCFD) set the stage in 2017 with
recommendations for clear, comparable, and consistent sustainability information. Building on this
groundwork, the International Sustainability Standards Board (ISSB) issued in June 2023 standards on
general sustainability-related disclosure and climate-related disclosure to support a comprehensive global
baseline. Moreover, individual jurisdictions are currently either establishing or plan to establish disclosure
requirements, which may align or diverge from the previously mentioned initiatives (NGFS, 2021s2;). For
instance, the European Union and the United States are progressing towards mandatory Scope 3 emission
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reporting and harmonizing related standards. Both proposals draw significantly on the TCFD's
recommendations but show differences in some key areas, including their scope and materiality definitions
(i.e. the level of importance an organization should attribute to specific environmental or social factors).
The full paper could provide more details on the various (proposed) standards, their differences and assess
prospects for further harmonisation.

Sustainability frameworks

63. Numerous frameworks with different scopes have recently emerged to provide flexible
guidelines to help companies identify, measure and report their emissions. For instance, the non-
profit organisation Carbon Disclosure Project (CDP) provides training services to upskill suppliers (e.g.
emission accounting support) and a standard framework for reporting emission data (Scope 1-3) through
an online questionnaire. The questionnaire is structured along several Scope 3 emission categories (as
set out by the GHG protocol) but leaves it to participants to identify relevant categories. Notwithstanding
these efforts, preliminary analysis that could be developed in the 2024 report suggests that companies
tend to underreport their Scope 3 emissions.

64. Similarly, the PACT Pathfinder Framework takes a cross-sectoral approach to assist
organisations in developing and exchanging product carbon intensity metrics across the value
chain. The Pathfinder Framework, which was established in 2022 through a collaboration between the
World Business Council for Sustainable Development (WBCSD) and multiple industry groups, issues
guidance on data collection, verification, measurement, and reporting. A growing number of companies
across industries have been adopting the Pathfinder Framework. The full paper will provide additional
insights into these and other prominent initiatives and evaluate how these efforts connect and can build
synergies with sustainability reporting and GHG accounting standards.

Initiatives to overcome technical interoperability, data confidentiality, and regulatory
challenges

Private-sector initiatives

65. Several private sector initiatives have emerged to solve the issue of technical
interoperability while addressing governments and companies’ concerns over data sovereignty
and confidentiality. The target group of these initiatives vary, with some having cross-sectoral
memberships and an industry-agnostic focus, while others concentrating on specific industries.
Furthermore, some initiatives prioritise accessibility by lowering entry barriers, while others seek to foster
trust among participants by setting demanding requirements, which act also as entry barriers. This
illustrates the trade-offs between creating trust and ensuring accessibility in designing data sharing
platforms.

66. The PACT Pathfinder Network aims to establish a global network for the secure peer-to-
peer exchange of product-level carbon intensity data. It was developed as the technological
counterpart of the PACT Pathfinder Framework (discussed above) by the World Business Council for
Sustainable Development (WBCSD) and the SINE foundation - in collaboration with different stakeholders
like technology companies, various industries, and standard-setting bodies. At the core of the PACT
Pathfinder Network is an open-source technology to connect organizations across diverse technology
solutions (e.g. emission accounting software), allowing for scalability of the network and minimising
transaction costs for new joiners.

67. Catena-X seeks to develop an agile, secure data-sharing platform across the automotive
value chain. It was initiated by a consortium of prominent automotive companies and employs a
decentralized, peer-to-peer data exchange approach similar to the PACT Pathfinder Network. Its technical
foundation rests on a data connector that must be installed at each participant's site, serving as a
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gatekeeper for incoming and outgoing data. This design enables automated negotiations on data usage
between participants, safeguarding private ownership of data. To join Catena-X, companies must pass an
audit verifying compliance with platform standards. While this audit and the required data connector raise
entry barriers, it also strengthens trust and transparency within the platform. The full paper could offer an
in-depth look at the design features of these and other prominent initiatives, with the view to exploring
options to balance trust and accessibility, among other considerations.

Public-sector initiatives

68. Some governments have developed regulations to facilitate the free exchange of data along
supply chains and across borders. The European Union, for example, has introduced several legislative
initiatives, informed by its February 2020 European strategy for data, which could address the legal and
regulatory challenges companies face in sharing emission data along their supply chain and across
borders. Some of these initiatives also assess possibilities of embedding carbon intensity data into eco-
design requirements or products to improve transparency about products’ environmental sustainability.

69. While these legislative initiatives do not explicitly focus on emissions data, they create a
supportive framework for data sharing in general. They also offer a means to navigate around issues
like digital security, intellectual property rights, national security, and competition law that may pose
challenges to sharing emissions data. A more complete analysis could appear in the full paper, including
a more detailed discussion of the various legislative initiatives and the need, if any, for international
coordination.

TOWARDS MORE ACCURATE, TIMELY, AND GRANULAR PRODUCT-LEVEL CARBON INTENSITY METRICS © OECD 2024



| 31

4 Conclusion and next steps

70. Carbon intensity metrics are a vital part of the transition to net zero. These metrics can help
governments develop climate policies in a way that mitigates carbon leakage risks, help firms lower the
carbon intensity of production, and guide households’ consumption choices towards lower carbon-
intensive products. However, numerous challenges have so far thwarted the widespread calculation and
use of carbon intensity metrics. The IFCMA Carbon Intensity Workstream Report scheduled for 2024 could
elaborate on the use cases of sector and product-level metrics and the specific obstacles hampering their
calculation and use.

71. The 2024 report could explore the current methods and data collection requirements, and
additional challenges in computing timely and sufficiently disaggregated sector and product-level
carbon intensity metrics. As outlined in Section 2, sectoral carbon intensities metrics are well established
and have already been used extensively, but they face challenges in enabling consistent and timely cross-
sector comparisons. As discussed in Section 2 and 3, methodologies for computing sector and product-
level carbon intensity metrics allow for a degree of flexibility, which however results in less accurate
estimates across countries, across sectors, and products. Going forward, the report could explore in detail
the main datasets and methods used to compute these carbon intensity metrics. It could also point to ways
to fill data gaps to improve the comparability of carbon intensity metrics while striking a balance between
accuracy and data collection costs, and ensuring consistency between sector and product-level metrics.
More granular and timely sector-level metrics are also key to providing reliable fall-back values to compute
product-level metrics when primary data are not available.

72. The 2024 report could also explore how to support and facilitate the calculation of product-
level carbon intensity metrics building on the numerous and already ongoing private and public
sector initiatives. Recently, a number of regional and international initiatives have emerged that seek to
improve the measurement of product-level metrics. The report could analyse and compare some of the
most relevant initiatives and identify policy options to build on them in ways that avoid fragmentation (due
to a proliferation of different standards), limit trade distortions and encourage innovation. The report might
compare selected product-level emissions accounting standards against common criteria, such as their
geographic focus and product specificity, and seek to identify complementarities and duplications. Based
on this, the report could propose ways forward to improve the reliability and comparability of product-level
carbon intensity metrics.

73. The verification, reporting, and sharing of carbon intensity information across the supply
chain entail significant economic, technical, legal, and regulatory challenges. The report could
analyse these issues and assess private and public initiatives that are seeking to address them. Prominent
private-sector endeavours have emerged to assist companies in measuring and reporting carbon intensity
metrics, along with overcoming related technical challenges. The report could scrutinize these private
sector initiatives in the context of ongoing public initiatives to harmonise and enhance sustainability
disclosure, such as those led by the International Sustainability Standard Board, the European Union, and
the United States. The aim would be to identify differences and commonalities and assess prospects for
further harmonisation. Regulatory efforts promoting the free exchange of data along supply chains and
across borders would also merit greater attention. Recent data localisation requirements (implemented
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ostensibly for data sovereignty and security reasons) risks undermining efforts to share detailed emission
data across borders.

74. Various mitigation policies rely on carbon intensity metrics. Carbon intensity metrics can be
used by governments to guide policy (e.g. highlighting sectors and products where the decarbonisation
challenge is the greatest) and as a basis for policies themselves (e.g. taxes based on the carbon intensity
of a product). Under these two categories exist a wide range of policy levers such as carbon taxes,
emissions trading schemes, energy efficiency laws or standards, tax incentives and government
procurement initiatives, among others. The report could explore this range of policy levers and outline
selected examples of such policies that have already been implemented across the IFCMA membership.
Understanding this range of policy instruments can support efforts to make the calculation and use of
carbon intensity more widespread.

75. International dialogue is key to identifying and implementing common approaches in
supporting the widespread calculation and use of product-level carbon intensity metrics. Product-
level carbon intensity metrics can add significant value to mitigate climate change, design policies and
track progress, but they could also distort international trade and supply chains (White et al., 2021s3)).
Accordingly, the report could explore ways to promote “sufficient” international consistency of product-level
carbon intensity metrics, including under the umbrella of the IFCMA, or how to encourage the technical
and operational interoperability of different national and regional systems being designed to compute
product-level carbon intensity metrics. It could also propose ways to improve sector or sub-sector-level
metrics through the use of granular data at installation level. As part of this, the report may then put forward
basic principles and considerations that governments and stakeholders may wish to consider when
designing policies or specific standards for the computation of product-level carbon intensity metrics.

76. Finally, the 2024 report could highlight areas of potential further work to be taken forward
in the workstream after the completion of the 2024 report. Such work, as suggested by IFCMA
delegates, could include: a review of data availability to enable the calculation of carbon intensity metrics
and, if data allows, providing illustrative computations of product-level carbon intensity metrics for key basic
products in EITE sectors as well as identifying scalable, widely used, and reliable methodologies to provide
a common basis for further convergence of carbon intensity methodologies.
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