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Executive Summary

Accurate, verifiable, and comparable greenhouse gas (GHG)
emissions data throughout supply chains in the materials
sector are necessary to drive decarbonization. This is
particularlythe caseforthe steelsupply chain,amajorsource
of GHG emissions with untapped potential for reduction.
However, emissions accounting methods used by the steel
industry suffer from gaps and misalignment, resulting in
significant differences in reported GHG emissions. The
result is a patchwork reporting landscape vulnerable to
manipulation and miscommunication, generating little
actionable data for policymakers, producers, customers,
and investors. These shortcomings highlight the need for
a harmonized carbon accounting framework for the steel
industry that bridges these disparities. Such a framework
is urgently needed to guide time- and capital-intensive
investments towards decarbonizing steel supply chains.

A leading partner of the Coalition on Materials Emissions
Transparency (COMET), the Columbia Center on
Sustainable Investment (CCSI) conducted a comprehensive
comparison of GHG accounting frameworks pertinent to
the steel industry. This comparison identified the critical
discrepancies existing between the methods examined
and resulted in proposed solutions to be detailed in further
research. The six most significant issues identified and
solutions proposed are as follows:

» System boundaries: Various methods define different
facility boundaries, creating significant differences
in emissions calculations by including or excluding
certain facilities. Several methods also fail to include
a diagram to illustrate the accounting boundary,
creating ambiguities regarding what activities must be
incorporated into the accounting process. Using a fixed
system boundary schematic across the industry, which
should feature detailed production flows and embrace
all critical processes for all production techniques
in the steel industry, would resolve these boundary-
related issues.

» Upstream emissions from materials: There are major
discrepanciesinhowdifferent methods considerindirect
emissions from imported materials consumed onsite.
Methods also differ on how to approach emissions
from mining and transportation of raw materials, both
onsite and offsite. Furthermore, there is no consistently
approach to measuring upstream fugitive emissions.
Finally, many methods assume that biofuels carry no
carbon footprint without accounting for emissions from
the land-use changes arising from biofuel production.

Emissions from import and export of energy:
Significant discrepancies arise from guidance on
selecting appropriate emissions factors for electricity
and steam, and there are varied levels of attention
across methods to the potential of artificially
lowering emissions through double counting.
Imposing additional reporting requirements on using
appropriate emissions factors for upstream and
downstream power generation, and on calculating the
impact of coproduct gas exports on emissions from
downstream power generation, would make electricity
emissions data more comparable.

Credit emissions: Discrepancies arise around whether
and how to report emissions associated with exported
byproducts made available for downstream industries,
particularly for partially combusted gases such as
coke oven gas, blast furnace gas, and Linz-Donawitz
converter gas. Furthermore, practices in claiming these
credits are not always aligned with practices in other
sectors, creating a risk of double-counting emissions
reductions. Avoiding a system expansion approach to
identifying credit emissions can reduce this risk.

Scrap-based  production:  Scrap-based  steel
production is far less carbon-intensive than primary
steel production. The difference is even wider when
it comes to post-consumer scrap. Accounting for
scrap-based production and primary steel production
differently is therefore important to net-zero planning
for the sector. However, no methodology requires
separate reporting of scrap-based production-related
emissions. Grading the carbon footprints of various
types of pre-consumer and post-consumer scrap
would contribute to making this adjustment.

Calculation methodology: The fragmented and
voluntary carbon accounting landscape in the steel
industry discourages countries and companies from
compiling the data that would allow for more granular
calculation of sector emissions. Methods differ by
specific equations used for calculations, default
emissions factors based on outdated or inaccurate
data, and even the basic approach to calculating
emissions — with some methods using primary data
based on carbon content and others using secondary
data based on heat or even total output generation.
Systematizing the general approach to emissions
reporting, including by taking advantage of the data-
rich environments in which many steel companies

operate, would address these differences.
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Acronyms

BFG Blast Furnace Gas

BOF Basic Oxygen Furnace

CCS Carbon Capture and Storage

CEMS Continuous Emissions Monitoring System
COG Coke Oven Gas

COMET Coalition on Materials Emissions Transparency
DRI Direct Reduced Iron

EAF Electric Arc Furnace

EUETS European Union Emissions Trading Scheme
GHG Greenhouse Gas

GWP Global Warming Potential

IEA International Energy Agency

IPCC Intergovernmental Panel on Climate Change

IPPU Industrial Processes and Product Use

ISO International Organization for Standardization

LDG Linz-Donawitz Converter Gas, also known as BOFG (Basic Oxygen Furnace Gas)

MRR Monitoring and Reporting Regulation (under EU ETS)
NGO Non-Governmental Organization

OHF Open-Hearth Furnace

PPA Power Purchase Agreement

REC Renewable Energy Certificate

WBCSD  World Business Council for Sustainable Development

WRI World Resources Institute






https://worldsteel.org/about-steel/about-steel/
https://worldsteel.org/about-steel/about-steel/
https://www.mckinsey.com/industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel
https://www.mckinsey.com/industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel
https://www.mckinsey.com/industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel



https://www.jstage.jst.go.jp/article/isijinternational/55/7/55_1377/_pdf/-char/en
https://www.jstage.jst.go.jp/article/isijinternational/55/7/55_1377/_pdf/-char/en
https://www.clarke-energy.com/steel-production-gas/
https://www.clarke-energy.com/steel-production-gas/
https://doi.org/10.1007/978-1-59745-173-4_14
https://doi.org/10.1007/978-1-59745-173-4_14
https://www.sciencedirect.com/topics/engineering/slag-cement
https://www.sciencedirect.com/topics/engineering/slag-cement
https://www.metallics.org/dri-production.html
https://www.metallics.org/dri-production.html
https://www.europarl.europa.eu/RegData/etudes/BRIE/2020/641552/EPRS_BRI(2020)641552_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2020/641552/EPRS_BRI(2020)641552_EN.pdf
https://rmi.org/insight/fueling-the-transition-accelerating-cost-competitive-green-hydrogen/
https://rmi.org/insight/fueling-the-transition-accelerating-cost-competitive-green-hydrogen/
https://rmi.org/insight/fueling-the-transition-accelerating-cost-competitive-green-hydrogen/
https://insights.globalspec.com/article/8565/what-s-good-quality-steel-and-how-do-you-achieve-it
https://insights.globalspec.com/article/8565/what-s-good-quality-steel-and-how-do-you-achieve-it
https://worldsteel.org/wp-content/uploads/World-Steel-in-Figures-2022.pdf
https://worldsteel.org/wp-content/uploads/World-Steel-in-Figures-2022.pdf
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Table 1: Overview of Examined Carbon Accounting Methodologies

Methodology

Notable Characteristics

Environment Canada, Primary Iron and
Steel Production, Guidance Manual for
Estimating Greenhouse Gas Emissions

Comprises part of a suite of facility-level GHG inventory methodologies
developed by the Canadian government, with a heavy emphasis on
measuring direct emissions.

EU ETS Monitoring and Reporting
Regulation (MRR)

Forms the cornerstone of an international regional carbon market,
which enforces its regulations at the company level.

GHG Protocol Corporate Accounting and
Reporting Standard (Corporate Standard)

Provides cross-sectoral guidance on general principles of GHG
accounting.

GHG Protocol Calculating Greenhouse Gas
Emissions from lron and Steel Production

Covers sector-specific emissions sources from iron and steel
production, intended to be used in conjunction with the GHG Protocol
Corporate Standard.

GHG Protocol Scope 2 Guidance

Describes updated approach to indirect emissions under the GHG
Protocol with a focus on electricity, heat, and steam.

2006 IPCC Guidelines for National
Greenhouse Gas Inventories, Metal Industry
Emissions

O ers comprehensive guidance for developing national, rather than
corporate emissions inventories for the iron and steel sector. Divides
guidance relevant to iron and steel industry emissions between a
volume dedicated to industrial process and product emissions and
one concerning emissions from energy production.

2019 Refinement to the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories
(2019 Refinement), Metal Industry Emissions

Updates figures and clarifies existing guidance from the 2006 IPCC
Guidelines.

1SO 14404-1, 14404-2, 14404-3

Applies a simplified version of the Worldsteel calculation approach,
with strict divisions between di erent types of processes.

ResponsibleSteel Standard version 2.0

Outlines a holistic sustainability framework whose climate component
integrates multiple GHG accounting methodologies with its own
requirements to create benchmarks for a certification system.

Worldsteel CO2 Data Collection User Guide,
version 10

Calculates emissions according to basic import and export data, with
no requirement for measurement of individual processes or heat
and energy flows within the system. This allows for simplicity and
widespread ease of application, but at the expense of comparing
processesindi erentregions.

Source: Prepared by the authors based on the listed guidelines.












https://www.ieabioenergy.com/wp-content/uploads/2013/10/Better-Use-of-Biomass-for-Energy-Background-Report.pdf
https://www.ieabioenergy.com/wp-content/uploads/2013/10/Better-Use-of-Biomass-for-Energy-Background-Report.pdf
https://www.ieabioenergy.com/wp-content/uploads/2013/10/Better-Use-of-Biomass-for-Energy-Background-Report.pdf












https://ec.europa.eu/clima/system/files/2019-02/p4_gd8_waste_gases_process_emissions_en.pdf












https://missionpossiblepartnership.org/wp-content/uploads/2022/09/Making-Net-Zero-Steel-possible.pdf
https://missionpossiblepartnership.org/wp-content/uploads/2022/09/Making-Net-Zero-Steel-possible.pdf



https://www.scsengineers.com/wp-content/uploads/2017/07/CDROTMAN-Abstract-2017.pdf
https://www.scsengineers.com/wp-content/uploads/2017/07/CDROTMAN-Abstract-2017.pdf
https://www.dehst.de/SharedDocs/downloads/EN/publications/Experience_report-KEMS.pdf?__blob=publicationFile&v=2
https://www.dehst.de/SharedDocs/downloads/EN/publications/Experience_report-KEMS.pdf?__blob=publicationFile&v=2
https://www.dehst.de/SharedDocs/downloads/EN/publications/Experience_report-KEMS.pdf?__blob=publicationFile&v=2









https://www.epa.gov/sites/default/files/2018-01/documents/2018_chapter_4_industrial_processes_and_product_use.pdf
https://www.epa.gov/sites/default/files/2018-01/documents/2018_chapter_4_industrial_processes_and_product_use.pdf
https://doi.org/10.1080/03019233.2020.1731252
https://doi.org/10.1080/03019233.2020.1731252
https://hha.hitachi-hightech.com/en/blogs-events/blogs/2017/12/01/measuring-carbon-in-steel-%E2%80%93-absolute-reliability-matters/
https://hha.hitachi-hightech.com/en/blogs-events/blogs/2017/12/01/measuring-carbon-in-steel-%E2%80%93-absolute-reliability-matters/
https://hha.hitachi-hightech.com/en/blogs-events/blogs/2017/12/01/measuring-carbon-in-steel-%E2%80%93-absolute-reliability-matters/
https://www.leecosteel.com/news/post/carbon-steel-categories/



https://www.law.cornell.edu/regulations/maryland/COMAR-26-11-01-11
https://www.law.cornell.edu/regulations/maryland/COMAR-26-11-01-11






https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067137/fugitive-hydrogen-emissions-future-hydrogen-economy.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067137/fugitive-hydrogen-emissions-future-hydrogen-economy.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067137/fugitive-hydrogen-emissions-future-hydrogen-economy.pdf



https://iopscience.iop.org/article/10.1088/1748-9326/ac6147
https://iopscience.iop.org/article/10.1088/1748-9326/ac6147
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Appendix Il — Export Products Eligible for Credits under 1ISO 14404
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Appendix Il - Tier 1 and 2 Equations Used by IPCC

IPCC Tier 1 Equations:

EQuATION 4.4
CO2 EMISSIONS FROM IRON AND STEEL PRODUCTION (TIER 1)

Iron & Steel: E = BOF o EF,,, + EAF o EF,,, + OHF oEF,,,,

COy , non—energy

EQUATION 4.5
CO; EMISSIONS FROM PRODUCTION OF PIG IRON NOT PROCESSED INTO STEEL (TIER 1)

Pig Iron Production: E_, =IPeEF,

05, non—energy

EqQuaTION 4.6
CO2 EMISSIONS FROM PRODUCTION OF DIRECT REDUCED IRON (TIER 1)

Direct Reduced Iron: Ecoz, non—emergy = DRI ¢ EF,,,

EQUATION 4.7
CO; EMISSIONS FROM SINTER PRODUCTION (TIER 1)

Sinter Production: Emz‘ =Sl s EF,

nan—energy

EQUATION 4.8
CO; EMISSIONS FROM PELLET PRODUCTION (TIER 1)

Pellet Production: Ec, 0 cnergy = P @ EF

EQUATION 4.84 (NEW)
CO: EMISSIONS FROM BFG AND LDG FLARING (TIER 1)

E = BFG e (EF, +LDG o (EF,

COy , non—energy co, )SFG Slaring co )LDG flaring
44 44
=BFGe(Ry, flared ® CCy® E) +LDGe (R, flared *® CCrps 'E)
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IPCC Tier 2 Equations:
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Appendix IV - IPCC Data Tier Flowchart

Are sufficient

Areall

. \ . single sources for all the N Use measurements or
Qc, or verified r_nodell:ng_ St?"dm Yen existing plants measured or Yes o modelling results
available to estimate emissions odelled?
accurately? modefied: Box 5: Tier 3b
No
plant-specific Are bined
input-output material data country-specific b LR
. carbon content available with a carbon balance
N available for the Yes for the unmeasured Yes— by plant for the rest
unmeasured part of the 0 n:t‘umne ::imc S mflh:
SOUrcE pa terory? v
category?
catsgory? Box 4: Tier 3a
N
Are national Are )
data on input-output v country-specific - Use a carbon balance
material data es s carbon content res approach (eq. 4.9 to 4.11)
available? available? »- PETT—
ox 3: Tier
No
Get country-specific
carbon content
L4
) Use a carbon balance
Is this Get input-output - ¥ approach with default carbon
a key category? Yes D) material data content (eq. 4.9 to4.11)
No Box 2: Hybrid Tier 1/Tier 2
‘Are nationa
production data Yes p  Use m’)ﬁm_m tion
. o wi
available? ® default EFs from Table
4.laand 4.1b
No o (eq44todRand4Ra
| | Get national coke » (New))
production data "ls carbon contents for BFG
and LDG from Table 4.3
Box 1: Tier 1.b

Mote:

(1) National production data refers to the productions of (1) steel; (2) pig iron not processed into steel; (3) direct reduced iron; (4) sinter;
(5) pellet; (6) blast furnace gas and (7) converter gas.
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Appendix V - Comparison of Mass Balance Approach and EU ETS Standard
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Appendix VI - IPCC Tier Definitions

1 Uses readily available Default emissions Default emissions Default emissions
default emissions factors factors factors are readily factors lead to high
multiplied by su iciently Amount of steel, available for di erent degrees of scientific
approximate activity data. associated materials, materials and steel uncertainty

and fuel used and making processes
produced Limited data collection
e ort

2 An intermediate level of Site specific emissions Higher degree of More extensive and
complexity found using factors and carbon scientific certainty time consuming than
calculations with site content factors than Tier 1 with lower Tier 1 or hybrid
specific emissions factors Data on input and measuremente orts
and carbon contents. output types and thanin Tier 3
Recommends a carbon guantities
balance approach for
processes in particular.

Hybrid Carbon balance approach Default carbon content Mass carbon Similar to Tier 1,

(Tier 1/2) | with the use of default Activity Data balance approach default values lead to
carbon contents for for processes leads reporting with higher
process emissions. to more accurate levels of scientific

reporting uncertainty

3 Most specific data Site-specific Mass carbon Expensive
required, using a site monitoring system balance approach Only large steel
monitoring system such that tracks real time for processes leads manufacturers have
as a Continuous Emissions data to more accurate installed install a CEMS
Monitoring System (CEMS). reporting
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Appendix VII - Case Study Methodology

The case study was constructed according to data from ISO
14404-1 Annex C on inputs and outputs at a typical steel
plant producing 7,000,000 tons of crude steel annually. This
data was not included without certain changes, though.
First, the quantity of imported pellets was increased from
1,000,000 tons to 10,634,615 tons. With an assumed pellet
iron content of 65% and a desired crude steel carbon content
of 1.25%, this was the quantity of pellets needed to produce
7,000,000 tons of crude steel. As the original quantity of
pellets in the annex was likely a typo that omitted a digit from
the actual figure, no other input or output quantities have
been changed.

Methodologies such as Environment Canada and the GHG
Protocol ordinarily require calculation of mobile combustion
emissions on the basis of fuel quantities consumed, but as
ISO does not make calculations for mobile combustion,
no figures related to mobile combustion were provided.
Instead, we drew upon data providing the CO2 emission
contributions of every industrial category associated with
the production of one kilogram of chromium steel. We
obtained the figures for CO2 eq emissions per kg of steel
production from transport and divided them into three
categories: emissions from passenger cars, emissions from
freight transport up to 32 tons, and emissions from freight
transport exceeding 32 tons. We then summed the figures
within each category and multiplied the result for each by
1000 to obtain the total emissions (tCO2 eq) associated
with the production of one ton of chromium steel for each
category. We arbitrarily assigned freighttransportation under
32 tons to process-critical onsite mobile transportation and
passenger cars and freight transportation over 32 tons to
other mobile transportation under company ownership
or control. Such a division is intended to be illustrative of
variations in accounting outcomes, not to be a perfectly
accurate reflection of how emissions from these two
categories of mobile combustion would be divided.

Further assumptions were necessary to fit calculations
for Environment Canada and the GHG Protocol into data
intended for use by ISO 14404 and Worldsteel. Many of
Environment Canada’s default emissions factors are
provided according to specific combustion environments,
and emissions factors for specific fuels can vary widely
within Canada’s own guidance as well. Providing this
additional context is in line with best practices for providing
default emissions factors, but it does require making
additional assumptions not provided by the initial data. As
aresult, the Canadian emissions factor for LPG is taken from
LPG-Propane for industrial uses on page 61. Conversion

is calculated at the rate of 493 kg/m3 at 1 atm and 25° C.
Likewise, Canadian emissions factors for all types of coal
are adopted from emissions factors for bituminous coal in
Ontario, 1995-2000, found on page 53. Additionally, fugitive
emissions from upstream operations were not considered
in the case study. The GHG Protocol is the only method
which stipulates inclusion of these upstream emissions
under scope 3 reporting, but while Environment Canada
does not consider any fugitive emissions, the remainder of
the methods do not clarify whether they should be included
or not.

Emissions factors provided in GHG Protocol worksheets are
issued in units of heat and energy, while the emissions factors
in ISO 14404 are in units of mass and volume. To adapt the
guantities provided in the data to units which could support
GHG Protocol calculations, outside conversion factors from
engineeringtoolbox.com were applied. Distillate fuel oil no.
1 was classified as light oil, while residual fuel oil no. 6 was
categorized as heavy oil. All grades of coal were classified as
high volatile A bituminous coal.

Finally, we assume that 100% of iron reduction at this facility
is done through coke and none through coal, we define
coke oven gas as the only exported coke oven byproduct,
and we do not attempt to calculate the quantities of
byproduct gases which are both produced and consumed
onsite. Environment Canada guidelines are equivocal
on assigning emissions from fuels burned for both heat
production and for process reasons, i.e. iron reduction,
to their stationary combustion section vs. their process
emissions section, so assigning fuels in their entirety either
to stationary combustion or to process emissions was
necessary. The GHG Protocol allots a credit for exported
coke oven byproducts other than COG, but without any
specifics. ISO calculates byproduct gas emissions on the
basis of the quantity exported subtracted from the quantity
imported, with no intermediate step to calculate the
guantity of coproduct gas produced and burned onsite. This
is because ISO-provided default emissions factors already
account for emissions from combustion of coproduct gases
in their emissions factors for the complete combustion of
the fuels which produce them, so for ISO calculations, these
guantities are not necessary. Allocating a specific quantity
of coproduct gases on the basis of input fuels alone to be
produced and burned onsite was one assumption too far
for the available data to support, and an unnecessary one
given the goal of simply illustrating differences between

accounting methods.




The Coalition on Materials Emissions

Transparency (COMET) is an initiative
between the Columbia Center on
Sustainable Investment (CCSI), the
Payne Institute for Public Policy at the
Colorado School of Mines, and RMI.

Design: Michael Morgan

COMET accelerates supply chain

decarbonization by enabling producers,

consumer-facing companies, investors,

and policy makers to better account

for greenhouse gas (GHG) emissions

throughout materials supply chains, in

harmony with existing GHG accounting

and disclosure methods and platforms. cometframework.org


http://cometframework.org
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