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No. Issue date Details of revision
0 2024.04.01 Newly issued
2024.06.06 | a) Clarification that Appendix 5. applies only to CORSIA SAF.
b) Addition of “5.2.1 Guideline: Criteria for the Unused Land approach”.
2 2026.05.01 | Revision in accordance with the amendments of 6th edition to the ICAO

document “CORSIA Methodology for Calculating Actual Life Cycle
Emissions Values” and 7™ edition to the ICAO document “CORSIA
Default Life Cycle Emissions Values for CORSIA Eligible Fuels”.

In case the requirements in ICAO-CORSIA documents are updated,
and the ClassNK SCS manual has not been revised to reflect such
updates yet, the updated requirements shall be applied during
verification irrespective of the state of revision of the ClassNK SCS

manual.
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APPENDIX 5. is applicable only for CORSIA SAF.
CORSIA LCAF is not applicable.

APPENDIX 5. Life Cycle Emissions Values

Foreword

An aeroplane operator that intends to claim for emissions reductions from the use of CORSIA
SAF in a given year may use a Default Life Cycle emission value or an Actual Life Cycle Emission
Value to compute these emission reductions.

To use an Actual Life Cycle Emissions value, an aeroplane operator will have to provide
documentation to their State showing compliance with the methodologies defined in this
document. An aeroplane operator will need to work with a CEF supplier to obtain this
information.

An aeroplane operator may use an actual life cycle value as part of an accepted fuel sustainability
certification process if a fuel producer(economic operator) can demonstrate lower life cycle
emissions compared to the default life cycle values provided in the ICAO document entitled
“CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels”, or if a fuel producer has
defined a new pathway that does not have a default life cycle value. If the aeroplane operator
chooses to use an actual life cycle value, then the aeroplane operator will select an eligible
Sustainability Certification Scheme from the ICAO document entitled “CORSIA Approved
Sustainability Certification Schemes” to ensure the analysis is in accordance to the LCA
methodology defined in this document. ClassNK SCS will ensure that the methodology is applied
correctly and that relevant information on GHG emissions is transmitted through the chain of
custody. ClassNK SCS will record detailed information about the calculation of actual values
within their system and provide this information to ICAO on request. The functional unit for final
Lcer results will be grams of CO2e per megajoule of fuel produced and combusted in an aircraft

engine, in terms of lower heating value (gCO2e/MJ).
The Life Cycle Emissions value is calculated from the following equation:

Lcer= core LCA value + ILUC - emission credits
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1. Default Life Cycle Emissions values

Should economic operators wish to use default Life Cycle Emissions values, then they
should apply the relevant Life Cycle Emissions default value based on the associated
feedstock, conversion process (pathway), ILUC region if applicable, pathway specifications
and applicability provisions as specified in the ICAO document “CORSIA Default Life Cycle
Emissions Values for CORSIA Eligible Fuels”.

(1) Default ILUC values for feedstocks classified as wastes, residues, or by-products
Feedstocks that have been classified as wastes, residues, or by-products by ICAO have a
default ILUC value of zero, independently from region or conversion process. These
feedstocks are listed in Section 4 of the ICAO document “CORSIA methodology for
calculating actual life cycle emission values”.

(2) Default ILUC values for feedstocks classified as main products

Feedstocks that have been classified by ICAO as main products are associated with the
default ILUC values provided in the Tables 7 to 12 in the ICAO document “CORSIA Default
Life Cycle Emissions Values for CORSIA Eligible Fuels”.

In case CEF is produced from feedstock from different regions, CEF producers will use the
ILUC values from the regions where the feedstocks were produced, for the equivalent

volume of CEF (under a mass balance chain of custody system).
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2. Actual Life Cycle Emissions values

2.1 General Provision

Should economic operators wish to calculate GHG emissions using actual Life Cycle Emissions
values, then they should accurately follow the ICAO document “CORSIA Methodology for
Calculating Actual Life Cycle Emissions Values” when estimating the actual Life Cycle Emissions
value in order to ensure that the calculation of the Life Cycle Emissions value is complete, accurate,
and transparent.

When calculating actual Life Cycle Emissions values, the economic operators should use the most
recent data available.

The final unit of the actual Life Cycle Emissions value should be expressed in gCO2e/MJ.

[Reference] EU-RED’s method for the actual Life Cycle Emissions value calculation
EU-RED I Directive(EU) 2018/2001 provides the following formula for calculating the
actual Life Cycle Emissions value in Part C of Annex V.

The actual Life Cycle Emissions value will be derived from the following formula:
E =6+ e+ ep+ e+ eu— esca— €ccs— Eccr

where:

E = total emissions from the use of the fuel;

eec = emissions from the extraction or cultivation of raw materials;

el = annualized emissions from carbon stock changes caused by land-use change;

ep = emissions from processing;

etd = emissions from transport and distribution;

eu = emissions from the fuel in use;

esca = emission savings from Soil Life Cycle Emissions in accumulation via improved

agricultural management;

eccs = emission savings from CO2 capture and geological storage; and

ecer = emission savings from CO2 capture and replacement.
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2.2 Actual core Life Cycle Emissions calculation — general provisions

2.2.1 System boundary

The system boundary of the core Life Cycle Emissions value calculation will include the full supply
chain of CEF production and use. As such, the core Life Cycle Emissions value will be obtained by
summing up the emissions associated with the following life cycle stages of the CEF supply chain:

(1) production at source (e.g., feedstock cultivation);

(2) conditioning at source (e.g., feedstock harvesting, collection, and recovery);
(3) feedstock processing and extraction;

(4) feedstock transportation to processing and fuel production facilities;

(5) feedstock-to-fuel conversion processes;

(6) fuel transportation and distribution to the blend point;

(7) fuel transportation from the blending point to the aircraft uplift location; and
(8)

8) fuel combustion in an aircraft engine.

For life cycle stages 1-7, carbon dioxide equivalent (CO2e) emissions of CH4, N20 and

CO2 from these activities will be calculated on the basis of a 100-year global warming potential
(GWP). CO2e values for CH4 and N20 will be based on the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (28 and 265, respectively). CO2 emissions will not be
considered if the CO2 is produced from carbon of biogenic origin, or emanates from carbon that
was either sourced directly from the atmosphere or from waste or residue gases of fossil origin

which meet the conditions in Section 2.4.2.1.

For life cycle stage 7, the emissions associated to transportation downstream of the blender can
be estimated by the economic operator (blender) according to the CORSIA Methodology for
Calculating Actual Life Cycle Emissions Values, or be determined by the use of default values from
the CORSIA Supporting Document “Life Cycle Assessment Methodology”, both options being valid

for the emissions accounting.

For life cycle stage 8,CO2 emissions from CEF combustion will not be included in the calculation of
CO2e emissions if the CEF is produced from carbon of biogenic origin or from carbon sourced
directly from the atmosphere. For CEF produced from carbon sourced from waste and residue
gases of fossil origin, emissions in lifecycle stage 8 are calculated following the procedures outlined
in Section 2.4.2.
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CO2 emissions from fossil sources that are co-captured in CO2 capture processes for CEF
production (e.g., CO2 emissions from natural gas use for heat production in the calciner of a Direct
Air Capture process) and which are utilized as carbon feedstocks for CEF production will be
considered as fossil feedstocks for the purposes of calculating LCA values. The Core LCA value of
the respective portion of the fuel produced from the co-captured fossil CO2 must therefore include
combustion emissions (lifecycle stage 8), whereas the process from which the emissions are
captured does not carry the burden of the emission.

The core LCA values will include upstream emissions associated with the material and utility inputs
for operational activities, such as processing chemicals, electricity, and natural gas. Emissions
generated during one-time construction or manufacturing activities (e.g., fuel production facility

construction, equipment manufacturing) will not be included.

Fugitive emissions and leakage of GHGs during ongoing operational activities in all lifecycle stages
(e.g., during processing and transportation) are to be accounted for, following the considerations
outlined above for lifecycle stages 1-7.

2.2.2 Carbon capture and sequestration of CO2 emissions
GHG emission reductions from geological carbon capture and sequestration (CCS) of CO2
emissions otherwise occurring in the lifecycle stages of CEF production can be accounted for in the

life cycle stages of the CEF supply chain.

Emissions must be captured directly from the lifecycle stages of CEF production to be considered
for such reductions. GHG emissions associated with the carbon capture and sequestration process
are to be considered. The processing facilities of carbon capture and storage include the capture
unit (incl. purification, and compression), transportation (incl. transfer stations and CO2 pipelines),
injection, and the storage site. Site-specific analyses must be conducted to calculate the benefits.
The estimated expected net leakage (after mitigation measures) from the storage reservoir is
subtracted from the storage benefit. Expected leakage is calculated over a 100-year period by
summing over all leakage risks (incl. secondary effects): the associated magnitude of leakage
multiplied by the probability of the realization of such risks in the presence of mitigation measures.
At a minimum, the following must be considered in this calculation:

(1) Risk of leakage occurrence: geological uncertainties, seismic activity, man-made activities,
storage activities, storage management and monitoring, ground movement (incl. uplift and
subsidence), ground water contamination;

(2) magnitude of leakage; and

(3) leakage pathways: geological, man-made, injection-related.
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Expected leakage from the storage reservoir can be reduced according to the expected success of
mitigation activities, although the emissions of material and energy inputs associated with such
measures must be accounted for.

The calculation is supported by a detailed site-specific technical report which meets the minimum
requirements outlined in Section 3.

To apply the GHG emissions reductions associated with geological CCS to the life cycle GHG
emissions, the methods and requirements defined in Section 10 will also be followed.

2.2.3 Assignment of emission burdens

In many cases, the CEF supply chain of interest will result in the co-production of multiple
commodities. Examples of co-products include non-CEF liquid fuels, chemicals, electricity, steam,
hydrogen, and/or animal feed. Energy allocation will be used to assign emissions burdens to all co-
products in proportion to their contribution to the total energy content (measured as lower heating
value) of the products and co-products. CO2e emissions will not be allocated to waste, residues
and by-products that result from the CEF supply chain of interest. The energy allocation approach
applies analogously to benefits of carbon capture and sequestration.

2.2.4 Emissions associated with electricity generation and use

The Core LCA calculation will include the emissions associated with electricity production and
delivery in all lifecycle steps of CEF production, as described in Section 2.2.1. The carbon intensity
of the electricity will consider the electricity produced and/or procured for each process step. The
electricity sources are identified by and comply with the Sourcing Requirements outlined in Section

9 for all fuel production processes (incl. production of intermediates such as hydrogen).

2.2.5 Emission savings associated with Soil Carbon Accumulation (SCA)

The cultivation of SAF feedstocks with the use of sustainable agricultural practices may generate
emission savings associated with Soil Carbon Accumulation (SCA). Such emission savings will be
calculated with the use of the methodologies defined in Section 11. These savings will be applied
to the emissions associated with life cycle stage (1) of the CEF supply chain (production at source

(e.g., feedstock cultivation)).
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2.3 Actual core Life Cycle Emissions calculation — specific provisions for co-processed CORSIA
SAF

For co-processing, a fuel producer will measure/estimate all inputs and outputs of the facility for
scenarios both with and without co-processing operations. Refinery configuration changes will be
limited to adding the co-processing facility to rule out other confounding values in emission
changes. The inputs include crude oil, bio-feed, energy input by type (e.g., natural gas and
electricity), and any materials. The outputs include fuel products and refinery emissions. Crude oil
inputs are normalized (see Figure 11 of the CORSIA Supporting document “Life Cycle Emissions
methodologies” for additional details on normalization). By subtracting the base (petroleum only)
case from the co-processing case, the fuel producer calculates the changes in inputs and outputs.
First, the changes in refinery emissions are allocated to the changes in fuel production (MJ). Since
biogenic carbon emissions need to be carbon-neutral, carbon balance will be used to estimate
biogenic carbon emissions from the refinery, which is then subtracted from the total refinery
emissions. In order to calculate the upstream emissions associated with the changes in energy
inputs, a Life Cycle Emissions tool (e.g., GREET) needs to be used. The upstream emissions of the
energy inputs are then allocated to the changes in fuel production (MJ). Based on the calculated
bio-feedstock input allocated to MJ fuel production, emissions associated with bio-feedstock
production and transportation can be calculated using the Life Cycle Emissions tool. Similarly,
downstream (fuel transportation/distribution and combustion) emissions can be calculated. Note
that co-processed SAFs are considered to be biogenic, so CO2 emissions from fuel combustion
are not accounted for. Sustainability certification schemes (SCS) may prescribe measurements
techniques (including but not limited to C14 testing and mass balance) and protocol (based on
energy allocation as described in Section 2.2 to assign biogenic carbon content among the
product and co-products, in proportion to their contribution to the total energy content), as a

means to verify the modelled changes in inputs and outputs.

2.4 Actual core Life Cycle Emissions calculation — specific provisions for CORSIA SAFs

based on Waste, residue, and by-product feedstocks

2.4.1 General provisions

Waste, residue, and by-product feedstocks as defined in Section 4 (“Positive List”) in the ICAO
document “CORSIA Methodology for Calculating Actual Life Cycle Emissions Values” are assumed
to incur zero emissions during the feedstock production, i.e., life cycle stage 1 described in Section
2.2. Emissions generated during the collection, recovery, extraction, and processing of these wastes,
residues, and by-products, however, will be included (life cycle stages 2-7, calculated as described
in Section 2.2).
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2.4.2 CEF produced from waste and residue gases of fossil origin

For CEF produced from a gas stream that is either a waste or residue gas and is of fossil origin, the
emissions of lifecycle stage 8 are calculated as follows:

Estage8=FEc—-Er+Ed

Where:

Estage8 are the emissions in lifecycle stage 8 (in gCO2e per MJ of CEF)

Ec are the emissions associated with CEF combustion (in gCO2e per MJ of CEF) as described in
Section 2.4.2.1.

Er is the net realization of GHG emissions (CO2e) stemming from the CO2 release associated with
the use of the CEF produced from the waste or residue gas stream, compared to a baseline case
when the waste or residue gas is (directly or indirectly) released into the atmosphere. The
calculation of Er is detailed in Section 2.4.2.2.

Ed are the emissions associated with changes to the process from which the waste or residue gas
stream is captured (e.g., loss of heat recovery from the waste gas, in gCO2e per MJ of CEF),
compared to a baseline case without utilization of the waste or residue gas stream. The calculation
of Ed is detailed in Section 2.4.2.3.

2.4.2.1 Emissions associated with CEF combustion (Ec)

The emissions associated with CEF combustion (Ec) can be partly or fully exempt (set to zero) if all
of the following requirements are met:

(1) The gas stream qualifies as a waste or residue gas stream according to the specifications
provided in Section 4.2.4 and 4.2.5.

(2) Absent the production of the CEF, the gas stream would have been directly (e.g. vented) or

indirectly (e.g. flared) released into the atmosphere. A gas stream therefore cannot be derived from
a source that has captured and permanently stored the generated gas stream in geological
formations within the last 2 years before gas stream utilization. However, in the case such storage
has become infeasible (e.g., due to the closure of the storage reservoir or insufficient capacity),
compliance with this second requirement is assumed. If the gas stream was previously captured
and permanently stored where there is a financial incentive in the initial emitter's jurisdiction for
GHG emissions reductions (e.g. through a carbon-pricing mechanism, a subsidy for CCS activities
or a tax credit for CCS activities), compliance with this second requirement is also assumed. For an
initial emitting facility that captures and stores only a portion of its emissions, the average share of
the gas stream released into the atmosphere (not sequestered) in the last 2 years (before the gas
stream is utilized) can be used for CEF production with EC=0 if the remaining conditions of this

section are met.

10
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In addition to the above, a gas which is currently in permanent geological storage will not be
extracted and used for CEF production.

Note: Using existing fossil gas streams for CEF production can lower the net CO2 emissions in the
near future. It is recognized that net-zero goals ultimately demand the elimination of source
emissions from many sectors. Until 2035, most decarbonization pathways foresee that fossil waste
and residue gas sources remain available from many sectors and can be used for CEF production;
this claim may not hold true after 2035.

(3) The initial emitter of the waste or residue gas stream maintains the burden of emission. This
means that the initial emitter reports the emissions as part of its reporting obligations and/or
voluntary disclosures (e.g., sustainability report, website) and does not claim the waste or residue
gas as a GHG emissions credit under any scheme or for any other purpose.

2.4.2.2 Net realization savings (Er)

Er accounts for changes to the GHG emissions (CO2e) impacts stemming from the CO2 release
associated with the use of the CEF produced from the waste or residue gas stream, compared to a
baseline case when the waste or residue gas is (direct or indirectly) released into the atmosphere.
It is calculated, in gCO2e/MJCEF, as

Er=EcounterfactualxGWPWRS-CIlcombustion

Where:

Ecounterfactual is the mass of greenhouse gas released into the atmosphere from the waste or
residue stream without CEF production (g per MJ of CEF) minus any losses of the waste or residue
gas stream as CO2 in the CEF conversion process and greenhouse gases release attributable to the
production and use of resources internally (“the counterfactual”),

GWPWRS is the Global Warming Potential associated with the greenhouse gas released from the
waste or residue stream, obtained from the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change,

Clcombustion is the weighted average (on an energy basis) of the combustion emissions
(gC0O2e/M)) associated with CEF and all co-products.

The counterfactual release of the waste or residue gas will be modelled considering all legal

obligations and voluntary commitments, if any, for the initial emitter to reduce the climate impacts

of the waste or residue gas stream (e.g., flaring requirements).

11
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2.4.2.3 Impacts on emitting process (Ed)

The emissions associated with changes to the process from which the waste or residue gas stream
is captured (Ed) are emissions attributable to lost production from previous use of the gas stream,
(e.g., for electricity or heat production). These emissions are calculated by multiplying lost
production with the products’ emissions factors. Alternatively, they can be determined through
facility-specific modelling or from evidence that dates back no more than 3 years prior to initial
diversion of the gas stream for CEF production. Simulation studies of integrated facilities
comparing a baseline case without gas diversion and a case with gas diversion (i.e., with capture of
the waste or residue gas stream for CEF production) are acceptable to quantify the emissions
impacts.

Note: Ed does not include emissions from the capture process itself, which are accounted for under
lifecycle stage 3.

2.4.3 CEF produced from waste, residue or by-product gases of biogenic origin

For CEF produced from a waste, residue, or byproduct gas of biogenic origin, the formula for
calculating lifecycle stage 8 emissions, as shown in Section 2.4.2, applies. In accordance with the
provisions in Section 2.2.1, Ec=0. It is further assumed that Ed=0. Er is calculated as described in
Section 2.4.2.2.

12
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3. TECHNICAL REPORT REQUIREMENTS

3.1 Reporting requirements

The ClassNK SCS will require economic operators to document all relevant data appropriately in a
Technical Report, which is verified by an accredited certification body. Upon request, the economic
operator will submit the Technical Report to the ClassNK SCS and on request, the ClassNK SCS will
submit the report to ICAO.

Relevant data include:

a) GHG emissions by life cycle step within the scope of certification, broken out by GHG
emission species and aggregated in CO2e (100 year GWP). The system boundary of the
core Life Cycle Emissions value calculation will include the full supply chain of CEF
production and use. As such, emissions associated with the life cycle stages of the CEF

supply chain listed in Section 2.2 will be accounted for.

b) The Life Cycle Emissions inventory data by life cycle step within the scope of certification,
including all energy and material inputs. For life cycle steps 1-4, the inventory data are to
be provided per mass of feedstock, for the other steps per total fuel energy yield (MJ of
fuel). For electricity inputs, all inventory data is provided per unit electricity (kWh of

electricity).

¢) Emission factors used for calculating GHG emissions associated with energy and material

inputs, including information about the source for the emission factors.

d) All relevant feedstock characteristics within the scope of certification, such as, for
example, agricultural yield, lower heating value, moisture content, the content of sugar,
starch, cellulose, hemicellulose, lignin, vegetable oil, or any other energy carrier (as

applicable to feedstock of interest).

e) Quantities for all final and intermediate products, per total energy yield.

f) If required, self-declaration and supporting evidence that the electricity use meets the

sourcing requirements as outlined in Section 9.

g) If a gas stream from an industrial installation is used as a feedstock, all data to
substantiate the categorization of fossil feedstocks as a waste or residue (see Section 4)
is required. For waste or residue gases of fossil origin, the report will also substantiate the
claim of emissions in lifecycle stage 8 to be partly or fully exempt (set to zero), and will

include data supporting the calculation of adjustments to the Core LCA value.

13
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h) If Municipal Solid Waste is being used as a feedstock, then all relevant data required
for the calculation of landfill emissions credits and recycling emissions credit will be
disclosed to the ClassNK SCS according to the MSW crediting methodology in Section 6

on “Emissions Credits”, on an annual basis.

i) If geological carbon capture and sequestration benefits are claimed, the data listed in
points a) to c) will be provided for the processing facilities of the carbon capture and

sequestration processes, alongside the following information and analyses:

1) the point of capture, capture technology, capture efficiency, quantity of CO2
captured, location of the storage reservoir, and transportation processes
2) site-specific details on the assessment of leakage risks over a 100-year period,
including:

— a site-specific characterization of the reservoir, including an assessment of
geologic, hydrogeologic, geochemical and geomechanical properties,
— modelling of the CO2 plume extent and predicted lateral and vertical migration of
the CO2 plume over a 100-year period.
— Secondary effects of CO2 sequestration, including mobilization and formation of
other gases and fluids.
— measures to manage, monitor and minimize leakage risks, including risk evaluation
and monitoring plans, emergency response and recovery plans, and other corrective
measures and contingency plans as appropriate.
For the duration of the project, expected leakage must be re-assessed at a minimum
every 5 years. Updates must consider measurements from ongoing monitoring
activities to recalibrate the models used to calculate expected leakage.
CCS processing facilities are subject to full certification to the CORSIA Sustainability
Criteria, and in addition, the restrictions on land use and land use conversion in
Sustainability Criteria 2.1, 5.1, and 7.1 will apply to CCS processing facilities in addition

to the feedstocks.

j) In case a low LUC risk practice is being used, all relevant data required for the calculation

and certification will be disclosed according to the Low LUC Risk Practices methodology.

The submitted data and analyses can leverage work conducted under other regulatory regimes, to

the extent that they align with the minimum standards set forth here.

14
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The ClassNK SCS will report evidence that the certification body has verified that the economic
operator has accurately followed the methodology specified in this document to calculate its actual
Life Cycle Emissions value using the most recent and scientifically rigorous data available, and that
the Life Cycle Emissions value calculation is complete, accurate and transparent.

The ClassNK SCS will report information on chain of custody system employed.

Data will be recorded and reported to ICAO upon request in a format conducive to re-calculation
and verification, for example as a spreadsheet in .csv or .txt file format.

3.2 Flow of information along the supply chain for actual Life Cycle Emissions values

Each economic operator along the supply chain will implement a robust and transparent system
to track the flow of data outlined in Section 2.2, along the supply chain (“chain of custody system”).
Tracking will occur each time the feedstock or fuel passes through an internal processing step or
changes ownership along the supply chain.

The ClassNK SCS will implement procedures in Appendix 4 that allow verification that the economic
operator has used an appropriate chain of custody system.

15
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4. Feedstock Categories
4.1 Definitions

Primary and co-products are the main products of a production process. These products have
significant economic value and elastic supply, (i.e., there is evidence that there is a causal link

between feedstock prices and the quantity of feedstock being produced).

By-products are secondary products with inelastic supply and economic value.

Wastes are materials with inelastic supply and no economic value. A waste is any substance or
object which the holder discards or intends or is required to discard. Raw materials or substances
that have been intentionally modified or contaminated to meet this definition are not covered by

this definition.

Residues are secondary materials with inelastic supply and little economic value. Residues include;
a) Agricultural, aquaculture, fisheries and forestry residues: Residues directly deriving from or

generated by agriculture, aquaculture, fisheries and forestry.

b) Processing residues: A substance that is not the end product that a production process directly
seeks to produce; the production of the residue or substance is not the primary aim of the

production process and the process has not been deliberately modified to produce it.

4.2 Positive list of materials classified as co-products, residues, wastes or by-products

The positive list provided in Table 1 with related specifications and the following Figure 1 in
“Section 4” of the ICAO document “CORSIA Methodology for Calculating Actual Life Cycle
Emissions Values”, includes feedstocks that have been classified as by-product, wastes and residues.
It has been arrived at considering a broad range of publicly-available regulatory and voluntary

approaches. The definitions of feedstocks in positive list of Table 1 are determined by ClassNK SCS

based on ICAO Guidance, or (in the absence of ICAO Guidance) definitions and gquidance from

individual countries or their public sectors where feedstocks are produced.

The positive list is non-exhaustive. It includes materials currently in use or in discussion to be used

for sustainable aviation fuel.

Materials listed in Table 1 as residues, wastes or by-products can have particular specifications,
where indicated. In all listed cases, the materials should fulfil the following general specifications:
a) Unintentional: substance has not been intentionally modified or contaminated to be

qualified as a waste, residue or byproduct.

16
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b) Unavoidable: substance is not the primary aim of the production process, the process has
not been deliberately modified to produce it, and therefore their supply is inelastic.

The classification of specific feedstocks as by-products is subject to later revisions as part of the
regular CORSIA review process in case there is strong scientific evidence showing that significant
indirect effects could be associated to these feedstocks.

4.3 Inclusion of new materials in the positive list
The positive list is an open list. The ICAO Council can add materials to it, according to the
definitions of feedstocks above and using the process shown in Figure 1 as a guide:

Classify YES Is there broad consensus between publicly-
accordingly available regulatory and voluntary approaches?
NO

|

YES
m «— Is the substance deliberately produced?

NO
'
Is a further use of the substance NO By-product,
(other than for bioenergy) certain? residue or waste
YI|ES
|
Can the substance be used directly without any NO By-product,

further processing other than normal industrial practice? residue or waste

YES
e YES Is the substance produced as integral NO By-product,
P ¢ part of the production process? residue or waste

Figure 1. Guidance for inclusion of additional materials in positive list
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5. Low Land Use Change (LUC) Risk Practices

Feedstocks that are “low risk” for land use change have been identified and assigned as having
zero emissions from land use change. The low land use change risk feedstock list includes:

(1) feedstocks that do not result in expansion of global agricultural land use for their production.

(2) wastes, residues, and by-products

(3) feedstocks that have yields per surface unit significantly higher than terrestrial crops (~ one
order of magnitude higher) such as some algal feedstocks.
The feedstocks in these three categories will all receive an ILUC value of zero.

For the purposes of CORSIA, using certain types of land, land management practices (LMP), and
the

incorporation of innovative agricultural practices could all be considered as contributing to low
risk for land use change and therefore receive a value of zero for ILUC. The implementation of
these low LUC risk practices for a project will avoid market mediated responses that lead to
changes in land use, and lead to additional SAF feedstock available relative to a baseline, without
increasing land requirements. It is assumed that under these practices increased emissions from
direct LUC are negligible. If this is not the case, compliance with sustainability criterion 2.2 will be

demonstrated.

Feedstocks designated under the Low LUC Risk Practices approach are designated as such until
2035, subject to periodic audits to ensure ongoing compliance with the original requirements
when the feedstocks were certified by the ClassNK SCS.

ClassNK SCS will ensure that Low LUC claims are correctly tracked through the Chain of Custody
and implement appropriate measures to ensure that no double-claiming of low LUC risk certified
feedstocks and CEF occurs. This requires, among other measures, reviewing the CEF supply chain
with the respective economic operators, including the mass balances and claims made not
related to CORSIA.

The measures implemented will comply with the CORSIA sustainability criteria to account for,
amongst other examples, situations where the low LUC risk practices may otherwise have a
negative impact on environmental and social services of the land and resources used, or

negatively affect the uses or productivity of resources in other places.
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In all cases, this methodology considers that, for a specific project to be eligible for recognition as
alow LUC risk practice, the practice will be verified as a net enhancement in SAF feedstock available
per unit of land.

The two approaches for low LUC risk SAF feedstock production are:

a. Yield increase approach (Section 5.1)

b. Unused land approach (Section 5.2)

Low LUC risk practices implemented on or after 1 January 2016 could be eligible. The feedstock
producer needs to provide credible and verifiable evidence of the nature of the new land
management practice, timing of its implementation and level of additional feedstock production.
Exceptionally, practices implemented between 1 January 2013 to 31 December 2015 may be
accepted where it can be demonstrated that low LUC risk practices were implemented primarily as
a result of demand for biofuels. This would have to be demonstrated on a project-specific basis.

5.1 Yield increase approach

The Yield Increase approach applies to any situation where feedstock producers are able to increase
the amount of available feedstock out of a fixed area of land (i.e. without expanding the surface of
the land). An increase in the harvested feedstock may be the result of:

a. An improvement in agricultural practices, (practices that increase yields through means such as
increased organic matter content, reduced soil compaction/erosion, decreased pests, post-harvest

loss reduction, etc.);

b. Intercropping, (i.e. the combination of two or more crops that grow simultaneously, for example

as hedges or through an agroforestry system);

c. Sequential cropping, (i.e. the combination of two or more crops that grow at different periods of

the year); and/or

d. Improvements in post-harvest losses, (i.e. losses that occur at cultivation and transport up to but

not including the first conversion unit in the supply chain)
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If there is a decrease of the available feedstock for the food or feed market at the project level
resulting from the land management practice (e.g., reduced yield from the main crop) this will be
accounted for in calculating the volume of low LUC risk SAF feedstock (i.e., the volume of low LUC
risk SAF feedstock represents the net increase in feedstock after accounting for any reduction in
production of the primary food/feed crop that had been grown historically).

The calculation will be based on appropriate units of measurement (e.g. energetic value).

For annual crops, measurements of yield increases and post-harvest loss reduction relative to a
baseline are calculated based on historical practices using the annual yield per unit of land based
on data from the preceding five years before the land management practice measure takes effect
from similar producers within the same region for the duration of the land management practice
(LMP) measure. The low LUC risk feedstock thus represents additional feedstock obtained as a

consequence of the improvement relative to the baseline.

For perennial crops, yield increase is calculated based on a standard growth curve of the same
perennial crop from similar producers within the same region, as found in FAO and/or peer-
reviewed data sources. Using a standard growth curve, the producer calculates its individual growth
curve as a baseline and accounts for the additional yield achieved beyond this baseline after the

implementation of the yield increase measure.

The amount of additional feedstock available and considered eligible for low LUC risk feedstock is

calculated as follows:

1) For annual crops, the average amount of feedstock available historically, from the same or similar
producers within the same region, is calculated based on actual net feedstock production (i.e.,
amount harvested less post- harvest losses) in the five years before the LMP measure takes effect.
For perennial crops, the average amount of feedstock available historically is calculated based on
a standard growth curve of the crop from the same or similar producers within the same region.
Similar producers can be defined as producers growing the same (or equivalent) crops and using
a similar management model (e.g., smallholder, small or large-scale plantation). For producers to
be considered in the same region, the SCS must determine that the relevant location and site

factors (e.g. soil, water and climate factors) are comparable and sufficiently representative.
2) The amount of feedstock available as a consequence of the LMP is calculated based on the

current/new net feedstock production (amount harvested less post-harvest losses) that is

attributable to the adoption of the new LMP measure.

20



APPENDIX 5
Life Cycle ClassNK

Emission Value

3) The additional low LUC risk feedstock represents the difference between the values calculated
via the two previous steps.

5.2 Unused land approach

Eligible lands for the unused land approach could include, among others, marginal lands,
underused lands, unused lands, degraded pasture lands, and lands in need of remediation. Remote
sensing data (when available) and other detective measures combined with auditing techniques
such as interviews with local stakeholders may be needed to provide reliable results in the
determination of land history and land status to verify “unused land” status.

For a land to be eligible for the unused land approach, it needs to meet one of the following

specifications;

a. Land was not considered to be arable land or used for crop production during the five years
preceding the reference date.

b. Land is identified as severely degraded land or undergoing a severe degradation process for at

least three years, according to specification proposed by ClassNK SCS in section 5.2.1.

For a land to be eligible for the unused land approach, it also needs to have little risk for
displacement of provisioning services from that land onto different and equivalent amounts of land
elsewhere. Provisioning services refer to products obtained from ecosystems such as food, animal
feed, or bioenergy feedstocks. It can be assumed that the risk for displacement of provisioning
services is little if the land was not used for provisioning of services in the three preceding years
prior to the start of the LMP measure.

The amount of feedstock considered eligible for low LUC risk feedstock is equal to the amount of

feedstock harvested for SAF production.

5.2.1 Guideline: Criteria for the Unused Land approach

1. Identification as Severely Degraded Land:

The land must be identified as "severely degraded,” which means it has experienced significant
deterioration in soil quality or other environmental conditions. This degradation should be serious
enough to impede sustainable land use, such as major decreases in agricultural productivity, loss

of vegetation, or deterioration in water quality.
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2. Degradation Process for at Least Three Years:

The land must have been undergoing the degradation process for a minimum of three years. This

duration helps ensure that the problem is persistent and not a temporary issue.

This long-term degradation signifies that the land requires substantial intervention for recovery.

The applicants that use the Unused Land approach will be required to submit a report to ClassNK

SCS proving that they meet the criteria specified in 5.2.1 guideline including scientific evidence as

specified in the following Table.5-1.

The ClassNK SCS will review this report based on internationally recognized indicators of UNCCD

Land Degradation Neutrality(LDN) , such as land productivity, soil carbon stocks, land cover.

and nutrient

balance

multiple locations at
specific depths

Data Type Purpose Method Example
Parameters
Soil Samples Assess soil quality Collect from Organic carbon,

nutrients, pH

Vegetation

Samples

Evaluate vegetation
types, biomass,

carbon storage

Inventory plant
species, measure

tree dimensions

Biomass, carbon
content, species

diversity

Remote Sensing
Data

Monitor land use

changes

Use satellite images,

drone, photography

Land cover changes,

deforestation extent

GIS (Geographic
Information System)
Data

Detailed land use
mapping and

analysis

Utilize GIS for

visualization

Land use
classification,
topography,
infrastructure

Documents and
Records

Review land use

history and plans

Analyze land use
plans, harvest

records

Land use changes,

management plans

Community and
Stakeholder

Interviews

Understand social
impacts and

perceptions

Conduct interviews

and surveys

Perceptions of
impacts, social

benefits, issues

Table.5-1 Example Verification Data for the Unused Land Approach
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6. Emissions credits

Should economic operators wish to calculate credits from landfills or recycling, then the emissions
credits used to calculate the actual Life Cycle Emissions value by the economic operator must be
accurate, be calculated in accordance with the relevant CORSIA emissions credit methodologies,
and satisfy all other requirements for emissions crediting, as specified in “Section 6” of the ICAO
document “CORSIA Methodology for Calculating Actual Life Cycle Emissions Values”.
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7. Direct Land Use Change (DLUC) emissions

Should economic operators wish to calculate Direct Land Use Change (DLUC) emissions aiming at
producing a feedstock for CORSIA Sustainable Aviation Fuel (SAF). It applies in the event where
feedstocks were sourced from land obtained through land use conversion after 1 January 2008.
The methodology first outlines the required data and then defines the steps to calculate DLUC as
specified in “Section 8” of the ICAO document “CORSIA Methodology for Calculating Actual Life
Cycle Emissions Values”.
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8. Process to determine Lce

The following flowchart which is specified in Section 9 of the ICAO document “CORSIA
Methodology for Calculating Actual Life Cycle Emissions Values” describes the process for
obtaining Lcer for a given CORSIA SAF.

Detemine
Wasfeedstock

Detemine >
Isthe CORSIA obtained from land
Eligible Fuel {CEF} converted after1 January 2008

that was primary forest, wetlands, or
peatlands and/or contributes to
degradation of carbon stock in primary
forests, wetlands, or peatlands?
[Ref: Sustaina bi lity
Criterion2.1)

Primary
or co-produd

exist in CORSIA Default

Is feedstock feedstock produced Life Cycle Emissians Values
Waste, residue, "low risk” for land use usinga land-use change For CEF document for your fuel

conversion process, region and
fuel feedstock induding a core
LCA value, ILUC LCA Valug,
{0 orother} and

or by-product change per Section 5 mitigation practice per

value? o
Use ILUC value = 0 2
Yes E
Ase 5
ILUC value =0 =
(LUC is zero) 3
Dstemine
Was feedstock obtained
SAFin ? N
Section & ° Use default ILUC from land use converted after
value in Ler (o N 1 January 2008 as defined
Calculation by IPCC land cate gories?
{Ref: Sustainability
No Criterion 2.2)
Yes
Lse appropriate “s'cg EI;'UCIin Detemine Calculate Direct
credit system in e [€Ves—C  DLUC > defaut land Use Change [ @—YVe:
your Les calculation v mstea au wc? (DLUC)
based on SAF Iuc
feedstock/
technology.
Note that your Determine
cannot be lessthan To use default core LCA
2810 due to the (if available) or actual Default
application of a Core LCA value? v
credit in the
cakuation. Use defaulkt Core
LCA valua in Ler
Actual Calculation
Dete mine
Saculase Caullata Isthe Lo less than
» | youractual Core LCA - = Core LCA (actual or default) + Y—
- value following Direct or Indirect Land Use Change +
methodolo gy of Section 2 Credit System (LEC/REC)
Notes:

1. All references are to the |CAQ Documents on CORSIA Eligible Fuels
2. Sustai na bility criteria are from the ICAO Document, “CORSIA Sustainability Criteria for CORSIA Eligible Fuels”

3. Section references are to Sections within the ICAO Document, “CORIIA Methodology for Calculating Actual nppmsf:dfgéiof C?RR‘S;A
Life Cycle Emissions Values”

4, It is assumed that under these practices increased emissions fromdirect LUC emissions are negligible, Ifthis is c:;ﬁ;rr&f)aﬂl;:a;a:uil:z:::
not the case, compliance with sustainability criterion 2.2 will be de monstrated.
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9. Requirements for the sourcing of electricity

9.1. General Principle

Electricity used in the production of CORSIA Eligible Fuels (CEF) should be sourced in a manner
consistent with the ICAO CORSIA sustainability requirements and relevant guidance material.

The economic operator will demonstrate that the electricity used does not undermine the
sustainability objectives of CORSIA, including protection of high carbon stock areas, biodiversity,
and ecosystem services.

The CEF producer must provide evidence that all electricity sources considered for CEF production
comply with the requirements for the sourcing of electricity outlined in this chapter which is mainly
from “Section 10” of the ICAO document “CORSIA Methodology for Calculating Actual Life Cycle
Emissions Values”.

This includes electricity used for intermediates such as hydrogen production and carbon feedstocks.
Compliance with the requirements in this chapter is met if electricity used in CEF production is
sourced from a highly decarbonized grid,.

Note: Each requirement is implemented to the degree necessary (1) to provide a technology-
neutral assessment methodology; and (2) to avoid concerns at the grid-level, especially for
emissions and stability. As such, each requirement is formulated as a general principle and low-risk

conditions are identified as exceptions.

9.2 Sourcing arrangements

9.2.1 Requirements for production capacity that comes into operation before 1 January 2033

For CEF production capacity that comes into operation before 1 January 2033, the following
requirements apply through the end of the Second Phase of CORSIA (31 December 2035).
Electricity sources for CEF production will be covered entirely (i.e., 100% of the electricity sourced)
by one or more of the following sourcing:

(a) CEF producer’s own dedicated electricity generation facility; or

(b) Energy Attribute Certificates (EACs), which are defined as instruments that represent the legal
property rights to non-power (i.e., environmental) attributes of electricity generation; or

(c) contractual mechanisms, where the producer takes possession of the electricity (e.g., a power
purchase agreement (PPA)) and, if issued, any EACs associated with the electricity.

Claiming use of the electricity for CEF production requires demonstration that the EAC is owned
and retired with CEF production.

The EAC can be retired by or on behalf of the CEF producer. The use of unbundled EACs (i.e. EACs
claimed without ownership of the generated electricity associated with the EAC) under sourcing

instrument (b):is only allowed if the EAC meets the following requirements:
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«Via the EAC, the environmental attribute of a unit of electricity can be traced to the facility and

process through which it was created. This ensures that the EAC can be used to establish

compliance with deliverability, temporal matching, additionality and sustainability requirements as
described in the following subsections. At a minimum, this includes the information set out above.

*The EAC certifies all characteristics of the electricity generated, as stated in the certificate.

*The EAC isissued in an EAC registry or accounting system which meets the following requirements:
o The environmental attribute of the generated electricity can be tracked to the source
of the electricity (e.g., via a unique identification number).

0 The system ensures verification that only one EAC is associated with each unit of
electricity generated.

0 The system ensures that certificates cannot be duplicated.

0 The system verifies that the EAC is claimed and retired only once.

0 The system identifies the owner of an EAC at any time, between the generation of the
electricity and the retirement of the EAC.

0 The system is subject to regular audits by an independent auditor to affirm
compliance with the requirements laid out above.

9.2.2 Requirements for production capacity that comes into operation on or after 1 January 2033
Note: If CORSIA is extended beyond 2035, production capacity which comes into operation
before 2033 may be subjected to the sourcing rules outlined below, albeit only from 2036 and
thereafter.

For CEF production capacity that comes into operation on or after 1 January 2033, the following

rules apply.

Electricity sources for CEF production will be covered entirely (i.e., 100% of the electricity) by two

types of sourcing arrangements:

Type 1: Electricity will be sourced from the CEF producer’s own dedicated electricity generation

facility or contractual mechanisms, where the producer takes possession of the electricity (e.g., a

power purchase agreement (PPA)) and, if issued, any energy attribute certificates (EACSs)

associated with the electricity. Claiming use of the electricity for CEF production requires
demonstration that the EAC is owned and retired with CEF production. The EAC can be retired by
or on behalf of the CEF producer. At least 70% of the electricity must be covered through this
type of arrangement.

Type 2: Electricity will be sourced via EACs, which are defined as instruments that represent the

legal property rights to non-power (i.e., environmental) attributes of electricity generation.

Claiming use of the electricity for CEF production requires demonstration that the EAC is owned

and retired with CEF production. The EAC can be retired by or on behalf of the CEF producer. Up
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to 30% of the electricity demand for CEF production can be covered through qualifying EACs.
Unbundled EACs used as Type 2 sourcing arrangements, i.e. EACs claimed without ownership of
the generated electricity associated with the EAC, are only allowed if the EAC meets the following
requirements:

« Via the EAC, the environmental attribute of a unit of electricity can be traced to the facility and
process through which it was created. This ensures that the EAC can be used to establish
compliance with deliverability, temporal matching, additionality and sustainability requirements
as described in the following subsections. At a minimum, this includes the information set out
above.

« The EAC certifies all characteristics of the electricity generated, as stated in the certificate.

« The EAC is issued in an EAC registry or accounting system which meets the following
requirements:

o The environmental attribute of the generated electricity can be tracked to the source of
the electricity (e.g., via a unique identification number).
o The system ensures verification that only one EAC is associated with each unit of
electricity generated.
0 The system ensures that certificates cannot be duplicated.
0 The system verifies that the EAC is claimed and retired only once.
o The system identifies the owner of an EAC at any time, between the generation of the
electricity and the retirement of the EAC.
o The system is subject to regular audits by an independent auditor to affirm compliance
with the requirements laid out above.
Note: By 2030, ICAO will assess the integrity of the electricity sourcing requirements applicable
for production capacity coming online before 2033 and assess if any revision to the application of
the electricity sourcing requirements applicable from 2033 onwards is appropriate. If no
modification is agreed upon, the electricity sourcing requirements described for the period from
2033 will apply from 2033 onwards.
Note: Sourcing arrangements can be facilitated via intermediaries. Intermediaries may be involved
by various means and for various purposes, including as a contracting party (e.g. intermediaries

can represent electricity producers).

9.2.3 Exceptions

The following exceptions for the applicability of the sourcing requirements apply:

« If electricity is sourced from a direct physical connection between CEF production facility (or a
production facility of an intermediate such as hydrogen, if any) and the electricity generation
facility and no further users of electricity are connected to this connection, physical proof of the

network layout is sufficient as a sourcing arrangement. Any EACs associated with the electricity
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generated and used for CEF production must be retired with CEF production. If an electricity
generation facility has direct connection to a CEF production facility (or a production facility of an
intermediate such as hydrogen, if any) and a connection to the grid, any flow of electricity from
the grid to the CEF facility (or a production facility of an intermediate such as hydrogen, if any)
via the connection to the electricity generation facility must present sourcing arrangements
following the provisions laid out in this section. If a CEF production facility (or a production
facility of an intermediate such as hydrogen, if any) has a direct connection to the electricity
generation facility and to the grid, sourcing arrangements must be presented for any electricity
sourced via the grid following the provisions laid out in this chapter.

« If electricity use is smaller than 30% of input energy and grid average emissions are claimed,
evidence of connection to the grid is sufficient, in lieu of a detailed sourcing arrangement. Input
energy is defined as the direct energy use in each step of the production process of the CEF,
including feedstock cultivation, feedstock production, feedstock-to-fuel conversion, and fuel
transportation. It is calculated based on the energy balance of the core LCA calculation, where
energy allocation is used to allocate energy inputs to CEF production in each process step. The
lower heating value of the feedstock (e.g., biomass, waste, and crude oil) must count towards the
input energy. Energy use for hydrogen production and CO2 extraction are counted towards the

input energy. Any resources that are produced and used internally must not be included.

9.3 Deliverability

Deliverability defines the sourcing points from which the procurement of electricity is allowed.
To demonstrate deliverability, the following will be shown:

« The electricity generation facility and the CEF production facility (or a production facility of an
intermediate such as hydrogen, if any) must be located on the same network. A network is the
geographic area of an integrated grid that is managed by a single transmission system operator
(TSO). A TSO is an entity responsible for the coordination and management of the electricity
transmission grid in a distinct geographic area. If the network in a country is integrated, the
whole country may be considered as one network.

« Alternatively, if electricity market regions are present (i.e. a jurisdiction with a market that
exclusively uses zonal pricing), the electricity generation facility will be located in the same
electricity market region, an interconnected offshore electricity market region or neighboring
interconnected electricity market region with equal or higher cost of electricity than the electricity
market region of the CEF production facility (or a production facility of an intermediate such as
hydrogen, if any). An electricity market region is a geographic area of the grid which is
differentiated by electricity price.

The following exceptions apply:

« If a CEF producer (or a production facility of an intermediate such as hydrogen, if any) claims
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grid average emission and provides proof of relevant grid connection, deliverability is
demonstrated.

« If electricity is sourced from a direct physical connection between CEF production facility (or a
production facility of an intermediate such as hydrogen, if any) and the electricity generation
facility and no further users of electricity are connected to this connection, physical proof of the
network layout is sufficient to show deliverability.

« If an electricity generation facility has direct connection to a CEF production facility (or a
production facility of an intermediate such as hydrogen, if any) and a connection to the grid, any
flow of electricity from the grid to the CEF facility (or a production facility of an intermediate such
as hydrogen, if any) via the connection to the electricity generation facility must prove
compliance with the deliverability requirements. For a CEF production facility (or a production
facility of an intermediate such as hydrogen, if any) which is supplied via a direct connection and
the grid, compliance with the deliverability requirements must be demonstrated for any
electricity sourced via the grid.

9.4 Temporal Matching

Temporal matching is the timescale over which the generated electricity must match the
electricity consumed by the CEF producer (or a production facility of an intermediate such as
hydrogen, if any).

Until 31 December 2029, or from 1st January 2030 if the network readiness conditions are not
met (see diagram below), the temporal matching requirements must be considered complied
with if the amount of electricity consumed by the CEF production facility (or a production facility
of an intermediate such as hydrogen, if any) is matched with the electricity obtained under a
sourcing arrangement as identified in Section 9.1 in the same calendar year. In the case an energy
storage asset is used, evidence must be provided to demonstrate that (1) the storage asset was
charged with electricity obtained under the sourcing arrangements as identified in Section 9.1 in
the same calendar year; and (2) the discharge of the electricity from the storage asset and the
electricity use for CEF production (or for the production of an intermediate such as hydrogen, if
any) is matched in the same calendar year.

Note: This does not imply that the charge and the discharge of the storage asset happen in the
same calendar year.

From 1st January 2030 and if the network readiness conditions are met (see Figure below), the
temporal matching requirements must be considered complied with if the electricity consumed
by the CEF production (or for the production of an intermediate such as hydrogen, if any) is
matched with electricity obtained under a sourcing arrangement as identified in Section 9.1 in the
same one-hour period. In the case an energy storage asset is used, evidence must be provided

that (1) the storage asset was charged with electricity obtained under the sourcing arrangements

30



APPENDIX 5
Life Cycle ClassNK

Emission Value

as identified in Section 9.1 in the same one-hour period; and (2) the discharge of the storage
asset and the electricity use for CEF production (or for the production of an intermediate such as
hydrogen, if any) is matched in the same one-hour period.

Note: This does not imply that the charge and the discharge of the storage asset happen in the
same hourly period.

The readiness of a grid is assessed on the basis of the flowchart shown in the Figure below.

Is an energy attribute certification (EAC) scheme in operation in the country in which the
CEF facility is located?

!Yss !NO

Does the body responsible for tracking No is thkelre cx:rr‘enllty. a: least reatz-time 20“”3’
EACs have a mechanism for issuing and racking t:l elec ”[:' Y glen‘e{a:l o ?" i
clearing of EACs on (at least) an hourly (c:?;sul:r;pm{;nTOSnO): flecincly:networ
basis (e.g., hourly traded market) ? L v - matching
' Yos ‘ o3 implemented
Does the CEF producer have the ability
Is there agreement with the grid regulator to access this (at least) hourly metered
for the issuance and acceptance EACs data in real-time (e.g. it can be requested
on (at least) an hourly basis? from TSO)? /
Allow sufficient ! i ’ Yes Allow sufficient
time perlod for Do the electricity generation facility and Do the electricity generation facility and time perlod for
hourly metering to CEF facility have hourly metering in place CEF facility have hourly metering in place hourly metering to
be put In place sufficient to comply with hourly matching? sufficient to comply with hourly matching? be put n place
(e.g., 2 years) (e.g., 2 years)
After end of transition Yes Yes After end of fransition
~
[ Hourly matching implemented

Processes can be exempt from temporal matching requirements as follows:
< No temporal matching is applied if grid average electricity is claimed.
« If electricity is less than 7.5% of input energy as defined in Section 9.1, the matching period will
be the lifetime of a sourcing arrangement or annual, whichever is longer.
Note: The exceptions for the application of temporal matching requirements do not currently
include situations when electricity is sourced in the context of a highly decarbonized grid. In such
situations, strict enforcement of hourly matching may not be necessary. Such rules will be

developed in the future.

9.5 Additionality of power generation and storage capacity

Additionality defines the degree to which the extra electricity added to a system in response to
demand for CEF production (or for the production of an intermediate such as hydrogen, if any) is
new.

CEF producers must show additionality of electricity generation and storage capacity which is
used for the production of a CEF (or for the production of an intermediate such as hydrogen, if
any). This means that CEF producers (or a production facility of an intermediate such as
hydrogen, if any) will not utilize electricity generation and storage capacity which would

otherwise be used for decarbonizing the grid and/or other parts of the economy, because
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utilizing such assets would shift the decarbonization burden to other sectors.
This is met if the sourcing arrangements demonstrate compliance with the following two
requirements:
() The electricity generation installation and storage facility came into operation not earlier than
36 months before the operational date of the CEF production facility (or a production facility of
an intermediate such as hydrogen, if any). Where an existing electricity generation facility has
been expanded, the expanded capacity may be counted as additional provided the operational
date of the expanded capacity is not earlier than 36 months before the operational date of the
CEF production facility (or a production facility of an intermediate such as hydrogen, if any).
(i) Electricity generation and storage facilities cannot receive subsidies (including tax credits and
other mechanisms), which are explicitly intended to support decarbonization of electricity
generation for other end uses. A stated end use is established if the legislation underlying the
subsidy mechanism explicitly defines the end use for the electricity. The acceptance of such
subsidies earmarks an electricity generation or storage facility for a specific purpose, so that it
cannot be claimed as additional for CEF production (or for the production of an intermediate
such as hydrogen, if any).
The following subsidies are acceptable:
« Subsidies provided with the purpose of electrifying production of CEF, co-products of CEF
production typically produced by the specific conversion technology, or intermediates for CEF
production.
« Subsidies granted without consideration of the purpose of the generated electricity, irrespective
of whether the subsidy only benefits specific types of electricity generation. This includes
subsidies provided for the general decarbonization of the grid or to support business operation
or economic development in the region without identifying specific eligible end use sectors.
« Subsidies provided for grid connection, grid expansion, or land.
Electricity sourced under any of the following conditions will not be required to comply with the
additionality requirements:
1. Existing electricity generation installations whose off-taker agreements end, and which would
otherwise be forced to retire.
2. Curtailed electricity: Curtailment is a required reduction of electricity generation output (below
what could have otherwise been produced) by way of operational or market response to ensure
grid stability. The share of procured electricity that can be claimed as being sourced during
periods of curtailment is based on the average curtailment in the network in which the CEF
producer (or a production facility of an intermediate such as hydrogen, if any) is located.
The curtailment allowance will be calculated on an annual basis:

Curtailment Allowance = Total Electricity curtailed/ Total Electricity generated

Where

32



APPENDIX 5
Life Cycle ClassNK

Emission Value

Total Electricity curtailed is the total amount of electricity curtailed in the grid over the
past 1, 2 or 3 calendar years, and

Total Electricity generated is the total electricity generated over the same time period.
3. If electricity use is smaller than 30% of input energy as defined in Section 9.1 and grid average
emissions are claimed.
4. If electricity is less than 7.5% of input energy as defined in Section 9.1.
CEF production facilities (or a production facility of an intermediate such as hydrogen, if any) that
come into operation before 2028 will not be required to comply with the additionality
requirements set out in this section until the end date of the Second Phase of CORSIA (31
December 2035).
Note: The exceptions for the application of additionality requirements do not currently include
situations in which electricity is sourced in the context of a highly decarbonized grid or from
underutilized assets. In such situations, strict enforcement of additionality may not be necessary.

Such rules will be developed in the future.

9.6 Sustainability Requirements
The following requirements are provisionally applicable until 31 December 2029. A decision on
whether to continue applying these requirements will be made prior to that date.
A CEF producer must present a valid declaration of sustainability for all electricity used. The
requirements for this sustainability declaration are outlined as follows:
a) The Economic Operator will provide evidence from the electricity provider that the electricity
provided for CORSIA Eligible Fuels neither is obtained from land or aquatic ecosystems converted
after 1 January 2008 that was primary forest, wetlands, peat lands, coral reefs, kelp forests,
seagrass meadows, estuaries, tidal salt marshes or mangrove forests nor contribute to
degradation of the carbon stock in primary forests, wetlands, peat lands, coral reefs, kelp forests,
seagrass meadows, estuaries, tidal salt marshes or mangrove forests as these systems all have
high carbon stocks.
b) In the case of solar electricity, the Economic Operator will provide evidence from the solar
electricity provider that the electricity provided for CORSIA Eligible Fuels obtained from a solar
power system is located on:
1) Land that was not considered to be arable land or used for crop production on or after
1 January 2016; or
2) Marginal land (valid for CORSIA Eligible Fuels produced until 31 December 2029)
defined as: Agricultural land parcels that are not used for crop production or other
agricultural products for 36 consecutive months and/or land parcels that are not
excluded by Sustainability Criterion 2.1 and perform in the lowest tercile of proper

norms for a comparable land type in the ICAO Member State, or first level administrative
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division of the ICAO Member State. A non-exhaustive list of norms could include:
yield, soil properties and conditions, moisture conditions, and economic variables.
Note: Further requirements for eligibility will be developed for the case of solar
electricity obtained from a solar power system located on land that was considered
to be non-marginal land (e.g., dual purpose land such as agrivoltaics).
c) The Economic Operator will provide evidence from the electricity provider that the electricity
provided for CORSIA Eligible Fuels is not obtained from areas that, due to their biodiversity,
conservation value, or ecosystem services, are protected by the State having jurisdiction over that
area, unless evidence is provided that shows the activity does not interfere with the protection

purposes.

9.7 Exceptions
The above electricity sourcing requirements will not apply in the following cases:

- where the electricity generation facility and electricity production are certified to the CORSIA
sustainability criteria by a CORSIA-approved Sustainability Certification Scheme and included
within the site certification scope; or

+ where electricity use represents less than 30% of the total input energy, as defined in Section

9.23.

9.8 Verification and Assessment

During verification, ClassNK SCS will assess compliance with these electricity sourcing
requirements by reviewing sustainability declarations, supplier evidence, EAC documentation
(where applicable), and supporting records.

Where ICAO CORSIA guidance is updated, the latest ICAO requirements will be applied during

verification, irrespective of the revision status of this Manual.
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10. Requirements for geological carbon capture and sequestration monitoring, mitigation and
compensation of impermanence

10.1 Purpose and Scope

This Chapter sets out the principles and requirements applicable to the use of geological carbon
capture and sequestration (CCS) for the purpose of reducing the carbon intensity value (see Section
2.2.2) of CEF. The provisions of this Chapter are intended to ensure consistency with the Regulatory
Scheme CORSIA Eligibility Requirements for Geological CCS Projects as outlined in the Table 3 as
specified in “Section 11” of the ICAO document “CORSIA Methodology for Calculating Actual Life
Cycle Emissions Values” while maintaining alignment with applicable regulatory frameworks

governing CCS activities.

10.2 General Principles

CCS activities used under CORSIA should be designed, implemented, and operated in a manner
that supports the long-term containment of captured carbon dioxide (CO). Such activities should
be supported by appropriate regulatory approvals, risk assessments, monitoring arrangements,

and management systems throughout the project lifecycle, including post-injection site care.

10.3 Definition and Characterization of the CO, Stream

For the purposes of this Chapter, a CO, stream is defined as a stream consisting predominantly of
carbon dioxide captured from an eligible source. The CO, stream may include incidental associated
substances derived from the source materials or capture process, as well as substances intentionally
added to enable or improve transport, injection, or monitoring of CO, migration.(ISO 27914:2017)
The composition of the CO, stream should be characterized prior to injection and monitored at a
frequency sufficient to provide representative data throughout the CCS project lifecycle.
Operational practices should be implemented to monitor the composition of the CO, stream to

ensure the integrity of transport infrastructure, injection wells, and the storage formation.

10.4 Site Selection and Characterization

Proper selection and characterization of the storage site is a fundamental requirement for
geological CCS. Site selection and characterization should be performance-based, data-driven, and
focused on storage capability and containment performance. Geological data should demonstrate
adequate reservoir properties, caprock integrity, and the absence of unmanaged features that

could compromise long-term containment.

10.5 Storage Unit Adequacy
Storage units should have sufficient storage capacity and effective trapping mechanisms to enable

the long-term containment of injected CO,. Trapping mechanisms may include structural, residual,
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solubility, and mineral trapping processes. The suitability of the storage unit should be supported
by geological characterization, modelling, and operational data.

10.6 Injection Operations

CO; should be injected under pressure and temperature conditions appropriate to the selected
storage formation, typically in a dense or supercritical phase, in order to optimize storage efficiency
and containment performance. Injection pressures should be managed to avoid the initiation of
new fractures or the propagation of existing fractures in the confining zone.

10.7 Area of Review (AoR) Delineation and Modelling

An Area of Review should be delineated using computational modelling that accounts for the
physical and chemical properties of the injected CO, stream, injection pressure impacts, and
displaced formation fluids. The delineation should be based on available site characterization,
monitoring, and operational data, and should be updated as new information becomes available.

10.8 Leakage Pathway Assessment

Overall operational experience and site-specific evaluations should be used to identify potential
leakage pathways for the purpose of formal risk assessment. Each identified pathway should be
analyzed and evaluated, and appropriate mitigation and monitoring measures should be

established to minimize the risk of CO, leakage.

10.9 Testing and Monitoring Plan

A testing and monitoring plan should be established based on a formal risk assessment. The plan
should be designed to detect potential unintended migration of CO, streams or formation fluids
into unauthorized formations, including the surface (for onshore sites), the sea (for offshore sites),
or the atmosphere through potential leakage pathways.

Monitoring activities should support verification of conformance with predicted storage behavior

and provide early detection of deviations that could affect long-term containment.

10.10 Emergency and Remedial Response Plan

An emergency and remedial response plan should be developed, maintained, and implemented
based on identified risks. The plan should provide a framework to support operational decisions in
response to deviations from expected performance or monitoring observations indicating potential

leakage.

10.11 Post-Injection Site Care (PISC)
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Post-injection monitoring should continue for a period sufficient to demonstrate that the CO,
plume remains within the target storage reservoir and behaves as predicted. Monitoring should

support conformance assessments, history matching, and confirmation of long-term containment.

10.12 Injection Well Plugging

Injection wells should be plugged in accordance with applicable regulatory requirements and an
approved plugging plan based on industry standards. Plugging should prevent fluid movement
into or between unauthorized zones through the well or along the outside of the wellbore.

10.13 Site Closure

Site closure should be supported by evidence demonstrating that risks and uncertainties associated
with CO, sequestration have been appropriately managed throughout the project lifecycle.
Modelling based on monitoring data should demonstrate long-term containment of the CO,
plume and provide assurance against migration into drinking water aquifers, to the surface, the

sea, or the atmosphere.

10.14 Financial Assurance

Appropriate financial assurance mechanisms should be maintained throughout the life of the CCS
project, including through site closure. Such mechanisms should be sufficient to cover estimated
costs associated with emergency and remedial response, corrective actions, injection well plugging,

and post-injection site care.

10.15 Safety and Environmental Protection
CCS activities should ensure the protection of public health, worker safety, protected natural

resource areas, and sensitive ecosystem receptors that may be affected by project activities.

10.16 Induced Seismicity
CCS projects should implement measures to guard against significant induced seismicity, including

monitoring and operational controls appropriate to the geological context.

10.17 Role of the ClassNK SCS

Within the framework of CORSIA, geological CCS activities used to reduce the carbon intensity of
CORSIA Eligible Fuels should be subject to independent third-party evaluation and verification
under ClassNK SCS.

The role of the SCS is to assess whether CCS-related activities are implemented in accordance with
applicable regulatory schemes and are supported by appropriate management systems,

documentation, and monitoring arrangements, consistent with the sustainability principles of
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CORSIA. The SCS evaluation should focus on the integrity, traceability, and reliability of data used
for emissions reduction claims.

Compliance with national or regional laws and regulatory requirements remains the responsibility
of the project operator and relevant authorities. Evidence of regulatory approvals and oversight
may be used as supporting information in the SCS evaluation.

In this context, ClassNK SCS operates as an ICAO-approved SCS providing independent third-party
assessment and verification of CCS-related claims under CORSIA.

The more detail is specified in “Section 11" of the ICAO document “CORSIA Methodology for
Calculating Actual Life Cycle Emissions Values”.
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11. Soil Carbon accumulation(SCA) via sustainable agricultural practices

The cultivation of SAF feedstocks with the use of sustainable agricultural practices may generate
emission savings associated with Soil Carbon Accumulation (SCA). Such emission savings will be

calculated with the use of the methodologies defined in this Section, with emission savings to be
verified by certification bodies during the sustainability certification process.

Implementation Provisions

1. Scope and Applicability

1.1 SCA may be claimed as emission savings under CORSIA only for the life cycle stage
corresponding to feedstock cultivation (Life Cycle Stage (1)) of the CEF supply chain (production
at source (e.g., feedstock cultivation)).

1.2 SCA claims should not include any effects related to direct or indirect land use change (DLUC
or ILUC).

1.3 The SCA methodology should only be applied to:

a) agricultural land that was under cultivation prior to 1 January 2008, or

b) feedstocks produced on unused land, including degraded land, as defined by section 5 of
Appendix 5.

2. Sustainable Agricultural Practices
2.1 Emission savings from SCA may be claimed only when sustainable agricultural practices are
applied recurrently throughout cultivation cycles.
2.2 Different sustainable agricultural practices may be applied to different crops within the same
crop rotation, provided that SCA effects are homogeneously distributed over the agricultural
land.
2.3 Examples of acceptable sustainable agricultural practices include, but are not limited to:

e reduced or zero tillage,

e improved crop rotation,

e COver crops,

e improved crop residue management,

e multicropping,

o forestry-livestock—cropland integration,

e sugarcane harvesting without burning,

e use of organic soil improvers, including compost, digestates, and biochar.
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3. Calculation of SCA Emission Savings

3.1 Annual emission savings associated with SCA (Fsca) will represent the change in soil carbon
stocks resulting from sustainable agricultural practices.

3.2 Fsca is reported in units of gCO,e/MJ CEF.

3.3 Fsca will be calculated using either:

a) soil carbon stock measurements obtained through statistically representative soil sampling, or
b) validated soil carbon models, or

c) a combination of measurements and modeling.

4. Treatment of Models and Measurements

4.1 When soil carbon models are used, the economic operator should demonstrate that:

a) model assumptions, input parameters, and boundary conditions are transparent and
documented, and

b) the model is consistent with internationally recognized approaches.

4.2 Soil sampling data will be used as an anchor for validation and recalibration of soil carbon
models, where applicable.

4.3 Recalibration of models should be conducted at intervals not exceeding five (5) years, based

on newly acquired calibration data.

5. Conservative Correction Factor (CCF)

5.1 To account for uncertainties and potential underperformance of SCA projects, a Conservative
Correction Factor (CCF) of 15% will be applied to the calculated Fsca value.

5.2 The CCF may be recalibrated where statistically representative soil measurements
demonstrate overperformance or underperformance of the modeled Fsca.

5.3 The CCF will not be applied in the case of biochar amendment, as permanence factors already

account for long-term carbon sequestration.

6. Role of ClassNK SCS
6.1 ClassNK SCS should not prescribe specific soil carbon models or sampling protocols, but
should verify their consistency, traceability, conservativeness, and alignment with ICAO CORSIA

requirements.

The detail is specified in “Section 12” of the ICAO document “CORSIA Methodology for

Calculating Actual Life Cycle Emissions Values”.
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