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RESOLUTION MEPC.391(81)

(adopted on 22 March 2024)

2024 GUIDELINES ON LIFE CYCLE GHG INTENSITY OF MARINE FUELS
(2024 LCA GUIDELINES)

THE MARINE ENVIRONMENT PROTECTION COMMITTEE,

RECALLING Atrticle 38(a) of the Convention on the International Maritime Organization concerning the functions of the Marine Environment Protection Committee
conferred upon it by international conventions for the prevention and control of marine pollution from ships,

RECALLING ALSO that, at its eightieth session, it adopted, by resolution MEPC.377(80), the 2023 IMO Strategy on Reduction of GHG Emissions from Ships (2023
IMO GHG Strategy) setting out the levels of ambition for the international shipping sector in reducing GHG emissions,

RECALLING FURTHER that, at its eightieth session, it also adopted, by resolution MEPC.376(80), Guidelines on life cycle GHG intensity of marine fuels (LCA
Guidelines);

NOTING that the 2023 IMO GHG Strategy provides that the levels of ambition and indicative checkpoints set out therein should take into account the well-to-wake
GHG emissions of marine fuels as addressed in the LCA Guidelines,

NOTING ALSO that the 2023 IMO GHG Strategy provides that the basket of candidate mid-term GHG reduction measures should take into account the well-to-
wake GHG emissions of marine fuels as addressed in the LCA Guidelines,

HAVING CONSIDERED, at its eighty-first session, draft 2024 Guidelines on life cycle GHG intensity of marine fuels,
1 ADOPTS the 2024 Guidelines on life cycle GHG intensity of marine fuels (2024 LCA Guidelines), as set out in the annex to the present resolution;

2 AGREES that any regulatory application and implications of the 2024 LCA Guidelines should be determined by the Committee in the process of developing
regulatory provisions,

3 REQUESTS Member Governments to bring the annexed Guidelines to the attention of shipowners, ship operators, shipbuilders, ship designers, energy
companies, fuel producers, bunkering companies, engine manufacturers and any other interested parties;

4 AGREES to keep these Guidelines under review in light of experience gained with their implementation;

5 REVOKES the LCA Guidelines adopted by resolution MEPC.376(80).

2024 GUIDELINES ON LIFE CYCLE GHG INTENSITY OF MARINE FUELS
(2024 LCA Guidelines)
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PART I: GENERAL

1 INTRODUCTION

These Guidelines provide guidance on life cycle GHG intensity assessment for all fuels and other energy carriers (e.g. electricity) used on board a ship and aim at
covering the whole fuel life cycle (with specific boundaries), from feedstock extraction/cultivation/ recovery, feedstock conversion to a fuel product, transportation
as well as distribution/bunkering, and fuel utilization on board a ship. These Guidelines also specify sustainability themes/aspects for marine fuels and define a Fuel
Lifecycle Label (FLL), which carries information about fuel type, feedstock (feedstock type and feedstock nature/carbon source), conversion/production process
(process type and energy used in the process), GHG emission factors, information on fuel blends and sustainability themes/aspects. These Guidelines specify the
elements of FLL subject to verification/certification and include a general procedure on how the certification scheme/standards could be identified.

2 SCOPE

2.1 The scope of these Guidelines is to address well-to-tank (WtT), tank-to wake (TtW), and well-to-wake (WtW) GHG intensity and sustainability themes/aspects
related to marine fuels/energy carriers (e.g. electricity for shore power) used for ship propulsion and power generation onboard. The relevant GHGs included are
carbon dioxide (CO;), methane (CHy4) and nitrous oxide (N,0). These guidelines are not intended to provide guidance for a complete IMO GHG inventory for
international shipping. Emissions from cargo (e.g. volatile organic compounds (VOQ)), or use of refrigerants are not included; other short-lived climate forcers and
precursors such as non-methane volatile organic compounds (NMVOC), sulphur oxides (SOy), carbon monoxide (CO), particulate matter (PM) and Black Carbon are

not part of the scope of these LCA guidelines.

2.2 The system boundaries of the WtW GHG emission factors calculation, in the context of these guidelines span the life cycle of fuels from their sourcing to
production, conversion, transport, distribution, and eventually their use on board ships based on an attributional approach.! The possibility to expand the system
boundaries for specific pathways in which the feedstock is displaced from present use(s) will be assessed on a case-by-case basis.2 As such, emissions associated
with the following life cycle stages of the fuel life cycle chain will be accounted for:
1 Attributional Life Cycle Assessment (LCA): LCA aiming to describe the environmentally relevant physical flows to and from a system and its subsystems over
their life cycle; Consequential Life cycle Analysis (LCA): LCA aiming to describe how environmentally relevant flows will change in response to possible decisions.

(Finnveden G, Hauschild MZ, Ekvall T, Guinée J, Heijungs R, Hellweg S, et al. "Recent developments in life cycle assessment". Journal of Environmental
Management. 2009;91(1):1-21).

2 Such as for captured CO; transportation and storage.

.1 feedstock extraction/cultivation/acquisition/recovery;

.2 feedstock (early) processing/ transformation at source;

.3 feedstock transport to conversion site;

.5 product fuel transport/storage/delivery/retail storage/bunkering; and

.6 fuel utilization on board a ship.

2.3 Consistent with the attributional approach and using best available scientific evidence, the WtT emissions calculations (i.e. emissions related to the fuel
sourcing, production, conversion, transport and delivery) are assessed regardless of the final use of fuels/energy carriers, and the TtW emissions (i.e. emissions
related to the fuel use) are quantified regardless of the sourcing/production/conversion/transport and delivery steps of the fuel/energy carrier. WtW emissions are
given by the sum of the two parts, providing the full emission performance associated with the fuel production and use of a certain fuel/energy in a specific
converter onboard.

2.4 The GHG emissions are calculated as COz-equivalent (COz¢q), using the global warming potential over a 100-year time-horizon (GWP100) to convert emissions
of other gases than COj, as given in the fifth IPCC Assessment Report,3 for CO», CH4 and N0, as follows:

3 The global warming potential values as given in the IPCC Fifth Assessment Report (AR5) are used in the context of these Guidelines.

(COy 1; CHyq 28; N>O 265), this would read as:

These GWP100 values should be used for the purpose of quantifying the GHG intensity in accordance with these guidelines.

A calculation using a global warming potential over a 20-year horizon (GWP20) may be provided as information for comparative purposes, as follows:

(COz 1; CHy4 84; N»O 264), this would read as:

2.5 These Guidelines provide:

.1 WtW GHG emission factors based on a life cycle attributional methodology, expressing the GHG profile of each representative fuel using on global warming
potential (GWP) values over a 100-year time-horizon of included GHG (CO,, CH4 and N,O);

.2 WIT GHG emission factors (COp, CH4 and N;O) quantified consistently with the attributional approach;
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.3 TtW GHG emission factors (CO, CHg and N»O); and
4 sustainability themes/aspects for marine fuels.

2.6 These Guidelines define a FLL that carries information about fuel type, feedstock used, fuel production pathway, GHG emission factors, information on fuel
blends and sustainability themes/aspects.

2.7 The figure below shows a generic WtW supply chain for a fuel. The bunkering marks the last step in the WtT phase before the TtW phase starts.

2.8 These Guidelines include an initial non-exhaustive list of fuels in appendix 1, depicting the main current and expected future marine fuels.
PART II: METHODOLOGY
3 GENERAL APPROACH

3.1 A life cycle assessment (LCA) based approach provides a holistic assessment of the product/service/system from well-to-wake using data specific to the activity
considered. The LCA methodology follows the marine fuel from feedstock sourcing to its utilization onboard ships and assesses its life cycle GHG intensity. This
approach, applied within the boundaries of the WtW GHG emissions quantification, is applicable across all geographical regions, where emissions occur and allows
for quantifying the GHG intensity over the entire fuel/energy supply chain.

3.2 General principles and methodology can be found in ISO 14044:2006 Environmental management — Lifecycle assessment — Requirements and guidelines. ISO
14040:2006 Environmental management — Lifecycle assessment — Principles and framework sets the framework for the LCA, for the quantification of the
environmental impact of products, processes and services in the supply chain. On this basis, a specific LCA methodology can be tailored for its application to
marine fuels.

3.3 WLT emissions represent GHG emissions resulting from growing or extracting raw materials, producing and transporting the fuel up to the point of use,
including bunkering.

3.4 TtW emissions represent GHG emissions resulting from fuel utilization onboard (e.g. combustion), including potential leaks (fugitive emissions and slip), when
relevant for the GHG assessment.

3.5 WtW emissions are the sum of the WtT and TtW emissions and quantify the full life cycle GHG emissions for a given fuel and fuel pathway, used in a given
energy converter on board.

3.6 The attributional approach considers all processes along the supply chain of fuel/energy carrier pathways, allowing the quantification of contributions per
segment to the overall GHG intensity of the final fuel/energy product used on board a ship. The expansion of the system boundaries for specific pathways, in which
the feedstock or intermediate products are diverted from existing use(s), may be considered on a case-by-case basis.

3.7 As regards the expansion of the system boundaries, with consequential elements such as Indirect Land Usage Change (ILUC), concerns with respect to
uncertainties and the risk of arbitrariness suggest that the feedstocks with associated ILUC should only be assessed through a risk-based approach, in the
framework of sustainability themes/aspects, as part of these guidelines.

3.8 When more than one product results from a conversion process, emissions related to the fuel production should be allocated between main product and co-
products. Within such conversion processes, emissions are allocated using their energy content, the so-called "energy allocation" approach. Where co-products
allocation cannot be performed based on their energy content (e.g. Oxygen resulting from water electrolysis for Hy production), other methods such as mass
allocation, market revenue allocation (also known as "economic allocation”), could be considered on a case-by-case basis.

3.9 A co-product is defined as "an outcome of a production process, which has economic value and elastic supply (intended as the existence of a clear evidence of
the causal link between feedstock market value and the quantity of feedstock that can be produced)".

3.10 This definition applies also when a raw material used to produce the fuels is a waste (no economic value) or a residue (unavoidably produced and with
negligible economic value, needing further processing to be used in the main conversion process). In case the feedstock is a waste, a residue or a by-product,
emissions considered as WtT start at the feedstock collection point onwards until the point of use of the final fuel/energy product.

3.11 According to the IPCC Guidelines for National Greenhouse Gas Inventories (IPCC Guidelines)?, any carbon in the fuel derived from biomass should be reported
as an information item and not included in the sectoral or national totals to avoid double counting, since the net emissions from biomass are already accounted
for in the Agriculture Forestry and Other Land Use (AFOLU) sector at a national level.

4 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

3.12 The scope of the IMO LCA Guidelines does not affect or change the IPCC Guidelines. According to the IPCC Guidelines, international waterborne navigation
(international bunkers) is grouped under "Mobile combustion” under the Energy sector, but emissions from fuel used by ships in international transport should not
be included in national totals in national GHG inventories.

3.13 A fuel batch may be a mix of fuels made from various feedstocks and sources (e.g. by blending 20% biodiesel into fossil MGO) and/or through different
production pathways. The calculation should be done using the weighted averages of the energy of the various fuel components. Relevant information should
accompany each component fuel in the FLL. Blended fuels should be included in the certification schemes and relevant GHG default or actual emission factors
(gCO2/MJ) determined in proportion to the energy of each fuel part of the blend.

4 WELL-TO-TANK (WtT)

4.1 The pathway of each relevant marine fuel should be clearly described and the GHG emissions during each step of the fuel pathway should be calculated.
Specific GHG emissions of a specific non-conventional and non-fossil fuel's pathway may take into account different characteristics across geographic regions,
where feedstock production and/or conversion occurs, as appropriate.

4.2 Any further reference in this document to a "fuel pathway" should be understood to include the feedstock structure (the so-called nature/carbon source and
feedstock type pair) and the production or conversion process (noting that the same feedstock and fuel type pair can have a different production or conversion
process).

4.3 The aim of the WtT methodology is to quantify and evaluate the GHG intensity of fuel production, including all steps mentioned in figure 2. The carbon
feedstock and production pathway of a fuel should be identified in order to apply the methodology and is included as part of the FLL. The production steps to be
included in the WtT are presented in figure 2.
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4.4 The WAT GHG emission factor (gCO2eq/MJ(LCV) fuel or electricity) is calculated according to Equation (1).

Equation (1)

Term Units Explanation
efecu  [9CO05eq/ Emissions associated with the feedstock extraction/cultivation/acquisition/recovery
MJ(LCV)
e 9CO0,q/ Emissions (annualized emissions (over 20 years) from carbon
MJ v stock changes caused by direct land-use change)5
€ep  9C04q/ Emissionsassociatedwiththefeedstockprocessingand/or
MJ ey transformation at source and emissions associatedwith the
conversion of the feedstock to the final fuel product, including electricity
lgeneration
ed  [9CO0,e,/ Emissions associated with the feedstock transport to conversion plant, and the
MJ ey lemissions associated with the finished fuel transport and storage, local delivery,

retail storage and bunkering
esca  [9C05q/ Emissions (annualized emission savings (over 20 years)from

MJ v lsoil carbon accumulation via improved agricultural
management)®
€ccs  [9C0,q/ Emissions credit from carbon capture and storage (e ), that have not already
MJ vy been accounted for in e ,. This should properly account the avoided emissions

through the capture and sequestration of emitted CO,,related to the extraction,
transport, processing and distribution of fuel (c,.). From the

labove-mentioned emission credit, all the emissions resulting from the process of
capturing (e.) and transporting (e ) the CO , up to the final storage (including the
lemissions related to the injection, etc.) need to be deducted.

[This element should be calculated with the following formula:

€ccs = Csc™ €cc - st - €x

5 Pending further methodological guidance to be developed by the Organization, the value of parameter e| should be set to zero.

6 Pending further methodological guidance to be developed by the Organization, the value of parameter e¢c; should be set to zero.

Cse (g Emissions credit equivalent to the net CO, captured
CO; stored /land stored (long-term: 100 years)
MJ(LCV)
ecc  [9C0,/ Emissions associated with the process of capturing,
MJ ey compression and/or cooling and temporary storage of the CO,
ey 9CO0,q/ Emissions associated with transport to a long-term storage
Mooy site
et [9COy,/ IAny emissions associated with the process of storing (long-
MJ oy term: 100 years) the captured CO, (including

fugitive emissions that may happen during long-
term storage and/or
the injection of CO, into the storage)

ex  19C0y,/ IAny additional emissions related to the CCS
MJ(LCV)

4.5 The W1T emissions in Equation (1) include emissions associated with raw materials extraction or cultivation, primary energy sources used for production of
goods and utilities such as energy carriers (e.g. fuels and electricity), transport and distribution (including bunkering), direct land use change and changes in carbon
stocks (soil carbon accumulation).

4.6 Processing incorporates all steps and operations needed for the extraction, capture or cultivation of the primary energy source. Process includes basic
transformation at source and operations needed to make the resource transportable to the marketplace (e.g. drying, chemical/physical upgrade such as gas-to-
liquid, etc.).

4.7 Transportation, processing and distribution include transportation of the products in the fuel pathway to the place of transformation, conditioning (such as
compression, cooling), distribution to the marketplace (i.e. bunkering) and eventual leakages, as well as fugitive emissions at any of these stages. Regarding
emissions from bunkering, it is included till the bunker manifold, including emission from the bunker manifold connection.

4.8 Allocation of emissions to co-products based on their energy content should be used, as the most appropriate and reliable methodology considering the
establishment of an appropriate certification method using values that are predictable, reproducible and stable.

4.9 Land use (direct and indirect) for the production of biofuels may lead to land use change (LUC). LUC can be classified as direct LUC (DLUC) and indirect LUC
(ILUQ).

4.10 The DLUC definition is based on ISO 14067:2018 described as a change in the use or management of land within the product system being assessed. The DLUC
impacts comprises the emissions and sequestration resulting from carbon stock changes in biomass, dead organic matter and soil organic matters, evaluated in
accordance with the IPCC Guidelines. When available, sector or country-specific data on carbon stocks may be used; otherwise, IPCC's Tier 1 default emission
factors may be considered. Two terms in the WtT Equation (1) capture respectively emissions resulting from direct land use change, i.e. e, and sequestration or
otherwise increase in the content of soil organic carbon: egc,.

4.11 The ILUC definition is based on ISO 14067:2018, described as a change in the use or management of land, which is a consequence of direct land use change,
but which occurs outside the product system being assessed. ILUC occurs as a result of the economic impacts induced by increased biofuel demand on commodity
prices with resulting shifts in demand and supply across economic sectors, including primarily food and feed production. ILUC cannot be directly measured and is
projected with economic models instead.

4.12 Owing to the variability of assumptions underlying the evaluation of indirect effects, quantitative assessment of GHG effects of ILUC is subject to uncertainty,
high quantitative variability and to the risk of arbitrary conclusions. For these reasons, ILUC should be at this stage addressed using a risk-based approach, meaning
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that quantitative values will not be calculated and assigned to each fuel pathway. The ILUC emissions, as well as the spatial dimension of the ILUC effects, are
dependent on a variety of factors such as local/regional conditions and practices for agriculture, current and expected food import demand, national current
accounts, the type of feedstock, the alternative economic uses of the same feedstock, etc.

4.13 A qualitative risk-based approach to ILUC includes consideration on the following:

.1 Low-ILUC risk qualifies and characterizes biofuel production projects that supply additional feedstock without disrupting existing land uses. When productivity
is increased on an area which is in agricultural production, only additional yields should be considered as low-ILUC rather than the entire production; and

.2 High-ILUC risk qualifies and characterizes biofuel production projects based on, or displacing, food and feed crops resulting in a significant expansion of the
feed stock production area shifting into land with high carbon stock.

4.14 WtT default emission factors are provided in appendix 2 of these guidelines.

5 TANK-TO-WAKE (TtW)

5.1 The aim of the TtW methodology is to quantify and evaluate the intensity of CO,, CHs and N,O emitted on board a ship related to the fuel usage, including
combustion/conversion and all relevant fugitive emissions, from the bunker manifold up to the energy converter which is leaked, vented or otherwise lost in the
system, with a global warming potential.

5.2 The TtW GHG emission factors should be calculated using Equation (2):

Note: Terms Stccu, €ccu and eoccs are pending further methodological guidance to be developed by the Organization. For more details refer to footnotes 11 to
13.

Term Units Explanation
Caipship |70 Of total fuellFactor accounting for fuel (expressed in % of total fuel mass
mass delivered to the ship) which escapes from the energy

converter without being oxidized (including fuel that escapes
from combustion chamber/oxidation process and from
crankcase, as appropriate)
Catip_ship = Cslip* (1 — Cy,g/100)
slip % of total fuel|Factor accounting for fuel (expressed in % of total fuel mass
mass consumed in the energy converter)which escapes from the
lenergy converter without being oxidized (including fuel that
lescapes from combustion chamber/oxidation

rocess and from crankcase, as appropriate)
Crug % of fuel [Factor accounting for the fuel (expressed in % of mass of
mass the fuel delivered to the ship) which escapes between the
tanks up to the energy converter which is leaked, vented or
otherwise lost in the system”
ofx gGHG/qg fuel [Factor accounting for the share of GHG in the components
lof the fuel (expressed in g GHG/g fuel)
Example: for LNG this value is 1
Cicoz gCO,/g fuel [CO, emission conversion factor (gCO,/g fuel
completely combusted) for emissions of the combustion
land/or oxidation process of the fuel used by the ship
Cicha gCH,/g fuel |CH, emission conversion factor (QCH,/g fuel delivered
to the ship) for emissions of the combustion
land/or oxidation process of the fuel used by the ship®
Cin2o gN,O/g fuel [N,O emission conversion factor (gN,O/g fuel delivered
to the ship) for emissions of the combustion
land/or oxidation process of the fuel used by the ship
GWPcy,  [9CO0,e4/g CH,(Global warming potential of CH, over 100 years (based

lon the fifth IPCC Assessment Report 5)9
Definition as per https://www.ipcc.ch/assessment-report/ar/
GWPy;0  [gC0,e4/g N,OGlobal warming potential of N,O over 100 years (based

C

C,

on the fifth IPCC Assessment Report 5).10 Definition as per
https://www.ipcc.ch/assessment-report/ars/

GWPruelx | 9CO,4/g |Global warming potential of GHG in the components of the
GHG  [uel over 100 years (based on the fifth IPCC scientific
Assessment Report)

Skc Oor1 ICarbon source factor to determine whether the emissions
credits generated by biomass growth are accounted for in
the calculation of the TtW value

ec gCO0,4/g fuelEmissions credits generated by biomass growth

7 Pending further methodological guidance to be developed by the Organization to determine appropriate factor(s), the value of Cf,g should be set to zero.
8 For LNG/CNG fuel, the Cgjip_engine is covering the role of Ccpa, so Cichg is set to zero for these fuels.
9 Set at 28 based on IPCC ARS5.

10 Set at 265 based on IPCC AR5.

Term Units [Explanation

eccu’! gCOzeq/g fuel [Emission credits from the used captured CO, as carbon stock
o produce synthetic fuels in the fuel production process

land utilization (that was not accounted under e, and e,)

Oor1 ICarbon source factor to determine whether the emissions
credits from the used captured CO, as carbon stock to produce

12
Stecu

isynthetic fuels in the fuel production process are accounted for in
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the calculation of the TtW value

eoccs13 gCO2eq/ g fuel [Emission credit from carbon capture and storage (e ,¢cs), Where

lcapture of CO 5, occurs onboard. This should properly account
for the emissions avoided through the capture and sequestration
lof emitted CO,, if CCS occurs onboard. From the above-
imentioned emission credit, all the emissions resulting from the
lprocess of capturing (e ), and transporting (e ) the CO , up to
the final storage (including the emissions related to the injection,
letc.) need to be deducted. This element should be calculated with
the following formula:

occs = Csc - €cc - €t - €st - €x

Coc gCO, /g fuel [Credit equivalent to the CO, captured and stored (long-term:

100 years)

€cc gCOz¢q/ g fuel |Any emission associated with the process of capturing,
lcompress and temporarily store on board the CO,

e gCOy¢q/ g fuel [Emissions associated with transport to long-term storage site

eg gCO0yq /g fuel Any emission associated with the process of storing (long-
term: 100 years) the captured CO, (including fugitive emissions
that may happen during long-term storage and/or the injection of
ICO, into the storage)

ey gCOyq/ g fuel |Any additional emission related to the Ccs

Lcv MJig lLower Calorific Value is the amount of heat that would be released
by the complete combustion of a specified fuel

5.3 In order to have LCA guidelines that will allow for their clear, robust and consistent application to any possible measure, the methodology allows to calculate
two TtW values as follows:

.1 TtW GHG intensity value 1: calculated regardless of the carbon source, therefore the ec and eccu parameters should not be taken into account and the SFc
and SFccu value should be always 0; and

.2 TtW GHG intensity value 2: calculated taking into account the carbon source for fuels of biogenic origins or made from captured carbon, therefore the ec and
eccu parameters should be taken into account and the Sgc and Sgccy values should be always 1.

11 Pending further methodological guidance to be developed by the Organization, the value of the multiplication Spccyx eccy should be set to zero.
12 Pending further methodological guidance to be developed by the Organization, the value of the multiplication Spccyx eccy should be set to zero.
13 Pending further methodological guidance to be developed by the Organization, the value of egccs should be set to zero.

5.4 The actual GHG intensity depends both on the properties of the fuel and on the efficiency of the energy conversion. For CO,, the emission factors are based on
the molar ratio of carbon to oxygen multiplied with the carbon mass of the fuel, assuming that all the carbon in the fuel is oxidized (stoichiometric combustion).
The CH4 and N,O emissions factors are dependent on the combustion and/or conversion process in the energy converter.

5.5 For future use of, for example, fuel cells with a reforming unit, also electro-chemical reactions forming GHGs can be taken into account by this TtW
methodology.

5.6 TtW default emission factors are provided in appendix 2 of these guidelines.

6 WELL-TO-WAKE (WtW)

6.1 The aim of the WtW methodology is to integrate WtT and TtW parts, to quantify the full life cycle emissions related to the production and use of a fuel.
6.2 The WtW GHG emission factor (gCOzeq/MJLcv fuel or electricity) is calculated as follows:

Equation (3)

where:

Term Units Explanation

GHGwaw [gCO,6/MJ cyyTotal well-to-wake GHG emissions per energy unit
from the use of the fuel or electricity in a consumer
lon board the ship

GHGy7 |9C0,eq/MJ cvyTotal well-to-tank GHG upstream emissions per
lenergy unit of the fuel provided to the ship

GHGry |9C0,eq/MJ cvyTotal tank-to-wake GHG downstream emissions
per energy unit from the use of the fuel or
electricity in a consumer on board the ship

Equation (4)

6.3 For the purpose of calculating WtW, the TtW value 2 as calculated in accordance with paragraph 5.3.2 should be used.
7 SUSTAINABILITY
7.1 The sustainability of marine fuels should be assessed considering the following themes/aspects on a life cycle basis:

.1 greenhouse gases (GHG);

.2 carbon source;

.3 source of electricity/energy;
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4 carbon stock — direct land use change (DLUC);
.5 carbon stock - indirect land use change (ILUC);
.6 water;
.7 air;
.8 sail;
.9 waste and chemicals; and
.10 conservation.
Other social and economic sustainability themes/aspects may be considered at a later stage.

7.2 The principle/objective in conjunction with the associated metrics/indicators of each of the sustainability theme/aspect are specified below.

Table 1: Sustainability themes/aspects

Theme/aspect Principle/Objective Metric/Indicator

Sustainable marine fuels generate

lower GHG emissions than conventional marine fuels
(energy-based weighted average of liquid petroleum (1. GHG intensity in gCO,e,/MJ

products on 3 specific  years of DCS data)on a life | GywP100);and GHG intensity in 9CO0,0/MJ

cycle basis. (GWP20) forcomparative purposes.

1. Greenhouse Gases (GHG)

1. Carbon source indicator, including its
icontent (in %) and origin in feedstock used
to produce final fuel product, i.e. Fossil,
Sustainable marine fuels do not increase GHG Biogenic, Captured Carbon (including direct
intensity from the use of fossil energy sources and |air capture (DAC), point source fossil (PSF)
the permanence of captured and stored carbon is land point source biogenic (PSB)), and
ensured while also avoiding double counting across  [Others (including mixture of sources).
economic sectors.

2. Carbon source

Theme/aspect

3. Source of electricity/energy

Principle/Objective

Sustainable marine fuels requiring significant
electricity input during WtT phase and
electricity delivered directly to ships are
produced by using electricity/energy from
renewable, nuclear or biogenic sources,
which are additional to current or long-
standing demand levels, or by using surplus
electricity during off-peak hours.

Sustainable marine fuels are not made from
biomass obtained from land with high carbon

4. Carbon stock - direct land use change stock; production of sustainable marine fuels

(DLUC)

minimizes emissions resulting from Direct
Land Use Change.

Metric/Indicator

1. The GHG intensity of electricity used in the
production of marine fuels or delivered directly to
ships (annual average, expressed in g CO,/kWh
based on total emissions and actual hours

lof production).

1. Sustainable marine fuel feedstock does not
include biomass obtained from land with high
carbon stock (e.g. primary forests, wetlands, or
peat lands referred to a specific cut-off date for
conversion), or a sustainable land management
plan and reporting schedule are in place to
ensure that the biomass is obtained from
activities or ecosystem services that do not
negatively impact the soil carbon stock;

2. The production of sustainable
marine fuels does not occur in lands converted
from primary forest, forestland, grassland or
legally protected land, taking (1 January
2008)' as the cut-off date; and

3. Direct land-use change (DLUC) indicator,
expressed in GHG (including CO,, CH, and

N,O emissions) intensity, i.e. mass of
CO, equivalent / MJ of production or yield
of feedstock.

Disclaimer Although all possible efforts have been made to ensure correctness and completeness of Information contained in this Service, KR, known as Korean Register is not
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14 Pending further guidance to be developed by the Organization.

Theme/aspect

5. Carbon stock —
indirect land use change
(ILUC)

6. Water

Theme/aspect

8. Soll

9. Waste and chemicals

Principle/Objective
Cultivation of feedstock
of sustainable marine
fuels minimizes inducing
negative changes in the
use or management of
land which occurs
outside the product
system being assessed.

Metric/Indicator

abs WN

1. Indirect carbon stock risk associated with cultivation of feedstock for sustainable marine
fuels (see paragraph 4.13).

. Operational practices are in place to (1) maintain water quality; and (2)
use water efficiently and to avoid the depletion of water resources (including
surface water, renewable water and fossil/underground water) beyond replenishment

capacities;

. Respect of decision- making of local population on water management;
. Water environment impact (weighted water consumption on water scarcity);

. Water Use Indicator expressed in m3/year per MJ or production or yield of feedstock;
. Freshwater eutrophication indicator, e.g. expressed in kg of phosphorus equivalent (P,)

and kg of nitrogen equivalent (N, )released to fresh water/kg of feedstock

produced or per MJ respectively;and

. Marine eutrophication indicator, e.g. expressed in kg of phosphorus equivalent (P)

and kg of nitrogen

Production of
sustainable marine fuels
maintain or enhance
water quality and
availability.

Production of 1. The marine fuel is made in a facility that fully complies with all local, national and regional air
sustainable marine fuels |pollution laws and regulations.

minimizes negative
impacts on air quality.

Principle/Objective

Production of sustainable marine fuels
maintain or enhance soil health.

Production of sustainable marine fuels
maintain or enhance responsible
management of waste and use of

chemicals.

equivalent (N,,) released to marine water/kg offeedstock produced or per MJ respectively.

Metric/Indicator

1. Agricultural and forestry

best management practices for
feedstock production or residue
collection have been implemented
to maintain or enhance soil health,
such as physical, chemical and
biological conditions; and

. The marine fuel is made in a facility

that fully complies with all local,
national and regional laws and
regulations about soil health.

. Operational practices are

implemented to ensure that waste
arising from, and chemicals used in,
production processes are
minimized at storage, handling and
disposal steps. Reuse or recycling
of chemicals and

waste is encouraged.

. Procedures are in place to minimize

the use of materials that are neither
recyclable nor biodegradable;

. Average (in tonnes) of hazardous

wastes generated per MJ
of fuel produced; and

. Average (in tonnes) of specified

industrial chemicals consumed per
MJ of fuel produced.

Disclaimer Although all possible efforts have been made to ensure correctness and completeness of Information contained in this Service, KR, known as Korean Register is not
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Theme/aspect Principle/Objective Metric/Indicator

1. The marine fuel is not
made from feedstock obtained from
lareas that due to their biodiversity,
conservation value, or ecosystem
services, are protected by the State
having jurisdiction over the area.
Evidence is provided that the activity
Production of sustainable marine fuels |does not interfere with the protection
maintain or enhance biodiversity and  |purposes; and
10. Conservation ecosystems, or conservation services.
2.Low invasive-risk feedstock is
selected for cultivation and appropriate
icontrols are adopted with the intention
of preventing the uncontrolled spread
of cultivated alien species
land modified microorganisms.

8 FUEL LIFECYCLE LABEL (FLL)

8.1 The FLL is a technical tool to collect and convey the information relevant for the life cycle assessment of marine fuels and energy carriers (e.g. electricity for
shore power) used for ship propulsion and power generation onboard in the context of these guidelines.

8.2 The FLL consists of five main parts, as illustrated below:

Part A-1 Part A-2 Part A-3 Part A-4 Part A-5
Fuel type (blend) [Fuel Pathway [Lower Calorific Value |share in fuel WtT GHG emission
Code (LCV,MJ/g) blend (%MJcy,/ [factor (GWP100,
MJcv) 9C0,¢/MJ L cvy)
Part B-1 (Part B-2)'5

Emissions credits related to biogenicEmissions credits related to source of
icarbon source (e, in gCO,/g fuel icaptured carbon (eccy, in gCO,/g fuel

based on GWP100) based on GWP100)
Part C-1 Part C-2 Part C-3
alue 1 (carbon source|Value 2 (carbon source taken
NOT taken into intoaccount): Energy Converter
laccount): [TtW GHG emission
TtW GHG emission  ffactor (GWP100,
factor (GWP100, 9CO06/MJLcv))
9CO4e/MJcv))
Part D Part E
WtW GHG emission factor (GWP100,9C0O,¢,/MJ cv)
Note: Part D = Part A-5 + PartC-2 Sustainability (Certification)!®)

15 Pending further methodological guidance to be developed by the Organization (see section 5).

16 Pending further guidance to be developed by the Organization.

8.3 Different parties (fuel suppliers, owners/operators, Administration/RO, etc.) may use different parts of the FLL for different purposes along the fuel pathway. As
such, each interested party may use those parts of the FLL as relevant to their activities and purposes rather than the complete, integrated document.

8.4 The five main parts of the FLL are explained below.
.1 Part A of the FLL indicates:

.1 fuel type (Part A-1);
.2 fuel pathway code (Part A-2);

.3 lower calorific value (Part A-3, in MJ/g); and
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4 WIT GHG emission factor (Part A-5, in gCOzeq/MJ(cv) calculated on GWP100).

Part A-4 is only applicable when a fuel batch is supplied to the ship as a blend of fuels with different fuel pathway code (hereinafter referred to as the "fuel
blend") and indicates the share of each blend component in the fuel blend (in %MJLcv)/MJcv)). If fuel blends are denoted on volume-basis, a re-calculation
on energy basis based on the LCV values of the blend components is required;

For the fuel blend supplied to a ship, the information on fuel type for the mixture is presented under Part A-1 on top of its components, named by percentual
order of composition in the fuel, e.g. X (70%), Y (20%), Z (10%). Part A-5, Part C-1, Part C-2 and Part D are the average value weighted on energy share (%
MJ(Lcvy) /MJLcvy) of each fuel component, while Part A-2 to A-4, Part B and Part E are kept blank. Each component of the fuel blend with a specific fuel
pathways code is presented in a separate row below the row for the fuel blend;

.2 Part B of the FLL indicates the carbon credits related to the carbon source, including:

.1 ec (Part B-1, in gCO; / g fuel calculated on GWP100); (and

2 eccy (Part B-2, in gCOy/g fuel calculated on GWP100)),'”

17 Pending further methodological guidance to be developed by the Organization. For more details on the e, parameter and Part B-2 of the FLL, refer to
sections 5.2 and 8.2, respectively.

as defined in section 5 of these Guidelines;

.3 Part C of the FLL indicates the TtW GHG emission factor of the fuel type in conjunction with the energy converter(s) on board the ship (Part C-3). The TtW
GHG emission factor of the fuel type is further categorized as:

-1 Value 1 where carbon source is not taken into account (Part C-1, in gCOzeq/MJ(cv) calculated on GWP100); and
.2 Value 2 where carbon source is taken into account (Part C-2, in gCOz¢q/MJ(Lcv) calculated on GWP100),

as defined in section 5 of these Guidelines;

4 Part D of the FLL indicates the WtW GHG emission factor of the fuel type (in gCOzeq/MJ(Lcv) calculated on GWP100), which is always the sum of Part A-5 and
Part C-2; and

.5 Part E of the FLL indicates the sustainability performance of the fuel as per Section 7 of these Guidelines.
PART lll: DEFAULT EMISSION FACTORS AND ACTUAL VALUES
9 DEFAULT EMISSION FACTORS

9.1 The principles and the procedure described for the determination of default emission factors under this section 9 have been used for the establishment of
default emission factors and should remain valid for the factors that will be established.

9.2 W1T default emission factors should be calculated using representative and conservative assumptions, which encompass variable performance of feedstock-fuel
pathways across world regions and States.

9.3 To establish a WtT default emission factor, at least three reference values from three different, representative, sources should be considered. Among the three
(or more) values considered, the upper emission value should be selected as default, and the range of available emission factors should be provided for informative
purposes. The reference values should be accompanied by the relevant technical and scientific information (see template set out in appendix 4) and evaluated
against the corresponding information as appropriate, including the agreement between the reference values.

9.4 Emissions related to carbon stock changes caused by DLUC (e)) and emissions savings from soil carbon accumulation via improved agricultural management
(esca) are considered as zero for the establishment of the initial default emission factors. Similarly, this is the case also for the parameters related to carbon capture
and storage (ccs), which require further development.

9.5 For the establishment of e|, and following IPCC (2019) and ISO 14067:2018 recommendations, the operators should use the following Equation (5) for the
determination of /'8, measured as mass (g) of CO2eq per MJ of energy:

18 Economic operators are expected to discriminate land types at the appropriate level of detail.

The terms refer to:

CSg,j the carbon stock of the land type j per unit area associated with the reference land-use (measured as mass (g) of carbon per unit area (ha), including both
soil and vegetation and dead organic matter). The reference land-use should be the land-use in January 2008 or 20 years before the raw material was obtained,
whichever was the later;

CSpj the carbon stock of the land type j per unit area associated with the actual land-use (measured as mass (g) of carbon per unit area (ha), including both soil
and vegetation and dead organic matter). In cases where the carbon stock accumulates over more than one year, the value attributed to CSp should be the
estimated stock per unit area after 20 years or when the crop reaches maturity, whichever the earlier;

3.664 the quotient obtained by dividing the molecular weight of CO, (44,010g/mol) by the molecular weight of carbon (12,011g/mol) in gCOzeq/g C;
n equal to 20, which corresponds to the number of years for amortization of the emissions in the IMO framework;

» the productivity of the crop (measured as MJ of energy per ha per year); and
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Encozj emission factor for non-CO, emissions from biomass burned (measured as gCOgeq per unit area (ha)), accounted in the equation only if the necessary
information on area burned is available. Details of the Encopj formula should follow methodology to be defined.

9.6 According to existing standards, the CSg and CSa parameters have to be determined by means of direct measurements of soil carbon stocks, or calculated. Csg
and CSp values, measured as mass (g) of carbon per unit area (ha), are obtained by considering:

9.7 Where Cyeg is the above and below ground carbon stock of the vegetation, including dead organic matter, measured as mass (g) of carbon per unit area (ha),
which shall follow IPCC Guidelines. SOC parameter is the amount of soil organic carbon (measured as mass (g) of carbon per unit area (ha)) and consists of four
factors, which depend on climate, soil type, management practice and C-input practice: the standard soil organic carbon in the topsoil layer (SOCsv), the land use
factor (FLy), the management factor (Fpg) and the input factor (F;).

Where:

9.8 Methods not based on measurements could be used as an alternative to calculate SOC with standard values, taking into account climate, soil type, land cover,

land management and inputs.

9.9 Aggregation of areas: apply the same Equation (5) () on each type j of eligible land (ey)), as follow:

Where:

lj is the land use share of type j;

ep is the specific bonus, measured in terms of gCOzeq per of energy if biomass is obtained from recovered severely degraded land. This parameter needs to be
defined in further discussions and if there is consensus, the specific bonus will be subtracted from the equation;

Lj is the area of each reference type of land j converted to feedstock cultivation, measured in hectare; and

y) is the yield of feedstock for each type of converted land j, measured in tons per hectare per year.

9.10 The operators should apply the following formula on all types of eligible land to calculate DLUC, in gCO, e/MJ:

9.11 For the establishment of esca and following IPCC (2019) and ISO 14067:2018 recommendations, the equation that an operator should use for the determination
of esca, measured as mass (g) of COzeq per MJ biofuel, is the following:

The terms refer to:

CSg,j the mass of soil and vegetation carbon stock of the land type j per unit area associated with the reference crop management practice in g of C per ha in
January 2008 or 20 years before the raw material was obtained;

CSp j the mass of soil and vegetation estimated carbon stock of the land type j per unit area associated with the actual crop management practices after at least
10 years of application in g of C per ha;

3.664 the quotient obtained by dividing the molecular weight of CO; (44,010g/mol) by the molecular weight of carbon (12,011g/mol) in g CO2eq/9 C;
n equal to 20, which corresponds to the number of years for amortization of the emissions in the IMO framework; and
P the productivity of the crop (measured as MJ biofuel per ha per year).

The emissions from the increased fertilizers or herbicide use, which may result from the specific agricultural practice, expressed in gCOz¢q per MJ biofuel, have to
be properly accounted in the emissions associated with the feedstock extraction / cultivation / acquisition / recovery (efecu)-

9.12 According to existing standards, the CSg and CSa parameter have to be determined by means of direct measurements of soil and vegetation carbon stocks or
calculated by appropriate tools, accepted in the certification process. the CSg and CSp values, measured as mass (g) of carbon per unit area (ha), are obtained by
considering:

Where Cyeq is the above and below ground carbon stock of the vegetation, including dead organic matter, measured as mass (g) of carbon per unit area (ha),
according to IPCC Guidelines.
SOC is the amount of soil organic carbon, measured as mass (g) of carbon per unit area (ha).

Appropriate conversion is needed to obtain a final gCOzeq/MJ of fuel.

9.13 Methods not based on measurements could be used as an alternative to calculate SOC with standard values, taking into account climate, soil type, land cover,
land management and inputs. The IPCC Guidelines methodology can be applied for calculation of changes in carbon stocks. The adoption of improved agricultural
management practices must be addressed under the IPCC Aropland remaining croplandAframework. The parameter consists of four factors, which depend on
climate, soil type, management practice and C-input practice: the standard soil organic carbon in the topsoil layer (SOCs7),'? the land use factor (Fiy), the
management factor (Fpg) and the input factor (F;). Deeper soil depths (i.e.. Tm or more) can be accepted in case of actual measurements of C stocks soil.

19 Proper method to assess SOCst to be agreed with the certification scheme.

Where:

9.14 For aggregation of areas, the same Equation (6) (esca) should be applied on each type j of eligible land (esc, ), as follow:
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Where:
lj is the land use share of type j;
Lj is the area of each reference type of land j converted to feedstock cultivation, measured in hectare; and

y| is the yield of feedstock for each type of converted land j, measured in tonnes per hectare per year.

9.15 The following formula should be applied on all types of eligible land to calculate esc5, in gCO2e/MJ:

9.16 A non-exhaustive set of improved agriculture management practices, accepted for the purpose of achieving emission savings from soil carbon accumulation is
listed below:

.1 shifting to meaningful reductions in soil tillage;

.2 improved crop/rotation schemes (i.e SOC increase);

.3 multicropping, intercropping, and crop rotation;

4 integration systems of crop, livestock, and forestry;

.5 the use of cover crops, including crop residue management;

.6 the use of organic soil improver (e.g.: compost, digestate, biochar, etc.);
.7 meaningful increase in soil coverage;

.8 no till and reduced till;

.9 sugarcane harvested without burning; and

.10 structural measure to control soil erosion like contour farming.

9.17 TtW default emission factors should be calculated using representative and conservative assumptions, which encompass variable conditions onboard of the
ships and performance of energy converters. The reference values used to establish default emission factors should be accompanied by the relevant technical and
scientific information (see the template set out in appendix 5) and evaluated against the corresponding information as appropriate, including the agreement
between the reference values.

9.18 For the establishment of Cscop for fuels that can be represented using chemical formula, Cscop emission factor can be calculated by dividing the molar ratio of
carbon to CO; by the molar ratio of carbon to the fuel. If fuels cannot be represented using chemical formula, such as biofuels and fossil fuels, the C¢coy factor
can be calculated using actual measurement of carbon content according to internationally recognized standards as ASTM D5291 and D6866, etc.

9.19 The CcHa, Cnzo and Cgjip emission factors depend on the type of fuel, engine and the engine load. In the case of existing fuels and existing engines, these

factors can be obtained using reference values from the Fourth IMO GHG Study 2020.20 However, for other types of fuels and engines, further work is needed to
establish measurement procedures.

20 https://www.imo.org/en/ourwork/Environment/Pages/Fourth-IMO-Greenhouse-Gas-Study-2020.aspx

9.20 Fugitive emissions are difficult to measure but the existing studies state they are very small in comparison to other GHG emissions. Cfyg should be set as 0
(zero) until further evidence enabling the establishment of a value exists, nevertheless it should be kept as a placeholder for continuous review.

9.21 In case additional categories of energy converters (not listed in appendix 2) are proposed, the rules to establish TtW default emission factors as described in
paragraph 9.17 above may be followed to ensure that these new converters (e.g. fuel cells) may also be associated with a default emission factor.

9.22 For aftertreatment/abatement systems, no default values should be established due to varying performance of this equipment, instead a superior GHG
performance can be demonstrated through actual emission factors, subject to verification and certification by a third party.

9.23 For electricity delivered by Onshore Power Supply (OPS) the GHG intensity default value corresponds to the GHG intensity of the national grid. Considering
that the GHG intensity national grid are frequently updated this information is not included in these guidelines and the following sources can be used, if the
methodology is based in internationally recognized standards: governmental and utility sources, internationally acknowledged public databases, national inventories
and national energy regulators.

10 ACTUAL EMISSION FACTORS

10.1 The aim of actual emission factors is to allow demonstration of superior GHG performance compared to the default emission factors, subject to verification
and certification by a third party.

10.2 WtT and TtW emission factors should be based on methodologies established in these guidelines. Actual values provide the WtW (WtT and TtW) GHG intensity
for the specific fuel over the life cycle (from fuel production to its use on board).

10.3 For the pathways contained in appendix 1, the description and the calculation method for providing WtT actual emission factors should be provided. In
addition, for the pathways not contained in appendix 1, a detailed description of the pathway should be provided.

10.4 The use of actual WtT emission factors is not applicable to purely fossil pathways. However, for fuels which are produced from captured carbon of fossil origin

and for fossil fuels where the technology of CCS/CCUS is applied, actual values are allowed. For the fossil component of a blended fuel, fossil fuel default emission
factors should be used.

10.5 Actual TtW emission factors are allowed for all fuel pathways2! and provided in these guidelines. As mentioned in paragraphs 9.19 and 9.22, further work is
needed to develop procedures to certify CicHa, Cinzo and Cslip emission factors, and to take in consideration aftertreatment/abatement systems.

21 Verification and certification methodologies would need further work to be established.
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10.6 Power Purchase Agreements (PPA) including a GHG intensity for electricity delivered by OPS can be used to certify an actual value if a procedure is in place to
establish electricity GHG intensity and a certificate of the Guarantees of Origin, recognized by the Organization.

PART IV: VERIFICATION AND CERTIFICATION
11 ELEMENTS SUBJECT TO VERIFICATION/CERTIFICATION

11.1 When used as evidence for performances, the FLL needs to be verified and certified by a third party, taking into account further guidance to be developed by
the Organization.

11.2 The verification and certification of Part A, Part B, Part C and Part E of the FLL may be carried out separately by different verification bodies. The verification
and certification of Part D of the FLL needs to be based on the verified Part A, Part B and Part C.

11.3 For fuel types with a specific fuel pathway code and which will be consumed in a specified energy converter, the default emission factors for Part A-5, Part C-
1, Part C-2 and Part D of the FLL are provided in appendix 2. As long as Part A-1 to Part A-4 and Part C-3 of the FLL have been duly verified, the default emission

factors contained in these guidelines can be consequently applied without further verification.

11.4 In the case where lower emission factors are claimed compared to the default emission factors for Part A-5, Part C-1, Part C-2 and/or Part D, the actual
emission factors can be used only after the verification and certification by a third party, taking into account further guidance referred to in paragraph 11.1.

12 IDENTIFICATION OF CERTIFICATION SCHEMES/STANDARDS
12.1 The verification and certification of individual parts of the FLL will use relevant certification schemes/standards. Different parts of the FLL may be verified using
different certification schemes/standards as applicable, while a specific part of the FLL may be addressed by multiple certification schemes/standards with similar

scopes.

12.2 The certification schemes/standards used for the purposes specified in paragraph 12.1 above should be recognized by the Committee, taking into account
guidance to be developed by the Organization. The list of recognized certification schemes/standards should be publicly available and kept under review.

12.3 Proposals to recognize international certification schemes/standards should be submitted to the Committee for consideration, including an assessment of a set
of predetermined criteria which will be further developed for this purpose.

12.4 The framework, criteria and procedures leading to the recognition of certification schemes should be implemented uniformly to guarantee the quality,
reliability and robustness of the IMO framework as a whole and to ensure a level playing field among certification schemes.

PART V: REVIEW
13 CONTINUOUS REVIEW PROCESS

13.1 To ensure that new technological advances and scientific knowledge are taken into account, these guidelines should be kept under continuous technical review
taking into account emerging and evolving technologies.

13.2 In particular, the following elements should be kept under review:
.1 WLT, TtW and WtW default emission factors as specified in appendix 2; and
.2 new proposed fuel pathways and the corresponding default emission factors in addition to those specified in appendix 1.

APPENDIX 1

FUEL LIST WITH FUEL PATHWAY CODES

(Order Feedstock structure IConversion/Production process Fuel Pathway Code
IGroup Fuel type Feedstock TypelNature/Carbon Source] Energy used in the
Process Type process
1 HFO (VLSFO)|Heavy Fuel Oil |Crude Oil Fossil IStandard refinery (Grid mix electricity |HFO(VLSFO)_f SR_gm
(1ISO 8217 process
\Grades RME,
RMG and RMK,
0.10 <
IS <0.50%)
2 HFO (HSHFO)Heavy Fuel Oil  [Crude Oil Fossil IStandard refinery Grid mix electricity |[HFO(HSHFO)_f_SR_gm
(1ISO 8217 process
IGrades RME,
RMG and RMK
lexceeding 0.50%)
S)
3 ILFO (ULSFO) [Light Fuel il |Crude Oil Fossil [Standard refinery Grid mix electricity |LFO(ULSFO)_f_SR_gm
(ISO 8217 process
IGrades RMA,
RMB and RMD
imaximum 0.10%
S)
@ ILFO (VLSFO) [Light Fuel Oil  |Crude Oil Fossil IStandard refinery Grid mix electricity  |LFO(VLSFO)_f_SR_gm
(ISO 8217 process
IGrades RMA,
RMB and RMD,
0.10 <
S < 0.50%)
Order Feedstock structure IConversion/Production process Fuel Pathway Code
IGroup Fuel type IFeedstock INature/Carbon Energy used in the
Type [Source Process Type lprocess
5 Diesel/Gas  [Marine ICrude Oil Fossil IStandard refinery Grid mix electricity MDO/MGO(ULSFO)_f SR _g
joil (ULSFO) [Diesel/Gas Oil process m
(1ISO 8217
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Grades DMX,
IDMA, DMZ
land DMB
maximum
0.10 % S)
6 Diesel/Gas  [Marine ICrude Oil Fossil IStandard refinery Grid mix electricity MDO/MGO(VLSFO)_f SR_g
joil (VLSFO) [Diesel/Gas Oil process m
(1ISO 8217
IGrades DMX,
IDMA, DMZ
land DMB,
0.10<S<
0.50%)
7 Diesel/Gas  [Bio co- Crude Oil + Fossil/Biogenic ICoProcessing (CP)  |Grid mix electricity MDO/MGO(ULSFO)_f b_CP
joil (ULSFO) [processed imixed in refinery | gm
marine fuel biomass
(ISO 8217
Grades DMX,
IDMA, DMZ
land DMB
maximum
.10 % S)
Order Feedstock structure IConversion/Production process Fuel Pathway Code
(Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
8 Diesel/Gas [Bio co- Crude Oil + Fossil/Biogenic ICoProcessing (CP) |Grid mix electricity ~[MDO/MGO(VLSFO)_f_b_CP|
joil (VLSFO) |processed marinejmixed biomass iin refinery [.gm
fuel (ISO 8217
\Grades DMX,
DMA, DMZ
land DMB,
0.10 < S < 0.50%)
9 Diesel/Gas [Co- Crude Oil + Fossil/Recycled carbonCoProcessing (CP) |Grid mix electricity [MDO/MGO(ULSFO)_f r_CP
loil (ULSFO) |processed marinefrecycled carbon| in refinery [ gm
fuel (ISO 8217
\Grades DMX,
DMA, DMZ
land
DMB maximum
0.10 %S)
10 Diesel/Gas [Co- ICrude Oil + Fossil/Recycled carbon[CoProcessing (CP) |Grid mix electricity [MDO/MGO(VLSFO)_f r_CP
oil (VLSFO) |processed marinefrecycled carbon| in refinery [ gm
fuel (1ISO 8217
(Grades DMX,
DMA, DMZ
land DMB,
0.10 < S < 0.50%)
11 LPG22 Liquefied ICrude Oil Fossil IStandard refinery Grid mix electricity  [LPG(Propane)_f_SR_gm
Petroleum lprocess and
IGas (Propane) liquefaction
22 Regarding LPG, these Guidelines consider the final product form the refineries to be always liquefied.
Feedstock structure IConversion/Production process Fuel Pathway Code
(Order (Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
12 LPG Liquefied ICO, +H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity  [LPG(Propane)_fCO,_fH, FT
Petroleum Gas (Carbon Capture [Synthesis and | gm
(Propane) liquefaction
H2: Fossil Steam
Methane Reformation
13 LPG Liquefied ICO, +H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity  |LPG(Propane)_fCO,_rH, FT
Petroleum Gas (Carbon Capture?® §ynthesi.s and | gm
(Propane) liquefaction
H2:
ffrom Renewable electricity
14 LPG Liquefied ICO, +H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity  [LPG(Propane)_fCO,_ibpH,_ FT_gm|
Petroleum ICarbon Capture [Synthesis and
(Gas (Propane) liquefaction
H,: Industrial by- product
hydrogen
15 LPG Liquefied ICO, +H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  |LPG(Propane)_rCO,_fH, FT
Petroleum Gas [Synthesis and | gm
(Propane) H2: Fossil Steam Methane]iquefaction
Reformation
23 CO;y: Fossil Point Source Carbon Capture includes captured CO; stemming from fuel combustion and captured CO, stemming from extraction of resources
underground.
Order Feedstock structure IConversion/Production process Fuel Pathway Code
(Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
16 LPG Liquefied ICO, +H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  [|LPG(Propane)_rCO,_rH2_F T_gm
Petroleum Gas ISynthesis and
(Propane) H2: from liquefaction
Renewable electricity
17 LPG Liquefied ICO, + H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  |LPG(Propane)_rCO,_ibpH2_ FT_gm|
Petroleum Gas ISynthesis and
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(Propane)

H2: Industrial by- product [iquefaction

hydrogen
18 LPG Liquefied ICO, +H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity  |LPG(Propane)_bCO,_fH2_F T_gm
Petroleum Gas Point Source Carbon [Synthesis and
(Propane) (Capture liquefaction
H2: Fossil Steam Methane
Reformation
19 LPG Liquefied ICO, +H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity  [LPG(Propane)_bCO,_rH2_F T_gm
Petroleum Gas Point Source Carbon ISynthesis and
(Propane) (Capture liquefaction
H2:
ffrom Renewable electricity
20 LPG Liquefied ICO, +H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity  [LPG(Propane)_bCO,_ibpH2
Petroleum Gas Point Source Carbon [Synthesis and | FT_gm
(Propane) (Capture liquefaction
H2: Industrial by- product
hydrogen
Order Feedstock structure IConversion/Production process Fuel Pathway Code
(Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
21 LPG Liquefied ICrude Oil Fossil [Standard refinery Grid mix electricity ~ [LPG(Butane)_f_SR_gm
Petroleum Gas lprocess and
(Butane) liquefaction
22 LPG Liquefied ICO, +H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity  [|LPG(Butane)_fCO,_fH2_FT_gm
Petroleum Gas ICarbon Capture ISynthesis and
(Butane) liquefaction
H2: Fossil Steam Methane
Reformation
23 LPG Liquefied ICO, +H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity ~ |LPG(Butane)_fCO, rH2 FT_gm
Petroleum Gas ICarbon Capture [Synthesis and
(Butane) liquefaction
H2:
ffrom Renewable electricity
24 LPG Liquefied ICO, +H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity  [LPG(Butane)_fCO,_ibpH2_F T_gm|
Petroleum Gas (Carbon Capture [Synthesis and
(Butane) liquefaction
H2: Industrial by- product
hydrogen
25 LPG Liquefied ICO, +H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  [|LPG(Butane)_rCO,_fH2_FT_gm
Petroleum [Synthesis and
Gas (Butane) liquefaction
H2: Fossil Steam
Methane Reformation
Order Feedstock structure IConversion/Production process Fuel Pathway Code
Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
26 LPG Liquefied ICO, +H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  [LPG(Butane)_rCO,_rH2_FT_gm
Petroleum Gas [Synthesis and
(Butane) H2: from liquefaction
Renewable electricity
27 LPG Liquefied ICO, +H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  |LPG(Butane)_rCO,_ibpH2_F T_gm
Petroleum Gas [Synthesis and
(Butane) H2: Industrial by- product [iquefaction
hydrogen
28 LPG Liquefied ICO, +H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity  [LPG(Butane)_bCO,_fH2_FT
Petroleum Gas Point Source Carbon ISynthesis and | gm
(Butane) (Capture liquefaction
H2: Fossil Steam Methane
Reformation
29 LPG Liquefied ICO, +H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity  [LPG(Butane)_bCO,_rH2_FT
Petroleum Gas Point Source Carbon [Synthesis and | gm
(Butane) (Capture liquefaction
H2:
ffrom Renewable electricity
130 LPG Liquefied ICO, +H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity  [LPG(Butane)_bCO,_ibpH2_ FT_gm|
Petroleum Gas Point Source Carbon [Synthesis and
(Butane) (Capture liquefaction
H2: Industrial by- product
hydrogen
Order Feedstock structure [Conversion/Production process Fuel Pathway Code
Group Fuel type Feedstock Type[Nature/Carbon Source [Energy used in the
Process Type lprocess
131 LNG Liquefied INatural Gas Fossil IStandard LNG Grid mix electricity ~ [LNG_f_SLP_gm
Natural Gas (Methane, lproduction including
liquefaction
32 ILNG Liquefied Mixed 1st, 2nd [Biogenic [Thermochemical Grid mix electricity  [LNG_b_G_M_gm
Natural Gas (Methane)and 3rd lgasification followed
Gen. by methanation and
feedstock liquefaction
133 LNG Liquefied Mixed 1st, 2nd [Biogenic Bio-derived LNG via |Grid mix electricity  [LNG_b_AD_gm

Disclaimer Although all possible efforts have been made to ensure correctness and completeness of Information contained in this Service, KR, known as Korean Register is not
responsible for any errors or omissions made herein, nor held liable for any actions taken by any party as a result of information retrieved from this Service.

15/31



Natural Gas (Methane)and 3rd Gen. IAnaerobic Digestion,
feedstock lseparation and
liquefaction
134 LNG Liquefied Mixed 1st, 2nd [Biogenic Bio-derived LNG via |Grid mix electricity [LNG_b_AD_CCS_gm
Natural Gas (Methane)and 3rd Gen. IAnaerobic Digestion,
feedstock lseparation with Point
Source Carbon
ICapture (PSCC) and
long-term storage
land liquefaction
135 LNG Liquefied ICO, + H2 ICO,: Fossil Point Source [Methanation and Grid mix electricity  [LNG_fCO,_fH2 M_gm
Natural Gas (Methane) (Carbon Capture liquefaction
H2: Fossil Steam Methane|
Reformation
136 LNG Liquefied ICO, +H2 ICO,: Fossil Point Source [Methanation and Grid mix electricity  |LNG_fCO,_rH2 M_gm
Natural Gas (Methane, (Carbon Capture liquefaction
H2:
ffrom Renewable electricity
Feedstock structure Conversion/Production process Fuel Pathway Code
Order Group Fuel type Feedstock Type | Nature/Carbon Source Energy used in the
Process Type Drocees
37 LNG Liquefied CO2 + H2 CO2: Fossil Point Source Methanation and Grid mix electricity LNG_fCO2_ibpH2_M_gm
Natural Gas (Methane) Carbon Capture liquefaction
H2: Industrial by- product
hydrogen
38 LNG Liquefied COz+ H2 CO: Direct Air Capture Methanation and Grid mix electricity LNG_rCO,_fH2_M_gm
Natural Gas (Methane) liquefaction
H2: Fossil Steam
Methane Reformation
39 LNG Liquefied COz+H2 CO2: Direct Air Capture Methanation and Grid mix electricity LNG_rCO,_rH2_M_gm
Natural Gas (Methane) liquefaction
H2:
from Renewable electricity
40 LNG Liquefied COz + H2 CO.: Direct Air Capture Methanation and Grid mix electricity LNG_rCO;_ibpH2_M_gm
Natural Gas (Methane) liquefaction
H2: Industrial by- product
hydrogen
41 LNG Liquefied COz + H2 CO2: Biogenic Point Source | Methanation and Grid mix electricity LNG_bCO2_fH2_M_gm
Natural Gas (Methane) Carbon Capture liquefaction
H2: Fossil Steam
Methane Reformation
Feedstock structure IConversion/Production process Fuel Pathway Code
(Order Group Fuel type Feedstock TypelNature/Carbon Source] [Energy used in the
Process Type lprocess
@42 ILNG Liquefied Natural ICO, +H2 ICO,: Biogenic Methanation and Grid mix electricity  [LNG_bCO,_rH2 M_gm
(Gas (Methane) Point Source Carbon [iquefaction
|Capture
H2: from
Renewable electricity
143 LNG Liquefied Natural ICO, +H2 ICO2: Biogenic IMethanation and Grid mix electricity  [LNG_bCO,_ibpH2_M_gm
IGas (Methane) Point Source Carbon [liquefaction
|Capture
H2: Industrial by-
product hydrogen
144 ICNG ICompressed NaturalNatural Gas Fossil IStandard refinery Grid mix electricity |[CNG_f_SR_gm
Gas lprocess and
(Methane) lcompression
45 ICNG ICompressed NaturalMixed 1st, 2nd [Biogenic [Thermochemical Grid mix electricity |[CNG_b_G_M_gm
IGas (Methane) land 3rd Gen. lgasification followed
feedstock by methanation and
lcompression
146 ICNG ICompressed NaturalMixed 1st, 2nd [Biogenic Bio-derived LNG via |Grid mix electricity |CNG_b_AD_gm
IGas (Methane) land 3rd Gen. IAnaerobic Digestion
feedstock land separation and
lcompression
@47 ICNG ICompressed NaturalMixed 1st, 2nd [Biogenic Bio-derived LNG via |Grid mix electricity |CNG_b_AD_CCS_gm
IGas (Methane) land 3rd Gen. IAnaerobic Digestion,
feedstock lseparation with Point
[Source Carbon
ICapture (PSCC) and
long-term storage
land compression
Feedstock structure IConversion/Production process Fuel Pathway Code
(Order (Group Fuel type Feedstock Type[Nature/Carbon Source Energy used in the
Process Type lprocess
48 ICNG ICompressed NaturalCO, + H2 ICO,: Fossil Point Source [Methanation and Grid mix electricity  |CNG_fCO,_fH2 M_gm
(Gas (Methane) ICarbon Capture compression
H2: Fossil Steam
Methane Reformation
{49 ICNG ICompressed NaturalCO, + H2 ICO,: Fossil Point Source [Methanation and Grid mix electricity  |CNG_fCO,_rH2_M_gm
(Gas (Methane) |Carbon Capture compression
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H2: from
Renewable electricit;

y

50 ICNG ICompressed NaturalCO, + H2 ICO,: Fossil Point Source [Methanation and Grid mix electricity ~|CNG_fCO,_ibpH2_M_gm
(Gas (Methane) ICarbon Capture lcompression
H2: Industrial by- product
hydrogen
51 ICNG ICompressed NaturallCO, + H2 ICO,: Direct Air Capture  [Methanation and Grid mix electricity  [CNG_rCO,_fH2_M_gm
IGas (Methane) lcompression
H2: Fossil Steam Methane|
Reformation
52 ICNG ICompressed NaturalCO, + H2 ICO,: Direct Air Capture  [Methanation and Grid mix electricity [CNG_rCO,_rH2_M_gm
IGas (Methane) lcompression
H2:
from Renewable electricity
Feedstock structure IConversion/Production process Fuel Pathway Code
(Order Group Fuel type Feedstock TypelNature/Carbon Source Energy used in the
Process Type lprocess
153 ICNG ICompressed NaturalCO, + H2 ICO,: Direct Air Capture  [Methanation and Grid mix electricity  [CNG_rCO,_ibpH2_M_gm
Gas (Methane) lcompression
H2: Industrial by- product
lhydrogen
54 ICNG ICompressed NaturalCO, + H2 ICO,: Biogenic Methanation and Grid mix electricity |CNG_bCO,_fH2_M_gm
(Gas (Methane) Point Source Carbon lcompression
|Capture
H2: Fossil Steam Methane
Reformation
55 ICNG ICompressed NaturalCO, + H2 ICO,: Biogenic Methanation and Grid mix electricity |CNG_bCO,_rH2 M_gm
(Gas (Methane) Point Source Carbon lcompression
|Capture
H2:
rom Renewable electricity
156 ICNG ICompressed NaturalCO, + H2 ICO,: Biogenic Methanation and Grid mix electricity |CNG_bCO,_ibpH2_M_gm
(Gas (Methane) Point Source Carbon lcompression
|Capture
H2: Industrial by- product
hydrogen
57 [Ethane Ethane Natural Gas Fossil IStandard refinery IGrid mix electricity  |[Ethane_f_SR_gm
lprocess
58 /egetable oil{Straight Vegetable |[1st Biogenic Extraction and Grid mix electricity  [SVO_b_EP _1stgen_gm
based (Oil IGen. feedstock lpurification
ffuel
59 /egetable oil{Used oils and fats  [2nd Biogenic Extraction and Grid mix electricity [UOF_b_EP _2ndgen_gm
based fuel IGen. feedstock lpurification
Feedstock structure IConversion/Production process Fuel Pathway Code
Order Group Fuel type IFeedstock Type[Nature/Carbon Source| Energy used in the
Process Type process
60 /egetable oil-{Algae oil Brd Biogenic Extraction and Grid mix electricity  |JAO_b_EP _3rdgen_gm
based Gen. feedstock purification
ffuel
61 Diesel Diesel (FAME)  [1st Biogenic [Transesterification  (Grid mix electricity [FAME_b_TRE_1stgen_gm_
Gen. feedstock
62 Diesel Diesel (FAME)  [2nd Biogenic [Transesterification  (Grid mix electricity [FAME_b_TRE_2ndgen_gm_
Gen. feedstock
63 Diesel Diesel (FAME)  [3rd Biogenic [Transesterification  (Grid mix electricity ~[FAME_b_TRE_3rdgen_gm_
(Gen. feedstock
64 Diesel Renewable Diesel|1st Biogenic (Gasification and Grid mix electricity ~ [FT-
(Bio FT-Diesel) [Gen. feedstock Fischer-Tropsch Diesel_b_G_FT_1stgen_gm_|
ISynthesis
65 Diesel Renewable DieselMixed 1st, 2nd [Biogenic IAnaerobic digestion (Grid mix electricity ~ [FT-Diesel_b_AD_FT_gm
(Bio FT-Diesel) fand 3rd Gen. land methane
feedstock lseparation and
Fischer-Tropsch
[Synthesis
66 Diesel Renewable DieselMixed 1st, 2nd [Biogenic IAnaerobic digestion (Grid mix electricity ~ |[FT-
(Bio FT-Diesel) Jand 3rd Gen. land methane Diesel_b_AD_FT_CCS_gm
feedstock iseparation and
Fischer-Tropsch
ISynthesis with Point
[Source Carbon
ICapture (PSCC) and
long-term storage
67 Diesel Renewable DiesellCO, + H2 ICO,: Fossil Fischer-Tropsch Grid mix electricity  |[FT-Diesel_fCO,_fH2_FT_gm|
(FT- Diesel) Point Source Carbon (Synthesis
ICapture
H2: Fossil Steam
Methane Reformation
Feedstock structure [Conversion/Production process Fuel Pathway Code
(Order Group Fuel type Feedstock TypelNature/Carbon Source Energy used in the
Process Type process
68 Diesel Renewable DieselCO, + H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity ~ |FT-
(FT- Diesel) Carbon Capture [Synthesis Diesel_fCO,_rH2_FT_gm
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H2: from
Renewable electricity

69 Diesel Renewable DieselCO, + H2 ICO,: Fossil Point Source [Fischer-Tropsch Grid mix electricity ~ |FT-
(FT- Diesel) (Carbon Capture ISynthesis Diesel_fCO,_ibpH2_FT_gm
H2: Industrial by- product
lhydrogen
70 Diesel Renewable DieselCO, + H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity  |FT-
(FT- Diesel) ISynthesis Diesel_rCO,_fH2_FT_gm
H2: Fossil Steam Methane
Reformation
71 Diesel Renewable DieselCO, + H2 ICO,: Direct Air Capture  |[Fischer-Tropsch Grid mix electricity  [FT-
(FT- Diesel) [Synthesis Diesel_rCO,_rH2_FT_gm
H2:
from Renewable electricity
72 Diesel Renewable DiesellCO, + H2 ICO,: Direct Air Capture  [Fischer-Tropsch Grid mix electricity ~ [FT-
(FT- Diesel) ISynthesis Diesel_rCO,_ibpH2_FT_gm
H2: Industrial by- product
lhydrogen
Feedstock structure IConversion/Production process Fuel Pathway Code
Order Group Fuel type IFeedstock TypeNature/Carbon Source| Energy used in the
Process Type process
73 Diesel Renewable DiesellCO, + H2 ICO,: Biogenic Fischer-Tropsch IGrid mix electricity ~ [FT-
(FT- Diesel) Point Source Carbon [Synthesis Diesel_bCO,_fH2_FT_gm
ICapture
H2: Fossil Steam
IMethane Reformation
74 Diesel Renewable DiesellCO, + H2 ICO,: Biogenic Fischer-Tropsch IGrid mix electricity ~ [FT-
(FT- Diesel) Point Source Carbon [Synthesis Diesel_bCO,_rH2_FT_gm
ICapture
H2: from
Renewable electricity
75 Diesel Renewable DiesellCO, + H2 ICO,: Biogenic Fischer-Tropsch Grid mix electricity ~ [FT-
(FT- Diesel) Point Source Carbon [Synthesis Diesel_bCO,_ibpH2_FT_gm
(Capture
H2: Industrial by-
lproduct hydrogen
76 Diesel Renewable Diesel|1st Biogenic Hydrogenation Grid mix electricity |HVO_b_HD_1stgen_gm_
(HVO) IGen. feedstock
77 Diesel Renewable Diesel2nd Biogenic Hydrogenation Grid mix electricity |HVO_b_HD_2ndgen_gm_
(HVO) IGen. feedstock
78 Diesel Renewable Diesel[3rd Biogenic Hydrogenation Grid mix electricity |HVO_b_HD_3rdgen_gm_
(HVO) IGen. feedstock
79 IDME Dimethyl Ether  [1st Biogenic (Gasification and IGrid mix electricity |[DME_b_G_DMES_1stgen_g m_|
(DME) (Gen. feedstock DME Synthesis
80 IDME Dimethyl Ether  [2nd Biogenic (Gasification and Grid mix electricity ~ [DME-b-G-
(DME) IGen. feedstock DME Synthesis IDMES_2ndgen_gm_
Feedstock structure IConversion/Production process Fuel Pathway Code
(Order (Group Fuel type Feedstock Type[Nature/Carbon Source| Energy used in the
Process Type lprocess
81 IDME Dimethyl Ether (DME)  [Mixed 1st, 2nd [Biogenic lAnaerobic digestion |Grid mix electricity |[DME_b_AD_DMES_gm
land 3rd Gen. land methane
feedstock lseparation and DME
[Synthesis
82 IDME Dimethyl Ether (DME)  [Mixed 1st, 2nd [Biogenic {Anaerobic digestion |Grid mix electricity [DME_b_AD_DMES_CCS_g m|
land 3rd Gen. land methane
feedstock lseparation and DME
[Synthesis with Point
[Source Carbon
ICapture (PSCC) and
llong-term storage
83 IDME Dimethyl Ether (DME) Natural Gas Fossil (Gasification and IGrid mix electricity |[DME_f G_DMES_gm
DME Synthesis
84 Diesel Upgraded Pyrolysis Oil ~ [2nd Biogenic Pyrolysis, Fast Grid mix electricity  |UPO_b_UPQO_2ndgen_gm_
Gen. feedstock Pyrolysis and/or
(Catalytic Fast
Pyrolysis and
lupgrading
85 Diesel Hydrothermal Liquefactionj2nd Biogenic Hydrothermal Grid mix electricity |[HTL_b_HTL_2ndgen_gm_
(HTL) Oil Gen. feedstock liquefaction and
lupgrading
86 Methanol Methanol Natural Gas Fossil ISteam Methane IGrid mix electricity [MeOH_f SMR_gm
Reformation of
Natural Gas and
Methanol Synthesis
87 Methanol Methanol Natural Gas Fossil ISteam Methane IGrid mix electricity [MeOH_f_SMR_CCS_gm
Reformation of
Natural Gas with
ICarbon Capture &
[Storage and
Methanol Synthesis
(Order Feedstock structure IConversion/Production process Fuel Pathway Code
Group Fuel type Feedstock TypelNature/Carbon Source| [Energy used in the

[Process T

ype lprocess
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88 Methanol Methanol ICoal Fossil Gasification of Coal |Grid mix electricity [MeOH_f G_MS_gm
land Methanol
ISynthesis
89 Methanol Methanol ICoal Fossil Gasification of Coal |Grid mix electricity [MeOH_f_G_MS_CCS _gm
ith CarbonCapture
& Storage and
MethanolSynthesis
90 Methanol Methanol 2nd and 3rd Biogenic Gasification of Grid mix electricity [MeOH_b_G_MS_gm
Gen. Biomass and
feedstock Methanol Synthesis
91 Methanol Methanol Mixed 1st, 2nd [Biogenic IReforming of Grid mix electricity [MeOH_b_AD_MS_gm
land 3rd Gen. Renewable Natural
ffeedstock Gas (biomethane
from Anaerobic
Digestion) and
Methanol Synthesis
92 Methanol Methanol ICO, + H2 ICO,: Fossil Methanol Synthesis  (Grid mix electricity [MeOH_fCO,_fH2 MS_gm
Point Source Carbon
(Capture
H2: Fossil Steam
Methane Reformation
93 Methanol Methanol ICO, +H2 ICO,: Fossil Methanol Synthesis [Grid mix electricity ~ [MeOH_fCO,_rH2_MS_gm
Point Source Carbon
(Capture
H2: from Renewable
lelectricity
Feedstock structure IConversion/Production process Fuel Pathway Code
Order (Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
94 Methanol Methanol ICO, +H2 ICO,: Fossil Point Source [Methanol Synthesis [Grid mix electricity |[MeOH_fCO,_ibpH2_MS_gm
ICarbon Capture
H2: Industrial by- product
hydrogen
95 Methanol  [Methanol ICO, +H2 ICO,: Direct Air Capture  [Methanol Synthesis [Grid mix electricity [MeOH_rCO,_fH2_MS_gm
H2: Fossil Steam Methane
Reformation
96 Methanol Methanol ICO, +H2 ICO,: Direct Air Capture  [Methanol Synthesis (Grid mix electricity [MeOH_rCO,_rH2_MS_gm
H2:
ffrom Renewable electricity
97 Methanol Methanol ICO, +H2 ICO,: Direct Air Capture  [Methanol Synthesis (Grid mix electricity [MeOH_rCO,_ibpH2_MS_gm
H2: Industrial by- product
hydrogen
98 Methanol  [Methanol ICO, +H2 ICO,: Biogenic Methanol Synthesis |Grid mix electricity [MeOH_bCO,_fH2_MS_gm
Point Source Carbon
(Capture
H2: Fossil Steam
Methane Reformation
Order Feedstock structure IConversion/Production process Fuel Pathway Code
(Group Fuel type Feedstock TypelNature/Carbon Source Energy used in the
Process Type process
99 Methanol Methanol ICO, +H2 ICO,: Biogenic Methanol Synthesis Grid mix electricity ~ [MeOH_bCO,_rH2_MS_gm
Point Source Carbon
(Capture
H2: from
Renewable electricity
100 Methanol Methanol ICO, +H2 ICO,: Biogenic Methanol Synthesis Grid mix electricity  [MeOH_bCO,_ibpH2_MS_gm|
Point Source Carbon
(Capture
H2: Industrial by-
product hydrogen
101 [Ethanol [Ethanol 1st Biogenic IFermentation Grid mix electricity  [EtOH_b_FR_1stgen_gm_
(Gen. feedstock
102 [Ethanol [Ethanol 2nd Biogenic Pretreatment/hydroly sis|Grid mix electricity ~ |[EtOH_b_FR_2ndgen_gm__
IGen. feedstock lstep and Fermentation
103 [Ethanol Ethanol Brd Biogenic Fermentation Grid mix electricity  [EtOH_b_FR_3rdgen_gm_
IGen. feedstock
104 Hydrogen  [Hydrogen Natural Gas Fossil [Steam Methane Grid mix electricity  |[H2_f SMR_gm
Reformation of Natural
Gas
105 Hydrogen  |Hydrogen Natural Gas Fossil ISteam Methane IGrid mix electricity |H2_f SMR_CCS_gm
Reformation of Natural
Gas with
ICarbon Capture and
long-term storage
106 Hydrogen  |Hydrogen Natural Gas Fossil IMethane Pyrolysis into  |Grid mix electricity  [H2_f_MPO_gm
lcarbon and
hydrogen

Feedstock structure

IConversion/Production process

Fuel Pathway Code
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rder Group Fuel type Feedstock TypelNature/Carbon Source| [Energy used in the
Process Type process
107 Hydrogen  [Hydrogen ICoal Fossil Gasification or Grid mix electricity  [H2_f G_gm
(Carbonization of
Coal
108 Hydrogen  |Hydrogen ICoal Fossil Gasification or Grid mix electricity [H2_f G_CCS _gm
ICarbonization of Coal
ith Carbon
ICapture and long- term
storage
109 Hydrogen  [Hydrogen 2nd Biogenic (Gasification of biomass |Grid mix electricity |H2_b_G_SS_CCS_2ndgen_gm_|
IGen. feedstock land Syngas separation
ith Point Source
ICarbon Capture
(PSCC) and long-term
lstorage
110 Hydrogen  |Hydrogen ater Renewable Dedicated Photovoltaic [Renewable electricity[LH2_EL_r_Liquefied
I+ Electricity land/or Wind and/or
lother Electrolysis and
liquefaction
111 Hydrogen  [Hydrogen ater Fossil/Renewable Electrolysis and Grid mix electricity  [LH2_EL_gm_Liquefied
I+ Electricity liquefaction
112 Hydrogen  |Hydrogen ater Nuclear [Thermochemical CyclesNuclear LH2_EL_n_Liquefied
I+ Electricity jor Electrolysis and
liquefaction
113 Hydrogen  |Hydrogen Industrial by-product Grid mix electricity  [LH2_ _ibp_gm _Liquefied
hydrogen
114 IAmmonia  |JAmmonia Natural Gas Fossil Methane Pyrolysis into  |Grid mix electricity ~ [NH3_f MPO_HB_gm
lpure carbon and
lhydrogen and Haber
Bosch process
(Order Feedstock structure IConversion/Production process Fuel Pathway Code
IGroup Fuel type Feedstock Type[Nature/Carbon Source] [Energy used in the
Process Type lprocess
115 IAmmonia  |Ammonia Natural Gas Fossil ISteam Methane Grid mix electricity  [NH3_f SMR_HB_gm
Reformation of
Natural Gas and
Haber Bosch
process
116 IAmmonia  |JAmmonia Natural Gas Fossil [Steam Methane Grid mix electricity  [NH3_f_SMR_HB_CCS_gm
Reformation of
Natural Gas with
[Point Source Carbon
ICapture (PSCC) and
long-term storage
land Haber Bosch
lprocess
117 IAmmonia  JAmmonia ICoal Fossil Gasification of Coal |Grid mix electricity [NH3_f_G_HB_gm
land Haber Bosch
process
118 Ammonia  |Ammonia ICoal Fossil Gasification of Coal |Grid mix electricity |[NH3_f_G_HB_CCS_gm
ith Carbon Capture
land long-term
istorage and Haber
Bosch process
119 IAmmonia  |JAmmonia 2nd Biogenic Gasification Grid mix electricity [NH3_b_G_2ndgen_gm_
(Gen. feedstock
120 Ammonia  JAmmonia N2 + H2 N2: separated with  |Haber Bosch Grid mix electricity  [NH3_rN2_rH2_HB_gm
renewableelectricity |process
H2: produced from
renewableelectricity
Feedstock structure IConversion/Production process Fuel Pathway Code
(Order Group Fuel type Feedstock TypelNature/Carbon Source [Energy used in the
Process Type lprocess
121 Ammonia IAmmonia N2 + H2 IN2: separated with  [Haber Bosch process  |Grid mix electricity ~ [NH3_rN2_fH2_HB_gm
renewable electricity
H2: Fossil Steam
Methane Reformation
122 IAmmonia IAmmonia N2 + H2 IN2: separated with  |Haber Bosch process  [Grid mix electricity ~ [NH3_rN2_ibpH2_HB_gm
renewable electricity
H2: Industrial by-
product hydrogen
123 IAmmonia IAmmonia N2 + H2 IN2: separated with  [Thermochemical CyclesNuclear NH3_gmN2_fH2_EL n
lgrid mix electricity lor Electrolysis
H2: Fossil Steam
Methane Reformation
124 IAmmonia IAmmonia N2 + H2 IN2: separated with  [Thermochemical Cycles|Nuclear INH3_gmN2_rH2_EL n
lgrid mix electricity lor Electrolysis
H2: produced from
renewable electricity
125 Ammonia IAmmonia N2 + H2 IN2: separated with  [Thermochemical CyclesNuclear INH3_gmN2_ibpH2_EL_n
lgrid mix electricity lor Electrolysis
H2: Industrial by-
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product hydrogen
126 Electricity Electricity Fossil/Renewable Grid mix electricity  [Electricity_gm
127 Electricity |[Electricity Renewable Dedicated Renewable Electricity_renewable
: Photovoltaic electricity
128 Wind land/or Wind
propulsion land/or other
APPENDIX 2
INITIAL DEFAULT EMISSION FACTORS PER FUEL PATHWAY CODE
IC;CO, (gCO| Caiip tW GHG

Order| WtT GHG Energy lg IC;CH, ICfN,O Crug (ma®e gCOeqintensity (gCO.eq/ MJ)

Fuel type [Fuel Pathway(intensity (gCO2eq/ MJ)LCV Convertfue|) (gCH,/g fuel)(gN,Olg fuel)s ¢ g fuel NOTE

ICode (MJ/g)ler o)

Heavy Resolution

Fuel Oil [HFO(VLSFO) IALL MEPC.364(79)
1 (ISO | f_ SR_gm 16.8 0.0402ICEs 3.114  |0.00005 0.00018 Fourth IMO

8217 GHG study

Grades

RME,

RMG and

RMK,

0.10 < S 5|

0.50%)

Heavy 0.0402] Resolution

Fuel Oil [HFO(HSHFO) IALL MEPC.364(79)
2 (ISO | f_ SR_gm 14.1 ICEs 3.114 |0.00005 0.00018 Fourth IMO

8217 GHG study

Grades

RME,

RMG and

RMK

lexceeding|

0.50% S)

Light Fuel 0.0412 Resolution

Oil (ISO |LFO(ULSFO)_| IALL MEPC.364(79)
3 8217 f_SR_gm ICEs 3.151  |0.00005 0.00018 Fourth IMO

Grades GHG study

RMA,

RMB and

RMD

maximum

0.10% S)

Light Fuel 0.0412 Resolution

Oil (ISO  [LFO(VLSFO)_| IALL MEPC.364(79)
%3 8217 f_SR_gm ICEs 3.151 |0.00005 0.00018 Fourth IMO

Grades GHG study

RMA,

RMB and

RMD,

0.10<S <

0.50%)

ICfCO, (gCO| Caiip tW GHG

Order| WtT GHG Energy big CfCH, CfN,O Crug (ma®: gCO,qintensity (3CO,eq/ MJ)

Fuel type [Fuel Pathwayjintensity (9CO,,,/ MJ)LCV Convertfuel) (gCH,/g fuel)(gN,O/g fuel)ls ¢ g fuel NOTE

iCode (MJ/g)ler o)

Marine

Diesel/GasMDO/MGO(U Resolution
5 Oil (ISO  [LSFO)_f_SR_[17.7 0.0427ALL 3.206  [0.00005 0.00018 MEPC.364(79)

8217 gm ICEs Fourth IMO

Grades GHG study

DMX,

DMA, DMZ|

land DMB

maximum

0.10 % S)

Marine

Diesel/GasMDO/MGO(VL| Resolution
6 Oil (ISO [SFO)_f_SR_g 0.0427|ALL 3.206  [0.00005 0.00018 MEPC.364(79)

8217 m ICEs Fourth IMO

Grades GHG study

DMX,

DMA, DMZ|

land DMB,

0.10<S =<

0.50%)

Liquefied Resolution
11 Petroleum [LPG(Propane) 0.0463ALL 3.000 [0.00005 0.00018 MEPC.364(79)

Gas | f SR_gm ICEs Fourth IMO

(Propane) GHG study

Liquefied Resolution
21 Petroleum [LPG(Butane)_ 0.0457|ALL 3.030 [0.00005 0.00018 MEPC.364(79)

Gas f_SR_gm ICEs Fourth IMO

(Butane) GHG study
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Order|

Fuel type

Fuel Pathway
Code

tT GHG

intensity (9CO,.,/ MJ)

LCV
(MJ/g)

Energy

Converter

/9
fuel)

ICfCO, (gCO|

CfCH,

c,N,0

cslip
Cyg (Mase
(9CH,/g fuel)(gN,O/g fuel)g %)

tW GHG

gCO
bed/d
fuel

MJ)

intensity (gCO,eq

NOTE

31

Liquefied
Natural Gas
(Methane)

LNG_f SLP_g
m

LNG
Otto
(dual
fuel
medium
speed)

LNG
Otto
(dual
fuel slow
speed)

0.0480

LNG

Diesel (dual2.750

fuel slow
speed)

LBSI
(Lean-
Burn
Spark-
Ignited)

Steam
Turbines
land
boilers

Resolution

0.00011

0.15/-

MEPC.364(79)
Fourth IMO
GHG study

0.01/-

Order

Fuel type

Fuel Pathway|
Code

WtT GHG

intensity (9CO,,/ MJ)LCV

(MJ/g)

Energy

er

IConvert]

bl9
fuel)

C,CO, (gCO

C;CH,

cslip
C;N,O

Cyyg (Mas®
(9CH,/g fuel)(gN,O/g fuel)g %)

[TtW GHG

o

gCO
2eq/g
fuel

MJ)

intensity (gCO.eq
NOTE

33

Liquefied
Natural Gas
(Methane)

LNG_b_AD_g
m

LNG
Otto
(dual
fuel
medium
speed)

LNG
Otto
(dual

speed)

fuelslow

LNG
Diesel
(dual
fuel slo
speed)

2.750

LBSI
(Lean-
Burn
Spark-
Ignited)

Steam

land
boilers

Turbines|

62

Diesel (FAME)

gm_2ndgen

FAME_b_TRE[20.8

0.0372 |ALL

ICEs

77

Renewable
Diesel (HVO)

HVO_b_HD_g
m_2ndgen

14.9

0.044

IALL
ICEs

Order

Fuel type

Fuel
Pathway
Code

tT GHG

intensity (9CO,,,/ MJ)LCV

(MJ/g)

Energy

er

IConvert]

ICfCO, (gCO|
/9
fuel)

IC;CH,
(gCH,/g fuel)

cslip
C,N,0

(gN,O/g fuel)g %)

Cyyg (Mas|

tW GHG

gCO
beq/9
fuel

MJ)

e. [intensity (JCO,eq
NOTE

105

Hydrogen

H2_f_SMR_C|
CS_gm

IALL
ICEs

Fuel cell

121

JAmmonia

NH3_rN2_fH2

HB_gm

0.0186

IALL
ICEs

Abbreviations

AR — IPCC Assessment Report

BDN - Bunkering Delivery Note

APPENDIX 3

ABBREVIATIONS AND GLOSSARY

C¢ — Emission conversion factors CfCO2/CH4/N20 (g GHG (CO2/CH4/N20)/g fuel) for emissions of the combustion and/or oxidation process, including the fuel
with relevant GWP effect resulting from the combustion energy conversion
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CH4 — Methane
CO; - Carbon dioxide
COz¢q — Carbon dioxide equivalent
CCS - Carbon Capture and Storage
CCU - Carbon Capture and Utilization
DAC - Direct Air Capture
DCS - IMO ship fuel oil consumption Data Collection System
DLUC - Direct Land Use Change
FLL — Fuel Lifecycle Label
GHG - Greenhouse gas
GWP - Global Warming Potential
ILUC — Indirect Land Use Change
IPCC - Intergovernmental Panel on Climate Change
LCA — Life Cycle Assessment
LCV - Lower Calorific Value (MJ/g fuel)
NMVOC - Non-Methane Volatile Organic Compounds
N,O — Nitrous oxide
NTC — NOx Technical Code
RFNBO — Renewable Fuels of Non-Biological Origin
SLCF - Short-Lived Climate Forcers
TtW — Tank-to-Wake
WtT — Well-to-Tank
WtW — Well-to-Wake
VOC - Volatile Organic Compounds
OPS — Onshore Power Supply
Glossary

Co-product — an outcome of a production process, which has a relevant economic value and elastic supply (intended as the existence of a clear evidence of the
causal link between feedstock market value and the quantity of feedstock that can be produced).

Biomass — biomass is renewable organic material that comes from plants and animals.

Renewables — any form of energy from solar, geophysical or biological sources that is replenished by natural processes at a rate that equals or exceeds its rate of
use. Renewables are obtained from the continuing or repetitive flows of energy occurring in the natural environment and includes low-carbon technologies such as
solar energy, hydropower, wind, tide and waves and ocean thermal energy, as well as renewable fuels such as biomass.

Global Warming Potential — global warming potential indicates the potential of a greenhouse gas to trap extra heat in the atmosphere over time in relation to
carbon dioxide. The enhanced heat trapping in the atmosphere (i.e. the "greenhouse effect") is caused by the absorption of infrared radiation by a given gas. The
GWP also depends on the atmospheric lifetime of a gas, and the time-horizon considered (for example, GWP20 is based on the energy absorbed over 20 years,
whereas GWP100 is based on the energy absorbed over 100 years). Each greenhouse gas has a specific global warming potential which is used to calculate the
COz-equivalent (COzeq)-

Land Use Change - Production of bio-based fuels leads to land use change (LUC). LUC can be classified as direct LUC (DLUC) and indirect LUC (ILUC).

Life Cycle Assessment (LCA) framework — life cycle assessment determines the potential environmental impacts of products, processes or services from cradle to
grave, e.g. from acquisition/extraction of raw materials through to processing, transport, use and disposal.

System boundaries — The system boundary determines which entities (unit processes) are inside the system and which are outside. It essentially determines which
life cycle/supply chain stages and processes are included in the assessment and need to be in accordance with the goal and scope of the study.

System expansion — ISO 14040 recommends the use of system expansion whenever possible. System expansion is part of the consequential LCA method that seeks
to capture change in environmental impact as a consequence of a certain activity.

Well-to-Wake — WtW studies estimate the energy requirements and the resulting greenhouse gas (GHG) emissions in the production of a fuel and its use in a ship,
based on the broader life cycle assessment (LCA) methodology. The term 'Well' is used for fuels from all sources, because although the term is most applicable to

conventional crude oil resources, it is widely used and understood.

Onshore power supply — the system to supply electricity to ships at berth, at low or high voltage, alternate or direct current, including ship-side and port-side
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installations, when feeding any of the ship’s electrical distribution switchboards for powering hotel and service workloads or charging secondary batteries
APPENDIX 4

TEMPLATE FOR WELL-TO-TANK DEFAULT EMISSION FACTOR SUBMISSION
INTRODUCTION

1 This template aims at collecting and presenting in a clear and structured manner the input data used to calculate a Adefault emission factorAfor a specific
Aeedstock-to-fuelApathway according to the methodology of the 2024 Guidelines on Life Cycle GHG Intensity of Marine Fuels (2024 LCA Guidelines), adopted on 22
March 2024 through resolution MEPC.391(81).1 Only one default emission factor should be proposed per template form, i.e. to propose two emission default
factors, two separate template forms should be filled. A Adefault emission factorArepresents the quantitative results of the assessed greenhouse gas intensity
(9CO2¢q/M)) of a feedstock-to-fuel value chain. The default emission factor is not meant to represent the best available way to produce a fuel. It is a value
describing a feedstock production, collection and transportation for conversion to an average/typical/standard plant, located in a generic region.24 A default
emission factor does not have to capture process improvement, with respect to current production, nor innovative technologies.2> The goal of default emission
factor is, at least, twofold:

24 Default emission factors reflect the performance of feedstock-fuel pathways across world regions and States. Project-specific values certified according to
relevant procedures agreed and adopted at IMO can be used as actual emission factors.

25 In case of immature technologies, literature and modelling sources could be used, limited to the conversion process. However, the principle that this could be
used as input data to refine/complete/revise emission factors as a future technology matures should be kept.

.1 allow for fair comparison of GHG intensity among different technologies and fuel conversion pathways, where emissions resulting from some of the parameters
in the WtT equation are set at zero by default (i.e. esca, €, €ccs); In other words, allow for a general comparison among different fuel options and technologies;

.2 allow for operators to demonstrate actual life cycle of greenhouse gas emissions compared to the default life cycle emissions for the same feedstock-to-fuel
pathway, through a certification process. The period of validity for the certification should be defined along with the rules and procedures of functioning of the
certification.

The template provides full coverage of all elements necessary to define a default emission factor. It can be adapted (e.g. by not providing input data to each and

every element it comprises) and complemented with additional information. The LCA Guidelines specify in paragraph 4.4 that the WtT GHG emission factor
(9CO2¢q/MI(LCV) fuel or electricity) is calculated according to Equation (1).

while paragraph 9.4 specifies that Amissions related to carbon stock changes caused by direct land-use change (DLUC) (el) and emissions savings from soil carbon
accumulation via improved agricultural management (esca) are considered as zero for the establishment of the default emission factors. Similarly, this is the case
also for the parameters related to carbon capture and storage (CCS), which require further development.AAccordingly, it should be noted that the default emission
factors identified through the use of this submission template will only be partially reflective of WtT emissions attributable to any given Aeedstock-to-fuelApathway
and may vary as emissions by sources and/or removals by sinks within the system boundary are taken into account.

2 Once default emission factors fully reflecting WtT GHG emissions are developed in a future iteration of the LCA Guidelines, operators (e.g. fuel producers) that
are in a position to prove actual GHG emissions, may seek certification for a project certified Aactual valueA Certified actual values may also be used for pathways
not having a default WtT GHG emission factor listed in appendix 2 of the LCA Guidelines.

3 This template allows indicating a O (zero) value for elements of Equation (1) that are temporarily not quantified as explained in paragraph 1 above. Data
submitted as required for the calculation of default WtT GHG emission factors, need to ensure quality in terms of: relevance,2® adequacy,2® completeness,2”
consistency,28 reliability,2? transparency and accessibility.3% The template can also be partially completed, e.g. by providing data for specific steps of the pathway.

26 Is the available data appropriate and reasonable in relation to the goal?

26 Does the data accurately describe the value chain under investigation? Are the uncertainties properly reported?
27 How completely does the data describe the value chain under investigation?

28 Is the data internally consistent? If there are redundant data values, do they have the same value?

29 Is the data regarded as valid/verifiable by the stakeholders?

30 Can the data be accessed and verified by a third party?

PATHWAY DESCRIPTION

4 This section should clearly present the pathway modelled, intended as the value chain related to the production of a finished fuel, with the aim for providing at
least information on inter alia: the type of feedstock used, a description of the technology used for converting such feedstock in the final fuel, and any other
relevant information that affects the calculation of emission factors, consistently with the system boundary of the LCA guidelines.

5 The default emission factors are based on the WtT methodology, aiming at evaluating the amount of GHG emissions attributable to the fuel production and
distribution. The production steps to be included in the calculation of a WtT emission factor are shown in figure 2 below:

The system boundaries defined for describing a specific feedstock-to-fuel pathway shall be in line with the definitions contained in the LCA guidelines.

Additional details and relevant information may be added in appendices, such as, production region, production capacity, age, etc. of facility or facilities.

INPUT DESCRIPTION

6 This section should clearly present the input used for the modelling exercise.
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7 The source of the data and of the model used should be reported, according to the indications about data quality provided in the LCA Guidelines.
8 Please inform if the LCA calculation has been developed in a particular modelling tool and in case of a positive answer, inform if any background information
(information not listed below) has changed with respect to the standard data set and/or methodology used by the tool, and provide adequate justification for such

change.

9 In order to provide guidance to fill the template, please see a worked example for a lipid feedstock production and conversion. The worked example is comprised
of filled-in tables as necessary to report data, per pathway.

Table 1: ey inputs and outputs for XXX feedstock

IXXXX, per dry kg Data source/Model used |Observations
[Total N (g) lzzz et al. 2010 (explicit thetype
lof N fertilizer,in
%. Example:
[Total N is
represented by
150% of Urea,
130% of
IAmmonium
Nitrate, and
IAgricultural Inputs 20%o0f..)
P205 (9) lecoinvent (explicit thetype
lof P, O fertilizer)
K50 (g) IGREET (explicit thetype
lof K5O fertilizer)
Diesel (MJ)
Fugitive
IGHG
lemissions
(e.g. CHy)at
feedstock
lextraction
XXX per kg XXXX oil
feedstock alues Data source/  Model
lused
Feedstock izzz et al. 2010
(g, dry)
Cfecu ING (MJ) ... lecoinvent
IN-Hexane IGREET
Oil Extraction (MJ)
Inputs [Electricity
(MJ)
Fugitive
IGHG
lemissions
(e.9.CHy) at
feedstock
lextraction
Oil Extraction ICo-product,
Outputs zzz (g)
Proteincake
from
/egetableoil
lextraction

Additional information:

Table 2: ep, inputs and outputs/losses for XXXX conversion process, including all the needed steps to pre-treat the feedstock
in order to be able to convert it into the fuel, via the selected conversion process

per MJ fuel

\Values|Data source/model
used
Feedstock (goil) | ... zzz et al. 2010
NG (MJ) ecoinvent
H, (MJ) * GREET

Electricity (MJ)3"
Explanatory
remark:
placeholder for
key
material inputs
(e.g. chemicals,
etc.)
ICo-product, >
propane mix (MJ)
ICo-product, >
naphtha (MJ)
Outputs Co-product, xxxx | **
(MJ)

Inputs

w

Losses, e.g.
fugitive
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CH, emissions

31 Table 2 allows to detail information on electricity generation (which may be different from the regional mix).

*H2 derived from NG steam reforming is assumed to be default H, source, the emission factors of H, are modelled based on NG input;
** Inputs after allocation

Additional information:

Table 3: Inputs for regional electricity generation mixes 32

32 Alternatively, please provide a statement with a clear referenced indication of the Greenhouse gas Intensity of the grid (gCO2eqg/kWh or gCO2eq/MJ), and
provide the reference used.

US | EU |India® jxxx (%)4
) | (B2 | (%)

Residual oill
Natural gas
Coal
Nuclear
power
Biomass
Hydroelectrid]
Geothermal
Wind
Solar PV
Others

1 GREET 20xx,

2 EEA, 20xx (EU electricity mix 20xx),
3 International Energy Agency 20xx,
4 IGES List of Grid Emission Factors
MAIN RESULTS

10 This section should present the results of the modelled pathway

Table 5: Fuel identification

Fuel Pathway [LCV (MJ/g) [Density Cicoz (9CO0,e4/MJ)Carbon
Code (kg/m3) Content
(wio)

Additional information:

Table 6: Proposed default emission factors for XXX-converted in a YYYY pathway

Fuel (Sum of the terms)
Pathway Proposed WtT
Code Region efecy Feedstock etd Feedstock and fuel ep Fuel GHG
cultivation/extraction transportation/storge/distribution production intensity
(9CO0,/MJ)
emission
factors

XXXX

Additional information:

Table 7: Proposed default emission factors for XXX-converted in a YYYY pathway for comparative purposes using GWP20

A CALCULATION USING GLOBAL WARMING POTENTIAL OVER A 20-YEAR HORIZON (GWP20) MAY BE PROVIDED AS INFORMATION FOR COMPARATIVE
PURPOSES.

Fuel Pathway €fecu etd ep (Sum of the terms)
ICode Region Feedstock Feedstock and fuel Fuel Proposed WtT GHG
lcultivation/extraction|ransportation/storage/distributionjproduction| intensity
(9CO2¢q/MJ) emission|
factors
POXX

Additional information:
APPENDIX
11 Brief description of the pathway

12 Brief description of the technology

REFERENCES
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13 REF (APA format)
APPENDIX 5

TEMPLATE FOR TANK-TO-WAKE DEFAULT EMISSION FACTOR SUBMISSION

SUMMARY
This document presents a template to provide the minimum set of information to submit values for consideration as Tank-to-Wake (TtW) default emission factors.

INTRODUCTION

This template provides the form to submit values for consideration as Tank-to-Wake (TtW) default emission factors, with a minimum set of relevant technical and
scientific information to allow the analysis of the adequacy of the proposed values.

TtW default emission factors should be calculated using representative and conservative assumptions, which encompass variable conditions onboard of the ships
and performance of energy converters.

The rules to establish TtW default emission factor are described in paragraphs 9.17 and 9.22 of the LCA Guidelines. To establish a TtW default emission factor (with
the exception of Cicop), at least three (3) reference values, from three different representative sources should be considered among the three (or more) values to
be considered, the upper emission value should be selected as default, and the range of available emission factors should be provided for informative purposes. The
reference values should be accompanied by the relevant technical and scientific information and evaluated against the corresponding information as appropriate,
including the agreement between the reference values. The LCA Guidelines allows demonstration of superior GHG performance compared to the default emission
factors, trough actual emission factors subject to verification and certification by a third party.

The LCA Guidelines allows demonstration of superior GHG performance compared to the default emission factors, trough actual emission factors subject to
verification and certification by a third party.

PART A — EMISSION FACTORS FOR COMBUSTED FUEL (Cscis and Cinzo)

This part should contain the data to support proposals for CfCH4 and CfN20 as defined in the LCA Guidelines;

Term Units Explanation

CicHa gCH,/g fuel [CH, emission conversion factor (QCH4/G fyel delivered to the ship)for emissions of the

lcombustion and/or oxidation process of the fuel used by the ship3®

Cnzo gN,0/g fuel [N,O emission conversion factor (JN20/g fye| delivered to the ship)for emissions of the

lcombustion and/or oxidation process of the fuel used by the ship

36 For LNG/CNG fuel, the Cqlip_engine is covering the role of Cgca, so Ccpa is set to zero for these fuels.

1 METHODOLOGY

This section should clearly present the methodology for the measurements made and associated uncertainty. Additional details and relevant information may be
added in appendices, such as measurement procedures and equipment used, test-bed/onboard measurement, etc.

2 ENERGY CONVERTER DIFFERENTIATION

This section should clearly present the Energy converter differentiation (general model range)3” shall be included in the proposed values, and the reasoning to
follow such differentiation.

37 Example: ICE/Piston Engines (2-Stroke, SSD/MSD), ICE/Piston Engines (4-Stroke, MSD), ICE/Piston Engines (4-Stroke, HSD), ICE/Gas Turbines (GT), Boilers, Dual
Fuel, 4-stroke, Medium Speed, Low Pressure/Otto Cycle (LPMSDF 4-s Otto), Dual Fuel, 4-stroke, Medium Speed, High Pressure/Otto Cycle (HPMSDF 4-s Diesel),
Dual Fuel, 2-stroke, Low Speed, Low Pressure/Otto Cycle (LPLSDF 2-s Otto), Dual Fuel (DF), 2-stroke, Low Speed, High Pressure/Diesel Cycle (HPLSDF 2-s Diesel),

Gas-only, 4-stroke, Medium Speed, Low Pressure/Otto Cycle (LPMSGas 4-s Otto), Gas-only, 4-stroke, High Speed, Low Pressure/Otto Cycle (LPHSGas 4-s Otto), DF
Boilers (DFB), Methane Reformer, (MRCH4), Methanol Reformer (MRCH3OH).

3 MAIN RESULTS

This section should present the results.

Table 1: Proposed values for C¢cqg and Cenzo

Fuer®®
Energy ITest [Measurement| CfCH, Ctn2o Uncertainty|
(Order Group Fueltype lconverter3? [Cycle*OMethod*!  [(«CH4/g fuel (gN20/g fuel) 43
42
Example| Marine Diesel/Gas  [MDO/MGO [ Two stroke [NTC-  [Test-bed X y 2%
5 [Oil (ISO 8217 Grades|(ULSFO)_f_| Low speed [E3 Imeasurement]

IDMX,DMA, SR_gm |Main engine

IDMZ and

IDMBmaximum

0.10 % S)

38 Fuel pathways listed in appendix 1 of the LCA guidelines (resolution MEPC.391(81)).

39 The proposal of default values should include a differentiation per energy converter with a technical explanation on how the Energy Converter classes were
defined, the make and model of the engine where the emission tests was carried out, including engine design year.

40 It should be detailed the measurements at each load point.
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41 For example, a reference to I1ISO 8178 and NOx Technical Code 2008. It should include the list of instruments used to measure emissions, test location
(lab/onboard).

42 The proposed data should be expressed in gCH4/g fuel consumed by the energy converter. If from the data submitted arises the need to differentiate Cscpa
by energy converter, then a Cicpyg expressed in gCHa/g fuel delivered to the ship needs to be calculated trough the weighted average of the different Cscpa
taking in consideration the fuel consumed on each energy converter.

43 The proposed data should be expressed in gN20/g fuel consumed by the energy converter- If from the data submitted arises the need to differentiate Cgn20 by
energy converter, then a Cgypo expressed in gNpO/g fuel delivered to the ship needs to be calculated trough the weighted average of the different Cgnpo taking
in consideration the fuel consumed on each energy converter.

Additional information:

PART B - EMISSION FACTORS FOR FUEL SLIPPAGE (Cqjip)

This part should contain the data to support proposals for Cg|ip as defined in the LCA Guidelines;

Term Units Explanation
Cslip_ship % of total fuel  |Factor accounting for fuel (expressed in % of total fuel mass
mass Idelivered to the ship) which escapes from the energy

lconverter without being oxidized (including fuel that escapes
from combustion chamber/oxidation process and from
lcrankcase, as appropriate)

Csiip_ship=Cslip*(1~Crug/100)

Csiip % of total fuel  [Factor accounting for fuel (expressed in % of total fuel mass
mass lconsumed in the energy converter) which escapes from the
lenergy converter without being oxidized (including fuel that
lescapes from combustion

ichamber/oxidation process and from crankcase, as
lappropriate)

1 METHODOLOGY
This section should clearly present the methodology for the measurements made and associated uncertainty.

Additional details and relevant information may be added in appendices, such as measurement procedures and equipment used, test-bed/onboard measurement,
etc.

2 ENERGY CONVERTER DIFFERENTIATION

This section should clearly present the Energy converter differentiation (general model range)** shall be included in the proposed values, and the reasoning to
follow such differentiation.

44 Example: ICE/Piston Engines (2-Stroke, SSD/MSD), ICE/Piston Engines (4-Stroke, MSD), ICE/Piston Engines (4-Stroke, HSD), ICE/Gas Turbines (GT), Boilers, Dual
Fuel, 4-stroke, Medium Speed, Low Pressure/Otto Cycle (LPMSDF 4-s Otto), Dual Fuel, 4-stroke, Medium Speed, High Pressure/Otto Cycle (HPMSDF 4-s Diesel),
Dual Fuel, 2-stroke, Low Speed, Low Pressure/Otto Cycle (LPLSDF 2-s Otto), Dual Fuel (DF), 2-stroke, Low Speed, High Pressure/Diesel Cycle (HPLSDF 2-s Diesel),
Gas-only, 4-stroke, Medium Speed, Low Pressure/Otto Cycle (LPMSGas 4-s Otto), Gas-only, 4-stroke, High Speed, Low Pressure/Otto Cycle (LPHSGas 4-s Otto), DF
Boilers (DFB), Methane Reformer, (MRCH4), Methanol Reformer (MRCH3OH).

3 MAIN RESULTS

This section should present the results.

Table 2: Proposed values for Cg)ip

Fuel5 Cslip#®
Energy Test Cycle |Measurement Cslip Cslip Uncertainty
Order| Group [Fuel type lconverter? Method*8 Exhaust | Crankcase
49 49
Example | 31 LNG Liquefied Low Pressure NTC-D2 ([Test-bed X% % z%
Natural Gas Four stroke measurement
(Methane) mediumspeed
Auxiliaryengine

45 Fuel pathways listed in appendix 1 of the LCA guidelines (resolution MEPC.391(81)).
46 Cslip= Cslip_Exhaust *+ Cslip_Crankcase

47 The proposal of default values should include a differentiation per energy converter with a technical explanation on how the Energy Converter classes were
defined, , the make and model of the engine where the emission tests was carried out, including engine design year.

48 For example, a reference to ISO 8178 and NOy Technical Code 2008. It should include the list of instruments used to measure emissions and test location
(lab/onboard).

49 The proposed data should be expressed in gCH4/g fuel consumed by the energy converter.

Additional information:
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PART C - EMISSION FACTORS FOR FUGITIVE EMISSIONS (Cfyg)

This part should contain the data to support proposals for Cfug as defined in the LCA Guidelines;

Term

Units

Explanation

cfug

% of fuel mass [Factor accounting for the fuel (expressed in % of mass of

the fuel delivered to the ship) which escapes between the
tanks up to the energy converter which is leaked, vented or
lotherwise lost in the system

1 METHODOLOGY

This section should clearly present the methodology for the measurements made and associated uncertainty.

Additional details and relevant information may be added in appendices, such as measurement procedures and equipment used.

2 DEFAULT VALUES DIFFERENTIATION

This section should clearly present the proposed way-forward to differentiate fugitive emissions, for example per energy converter, re-liquefaction equipment or

Ship type.

3 MAIN RESULTS

This section should present the results.

Table 3: Proposed values for Cfug

Fuer®®
Order| Group |Fuel type Fugitive Emissions Measurement cfug53Uncertainty
Class®’ Method®?
Liquefied
31 LNG [Natural Gas [LNG Tanker [Onboard X% ¥%
(Methane) Imeasurement

50 Fuel pathways listed in appendix 1 of the LCA guidelines (resolution MEPC.391(81)).

51 A differentiation may be proposed, for example for example per energy converter, re-liquefaction equipment or ship type.

52 For example a reference to ISO 8178 and NOx Technical Code 2008. It should include the list of instruments used to measure emissions and test location
(lab/onboard).

53 Expressed in % of mass of the fuel delivered to the ship.

Additional

information:

Part D - APPENDIX

Brief description of the procedures to collect data and the data collected used to calculated the proposed values, for example the emissions at each load point of
the Test Cycle.

Part E - REFERENCES

REF (APA format)

*kk
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