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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The Paris Agreement was adopted at the UN Climate Change conference (COP21) with the aims of:
strengthening the global response to the threat of climate change, restricting global temperature rise
to below 2 °C above pre-industrial levels and pursuing efforts to limit the temperature increase to 1,5 °C
above pre-industrial levels. To meet these goals, greenhouse gas (GHG) emissions need to be reduced by
about 45 % from 2010 levels by 2030, reaching net zero in 2050 (IPCC, 2018; UNFCCC, 2021).

GHG initiatives on mitigation rely on the quantification, monitoring, reporting and verification of GHG

emms_wmmwmwmmm_ﬁtscientiﬁc
knpwledge into tools can help in reaching the targets of the Paris Agreement to address climafte change.

IS) 14040 and ISO 14044 define the principles, requirements and guidelines idenfified ih existing
Iniernational Standards on life cycle assessment (LCA). The ISO 14060 series ptovides clarity and
comsistency for quantifying, monitoring, reporting and validating or verifysing GHG |emissions
anfl removals to support sustainable development through a low-carbon economy. It alsp benefits
organizations, project proponents and stakeholders worldwide by providing.clarity and consjstency on
qupntifying, monitoring, reporting and validating or verifying GHG emissions and removals.

IS} 14067 is based on the principles, requirements and guidelines ofL.CA identified in ISO 14040 and
IS) 14044 and aims to set specific requirements for the quantification of a carbon footprint|(CFP) and
a plartial CFP.

IS) 14067 defines the principles, requirements and guidelities for the quantification of the carbon
foqtprint of products. Its aim is to quantify GHG emissions associated with the lifecycle stages of a
product, beginning with resource extraction and raw~material sourcing and extending thirough the
production, use and end-of-life stages of the produgt:

Figure 1 illustrates the relationship between [IS0:14067 and other ISO documents on LCA.

LCA Requirements for
requirements establishing PCR
from from
ISO 14044 ISO/TS 14027
Rpquirements for
footprint l l
ommunication
| 1S0 14067 |

from ISO 14026

Rpquirements for l

ommunication . icati icati Internal use of
1c Footprint Communication CFP study No communication
and critical L the geport, e.g.
. communication report .
review from decision support

ISO 14044

Additional
rpquiremerits for
critical review
from
1SO/TS 14671

PCR Product category rule

Figure 1 — Relationship between standards beyond the GHG management family of standards
(source ISO 14067:2018)

Hydrogen can be produced from diverse sources including renewables, nuclear and fossil fuels using
carbon capture, utilization and storage (CCUS) to reduce the emissions associated with its production.
Hydrogen can be used to decarbonize numerous sectors including transport, industrial manufacturing
and power generation.
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A particular challenge is that identical hydrogen molecules can be produced and combined from
sources that have different GHG intensities. Similarly, hydrogen-based fuels and derivatives will be
indistinguishable and can be produced from hydrogen combined with a range of fossil and low-carbon
inputs. Indeed, some of the products made from hydrogen (e.g. electricity) can themselves be used in the
production of hydrogen. Accounting standards for different sources of hydrogen along the supply chain
(see Figure 2) will be fundamental to creating a market for low-carbon hydrogen, and these standards
need to be agreed upon internationally. Additionally, there is the possibility that consumption gates
are not located in proximity to hydrogen production gates, requiring hydrogen transport. ISO 14083
gives guidelines for the quantification and reporting of GHG emissions arising from transport chain
operations.

A mutualibr recognized international framework that is robust, avoids miscounting or double counting
of enviropmental impacts is needed. Such a framework will provide a mutually agreed apptoach| to
“guaranti¢s” or “certificates” of origin, and cover greenhouse gas inputs used for hydrogenproductipn,
conditioning, conversion and transport.

This document aims at increasing the methodologies that should be applied, in line with ISO 14067 to
the speciffic case of the hydrogen value chain, covering different production processes and other pajrts
of the valyie chain, such as conditioning hydrogen in different physical states,.conversion of hydrogen
into differlent hydrogen carriers and the subsequent transport up to the consumption gate.

H, conditioning ; H,/LH,
LH2 v transport
7
//
. - H, transport and
H, production \ . 7 2 trar
zapt origin \ possible -~ possible delivery at
» delivery <7 delivery _ _ _ consumption gate
/ te ~ -
, ga S ; gate \\
/
N H, carrier / \
I \
> transport
H, conversion L 5 Y H, carrier \
2 — NH3 —— conversion to
to H, carriers
2 e — H,
LOHC

Figure 2 — Examples of hydrogen supply chain
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Hydrogen technologies — Methodology for determining
the greenhouse gas emissions associated with the
production, conditioning and transport of hydrogen to
consumption gate
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Thiis document also considers the GHG emissions due to the conditioning or conversion of hyd

dif]

rellined during the study.

Scope

14044 requires the goal and scope of an LCA to be clearly defined and be censistent
ended application. Due to the iterative nature of LCA, it is possible that the LCAscope n

is document specifies methodologies that can be applied to determine~the carbon foot
duct (CFP) or partial CFP of a hydrogen product in line with ISO 14067.*The goals and scd
thodologies correspond to either approach a) or b), given below, that' ISO 14040:2006, A|
p possible approaches to LCA.

An approach that assigns elementary flows and potential environmental impacts to
product system, typically as an account of the history ofithe product.

with the

beds to be

print of a
pes of the
2 gives as

a specific

An approach that studies the environmental consequiences of possible (future) change$ between

alternative product systems.

fument describes the requirements and evaluation methods applied to several hydrogen p
thways of interest: electrolysis, steam methane reforming (with carbon capture and stq
pduction and coal gasification (with carbon capture and storage), auto-thermal reforn

mass waste as feedstock.

ferent physical formsand chemical carriers:
hydrogendiguefaction;
produetion, transport and cracking of ammonia as a hydrogen carrier;

hydrogenation, transport and dehydrogenation of liquid organic hydrogen carriers (1

Thiis-document considers the GHG emissions due to hydrogen and/or hydrogen carriers’ trang

the consumption gate.

proaches a) and b) have become known as:attributional and consequential, respectiyely, with
complementary information accessible in the.JECD handbook.[]

ere are numerous pathways to produce hydrogen from various primary energy soufces. This

roduction
rage), co-
ing (with

bon capture and storage), hydrogen as a co-product in industrial applications and hydrpgen from

rogen into

OHCs).

port up to

It is possible that future revisions of this document will consider additional hydrogen production,
conditioning, conversion and transport methods.

This document applies to and includes every delivery along the supply chain up to the final delivery to
the consumption gate (see Figure 2 in the Introduction).

This document also provides additional information related to evaluation principles, system boundaries
and expected reported metrics in the form of Annexes A to K, that are accessible via the online ISO
portal (https://standards. iso. org/iso/ts/19870/ed-1/en).
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 14040:2006, Environmental management — Life cycle assessment — Principles and framework

ISO 14044, Environmental management — Life cycle assessment — Requirements and guidelines

ISO 14067:2018, Greenhouse gases — Carbon footprint of products — Requirements and quidelines for

quantifica

ISO 14087
from trang

ISO/TS 14
reviewer d

3 Terms, definitions and abbreviated terms

For the py
ISO and IH
ISOO

IECE

3.1 Quantification of the Carbon Footprint of a/Product

3.11

allocation

partitioni
the produ

[SOURCE:

3.1.2
carbon fqg
CFP
sum of grd
expressed
category

Note 1 to e
removals (3

fion

:2023, Greenhouse gases — Quantification and reporting of greenhouse gas emissions-aris
fport chain operations

L071, Environmental management — Life cycle assessment — Critical review,processes
ompetencies: Additional requirements and guidelines to ISO 14044:2006

rposes of this document, the following terms and definitions apply.
C maintain terminology databases for use in standardization'at the following addresses:

hline browsing platform: available at https://www.iso.erg/obp

ectropedia: available at https://www.electropedidrg/

hg the input (3.2.8) or output (3.2:10) flows of a process or a product system (3.2.3) betwe
ct system under study and one.or-more other product systems

ISO 14040:2006 and ISO 14040:2006/AMD 1:2020]

otprint of a product

enhouse gas emissions (3.1.12) and greenhouse gas removals (3.1.4) in a product system (3.2|
as CO, equivalent (3.1.10) and based on a life cycle assessment (3.4.5) using the single imp
f climate change

ntry: ACFP can be disaggregated into a set of figures identifying specific GHG emissions (3.1.12) 4
.124)>A CFP can also be disaggregated into the stages of the life cycle (3.4.4).

ing

nd

en

3),
het

ind

Note 2 to entry: The results of the quantification of CFP (3.1.8) are documented in the CFP study report expressed
in mass of CO,e (3.1.11) per functional unit (3.2.14).

[SOURCE:

ISO 14067:2018, 3.1.1.1]
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3.1.3

partial CFP

sum of greenhouse gas emissions (3.1.12) and greenhouse gas removals (3.1.4) of one or more selected
process(es) in a product system (3.2.3) expressed as CO, equivalents (3.1.10) and based on the selected
stages or processes within the life cycle (3.4.4)

Note 1 to entry: A partial CFP is based on or compiled from data related to (a) specific process(es) or footprint
information modules (defined in ISO 14026:2017, 3.1.4), which is (are) part of a product system (3.2.3) and
can form the basis for quantification of a carbon footprint of a product (CFP). More detailed information on
information modules is given in ISO 14025:2006, 5.4.

Nofe 2 to entry: The results of the quantification of the partial CFP are documented in the CFP-stjudy report
expressed in mass of CO,e (3.1.10) per declared unit.

3.1.4

greenhouse gas removal

GHG removal

withdrawal of a greenhouse gas (3.1.9) from the atmosphere

[SQURCE: ISO 14067:2018, 3.1.2.6]

3.1.5

CFP study
all{activities that are necessary to quantify and report the carbon footprint of a product (3.1.2) or a
partial CFP (3.1.3)

[SOURCE: ISO 14067:2018, 3.1.1.4]

3.1.6
prpduct category
group of products that can fulfil equivalent funetions

[SOURCE: ISO 14025:2006, 3.12]

3.1.7
prpduction batch
anjount of products produced by a-device between any two points in time selected by the opdrator

3.1.8

quiantification of CFP
activities that result in the determination of the carbon footprint of a product (3.1.2) or a plartial CFP
(34L.3)

Note 1 to entry: Quantification of the CFP (3.1.2) or the partial CFP (3.1.3) is part of the CFP study (3.1.)5)
[SOURCE: 1SO'14067:2018, 3.1.1.6]

3.1.9
greenhouse gas
GHG

gaseous constituent of the atmosphere, both natural and anthropogenic, that absorbs and emits
radiation at specific wavelengths within the spectrum of infrared radiation emitted by the Earth’s
surface, the atmosphere and clouds

Note 1 to entry: For a list of greenhouse gases (3.1.9), see the latest IPCC Assessment Report (currently carbon
dioxide (CO,); methane (CH,); nitrous oxide (N,0)). Other GHGs are not considered relevant for this document.

Note 2 to entry: Water vapour and ozone, which are anthropogenic as well as natural greenhouse gases (3.1.9), are
not included in the carbon footprint of a product (3.1.2).

Note 3 to entry: The focus of this document is limited to long-lived GHGs and it therefore excludes climate effects

due to changes in surface reflectivity (albedo) and short-lived radiative forcing agents (e.g. black carbon and
aerosols).

©1S0 2023 - All rights reserved 3
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ISO 14067:2018, 3.1.2.1]

carbon dioxide equivalent
CO, equivalent

CO,e

unit for comparing the radiative forcing of a greenhouse gas (3.1.9) to that of carbon dioxide

Note 1 to entry: Mass of a greenhouse gas is converted into CO, equivalents by multiplying the mass of the
greenhouse gas (3.1.9) by the corresponding global warming potential (3.1.11) or global temperature change
potential (GTP) of that gas.

Note 2 to 4
temperatu

[SOURCE:

3.1.11
global w3
GWP
index, bag
following
a chosen t

Note 1 to §
3.37.

Note2toe
[SOURCE:

3.1.12
greenhou
GHG emis
release of

[SOURCE:

3.1.13
greenhou
GHG emis
coefficien

[SOURCE:

3.1.14
capital gg
CAPEX ern
GHG emisy

ntry: In the case of GTP, CO, equivalent is the unit for comparing the change in global mean Surf}
Fe caused by a greenhouse gas to the temperature change caused by carbon dioxide.

ISO 14067:2018, 3.1.2.2]

rming potential

ed on radiative properties of greenhouse gases (3.1.9) (GHG) measuring the radiative forc
A pulse emission of a unit mass of a given GHG in the present-day atmosphere integrated o
ime horizon, relative to that of carbon dioxide (CO,)

ntry: “Index” as used in this document is a “characterizationfa¢tor” as defined in ISO 14040:20

ntry: A “pulse emission” is an emission at one point in time.

[SO 14067:2018, 3.1.2.4]

se gas emission
sion
a greenhouse gas (3.1.9) into the atthosphere

ISO 14067:2018, 3.1.2.5]

se gas emission factor
sion factor
F relating activity-data with the greenhouse gas emission (3.1.3)

ISO 14067:2018/3.1.2.7]

ods emission
nission

pce

ng
ber

ions (3.1.12) related to the manufacturing of capital goods

3.1.15

subdivision

virtual subdivision
decomposition of the analysed unit process into physically or virtually distinguishable sub-process
steps with the possibility to collect data exclusively for those sub-processes
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3.2 Products, product systems and processes

3.21
product
any goods or service

Note 1 to entry: The product can be categorized as follows:

services (e.g. transport);

software (e.g. computer program, dictionary);

:2023(E)

[S(

3.2
pr

hardware (e.g. engine mechanical part);
processed materials (e.g. lubricant).
URCE: ISO 14040:2006, 3.9]

2
bduct flow

praducts (3.2.1) entering from or leaving to another product system (3.2:3)

[S(

3.2
pr

URCE: ISO 14040:2006, 3.27]

3
pduct system

colllection of unit processes with elementary flows (3.2.16).and product flows (3.2.2), performjing one or
mqre defined functions and which models the life cycle(3)4.4) of a product (3.2.1)

[SOURCE: I1SO 14044:2006, 3.28]

3.2.4

coiproduct

twp or more products (3.2.1) coming fromxthe same unit process or product system (3.2.3)

[SOURCE: ISO 14040:2006, 3.10]

3.2.5

conditioning

mdans changing the physical*conditions (temperature, pressure) of a species

Nofe 1 to entry: In this document, examples are changing the pressure of gaseous hydrogen or liquefying gaseous
hydlrogen.

3.2.6

cohversion

mgans changing the chemicals conditions of a species

Nofe 1'to'entry: In this document, examples are changing hydrogen molecules into ammonia or LOHC$.

3.27

heating value

amount of energy released when a fuel is burned completely

Note 1 to entry: Care must be taken not to confuse higher heating values (HHVs) and lower heating values (LHVs).

3.2.8
input
product (3.2.1), material or energy flow (3.2.17) that enters a unit process

Note 1 to entry: Products (3.2.1) and materials include raw materials, intermediate products (3.2.9) and co-
products (3.2.4).

[SOURCE: ISO 14040:2006, 3.21]
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intermediate product
output from a unit process that is input to other unit processes that require further transformation
within the system

[SOURCE:

3.2.10
output

ISO 14040:2006, 3.23]

product (3.2.1), material or energy flow (3.2.17) that leaves a unit process (3.2.13)

Note 1to e
(3.2.4) and|

[SOURCE:

3.2.11

system b
boundary
under stu

[SOURCE:

3.2.12
system e

concept of expanding the product system (3.2.3) to include additional functions related to the

products (|

Noteltoe
system (3.2
the enviro
(3.2.3) und
the upstre

Note 2 to ¢
products (3
products (3

practices ip the industries impacted by the\co-products (3.2.4).

Note 3 to
(3.2.11).

[SOURCE:

3.2.13
process
set of inte

[SOURCE:

ntry: Products (3.2.1), and materials include raw materials, intermediate products (3.2.9), co-prody
releases (3.4.11).

ISO 14040:2006, 3.25]

bundary
based on a set of criteria representing which unit processes (3.2.13) are-@part of the syst

ly
ISO 14040:2006/AMD 1:2020, 3.32]

(pansion

3.2.4)
htry: The product system (3.2.3) that is substituted bythe co-product (3.2.4) is integrated in the prod
.3) under study. In practice, the co-products (3.2.4)are compared to other substitutable products, {
hmental burdens associated with the substituted product(s) are subtracted from the product syst
m system for intermediate product (3.2.9).ifiputs (3.2.8). See also ISO/TR 14049:2012, 6.4

ntry: The application of system expansion (3.2.12) involves an understanding of the market for the

.2.4). Decisions about system expansion (3.2.12) can be improved through understanding the way
.2.4) compete with other products, as well as the effects of any product substitution upon product

entry: Can be referred to.as system expansion (3.2.12) and also as expanding the system bound

ISO 14044:2006/AMD 2:2020, D.2.1]

related-or interacting activities that transforms inputs (3.2.8) into outputs (3.2.10)

180,14044:2006, 3.11]

ts

Q

%

Co-

uct
nd
em

er study. The identification of this substituted\system is done in the same way as the identification of

CO-

ion

ary

3.2.14

functional unit
quantified performance of a product system (3.2.3) for use as a reference unit

Note 1 to entry: As the carbon footprint of a product treats information on a product basis, an additional
calculation based on a declared unit can be presented.

[SOURCE:

ISO 14040:2006, 3.20]
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3.2.15

reference flow
measure of the inputs (3.2.8) to or outputs (3.2.10) from processes (3.2.13) in a given product system
(3.2.3) required to fulfil the function expressed by the functional unit (3.2.14)

:2023(E)

Note 1 to entry: In the case of a partial CFP (3.1.3), the reference flow (3.2.15) refers to the declared unit.

[SOURCE: ISO 14067:2018, 3.1.3.9]

3.2.16
elementary flow

mdterial or energy entering the system being studied that has been drawn from the eny

wi

released into the environment without subsequent human transformation

No

[SOURCE: ISO 14044:2006, 3.12]

3.2.17
enpergy flow
ingut (3.2.8) to or output (3.2.10) from a unit process or productsystem (3.2.3), quantified

un

No

called an energy output.

[SQURCE: ISO 14040:2006, 3.13]

3.

3.31

ca
go

trgnsport (3.3.5)
3.3.2

co

separately identifiable amount of freight (3.3.3) transported from one consignor to one con

on

No
thi

refprs to a grouping of freight corresponding to the shipper needs, whereas a consignment refers a g
frejght according to a carrier or freight forwarder’s transport solutions.

[SQURCETTSO 14083:2023, 3.1.4]

3.3.3

3 Transport

fhout previous human transformation, or material or energy leaving the system being.stud

Fe 1 to entry: “Environment” is defined in ISO 14001:2015, 3.2.1.

ts

fe 1 to entry: Energy flow that is an input can be called an energy input; energy flow that is an ou

g0
hds or sets of goods (liquid, solid or gaseous) transported from one place to another on 3

hsignment

e or more modes of tkansport

fe 1 to entry: Although “consignment” and “shipment” are common terms often considered as sy
5 document apd ether technical publications, a consignment is differentiated to a shipment. Indeed,

Fironment
ied thatis

in energy

put can be

means of

signee via

honyms, in
@ shipment
rrouping of

freight
goods, materials, commodities, parcels, etc. being transported from one location to another

[SOURCE: ISO 14083:2023, 3.1.7]

3.34
fuel consumption
amount of energy used by a means of transport (3.3.5) to fulfil a given task

3.3.5

means of transport
modes of transport such as inland waterway, pipeline, rail and road that are used for the transport of
freight

©lI
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3.3.6
route
journey (t

3.3.7

o be) taken to get from one point to another point

delivery gate
location where products have their custody transferred according to contractual arrangements
between the purchaser and the provider.

3.3.8

consumption gate

location of the final delivery of the product along its complete supply chain.

3.39

transportg

movement of freight (3.3.3) from one location to another performed by modes of transpoégt
Note 1 to eptry: The term “transport” in general is used for movement supported by means:

3.3.10

vehicle

any meant of transport (3.3.5)

Note 1 to gntry: Within this standard, this definition includes vessels (watexcraft and aircraft like ships, boats,
and planes), for reasons of simplification only. Pipelines (see 3.3.24) are notconsidered a vehicle.
[SOURCE:|ISO 14083:2023, 3.1.35, modified Note 1 to entry]

3.3.11

empty trip

section of|the route of a vehicle (3.3.10) during which 110 freight or passenger is transported
[SOURCE:|ISO 14083:2023, 3.1.5]

3.3.12

distance pdjustment factor

DAF

ratio between the actual distance and'the transport activity distance, related to the same origin gnd
destinatign locations

EXAMPLE Ratio between “actwal distance” and “shortest feasible distance (3.3.31)”
[SOURCE:|ISO 14083:2023,3.3.5]

3.3.13

fleet

set of vehifles (3.3.10) operated by one transport service operator
[SOURCE:|IS0'14083:2023, 3.1.6]

3.3.14

great circle distance

GCD

transport distance determined as the shortest distance between any two points measured along the
surface of a sphere

[SOURCE:

ISO 14083:2023]
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3.3.15
hub

DE
DE
DE
DE
DE
DE

PRECATED: node
PRECATED: site
PRECATED: station
PRECATED: facility
PRECATED: centre
PRECATED: depot

:2023(E)

location where passengers transfer and/or freight (3.3.3) is transferred from one vehicle (3.3.10) or

mode of transport to another before, after or between different elements of a transport chain

No
ter

[S(
3.1
pa
[S(
3.3
eq
[S(
3.1
op
[S(
3.3

Fe 1 to entry: Hubs include, but are not limited to, rail/road terminals, cross-docking sites, aigport
minals at seaports and distribution centres.

URCE: ISO 14083:2023, 3.1.8]
16

hup activity

rameter that quantifies the throughput (3.3.29) of a hub (3.3.15)
URCE: 1SO 14083:2023, 3.1.9]
a7

hup equipment

lipment and facilities used within a hub (3.3.15) to transferfreight (3.3.3) or passengers
URCE: ISO 14083:2023, 3.1.10]
.18

hub operation

bration in order to transfer freight (3.3.3) drpassengers through a hub (3.3.15)
URCE: ISO 14083:2023, 3.1.11]
19

hup operation category

H(

C

group of hub operations (3.3(18) that share similar characteristics

No
[Sq
3.3
en

[S(

Fe 1 to entry: ISO 14083:2023, Annex H contains examples of HOCs.
URCE: ISO 14083:2023, 3.1.12]
.20

hup operator

ity thatearries out hub operations (3.3.18) involving carriage of freight (3.3.3) or passenge
URGE: I1SO 14083:2023, 3.1.13]

3.3.21
hub service
service provided within a hub transport chain element

[SOURCE: ISO 14083:2023, 3.1.14]

3.3.22
load
quantity or nature of is the freight being carried by a vehicle (3.3.10)

© IS0 2023 - All rights reserved
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3.3.23

load factor
ratio of the actual load (3.3.22) and the maximum authorized load of one means of transport (3.3.5)

Note 1 to entry: Different dimensions are used for the measurement of the capacity, such as mass and volume.

[SOURCE:
3.3.24

ISO 14083:2023, 3.1.15]

packaging

materials

used for the containment, protection, handling, delivery and presentation of freight (3.3.3

Note1toe

— prima

ntry: Packaging may be further categorized into:

'y packaging, which is designed to come into direct contact with the product;

— seconglary packaging, which is designed to contain one or more products together with ‘any prim

packa
— transy
[SOURCE:

3.3.25
pipeline
long conti

[SOURCE:

3.3.26
pipeline {
movemen

to another

[SOURCE:
3.3.27

round trip

group of s
[SOURCE:

3.3.28

shipment
identifiab
the origin|

Noteltoe

Note 2 to

bing required;
ort packaging

ISO 14083:2023, 3.4.2]

nuous line of pipes, including ancillary equipment, used fortransporting freight (3.3.3).

ISO 14083:2023, 3.1.17]

ransport
F of a medium (liquid, gas, liquefied gas, slutbvy) through a system of pipes from one locat

ISO 14083:2023, 3.1.18]

equential journeys that startand end in the same place, whatever the intermediate routing

ISO 14083:2023, 3.1.19]

e collection‘ef-one or more freight (3.3.3) items (available to be) transported together fr
Al shipper-to the ultimate consignee

htry; A&sshipment may be transported in one or a multiple number of consignments

britry: A shipment can be aggregated or disaggregated to different consignments according to

b1y

on

p

the

requirements of the means of transport on any one element of the transport chain, e.g. single bulk units and
packages can be aggregated on a pallet and such pallet can be handed over as a unit for aggregation in a container,
which in turn is treated as a consignment in a vehicle (3.3.10)

Note 3 to entry: Although “consignment” and “shipment” are common terms often considered as synonyms, in
this document and other technical publications, a consignment is differentiated to a shipment. Indeed, a shipment
refers to a grouping of freight (3.3.3) corresponding to the shipper needs, whereas a consignment refers a

grouping o

[SOURCE:

10

f freight (3.3.3) according to a carrier or freight (3.3.3) forwarder’s transport solutions.

ISO 14083:2023, 3.1.20]
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3.3.29

throughput

quantity of passengers or freight (3.3.3) handled, sorted, cross-docked or transferred within and
between modes at a hub (3.3.15)

[SOURCE: ISO 14083:2023, 3.1.21]

3.3.30
transhipment
action by which freight (3.3.3) is transferred from one means of transport (3.3.5) to another during the

courseof gne transportchain
r

[SOURCE: ISO 14083:2023, 3.1.22]

3.3.31
shprtest feasible distance

S

DEI};RECATED: planned distance
DHPRECATED: network distance
trgnsport distance determined as the distance achievable by the shontest practical routq available
ac¢ording to the infrastructure options for a particular vehicle (3.3.10) type

Nofe 1 to entry: “Shortest practical route” implies that small detours from the shortest distance, e|g. to avoid
congested city centres or rural roads unsuitable for certain vehicleA353.10) sizes, can be included.

[SOURCE: ISO 14083:2023, 3.1.27.3]

3.3.32
transport activity
parameter that quantifies passenger or freight (3:8.3) transport

[SOURCE: 1SO 14083:2023, 3.1.24]

3.3.33

transport activity distance
trgnsport distance related to passengers or freight (3.3.3) moved, used as a parameter for cal¢ulation of
trdnsport activity (3.3.32)

[SOURCE: 1SO 14083:2023(3;1.27.4]

3.3.34

transport chain

sequence of elentents related to freight (3.3.3) or a (group of) passenger(s) that, when taken together,
cotstitutes its movement from an origin to a destination

Nofe 1 to entr'y: A passenger or a group of passengers can include their luggage and, if any, their vehicles

Note-2 to entry: Where there are two or more elements, in the majority of cases, one of them implies that the
frelght(3.3.3) or passengers use a hub (3.3.15)

[SOURCE: ISO 14083:2023, 3.1.25]

3.3.35

transport chain element

TCE

section of a transport chain within which the freight (3.3.3) or a (group of) passenger(s) is carried by a
single vehicle (3.3.10) or transits through a single hub (3.3.15)

EXAMPLE If amultimodal trip of a passenger includes taking a bus from stop “L4” to stop “L7” of bus line “L",
then one TCE is the trip of the passenger from “L4” to “L7".

[SOURCE: ISO 14083:2023, 3.1.26]
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3.3.36

transport distance

distance between the origin and the destination of a passenger, a consignment or a vehicle (3.3.10) along
a specified route

Note 1 to entry: For the use of this document, the route followed by the passenger, the freight (3.3.3) or the vehicle
(3.3.10) may be different from that originally planned. This leads to two categories of transport distances: actual
distances, and distances used for calculation of greenhouse gas emissions (3.1.12), i.e. transport activity distances
(3.3.33)

[SOURCE: ISO 14083:2023, 3.1.27]

3.3.37
actual distance
transport|distance along the actual route taken by a vehicle (3.3.10)

EXAMPLE Distance measured by an on-board device (odometer).
[SOURCE:|ISO 14083:2023, 3.1.27.1]

3.3.38
transporf operation
operation|of a vehicle (3.3.10) in order to transport passengers and/or freight (3.3.3)

EXAMPLE If a multimodal trip of a passenger includes taking a bus fremmstop “L4” to stop “L7” of bus line ['L",
this requirgs a transport operation being the operation of this bus on ling “L’, from the first stop “L1” to the Jast
stop of thid bus line.

Note 1 to eptry: It includes cases where the destination is the sam@as the origin passing through other locatipns
on the way

[SOURCE:|ISO 14083:2023, 3.1.28]

3.3.39
transport operation category
TOC
group of transport operations (3.3.38) that'share similar characteristics

Note 1 to gntry: ISO 14083:2023, AnneXes A-G contain recommendations for the characteristics used to spegify
the TOCs fgr each transport mode.

[SOURCE:|ISO 14083:2023, 34-29]

3.3.40
transporf operator
entity thaf carries,out transport operations (3.3.38) involving carriage of freight (3.3.3) or passengers,
or both

[SOURCE:|ISO 14083:2023, 3.1.30]

3.341

transport packaging

tertiary packaging

distribution packaging

protective packaging

packaging (3.3.24) designed to contain one or more articles or packages, or bulk material, for the
purposes of transport, handling and/or distribution

Note 1 to entry: Transport packaging does not include road, rail, ship and air containers.

[SOURCE: ISO 14083:2023, 3.4.4]
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3.3.42
transport service
service provided to a user for the transport of freight (3.3.3) from an origin to a destination

[SOURCE: ISO 14083:2023, 3.1.31]

3.3.43
twenty-foot equivalent unit

TE

U

:2023(E)

standard unit used to express a number of containers of various lengths and for describing the

ca

acities of container shins or terminals
r

[S(

3.3
ve
de

[S(

3.4

3.4.

cu
Sp
ga
a(

No

[S(

3.4.

ev
eld

lifg

URCE: [SO 14083:2023, 3.1.34]

44
hicle operation
bloyment of a vehicle (3.3.10) to fully or partially provide a transport operation)(3.3.38)

URCE: ISO 14083:2023, 3.1.36]

. Life Cycle Assessment

1

-off criteria
ecification of the amount of material or energy flow (3.2.97) or the level of significance of g
b emissions (3.1.12) associated with unit processes or_the product system (3.2.3) to be excl
FP study

Fe 1 to entry: “Energy flow” is defined in ISO 140402606, 3.13.
URCE: ISO 14067:2018, 3.1.4.1]

2

hluation

ment within the life cycle interpretation phase intended to establish confidence in the res|
cycle assessment (3.4.5)

No

validation that may be required according to the goal and scope definition of the study
[SOURCE: I1SO 14040:2006]

3.4.3
fugitive emissions

en;
(3

No

fe 1 to entry: Evaluation jiriclides completeness check, sensitivity check, consistency check, and

issions.that are not physically controlled but result from the intentional or unintention
1.11) of GHGs (3.1.9)

reenhouse
ded from

ults of the

any other

hl releases

f fuels and

Fe’1+t0 entry: They commonly arise from the production, processing transmission storage and use

otl

1 : 1 £ 1 R 1 1 1
CIUIITIITICALS, UTLCIT LIITOUGIL JOUIIILS, STAIS, PAUKIILE, §d5KTLS, ©LC.

[SOURCE: 2004 GHG protocol, Chapter 4.6]

3.4.4

life cycle
consecutive and interlinked stages related to a product, from raw material acquisition or generation
from natural resources to end-of-life treatment

Note 1 to entry: “Raw material” is defined in ISO 14040:2006, 3.15.

Note 2 to entry: Stages of a life cycle related to a product include raw material acquisition, production,

dis

tribution, use and end-of-life treatment.

© IS0 2023 - All rights reserved
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[SOURCE:

3.4.5
life cycle
LCA

ISO 14067:2018, 3.1.4.2]

assessment

compilation and evaluation of the inputs, outputs and the potential environmental impacts of a product
system (3.2.3) throughout its life cycle (3.4.4)

Noteltoe
[SOURCE:

3.4.6

life cycle
LCI
phase of |
outputs (3

[SOURCE:

3.4.7
location-I
uses the a
occurs.

[SOURCE:
3.4.8

market-based method

uses the
product

Noteltoe

through contractual arrangements between the purehaser and the provider.

[SOURCE:

3.49
leakage
loss of ap

3.4.10

process emissions
emissions|generated ffont manufacturing processes, such as the CO, that arises from the breakdowr
calcium carbonate{(aC0O5) during cement manufacture

Note1toe
[SOURCE:

3.4.11
releases

ntry: “Environmental impact” is defined in ISO 14001:2015, 3.2.4.
ISO 14067:2018, 3.1.4.3]

inventory analysis

fe cycle assessment (3.4.5) involving the compilation and quantification of inputs (3.2.8) 3
.2.10) for a product throughout its life cycle (3.4.4)

1SO 14044:2006, 3.3]

pased method
verage emissions intensity of the electricity grid in the location(in which energy consumpt

ISO 14064-1:2018, Annex E]

bmissions intensity from choices a consumety makes regarding its electricity supplier

htry: These choices (purchasing energy certificates or differentiated electricity product) are reflec

ISO 14064-1:2018, Annex E]

Foduct or service thatxresults in changes in GHG emissions (3.1.12)

htry: Net to be confused with combustion emissions.

nd

on

or

ted

of

[SO'14064-1:2018, Annex B]

emissions to air and discharges to water and soil

[SOURCE:
3.4.12

ISO 14040:2006, 3.30]

sensitivity analysis
systematic procedures for estimating the effects of the choices made regarding methods and data on
the outcome of a CFP study (3.1.5)

[SOURCE:

14

ISO 14067:2018, 3.1.4.7]
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3.4.13

sensitivity check
process to determine whether the information obtained from a sensitivity analysis is relevant for
reaching the conclusions and for giving recommendations

[SOURCE: ISO 14040:2006/AMD1:2020, 3.43]

3.4.14
transparency
open, comprehensive and understandable presentation of information

[S(

3.4.
unjcertainty analysis

Y9
an

No
[Sq

3.4
w4
sul

No
of
wal

[S(

3.1

3.53.

or

pe
to

No
enf
or

[S(

URCE: ISO 14040:2006, 3.7]
15

tematic procedure to quantify the uncertainty introduced in the results ofia\life cycle
hlysis (3.4.6) due to the cumulative effects of model imprecision, input uncertainty and data

Fe 1 to entry: Either ranges or probability distributions are used to determinedingertainty in the re
URCE: ISO 14040:2006, 3.33]

.16
ste
pstances or objects that the holder intends or is requiredto.dispose of

fe 1 to entry: This definition is taken from the Basel Conyention on the Control of Transboundary |
Hazardous Wastes and Their Disposal (22 March 1989), but is not confined in this document to
Ste.

URCE: ISO 14040:2006, 3.35]

b Organizations

1

banization

son or group of people thathasits own functions with responsibilities, authorities and rel
hchieve its objectives

Fe 1 to entry: The conceptyof organization includes, but is not limited to, sole-trader, company, corpor
erprise, authority, partnership, charity or institution, or part or combination thereof, whether in
hot, public or private:

URCE: ISO_14601:2015, Clause 4]

3.6

3.

Data‘and Data Quality
|

inventory
Fariability

sults.

Movements
hazardous

htionships

Ation, firm,
corporated

data quality
characteristics of data that relate to their ability to satisfy stated requirements

[SOURCE: ISO 14040:2006]

3.6.2

do
tw

©lI

uble counting
0 or more reporting entities take ownership of the same emissions or reductions

SO 2023 - All rights reserved
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3.6.3

primary data
quantified value of a process or an activity obtained from a direct measurement or a calculation based
on direct measurements

Note 1 to entry: Primary data need not necessarily originate from the product system under study because
primary data might relate to a different but comparable product system to that being studied.

Note 2 to entry: Primary data can include greenhouse gas emission factors and/or greenhouse gas activity data

(defined in
[SOURCE:

3.6.4
secondarj
data whic

Note 1 to
factors fro

authoritieq.

Note 2to e
[SOURCE:

3.6.5
site-spec
primary d

1SO 14064-1:2006, 2.11).

ISO 14067:2018, 3.1.6.1]

y data
h do not fulfil the requirements for primary data

entry: Secondary data can include data from databases and published literature, default emiss

n national inventories, calculated data, estimates or other representative data,vatidated by compet

htry: Secondary data can include data obtained from proxy processes ox €stimates.

ISO 14067:2018, 3.1.6.3]

fic data
ata obtained within the product system (3.2.3)

Note 1 to ¢ntry: All site-specific data are primary data but notall primary data are site-specific data beca
they may ble obtained from a different product system (3.2.3).

Note 2 to

entry: Site-specific data include greenhouse*gas (GHG) emissions from GHG sources as well

permanenf GHG removals by GHG sinks for one specific-unit process within a site.

[SOURCE:
3.6.6

ISO 14067:2018, 3.1.6.2]

uncertainty

paramete

that could be reasonably attributed to the quantified amount

Noteltoe

htry: Uncertaintyahinclude, for example:

— paran]eter uncertainty,’e.g. greenhouse gas emission (3.1.12) factors, activity data;

— scenatio uncerfainty, e.g. use stage scenario, end-of-life stage scenario;

ion
ent

l1se

as

" associated with the result of quantification that characterizes the dispersion of the valjies

of

— modelluneertainty.

NOte 2 tO vlltly. Ullbcl taiut_y illlcUl lllatiUll t_yyipa}}_y DlJCLifiCD \,luautitat;vc catiuxatco Ulc thc }i}\c}y dileCl DiUl
values and a qualitative description of the likely causes of the dispersion.

[SOURCE: ISO 14067:2018, 3.1.6.4]
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ATR Auto thermal reforming

BT Benzyltoluene

CCS CO, capture and storage
CCU CO, capture and utilisation
CFR Carbonfeetprintofaproduet
CHP Combined heat and power
COLe Carbon dioxide equivalent
DAF Distance adjustment factor
DBT Di benzyl toluene

GC Great circle distance

GHG Greenhouse gas

GO Guaranties of origin

GWP Global warming potential
HHO Heavy fuel oil

HHV High heating value

HQC Hub operation‘*category

LCA Life cycle'assessment

LCIA Life eycle impact assessment
LC| Life cycle inventory analysis
LHV Low heating value

LNG Liquefied natural gas

LO|HC Liquid organic hydrogen carriers
LPG Liquefied petroleum gas
M{H Methyl cyclo hexane

MDEA Mono-diethanol amine

MDO Marine diesel oil

MEA Mono-ethanol amine

NG Natural gas

PBT Perhydro-benzyltoluene
PDBT Perhydro-DBT

© IS0 2023 - All rights reserved
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PSA Pressure swing adsorption
SFD Shortest feasible distance
SMR Steam methane reformer

TC Transport chain

TCE Transport chain element

TEU "r‘umnfy_anf nqniwa]nnf unit
TOC Transport operation category

4 Evaluation Methods
4.1 Evaluation Basis

4.1.1 General Principles

The prop¢sed emissions accounting methodology aims at being applied_for all hydrogen productipn,
conditioning, conversion and transport pathways, in accordance withJJSO 14040, ISO 14044, ISO 14067,
ISO 14083, and using guidelines from the GHG protocols and ILCD) Handbook which are based on the
same ISO ptandards.

Therefore, referring to ISO 14067, the following criteria shallde applied for the goal and scope definitjon
phase:

a) the ptoduct category definition and description pftthe investigated pathways are identical;
b) the déclared unit is identical;

c) the system boundary is equivalent;

d) the dé¢scription of data is equivalent;

e) the cijiteria for inclusion of inputs and outputs are equivalent;

f) the Mdata quality requirements (e.g. transparency, coverage, precision, completengss,
reprefentativeness, consistency and reproducibility) are the same;

g) assumptions especially for the delivery stage are the same;
h) specific GHG emissions and captures are treated identically;

i) the unitsqdescribed in Annexes) are identical.

The followingeriteriashattbeappliedforthe tifeeyclte-inventeryand LctAphase:
j) the methods of data collection and data quality requirements are equivalent;
k) the calculation procedures are identical;

1) the allocation of the flows is equivalent;

m) the applied GWPs are identical.

The calculation method for the CFP of hydrogen can differ depending upon the intended use of the result
of the evaluation. The present document describes two main situations according to ISO 14040:2006,
Annex A.2.
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4.1.2 Attributional approach

In
hy
is

this situation, the goal is to define the emissions to be attributed to the production and supply of
drogen without considering emissions or benefits out of the analysed system. The GHG inventory
established strictly within the border of the H, supply chain from well to the delivery point. The

accounting of emission is performed for each process along the value chain. Such a case also refers to

sit

uation C2 described in the ILCD handbook.

4.1.3 Consequential approach

In

s sttoation, the goat 1S to evaluate the fmpact of Mydroger production taking o accountjiemissions

wHich are potentially out of the perimeter of the H, supply chain and which happen as a cons¢quence of

all

stages of the hydrogen production life cycle.

Thjis would be the case when consequences of the hydrogen production, occurring6utiof the groduction

bo
bo
ev
sit

Re

4.2 Productreporting
4.2.1 Product System Boundary

4.2.1.1 General Principles

indary, are included in the LCA or when the goal of the LCA is to determine avoided emjissions on
indaries which exceeds the perimeter of the hydrogen supply chain or whereavoided emissions are
hluated including lifecycle stages out of the scope from well to deliveryZSuch a case alsg refers to
1ation C1 described in the ILCD handbook.

quirement applying to the choice of consequences to be considered;

The activities to be considered and the corresponding lifeCycle stages for these activiti¢s shall be
clearly stated in the goal and scope of the LCA.

The baseline/reference scenario according to which.the consequence is evaluated shall|be clearly
stated in the goal and scope of the LCA.

”

Analysis methods described ih, the current document cover a “well-to-consumption gatg” system

bo

indignificant per 4.2.2.

indary (see Figure 3), imcluding direct and indirect emissions and excluding emissions deemed

Indirect emissions cofisidered include associated impacts from the upstream activities of ray material
acquisition phase, faw material transport phase, etc. GHG contributions are defined in terms|of carbon

diqxide equivalent {CO,e).

©lI

H, carrier

LA ([ ST
w - . — = | ————

4 > W\ Ll O = y—=%
== (o ®. ﬁ & (:
r \ &/ )+ ,. g e
o = H,
Feedstock H; production transportation
transportation
Feedstock/material P to end users

H, conditioning
recovery

Figure 3 — Schematic of “well-to-consumption gate” system boundary adopted for this
document
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The emissions from the construction, manufacturing, and decommissioning of the capital goods
(including hydrogen production device, etc.), business travel, employee commuting and upstream
leased assets are not considered in the well-to-consumption gate system boundary. The rationale
for this simplification was motivated by the comparatively small contribution that these emissions
add to emissions associated with both fossil and renewable pathwaysl2l, and the fact that they are
expected to decrease rapidly in the futurel3-2], due to effects of technological progress, and concurrent
decarbonisation of upstream energy and material production, such as aluminium, clinker, copper or
steel.

However, in some cases these emissions can be significant. Therefore, the quantification of these capital
gOOdS emjssiors; atsokmowmras—“EAPEX Clllibbiullb”, shattbe pr ovidedfor-information scpar atc}_y using
relevant yalues taken from literature or evaluated by calculations following relevant ISO docuiments
(e.g., ISO 14044).

The “well{to-consumption gate” system boundary is divided in three sections consideringthe hydrogen
i) productiion, ii) conditioning/conversion and iii) transport, as described in Figure 4.

Production section Conditioning section

Extraction of # H, production I ‘ Conditioning of H, or conversion to ]

feedstock| and process H, carriers (LH,, NH3, LOHCs) Consumption
. ] |
delivery ’ ‘1 o= ,‘ Transportsection ga{ute out of
Transport of H, te.isage gate ! Scope

Energy produced Purchased ﬂ |

onsite energy | - l(jhan~ging- H, transport ‘Delivering} V»CHZ 0

1/

V.
possible
delivery Energy for tragsfers, storage and transport

gates

&J

Figure 4 — “Well-to-consumption gate” system boundary divided in three sections (producti¢n,
conditioning/conversion and transport)

The funct]onal unit for life cycle analysis af hydrogen production is established as 1 kg of hydrogen 4t a
pressure and a purity that corresponds to.the inlet requirements of the subsequent stage. For hydrogen
purity lower than 99 mol%, refer to. Annex K1, reflecting the impact on GHG emissions at usage (e.g. if
balance is|1 % CO,, this leads to ap additional emission of 0,22 kgCO,e/kgH,).

In the context of life cycle analyses that include multiple consecutive stages depicted in Figure 4, the
functional unit for analysis‘of‘each stage is recommended to be 1 kg of hydrogen or 1 kg of hydrogen
carrier with properties that correspond to the requirements for delivery to the subsequent stage. For
example, |f a life cyclé/analysis covers hydrogen conversion into a carrier and cracking followed|by
hydrogen [transport,afialysis of the cracking stage should use a functional unit with pressure and purity
requireménts thateorrespond to the inlet requirements for the transport stage. As the downstream
boundary| limit;>the delivery gate is considered as the delivery storage point for the functional ynit
before thg pext delivery or consumption gate.

The reporting metric recommended for life cycle analysis is kgCO,e/kgH, for hydrogen at any
delivery gate, and kgH, carriers for a hydrogen carrier at any delivery gate, with the exception of the
consumption gate, where the carrier will be converted back to hydrogen.

4.2.1.2 Hydrogen production, conversion and conditioning

There are many process routes for hydrogen production, and different processes and methods are
being proposed and implemented. This document gives the evaluation principles, system boundaries
and expected reported metrics for seven main routes. Annexes A to G present the system
boundaries of typical hydrogen production methods in hydrogen production from electrolysis of water,
hydrogen

1) Annexes A to K can be accessed via https://standards.iso.org/iso/ts/19870/ed-1/en
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production from steam reforming of natural gas with CCS, hydrogen as a co-product in industrial
applications, hydrogen production from coal gasification with CCS, hydrogen production from biomass,
and hydrogen production from auto-thermal reforming of natural gas with CCS. Hydrogen conditioning
and conversion

Emissions associated with hydrogen infrastructure past the hydrogen production gate (e.g. liquefaction,
hydrogenation in a carrier) are also considered. The upstream boundary limit for the conditioning
section is the downstream boundary limit for the previous production pathways. The downstream
boundary limit is in this case the point of conditioning/conversion. Annexes H to ] present the system
boundaries of typical hydrogen conditioning/conversion methods: Annex H - conversion in ammonia
preductiomramnd-—cracking,Amrext—=—condittoning-imhydrogemrtiquefactiomrand-AmmrexJ——conyersion in
hyflro- and dehydrogenation of liquid organic hydrogen carriers.

4.2.1.3 Hydrogen transport

M4gny process routes can be used for hydrogen transport and different procésses and mdthods are
belng proposed and implemented.

Figure 5 provides an illustrative example of a freight transport chain from the point whgre freight
legves its last point of production or transformation (Figure 5 Key A,freight consignor) to| the point
where freight reaches its first non-transport related operation (Figures Key B, freight consignee).

Thiis transport chain consists of five transport chain elements{{TCEs), the GHG emissions of which are
calculated separately. The first and last TCEs (TCE 1, TCE 5)\cepresent road services (Figurg 5 Key C)
coyering pre- and on-carriage; TCE 2 to TCE 4 represent.a‘maritime freight service (Figur¢ 5 Key D)
composed of road/port terminal operations (TCE 2, T€E4) and main carriage by maritime|transport
(TCE 3).

TCE 1 TCE 2 TCE 3 TCE 4 TCE 5
Key
A | freight consignor
B | freight consignee
C | road services
D | shipping service

Figure5 > Illustrative example of a multi-element freight transport chain [modified from
1SO 14083:2023]

Thequantificatiomrof GHGemisstorsshattncludeatt-transportoperations{eg—fuetcomsumption for
propulsion and on-board activities) by the following modes and means, as well as the hub operations
that precede and/or intermediate storages, follow or link them together:

— inland waterway transport;

— pipeline transport;

— rail transport;

— road transport;

— seatransport.
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Transport of freight by forklift, pallet truck, etc. shall be part of hub operations. Only freight transports
are considered including transport of different goods (hydrogen + X) in the same transport service.
Concurrent transport of freight and passengers is not considered. Air transport is not considered in
this document.

ISO 14083:2023, Annexes A to H include further specifications that shall be followed for transport
modes (inland waterway, pipeline, rail, road, sea) and hubs, respectively. Reference values for GHG
emission factors are presented in ISO 14083:2023, Annex K together with guidance on their production
in ISO 14083:2023, Annex J.

4.2.2 Sé¢lected Cut-Off Criteria

In general, efforts shall be taken to include all processes and flows that are attributable to the-analysed
system. Cpmpleteness based on environmental significance should be tested by including and excludjng
processes|in the system boundary to determine if results change?).

If individyal material or energy flows are found to be insignificant for a particular unit process, these
may be excluded and shall be reported as data exclusions considering that if the detual data is known,
then it shguld be included and not considered for exclusion. The cut-off criteria.ised to exclude certpin
processes| of minor importance shall be clearly and consistently defined within the goal and scape
definition|phase.

Cut-off criteria for exclusion from analysis include:
a) uncerftainty of the measurement equipment;

b) if regular and/or on-line measurements are unavailable,\lise proxy data derived from the open
literafure and applicable to the H, production location;

The final|sensitivity analysis of the inputs and outputs data shall include the mass, energy gnd
environmental significance criteria (expressed in.CO,e/kgH, and in CO,e/kg of H, carriers when
mentionirg at each intermediate stage) and all inputs not considered in the study shall be reported.

4.2.3 Evaluation Elements

4.2.3.1 [General Principles

The life cycle assessment of GHG emissions of produced hydrogen selects the impact of climate change
as the evaluation element. The'characteristic factors are shown in the following Table 1.

Table 1 < Types of environmental impacts and characteristic factors

Environmental impacttype Characterization model Unit
Climate cHange Global warming potential (GWP100) (kgCO,e

The main| greénhouse gases considered in this study are carbon dioxide (CO,), methane (CH,) gnd

3 PR | LA O T +1] ralh & Val - 1 1DCC (ADRC YAIC1.9N01 7D A pa Q ANA] 1 d
nitrous oxtae U e oter orrosmeftonea oy 1T CC (7o VWO L ZU TS, rappenarx-or=riay e tse

for reporting on the capital goods emissions.

2) Completeness based on environmental significance is defined by
ISO 14044 to be based on three criteria: mass, energy and environmental significance.

Application of cut-off criteria to a given transport chain can rely on the following three possible quantifications:

a) Transport activity: inclusion in the study of all inputs that cumulatively contribute more
than a defined percentage of the transport activity within the transport chain;

b) Energy: inclusion in the study of all inputs that cumulatively contribute more
than a defined percentage of the transport activity within the transport chain;

c¢) Environmental significance: inclusion of all GHG sources that cumulatively contribute
more than a defined percentage of the GHG emissions of the transport chain.

NOTE This percentage can be specified by national regulations.
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The global warming potential (GWP) of the various greenhouse gases is expressed in CO,e. GWP for
other time horizons and GTP, as given by the Intergovernmental Panel on Climate Change (IPCC)., may

be

used in addition to GWP 100, but should be reported separately.

Table 2 — shows the GWP for a period of 100 years according to the Fourth Assessment Reports of the
IPCC.IZ] [PCC has released updated values in AR6 WG1[8] documents but AR5 WG1 [6] values are still the
values recognised by the United Nations.

Table 2 — Global warming potential (GWP) of various GHGs [IPCC 2013]

Fo

ARS5€67e+{578)
co, 1
CH, 28
N,0 265

lowing these coefficients, the GHG emissions quantity kgCO,e is:

[CO,e]=[CO,|+28x[CH,]|+265x [N,0] @8]
Following the product system boundaries, the energy requirements and GHG emissions| resulting
frdm the construction and decommissioning of manufacturing plants are only considered |to inform
separately on the capital goods emissions. Furthermore, energy. requirements and emissiong resulting
frdm the manufacturing and decommissioning of installatighs/or applications (e.g. vehicles) gonsuming
the hydrogen are not considered.
4.2.3.2 Hydrogen production, conditioning and-cenversion
GHG impact of electricity used for H, producgion shall be restricted to direct emissions apd partial
indirect emissions assumptions (not including emissions associated with manufacturing|of power
geheration facilities). It shall include extraction and transport of primary energy, transformation,
power generation and losses in electricity grids. As a result of this assumption, the GHG |impact of
elgctricity generation from wind, solaxphotovoltaic, hydropower and geothermal will be assymed to be
zero. However, as mentioned in 4.2 capital goods emission shall be reported for informatiop.
4.2.3.3 Hydrogen transport
Th assessment of GHG(emissions of a transport service shall include the following, which praduce GHG
by|combustion or by\leakage, regardless which organization operates them:

a) | processes implemented by:

1) extésnal handling or transhipment devices for the movement or transhipments of freight.;

2), ‘b equipment operational processes;

3Y vehicle energy pravision processes;

4) hub equipment energy provision processes;

5) start-up and idling of vehicles, pipelines, transhipment and (de)boarding equipment;

6) cleaning/flushing operations for pipelines.

b) both vehicle operational processes and energy operational processes that occur during the

operational phase of the lifecycle.

1) the vehicle operational processes shall include operation of all on-board vehicle systems

including propulsion and ancillary services;
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2) loaded and empty trips made by vehicle, hence including diversionary and/or out-of-route
distance

3) through the use of recommended or best available (e.g. national) GHG emission factors, the
energy operational processes shall include:

4) for solid, liquid and gaseous energy carriers: extraction or cultivation of primary energy,
chemical processing, transport and distribution (including pipeline) of energy at all steps of
the production of the energy carrier used;

5) for_electricity: extraction, processing and transport of primary energy, transformation,
ppwer generation, losses in electricity grids associated with transmission and distributier] of
electricity;

c) combpstion and/or leakage of energy carriers at vehicle or hub equipment level;
d) leakage of GHG used by vehicles or hubs.

Where bept available GHG emission factors do not include production and dismantling of energy soufce
infrastrudture this shall be noted in the reporting, in accordance with the cut-off criteria guidancq in
4.2.2.

The assespment of GHG emissions of a transport service shall not includegin particular:

— procefsses consisting of short-term assistance to the vehicle for security or movement reasons, wlith
other|devices like tugboats for towing vessels in harbors, etc,;

— processes at the administrative (overhead) level of the organizations involved in the transpprt
servi¢es. These processes can be operation of buildings, staff commuting and business trips,
compfiter systems, etc.;

— procepses for the construction (e.g. embedded GHG emissions associated with vehicle productiqn),
mainyenance, and scrapping of vehicles or trafisshipment and (de)boarding equipment;

— processes of construction, service, mainténance, and dismantling of transport infrastructures uged
by vehicles (e.g. roads, inland waterways, rail infrastructure) or transshipment and (de)boardjng
infradtructure;

— non-gperational energy processes, like the production or construction of extraction equipmenit's,
of trgnsport and distribution’systems, of refinery systems, of enrichment systems, of power

prodyction plants, etc. sg-as-their reuse, recycle and scrap;
— prodyction and supplyprocesses of refrigerants;
— wastq produced;

— businpsses.co-located within a hub such as retail and hospitality services, whose functions are
severpblé.and incidental to the transport operation of the hub.

The following processes may be included in the calculation:
— storage of freight at hubs, such as warehousing;

— use of information and communications technology (ICT) equipment and data servers related to
transport and/or hub operations (see ISO 14083:2023, Annex N);

— (re)packing (see ISO 14083:2023, Annex 0).

Outcomes from carbon offsetting actions or GHG emissions trading (e.g. under the European Union
Emissions Trading System (EU ETS)) shall not be taken into account for quantification and reporting of
GHG emissions from transport operations.
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4.2.4 Evaluation cycle

The hydrogen considered should be evaluated for hydrogen produced in an industrial plant as the
object.

The evaluation cycle for data is the considered time period of hydrogen production for which the
quantified figure for the GHG emissions are representative. The time period for which the GHG
emissions are representative shall be specified and justified.

The timing of GHG emissions and captures relative to the year of production of the product shall be
specified in the life cycle inventory. The effect of timing of the GHG emissions and captures from the
pr(l;duct system (as CO,e), if calculated, shall be documented separately in the CFP studyxg¢port. The
mdgthod used to calculate the effect of timing shall be stated and justified in the CFP study report. The
choice of the time period for data collection should consider intra- and inter-annudl|yariapility and,
wHen possible, use values representing the trend over the selected period. Where'thé GHG [emissions
anfl captures associated with specific unit processes within the life cycle of a pfoduct vary pver time,

data shall be collected over a time period appropriate to establish the average GHG emigsions and
captures associated with the life cycle of the product.

4.3 Quantification of greenhouse gas emissions

4.3.1 Process description and data quality

The process, methods and requirements of hydrogen/life cycle impact assessment| refer to
ISQ 14067:2018, Clause 5.

A description of the following items is given for each.§tage of the life cycle of a hydrogen pathvay.

As|a minimum, a) to m) should be providedifor each of the hydrogen production, conditioning,
conversion, transport and distribution lifecyclestages:

a) | hydrogen process overview and desctiption: production, conditioning and transport;
b) | emissions accounting method;

c) | emissions inventory;

d)| energy supply;

e) | upstream emissignsrelating to the upstream extraction of resources;

f) | emissions allocation;

g) | results ofisensitivity analyses and uncertainty analysis;

h) | resultsof the life cycle interpretation, including conclusions and limitations;

i) | disclosure and justification of value choices that have been made in the context of decisi¢ns within
the study;

j) description of the stages of the life cycle, including a description of the selected use profiles when
applicable;

k) assessment of influence of alternative use profiles on the final results;
1) time period for which the partial carbon footprint is representative;
m) reference used in the study.

The methodology should use data that reduces bias and uncertainty by using the highest quality data
available. Data quality shall be characterized by both quantitative and qualitative aspects.
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Characterization should address the following:

— time-related coverage: age of data and the minimum length of time over which data should be
collected;

— geographical coverage: geographical area from which data for unit processes should be collected to
satisfy the goal of the partial carbon footprint study;

— technology coverage: specific technology or technology mix;

— precision: measure of the variability of each data value expressed (e.g. variance);

— completeness: percentage of total flow that is measured or estimated;

— reprefentativeness: qualitative assessment of the degree to which the data set reflects|the true
population of interest (i.e. geographical coverage, time period and technology coverage);

— consi$tency: qualitative assessment of whether or not the study methodology is applied uniformly
to thg various components of the sensitivity analysis;

— reprofducibility: qualitative assessment of the extent to which informatiofi about the methodolqgy
and dpta values would allow an independent practitioner to reproduce the results reported in the
partidl carbon footprint study;

— sourcps of the data;

— uncertainty of the information.
4.3.2 Emissions inventory

4.3.2.1 [General principles

An overview of the GHG emissions accounting niethodology applied to each pathway is summariged
below.

Total GHG emissions will be described following Figure 4 as:
E

total emiissions inventory =

E +E E

emisgions inventory production emissions inventory conditioning * Eemissions inventory transport (2)

Emissiong include all dire¢t and indirect emissions arising in the “well-to-consumption gate” boundgry
as defined in 4.2.1.

Formula 3 shows:the breakdown of the emissions inventory into its components (emissions categori¢s).
Individua] codntries may use their own emissions inventory that aligns with IPCC guidelines.

o o o
E emissions inventory — & combustion emissions T L fugitive emissions T “industrial process emissions

+E

+E (3)

energy supply emissions embodied emissions

In the case of carbon capture:

— if the captured CO, is stored, it shall be considered as Waste and the emissions related to capture
and storage shall be considered within the inventory of emissions assigned to the production of
hydrogen;

— if the captured CO, is used, the emissions resulting from its usage shall be assigned to the life cycle
stage in which the GHG emissions occur (see ISO 14067:2018, 6.1).
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Such emissions shall be accounted for as follows, depending on the goal of the GHG evaluation:

if the GHG evaluation goal is attributional (see 4.1.2), the GHG emissions resulting from the use

of the captured CO, shall not be taken into account in the inventory of emissions of the
production as they do not occur within the life cycle stage of hydrogen production;

ifthe GHG evaluation goal is consequential (see 4.1.3), the boundaries of the system may be

hydrogen

expanded

to include other lifecycle stages where GHG emissions can be affected as a consequence of hydrogen

production.
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is source refers to the combustion of relevant solid, liquid and/or gaseous fuelsCincly
f limited to) coal, diesel and natural gas. Combustion emissions can be estimated (via a
broaches including use of emission factors and measurement of fuel (volumetrie’or’gravim
ect measurement.

mbustion emissions should be calculated according to Formula 4:
Ecombustion = 2 iEcombustion A

ere E ., pustion 1S the sum of emissions of carbon dioxide, methahe and nitrous oxide (as a

ased from the combustion of fuel type (i) within the medule measured and converte
es. This covers combustion of solid, liquid, and gaseous fueéls calculated using a variety o

.2.3 Fugitive emissions

lis source intends all structural and operational losses due to the technology deployed
nagement respectively. Therefore, leakages’;and accidental losses, as well as other losg
orrect management plant operations, are-considered fugitive emissions.

bitive emissions should be calculatedfaccording to Formula 5:
E fugitive = 2 i E fugitive i

ere Eg gijye is the sum of structural and operational emissions of carbon dioxide, methane a
de (as applicable), released from fugitives of source type (i) within the module measure

tonnes.

As
to

4.3
Re

for most hydrogéen producers, fossil fuels are provided by a third party, fugitive emissions §
ts transmissjoirand distribution are taken into account by upstream emissions.

.2.4 JIndustrial process emissions

fers “to emissions of specific GHG gases used across a number of industry actiy

ding (but
variety of
etric), and

4
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and plant
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d in CO,e
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sulphur

hexafluoride (SF¢) used in electrical switchgear). For the purposes of this methodology, this is expected
to be limited to emissions of CH, and N, 0 except for the reporting on the capital goods emissions.

There are a variety of approaches that may be employed to estimate these emissions. Typically, this
can be via assumed leakage rates, or changes in stock levels of the relevant substances as measured
throughout the relevant production batch period. These items are expected to be extremely minor
sources, and estimation should be sufficient in most cases.
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Industrial process emissions should be calculated according to Formula 6:

where E.

E

indus

mn

trial process emisisons — E ,iEindustrial process emissions, i

dustrial process emissions

industrial process activity (i) within the module measured in CO,e tonnes.

4.3.2.5 Energy supply

(6)

is the sum of emissions of relevant GHG (as applicable), released from

4.3.2.5.1
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E
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4.2.1.

General principles

cation-based emissions accounting approach, energy supply emissions should be cdlgulaf
to Formula 7:

ly supply emissions,location = 2 I-Eenergy supply emissions,i

ergy supply emissions,location 15 the emissions pf carbon dioxide, meth.ane and nitrous oxide
), associated with supply of energy (i) within the module measured.ifi GO,e tonnes (calculaf

irket-based emissions accounting approach, net energy supply emissions should be calcula
to Formula 8:

E

hergy supply emissions,market — Z i Eenergy supply emissionsgi "~ applicable energy

by supply emis- 1S the emissions of carbon digxide, methane and nitrous oxide (as applicab

arket
(calculated in line with the market-based electricity approach);

is the emissions asseciated with the supply of energy (in MWh) for which relev

able energy e .
energy certificates have been purchased and retired.

Treatment of electricity
missions associatédwith the use of electricity shall include:

missions arisifigfrom thelife cycle of the electricity supply system, such as upstream emissig
he mining and transport of fuel to the electricity generator or the growing and processing
ss for useyas a fuel). Following the product system boundaries, emissions associated w
| equipmeént manufacturing, construction and decommissioning are excluded in this versi
ver<an indicative value of these emissions shall be provided in line with the requirement
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GHG emissions arising from the supply of the electricity including:

— the supplied electricity counted at the in gate of the hydrogen-production facility;

— the losses from the electricity generation process and from transmission and distribution.

On-site electricity generation

When electricity is internally generated (e.g. on-site generated electricity) and consumed for the
investigated hydrogen production process and no contractual instruments have been sold to a third
party, then the emissions would be any direct emissions resulting from generating that electricity.
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Following the product system boundaries, direct emissions from electricity use may be considered
to be zero when on-site renewable electricity produced from hydro, photovoltaic or wind is used.
However, an indicative value of the capital goods emissions shall be provided as per the requirement
under 4.2.1

b) Electricity from the grid

The electricity GHG emissions should refer to emissions attributed to electricity consumed by the
plant, considering upstream emissions, operational and downstream emissions and all losses in

the electricity-generation facility and transmission and distribution losses.

If the GHG evaluation goal is attributional (see 4.1.2):

The electricity emissions reporting method proposed is consistent with [SO“140¢
Annex E. This approach includes dual reporting requirements consisting of a docation-
market-based method.

The following is adapted from ISO 14064-1:2018, Annex E.

A location-based method reflects the average emissions intensity of grids on which energy co
occurs (using mostly grid-average emission factor data).

A market-based method reflects emissions from electricity that companies have purposefully
their lack of choice). It derives emission factors from contraétual instruments, which includ
of contract between two parties for the sale and purchase,ofenergy bundled with attributes
energy generation, or for unbundled attribute claims.

Markets differ as to what contractual instruments, are commonly available or used by cor
purchase energy or claim specific attributes abauit\it, but they can include energy attribute g
(RECs, GOs, etc.), direct contracts (for both low-carbon, renewable, or fossil fuel generatior
specific emission rates, and other default.émission factors representing the untracked or
energy and emissions (termed the “residual mix”) if a company does not have other c
information.

Provided that market based centractual instrument and default emission factors (res
meet proper quality criteria, the'market-based method should be used in priority to dete
emission factor of electricity~used to produce hydrogen.

An example of quality(criteria for market-based information can be found in the ISO 1404
Annex E.

If the GHG evaluiation goal is consequential (see 4.1.3):

When electricity is purchased on the generic electricity market, the processes to ij
those that are expected to react to a change in demand for electricity. These can be
fromsnational forecasts of electricity generation capacity as those generation activities
capacity increase over time, not determined by political quota or resource constraints. W
thah one such generation activity is identified, a mix shall be applied, in proportion to {

h4-1:2018,
based and

nsumption

chosen (or

e any type
about the

npanies to
ertificates
), supplier
unclaimed
bntractual

dual mix)
rmine the

b4-1:2018,

clude are
identified
that have
'hen more
he rate of

growtiTiTT capacity, taking imto account the tifetime of the instatted capacity:

When electricity is purchased from specific suppliers that expand their capacity in proportion to
the specific demand that under Guarantee of Origin is provided in excess of what they deliver to the
generic market, the emission factors of these suppliers can be used.

4.3.2.5.3 Treatment of steam

The steam involved in different processes can be either as a heat input (e.g. to ensure the required
temperature within different sub processes) or a feedstock (e.g. high temperature electrolysis or gas
reforming) or a co-product (e.g. steam co-produced in SMRs).
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When steam is an input to the hydrogen production facility, the emissions assigned to its production
and supply shall be allocated to the co-products of the Hydrogen production facility as provided for
under the 4.3.2.8 emissions allocations.

When steam is a co-product, the fraction from the GHG emissions inventory to be allocated to steam
shall be determined as provided for under 4.3.2.8 emissions allocations.

4.3.2.5.4 Treatment of natural gas

Depending on the available data, calculation of the emission factor of the used gas (as energy or
feedstockjtk v iffere i

Dd wdy U UcI Sl d DC PC U cU oVy.

a) using|a well-documented emission factor of the gas purchased based on independent, third, party,

b) individual gas suppliers can be given the possibility to prove that their facilities opérate at a loyer

ing an emission factor provided by national authority, or data source which is generally uged
try or area where the well is located, or otherwise globally used LCAydata base. The system
boundary|of the data should match that of the gas purchased. GHG emissions from gas transporf to
consumptfion gate and leakages from extraction gate to consumption gate:shall be accounted for.

4.3.2.5.4.1 Upstream system of a hydrogen-production pathway using natural gas

This covers upstream activities associated with the extraction,processing and delivery of the natujral
gas feedstock. Potential co-products from the gas extraction,and processing steps include natural gas
liquids sufch as ethane, propane, butane and pentane, asswell as oil and condensates. These produgts
often co-gxist with the gas extracted from the reservoitiand are typically separated out from the gas
stream as|they attract a higher value when sold as separate products.

System exjpansion is not feasible for this application as an appropriate alternative method for producijng
these proglucts does not exist. Therefore, since'natural gas is valorised for its energy, allocation will|be
performedl for these co-products based onthe proportion of energy content of the individual products.

If the GH|G evaluation goal is consequential (see 4.1.3), and depending on the boundaries of the
consequences considered for the (LCA, the product system is expanded to include the margipal
consumersy of these co-products, ile.the consumers that will change their consumption when the pricg¢ of
these co-groducts change; in this case, vehicles that can run on both gasoline and natural gas liquids) so
that an in¢rease in availability of natural gas liquids will lead to a reduction in the demand for gasoline.

The net rgmaining emjssions are carried with the gas product stream (as upstream emissions) into the
hydrogen production-pathway considered.

See Figure 6 forsah’example of a process diagram for the upstream system to deliver natural gas [for
hydrogen [production.
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Flgure 6 — Example of process diagram for the upstream system to deliver the naturgl gas for
H, production

4.3.2.6 TreatmentofGHG emissions of one transport service

4.3.2.6.1 General Principles

The treatment of GHG emissions of one transport service described in this subclause summfarizes the
mdin appreaches of [ISO 14083:2023 where detailed information is provided.

4.3.276.2 Calculation of transport activity

The transport activity for freight transport shall be the quantity of freight multiplied by the transport
activity distance in ton.km. The quantity of freight shall be the actual freight mass.

The standard unit for expressing units of mass (e.g. quantities of freight) shall be kg or metric tonnes.

For container transport, the quantity of freight may be the number of twenty-foot equivalent units
(TEUs). Where such a choice is made, the mass of freight should be calculated using the actual mass
of freight per TEU, if known, or otherwise using an average mass per TEU. Any such choice should be
justified and documented. Alternate container types and sizes exist. For example, one standard 40-
foot ISO Series container is equivalent to two TEUs; one ISO Series 45-foot container is equivalent to
2.25 TEUs; one high cube 40-foot container is equivalent to 2.25 TEUs.
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Where the actual mass of freight per TEU is not known, a standard conversion factor of 10 tonnes per
TEU may be used (so 20 tonnes for a 40-foot container). Alternatively, a value of 6 tonnes may be used
for lightweight cargo or 14.5 tonnes for heavyweight cargo if the use of these categories can be justified.

The quantity of freight shall include the mass of the packaging initially provided by the organization
responsible for sending a consignment, and shall not include any additional transport packaging, pallets
or containers used by the transport operator specific to the transport operation in question.

The transport activity distance shall be either the shortest feasible distance (SFD) or the great circle
distance (GCD). In cases where the transport operator does not have access to the SFD or the GCD, the
actual distanceand a di eadj 2 i i e

Lance adiustmentfacto DA as-descripedin 4. 3 6.5.o-should be used

A DAF shalll be used each time the actual distance is used in the calculation of transportactivity. The DAF
is used byl multiplication of the actual distance by a specific DAF value. The DAF serves to in€ease the
transport|activity distance used in the calculation of GHGs to allow for systematic differences betwgen
the actualldistance and the SFD or the GCD. Recommended values of the DAF are provided for differgnt
modes in SO 14083:2023, Annexes A to G. In cases where the actual distance and the transport activjiity
distance dorrespond, the DAF can equal 1.

The standiard unit for expressing distance shall be the kilometre (km).

4.3.2.6.3 | Calculation of hub activity

The hub Jctivity for freight shall be the quantity of freight (outbound). The quantity of freight sHall
include tHe mass of the packaging initially provided by the organization responsible for sending a
consignment, and shall not include any additional transport packaging, pallets or containers used|by
the transport operator specific to the transport operation in-question.

4.3.2.6.4 | Allocation

Allocatior] may be implemented when multiple futictionalities are fulfilled by the same vehicle|or
hub, and 3ll freight carried do not benefit equally:"Wherever possible, allocation should be avoided|by
dividing the process to be allocated into two @r;more sub-processes and collecting the input and output
data relatied to these sub-processes. In circgumstances where it is required, allocation shall partitjon
GHG sourges or GHG emissions between the freights that benefit equally from the same functionaljty.
The implementation of the partitionifigsbetween these groups shall consider the different needs of GHG
sources and the different GHG emissions resulting from these needs.

The transport or hub activity‘of each group may be used for this partitioning, but other criteria gnd
parametefs can be necessary’ Once set, the allocation parameter used within a given TOC or Hub
operation|category (HOG)\shall remain constant.

4.3.2.6.5 | Principles of quantification of GHG emissions related to transport chains (TC),
transport chainseléments (TCE), transport operation categories (TOC) and hub operation
categories (HOC)

4.3.2.6.5.1 General Principles

For the purposes of GHG quantification, the transport chain shall be broken down into the discrete,
sequential TCEs that reflect the related vehicle types, pipelines, hubs or hub services that carry, handle
or transfer the freight as part of the whole transport chain (e.g. Figure 7).

Calculation for one given transport service shall be implemented through the following three main
steps:

— step 1: Identification of the different TCEs of this transport service with the different transport
operations and hub operations;
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step 2: Calculation of GHG emissions of each TCE with the different transport operations and hub
operations;

step 3: Sum of the results for each TCE.
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Figure 7 — Diagrammatijc relationship between operations and TCEs for an example|freight

transport chain (modified from ISO 14083:2023)

he overall

tem in whiclrittakes place. The concept of a TOC or an HOC, as a group of operations shari
hracteristics, in a defined time period (up to one year), is the key reference point for the ¢
the GHG.‘émissions of a TCE. The characteristics of each TOC/HOC shall reflect the

ing similar
alculation
combined

meet the

ch

rellevant contractual agreement.

hracteristics of the transport mode, hub type and the freight/passengers, as required ta

a)

©lI

Transport Operation Categories (TOC)

When defining the characteristics of a TOC, consideration shall be given to factors that affect the
scale and composition of the TOC, for example:

— number and type of vehicles, or length and type (diameter) of pipeline, to be included in the
TOC;

— nature and consistency of the vehicle or pipeline operations included;

— any processes associated with maintaining the condition of the freight (e.g. temperature
control);

S0 2023 - All rights reserved 33


https://standardsiso.com/api/?name=fc697d85343abd96aac384b784cc736b

ISO/TS 19870:2023(E)

b)

34

— nature of the freight carried;

— period of activity of the vehicles or pipelines in the TOC.

ISO 14083:2023, Annexes A to G provide further examples of how such characteristics can be
combined to establish TOCs.

TOCs

can have different levels of granularity, for example:

— TOC of a single vehicle on a single journey or specific schedule;
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cteristics;

C of a specific vehicle type in a single schedule;

C of a specific vehicle type in multiple schedules/trade lanes;
C of a specified fleet in a single schedule;

C of a specified fleet in multiple schedules/trade lanes.

tle TOC can include transport operations with vehicles using différent energy carriers
Ision, e.g. a container line operator uses vessels, some poweréd by MDO and some powet
liefied natural gas (LNG), interchangeably on a given tradelate.

port operations which constitute a TOC should include entire round trips made by

vehic

this i when a vehicle or vessel is chartered to perform@,one-way journey that can be specificg
identified within both the transport operator’s and transport purchaser’s systems. Pipelines
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es in order to balance out GHG emissions within asymmetric transport flows. An exception]

er exception due to the fixed nature of the inffastructure.

OC should include loaded trips (possibly with varying load factor) and all the empty tr
d to them. Hence, the GHG emissions-for a single transport or hub operation cannot
ated without reference to the TOC ©or HOC in which it takes place. Where empty containg
iges or pallets are transported an pehalf of a purchaser of transport services for the purp
pcation in order to move a new load they become a consignment in their own right and G
ions should be assigned to.them accordingly.

ransport operation shallbe associated with an existing TOC.
peration Categories (HOC)

defining the,parameters of an HOC, consideration shall be given to factors that affect
hnd composition and characteristics of the HOC such as:

imberand type of hub operations contributing to the HOC;

ne
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rdreight: e.g. handling of freight, (un-) loading, (de-) boarding, transport on-site;

— nature and consistency of the hub operations included in the HOC (e.g. electrified or non-
electrified);

— inbound and outbound transport mode and relevance of intermodal change;

— any processes essential for maintaining the condition of the freight;

— for freight: e.g. temperature control, repacking;

— nature of the freight handled (e.g. palletized, containerized, piece good).

HOCs

can have different levels of granularity, for example:

— HOC of a single hub;
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— HOC of a specific hub type.

An HOC shall fully include each hub operation, meaning that a hub operation shall not be split

between two HOCs, even if this operation simultaneously benefits different TCEs (e.g.
ambient and temperature-controlled freight).

A hub may perform different hub operations that form part of different HOCs.

Each hub operation shall be associated with an existing HOC

2652 Establishment of GHG emission inl‘ﬁncify ofa TOCoraHOQOC

Th
an

GHG emission intensities of TOCs and HOCs shall be established using one of the four followin

e implementation of GHG emission quantification can rely on the involvement of different sta
1 complementary inputs and calculations following several steps, as defined in ISO 14083:

Each transport chain shall be broken down into TCEs;
Each TCE shall be related to a transport or hub operation;

Each transport or hub operation shall be related to a TOC or HOG..The TOC or HOC sh
operations sharing similar characteristics, implemented over a defiried period. This per
be one year or less;

selected for each TOC or HOC;

intensity and the transport or hub activity of this-TCE;

Finally, the GHG emissions of the transport chain shall be the sum of the GHG emissions g

calculation with primary data;
calculation with a model;
selection of a value from a.database of default values;

collection of a value from a contracted operator that has used calculation with primary d4
a model.

in
re

T}F values for totahGHG activity, the related transport or hub activity, and derived GHG

nsity shall be.prioritized as follows to reflect the level of data access within the transj
orting:

Primary data shall be used. Where this is not available, secondary data may be used. T}
for using secondary data shall be justified and documented;

TCEs for

keholders

all gather
od should

A GHG emission intensity (in some cases, several GHG emission intensities) shall be estaplished or

Then the GHG emissions of each TCE shall be calculated based on the corresponding GH(} emission

fits TCEs.

g options:

ta or with

emission
bort chain

€ reasons
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Commonly combinations of primary and secondary data are needed and used.

Getting the lowest possible value of GHG emission intensity shall not be a criterion for this selection.

a)
Th

©lI

Calculation of GHG emissions for a transport chain

e following steps shall be followed:
1) Break down the transport chain into its constituent TCEs;
2) Calculate the sum of GHG emissions of all TCEs of the transport chain;

3) Calculate the sum of transport activity of all TCEs of the transport chain;
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4) Calculate the GHG emission intensity of the transport chain, with GHG emissions (result of step

2)

and transport activity (result of 3).

b) Calculation of GHG emissions of each TCE

The following steps shall be followed:

1) Selecta TOC or HOC GHG emission intensity corresponding to this operation;

2) Calculate the transport or hub activity of the TCE;
3) Cptent L GHE - RS - vity—tt 1 L EHG

emission intensity and, for transport, a DAF.

4.3.2.6.5.3 Quantification and calculation of GHG emissions at TOC level

GHG activjity data shall encompass all GHG sources of the TOC, and therefore shall comsist of the tg
consumptfion of each energy carrier, as well as any other quantified GHG activity data relevant to

transport

operations of the TOC. In situations where the GHG activity data reSults from the use

different GHG sources (energy carriers), GHG activity data shall be quantified-separately for each G

source (er]

ergy carrier).

This step phall distinguish the following two situations:

— No allocation needed: when each vehicle operating in the TOGprovides the same functionalitie
all consignments carried, all GHG emissions within the TOC.shall be added.

Convgrsion of GHG activity data into vehicle operation and energy provision GHG emissions shall
condycted using Formulae (9) and (10) for each type of GHG activity A;:

Gyo,foc,a; =Qroc,a; X€vo,a,
Gyep fToc,a; =@TOC,A; ¥XEVEP A, (
where¢

Gvo,Toc,a;  is the yehicle operation GHG emissions of the TOC for GHG activity type A;;

QTOC,Ai is the)quantity of GHG activity type A, for the TOC (e.g. A; is combustion of dig

fueland Q... €quals 12,000 kg of diesel or A; is leakage of refrigerant R-134a 3
Qr-134a €quals 100 kg of the refrigerant R-134a);

0,4, is the vehicle operation GHG emission factor for GHG activity type Ai (e.g. &y g

= 3,22 kg COye/kg or &y r 1345 = 1,430 kg CO,e/kg);

tal
he

of
HG

to

be

(9)

10)

sel
nd

bsel

VEP,ToC,A, 1S the vehicle energy provision GHG emissions of the TOC for GHG activity type

HVEP,A;

EVEP, diesel = 0,56 kg CO,e/kg).

A;;

is the vehicle energy provision GHG emission factor for GHG activity type A; (e.g.

Values for GHG emission factors should be used as set out in ISO 14083:2023, Annex Q. Where
national legislation mandates the use of specific GHG emission factors, or a government provides
GHG emission factors for voluntary GHG emission reporting, the use of these sources of GHG
emission factors shall be clearly documented.

Where there are multiple GHG activity types (e.g. the vehicles use different energy carriers or
refrigerants), the GHG emissions for each GHG activity type shall be calculated separately and then

36
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added together to provide the total GHG emissions of the TOC. Formulae (11), (12) and (13) shall be
used:

Gyo,moc = D Gvo,T0C,A, (11)
i
Gyep,Toc = ZGVEP,TOC,Ai (12)
1

Gvep,Toc = ZGVEP,TOC,Ai (13)
where

Gyo Toc is the vehicle operation GHG emissions of the TOC;
Gyo,Toc A, is the vehicle operation GHG emissions of the TOC for each GHG-activity type A;;
Gyep Toc is the vehicle energy provision GHG emissions of the TQC;
GVEP,TOC,Ai is the vehicle energy provision GHG emissions of the TOC for GHG activity type A;;
Groc is the total GHG emissions of the TOC.

The GHG emission intensity of the TOC shall be calculated by dividing the total GHG emissions of
the TOC by the total transport activity of the TOC using‘Formula (14):

G

jy ,TOC
93, Toc =~ (14)
Troc
where
Jv is either the vehicle.gpération or the vehicle energy provision;

9, Toc is the total GHG emissions for activity type j, for the TOC;
G]-V Toc isthe totalGHG emissions for activity type j, for the TOGC;
Troc is the transport activity of the TOC.

The outcome shall-be expressed as mass of CO,e per transport activity.

—| Allocation’needed: when the vehicles of the TOC provide different functionalities (providing
different functionalities to different groups of freight), the corresponding GHG emission}s shall be
calculated for each group.

The principles of the previous point shall be adapted, in order to quantify the following sgparately:

—  Groc a1 - GHG emissions of the TOC that result from GHG activity that benefits all freight equally;

— Gpoc,sgi: GHG emissions of the TOC that result from GHG activity that benefits a specific group
or groups of freight sg; differently to other freight within the TOC (i from 1 to n, n being the
number of specific groups).

This allocation of GHG emissions shall ensure that no GHG emissions are lost or double-counted,
and therefore that Formula (15) is verified:

nTOC
Groc =Grocant D, GTocsg,; (15)

1

where
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Groc

is the vehicle operation GHG emissions of the TOC;

Grocan  is the GHG emissions of the TOC resulting from GHG activity that is not related to a

specific group of the TOC;

ny

fic

ed

ng

16)

Grocsg.  1is the GHG emissions of the TOC resulting from GHG activity calculated for the speci
' group sg; of the TOC;
NEroc is the number of specific groups of the TOC.
The (.llUbUll dl}ULd‘LiUIl Pl iut,iplcs b}ld}l I Cllldill LUllbib‘LClllL [SAYASH .Lilllc dlld b}ld}l bC L‘lULulllCll
transparently, as appropriate.
Only one fype of transport activity distance (SFD or GCD) shall be used for the calculation of transpprt
activity ofa TOC.
In this g¢neral case, calculation of the freight transport activity of a TOC shall be made us
Formula (16):
Cc
Troc,f =D, Mixsq; (
where¢
Troc}  isthe freight transport activity of the TOC;
M; is the mass of an individual consignment i in the TOC;
Sei is the transport activity distance of an individual consignment i in the TOC;
¢ is the number of consignments in the-EOC.

In the case of a TOC with multi-temperature vehicles (z different temperature conditions), a frei

trans
k from 1 to 7, where t; is ambient, using/Formula (17), which is similar to Formula (16):

Troct = Z M; \ XSpi 1k (
wher¢

Trock  isthefréighttransportactivity of the consignments in temperature condition ¢ of the T

port activity shall be calculated separately for each temperature condition ¢, for freight, wj

Ve,tk

1

bht
ith

17)

on

M; isthé/mass of the individual consignments i in temperature condition ¢, of the TOC;

Spi,k is the transport activity distance of an individual consignment i in temperature condit
- aof the TQC;

Ve rk is the number of consignments of type ¢, in the TOC;

Finally, the transport activity for the TOC should be calculated using Formula (18):

T

Troc,f= 2 TToC Kk (

1

where

38

18)
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Troce  isthe freight transport activity of the TOC;
Trock  isthefreighttransportactivity of the consignments in temperature condition ¢, of the TOC;
T is the number of temperature conditions.

In the case of a TOC of freight of multi-temperature vehicles with n, different temperature conditions
ty (kfrom 1 to n,, e.g. t; is ambient, t, is refrigerated), the calculation of GHG emissions intensities shall
rely on:

— _the calculation of GHG emissionsin accordancewwith allocation of cpnr‘ifir‘ GHG ar‘fivifinc;

—| the calculation of transport activities of the TOC in accordance with the previous stateménts.

Thn, the GHG emission intensities of the freight with each temperature condition within thel TOC shall
be|calculated using Formula (19):

Gj, Toc all s G, ToCk

9j, TOCk = (19)
Y Ttoc Troc k
where
Jv is either the vehicle operation or the vehicle énergy provision;
9j, TOC k is the GHG emission intensity for activity'type j, for freight of temperature{condition

t, in the TOG;

Gj tocan is the GHG emission for activity.type j, that is not related to control of tenperature
conditions (e.g. GHG emissions related to propulsion of the ship in maritime {ransport)

Gj, ToC k is the total GHG emissions-for activity type j, for freight of temperature cqndition t;

in the TOC;

Troc is the transport activity of the TOC;

Troc x i; t}"ll?of(l:‘eight transport activity of the consignments in temperature condition ¢, of
the .

4.3.2.6.5.4 Quantification and calculation of GHG emissions at HOC level

GHG activity data-shall encompass all GHG sources of the HOC, and therefore shall consist of the total
copsumption of-each energy carrier used, as well as any other quantified GHG activity releant to the
hup operations-In situations where the GHG activity data results from the use of different GHG sources
(erfergy carxiers), GHG activity data shall be quantified separately for each GHG source (energly carrier).

In [sitdations where a GHG source is related to a specific group of freight within the|HOC, the
corresponding GHG activity data shall be quantified separately for this group.

[SO 14083 gives examples of allocation principles of GHG activity data for the HOC.
The calculation of GHG emissions of a HOC shall distinguish the following two situations:

— No allocation needed: when each hub operator in the HOC provides the same functionalities to all
consignments carried, all GHG emissions within the HOC shall be added.

Conversion of GHG activity data into hub equipment operation and energy provision GHG emissions
shall be conducted using Formulae (20) and (21) for each type of GHG activity A;:

GHEo HTOC,A; =@HOC,A; X€HEO, A (20)
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GHEEP,HOC,A; = @HOC,A, XEHEEP, A (21)
where

Gyeo,Hoc,a, 1S the hub operation GHG emissions of the HOC for GHG activity type A;;

QHoc 4, is the total quantity of GHG activity type A, for the HOC (e.g. A; is combustion of
diesel fuel and Q,; equals 12,000 kg of diesel or A, is leakage of refrigerant
diesel €4 g i g g
R-134a and Qg_134, €quals 100 kg of the refrigerant R-134a);

HHEO, A, is the hub equipment operation GHG emission factor for GHG activity type A {¢.g.
EHEO,diesel = 3,22 kg COe/Kg or eyypg p 134, = 1,430 kg CO,e/kg);

GHEEP, HOC,4; 1S the total hub operation energy provision GHG emissions of the H0C for GHG
activity type A;;
EHEEP, A, is the hub equipment energy provision GHG emission factor for GHG activity type

A; (-8 €xggp, diesel = 0,56 kg COe/kg).

Valuep for GHG emission factors should be used as set out in ISO 14083:2023, Annex J. Where
national legislation mandates the use of specific GHG emission factors, or a government provigles
GHG gmission factors for voluntary GHG emission reporting, the use of these sources of GHG
emisdion factors shall be clearly documented.

Wherg there are multiple GHG activity types (e.g. the équipment and facilities use differgnt
energly carriers or refrigerants), the GHG emissions for each GHG activity type shall be calculated
separptely and then added together to provide the total GHG emissions of the HOC. Formulae (42),

23) dnd (24) shall be used:

Gugo|Hoc = D_GHEO, HOC.A; (22)
i
Gugrp, Hoc = D GHEEP HTOC, A, (23)
i
Ghoc[=GrEo,Hoc + GHEEP HTOC (34)
wherg¢
GhEeo HTOC is #he hub equipment operation GHG emissions of the HOG;
GHEO,HOC A, (1S the hub equipment operation GHG emissions of the HOC for each GHG activjity

type A;;

D

HEERHToc 1S the hub equipment energy provision GHG emissions of the HOC;

- +1 1 1 - + - - Vah & Val - - £l A FaVal Valh & Fal i T
GHEEP HTOC A, 1S tire tubequipmentenergy provisiom GHGemissions of the HO€ for GHGacctivity
) A

type A;;
Ghoc is the total GHG emissions of the HOC.

The GHG emission intensity of the HOC shall be calculated by dividing the total GHG emissions of
the HOC by the total transport activity of the HOC using Formula (25):

Gjy, HOC

iy HOC = (25)

Hyoc

where
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JH is either the vehicle operation or the vehicle energy provision;
iy HOC is the total GHG emissions for activity type j, for the HOC;

Gj, Hoc  Is the total GHG emissions for activity type j for the HOC;
Hyoc is the transport activity of the HOC.

he outcome shall be expressed as mass of CO,e per hub activity.

A a B nee an ne _nhub a he HOQO alala ae a aren 0 ala e

different functionalities due to different temperature conditions of freight), the correspo
emissions shall be calculated for each group.

ding GHG
The principles of the previous point from “No Allocation needed” shall be,adapted, ih order to
quantify the following separately:

Gyoc,an: GHG emissions of the HOC that result from GHG activity thatbenefits all freight equally.

Ghoc,sgit GHG emissions of the HOC that result from GHG activity that benefits a spedific group
or groups of freight sg; differently to other freight within the;HOC (i from 1 to n, n|being the
number of specific groups).

This allocation of GHG emissions shall ensure that no GH& emissions are lost or doubl¢-counted,
and therefore that Formula (26) is verified:

nHOC
Groc =Groc,an + Y, GHoc sg; (26)
i
where
GHoc is the GHG emissions 6fthe HOC;

Gyoc,an  is the GHG emissions of the HOC resulting from GHG activity thatis not reldted to any
specific group ofthe HOC;

GHoc,sg; 1S the GHGemissions of the HOC resulting from GHG activity calculated for the specific
group §g; of the HOG;

Nyoc is‘the number of specific groups of the HOC.

The chosenyallocation principles shall remain consistent over time and shall be documented
transparently, as appropriate.

The hubactivity shall be quantified by the quantity of freight (outbound) relevant for thg HOC.

The user shall choose the most appropriate unit for the quantity of the hub activity. The choice shall
34 4 1ot £ = £ L ..l A3 IINCN dcholllb o Jd o+ I‘entl
I'CITIAIIT CUITISISITIIL UVOT LT 11U TAdUlll TTUyY LClllu ItS llU\JDJ dilu SlidIl T UULCUILICTILCU U ClllO}J YJ aS

appropriate.

In the case of a HOC of freight of multi-temperature vehicles with n, different temperature
conditions ¢, (k from 1 to nt, e.g. t; is ambient, t, is refrigerated), the calculation of GHG emissions
intensities shall rely on:

— the calculation of GHG emissions in accordance with allocation of specific GHG activities;
— the calculation of transport activities of the HOC in accordance with the previous statements.

Then, the GHG emission intensities of the freight with each temperature condition within the TOC
shall be calculated using Formula (27):
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Gj,; HOC all . Gj,; HOC k

Yjy HOCk =
where
JH

Yjy HOC k

(27)

Hyoc Hyoc k

is either the vehicle operation or the hub equipment operation or the hub equipment
energy provision;

is the GHG emission intensity for activity type j for freight of temperature condition
fK inthe HOC;

D

jig HOC all

D

i HOC k

i

~

HOC

~~

[HOC k

4.3.2.6.5.5 Calculation of GHG emissions for a transport TCE

is the GHG emission for activity type j thatis not related to control of temperatiyire
conditions (e.g. GHG emissions related to the yard lighting) ;

is the total GHG emissions for activity type jy for freight of temperature conditjon
t, in the HOG;

is the hub activity of the HOC;

is the hub activity of the consignments in temperature Coxndition t, of the HOC.

This subclause sets out the step of calculation of GHG emissions for‘one TCE of a transport chain, taking
place within a TO. The GHG emission intensity for the TOC associated with the transport operatjon
related to|the TCE shall be selected. The GHG emissions of a TEE shall be calculated using Formulae (28)

and (29):
Gy, 1de =9, Toc XTrcg X0 (28)
where
Jv is either the vehicle operation or the vehicle energy provision;
Gj, IcE is the total GHG emissions for activity type jy for the TCE;

iy Moc is the GHG emission intensity for activity type jy for the TOC;

Trcg is the transport activity for the TCE;

1) is the/DAF between the transport distance type used for the transport activity of the

TEE(and the transport distance type used for the GHG emission intensity of the TO[.

Use of a DAF is>only required in cases where the actual distance is used for calculation of the GHG

emission jnténsity of the TOC. Otherwise, the DAF = 1 and Formula (45) is simplified.

Greg =Gvo,tce XGvEp, TCE (29)
where
Grcg is the GHG emissions of the TCE;

Gyotcg IS the vehicle operation GHG emissions of the TCE;

Gygp Tcg IS the vehicle energy provision GHG emissions of the TCE.

42

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=fc697d85343abd96aac384b784cc736b

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms, definitions and abbreviated terms 
	3.1 Quantification of the Carbon Footprint of a Product 
	3.2 Products, product systems and processes 
	3.3 Transport 
	3.4 Life Cycle Assessment 
	3.5 Organizations 
	3.6 Data and Data Quality 
	3.7 Abbreviated Terms 

	4 Evaluation Methods 
	4.1 Evaluation Basis 
	4.1.1 General Principles 
	4.1.2 Attributional approach 
	4.1.3 Consequential approach 

	4.2 Product reporting 
	4.2.1 Product System Boundary 
	4.2.2 Selected Cut-Off Criteria 
	4.2.3 Evaluation Elements 
	4.2.4 Evaluation cycle 

	4.3 Quantification of greenhouse gas emissions 
	4.3.1 Process description and data quality 
	4.3.2 Emissions inventory 

	4.4 Life Cycle Assessment Report 

	5 Critical review 
	Bibliography 

