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1 Introduction

EIGA members are receiving more and more requests from customers regarding the disclosure of the
carbon footprint of their products, including air gases. Customers need this data to assess the
environmental impact of their purchases and calculate the carbon footprint of their own products.

Currently, a globally standardized method for calculating and reporting the carbon footprint of product
air gases does not exist. This lack of harmonization leads to inconsistencies in calculation rules,
hindering the comparability of reported carbon footprint results.

To address these challenges, this publication provides a unified set of guidelines for industrial gas
companies to calculate and report the carbon footprint of their air gas products. This methodology
reflects the collective expertise and shared vision within the EIGA members.

While this EIGA methodology is based on current industry best practices to develop the carbon footprint
of a product, full responsibility for compliance with any and all applicable regulations and standards, be
they voluntary or regulatory-based, as part of a claim made on the carbon footprint or climate impact of
a product delivered remains exclusively with the company delivering such product.

The present industry-specific guideline could then be recognized by broader frameworks for the
assessment of the carbon footprint of products, such as EPD [1], Together for Sustainability (TfS) [2]
and PACT [3].

2 Scope and purpose

21 Scope

This publication presents the methodology for EIGA members to calculate the carbon footprint of
product air gases and provides guidelines on how to communicate this information to stakeholders.

A carbon footprint of a product can be used to:
e answer the questions raised by customers looking to assess their own carbon footprint;
e promote gas products that reduce the carbon footprint of customers applications; or

e provide a process to evaluate the impact on climate change throughout the supply chain and
implement appropriate mitigation strategies.

2.2 Purpose

This publication defines the EIGA methodology (boundaries, inventory, sources of emission factors,
allocation, attribution, chain of custody) to calculate and disclose the carbon footprint of air gases. It is
consistent with and has been developed from established national and international standard
methodologies, including:

e [SO standards concerning life cycle assessment LCA (14040 [4] and 14044 [5]) and the carbon
footprint of products (14067 [6]).

e  Other relevant ISO standards:

o 14025 [7] and 14027 [8] for Type lll environmental declaration and product category
rules,
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o 22095 [9] and 22095-2 [10] for chain of custody, and ISO/WD 14077" [11] for its
application to LCA,

o 14083 [12] for greenhouse gas emissions related to transportation.
e The GHG Protocol Product Standard (Product Life Cycle Accounting and Reporting Standard) [13].

e The International EPD System's General Programme Instructions for Product Category Rules
(PCRs) [14] and the PCR for basic chemicals? [15].

Furthermore, sector-specific guidelines, such as the Together for Sustainability guideline for the
chemical industry [2] and the PACT methodology [3], have been considered.

3 Definitions

For the purpose of this publication, the following definitions apply.

3.1 Publication terminology
Shall

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific
recommendations allows no deviation.

Should

Indicates that a procedure is recommended.

May

Indicate that the procedure is optional.

will

Is used only to indicate the future, not a degree of requirement.
Can

Indicates a possibility or ability.

3.2 Technical definitions

3.21 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 [6]. For a list of GHGs, see the latest intergovernmental panel on climate
change (IPCC) Assessment Report (AR) [16].

" This guideline acknowledges the ongoing development of ISO 14077 (Application of Chain of Custody
approaches in Life Cycle Assessment). In the interim, this guideline reflects the state of the art and
available information as of February 2026. Upon the official publication of ISO 14077, this guideline may
be reviewed and updated to ensure full alignment with the new normative requirements.

2 According to the UN CPC (United Nations Central Product classification), oxygen, nitrogen and rare
gases belong to Class 3421, which belongs to Group 342 (Basic inorganic chemicals), which, in turn,
belongs to Division: 34 - Basic chemicals.
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3.2.2 Carbon dioxide equivalent (CO2e)

Unit for comparing the radiative forcing of a GHG to that of carbon dioxide [6]. It is the amount of carbon
dioxide by weight that is emitted into the atmosphere that would produce the same estimated radiative
forcing as a given weight of another radiatively active gas.

Carbon dioxide equivalents are calculated by multiplying the weight of the gas being measured by its
estimated global warming potential. Global warming potentials can be found in the latest AR of the
IPCC, currently ARG [16]. The values used in calculations should always be the latest available.

3.2.3 Carbon Footprint of a Product (CFP)

Sum of GHG emissions and GHG removals in a product system, expressed as CO2 equivalents and
based on a life cycle assessment using the single impact category of climate change [6].

3.2.4 Partial carbon footprint of a product (partial CFP)

Sum of GHG emissions and GHG removals of one or more selected process(es) in a product system,
expressed as CO:2 equivalents and based on the selected stages or processes within the life cycle [6].

3.2.5 Functional unit and declared unit

The functional unit is the quantified performance of a product system for use as a reference unit [6]. A
defined functional unit typically includes the function (service) a product fulfils, the duration or service
life (amount of time needed to fulfil the function), and the expected quality level [13].

The declared unit is the quantity of a product for use as a reference unit in the quantification of a partial
CFP [6]. Examples of declared units are the mass of a product (e.g. 1 kg of oxygen with a specific purity
and pressure) and the volume of a product (e.g. 1 Nm?3 of oxygen with a specific purity and pressure).

3.2.6 System boundary

The term “cradle to grave” is used when describing the boundary for a full inventory that includes all
GHG emissions/removals from the complete life cycle of a product. Typically, partial CFP are cradle-to-
gate (from raw materials until production gate) and cradle-to-customer gate (which additionally includes
the transportation of the product to the customers). Figure 1 illustrates possible system boundaries.

Boundaries

- Gate-to-gate »

= Cradle-to-gate

-+ Cradle-to-customer gate

Y

=—Cradle-to-grave -

Figure 1 - System boundaries
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3.2.7 Chain of custody

“Chain of custody” is a general term for the process of transferring, monitoring and controlling inputs
and outputs and associated information as they move through each step in the relevant supply chain
[9]. Inputs and outputs are material or products that enter and leave an organization or a part of an
organization of such a supply chain. Inputs can have associated specified characteristics (e.g.
renewable, recycled, ...) which are transferred/attributed to the output(s) (e.g. made using renewable
energy, recycled-based, ...) or which determine certain attributes of the outputs (e.g. the CFP).

3.2.8 Mass balance

Mass balance is a chain of custody model in which materials or products with a set of specified
characteristics are mixed according to defined criteria with materials or products without that set of
characteristics [9]. These characteristics can be assigned in constant proportion to all products
(proportional attribution) or to selected products (non-proportional attribution) [10]. Independently from
the attribution selected, the claimed total amount of specified characteristics attributed to the outputs
shall balance or do not exceed the total amount of specified characteristics in the inputs within the
balancing period. A factor taking into account any losses between inputs and outputs is required to
establish the balance [10].

Each organization involved in the value chain must establish its own mass balance. The perimeter of
the mass balance (system boundary) of one organization might encompass a process, a site, multiple
sites or transportation [10].

In the mass balance, the transfer of administrative documents representing specified characteristics
from one organization to the other must always be accompanied by a physical transfer of material [10].

3.3 List of abbreviations

AIB Association of Issuing Bodies

AR Assessment Report

ASU Air Separation Unit

BAG Bulk Air Gases

CFP Carbon Footprint of a Product

DEFRA Department for Environment, Food and Rural Affairs (government department in the
United Kingdom)

EAC Energy Attribute Certificate

EF Emission Factor

EPD Environmental Product Declaration

GAN Gaseous Nitrogen

GHG Greenhouse Gas

GLEC Global Logistics Emissions Council

GO Guarantee of Origin

GOx Gaseous Oxygen

IPCC Intergovernmental Panel on Climate Change

ISO International Organization for Standardization

ISO/WD ISO/Working Draft

LAr Liquid Argon

LCA Life Cycle Assessment

LIN Liquid Nitrogen

LOx Liquid Oxygen

PACT Partnership for Carbon Transparency

PPA Power Purchase Agreement

PCR Product Category Rules

T&D Transmission & Distribution

TfS Together for Sustainability

Wtw Well-to-wheels
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4 Carbon footprint calculation

4.1 Product system, life cycle boundary and unit of analysis

The current CFP methodology applies to air gases (nitrogen, oxygen and argon, in liquid or gaseous
form) produced by cryogenic distillation in an air separation unit (ASU). While some ASUs may also
extract rare gases like krypton, xenon, neon, and helium, the current methodology does not explicitly
cover these gases.

The system boundary for the CFP calculation of air gases extends from raw material extraction to the
customer's gate3, encompassing outbound transportation (pipelines for gases, logistics for liquids).
Customer site storage is excluded. Any other exclusion must be clearly stated. GHG contributions from
production and delivery steps can be reported separately.

Paragraph 4.5 details included and excluded activities, while paragraph 5.1 provides transportation
emission specifics.

This cradle-to-customer gate approach enables easier integration of supplier CFP data into customer
CFP calculations and facilitates downstream data sharing, aligning with the principle of minimizing
information loss in the final product [3].

Based on the boundary defined above, the calculated CFP is a partial CFP. Therefore, the reference
unit of this calculation is a declared unit, not a functional unit [6]. The selection of a declared unit instead
of a functional unit for intermediate products such as air gases is in line with references 2, 13, 14 and
15. The standard declared unit should be 1 (one) kg of product delivered/sold to the customer [3, 15].
Pressure and purity shall be specified. For packaged air gases, the weight of the cylinder shall not be
included in the 1 kg declared unit [2, 3, 15]. Alternative units may be used, for example Nm3. Regardless
of what unit is used, sufficient physical transfer information (e.g. product density in kg/Nm? if Nm? is
used) shall be provided for conversion to kg [2, 3, 14].

4.2 Geographical scope

The CFP calculation may encompass the production and delivery of air gases from a single ASU plant
or multiple ASU plants under the control of one Organization [3, 14]. Whether a single ASU or a cluster
of ASUs is considered, the chosen perimeter (plant specific, region specific, country specific, ...) shall
be clearly identified and communicated. For example, a cluster of ASU plants may be selected if they
are connected by a shared pipeline, or multiple ASUs may be chosen to represent the supply for
customers within a specific geographical area.

When a cluster of ASU plants is selected, the CFP should initially be calculated for each individual plant.
Subsequently, the CFP results can be averaged to yield the average CFP of the ASU cluster.

A mass balance chain of custody approach can be followed within the selected boundaries in
anticipation of ISO/WD 14077 [8], (more details in paragraph 4.7).

4.3 Time boundary for data

The recommended time frame for the collection of primary data is a full (calendar or fiscal) year. Any
exceptions shall be clearly stated.

3 According to reference [15] “it is not mandatory to declare any quantitative information about the use
and end-of-life phases of the chemical product.”
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4.4 Data and data quality

In line with 1SO14067 [6], site-specific data* shall be collected for individual processes where the
organization undertaking the CFP study has financial or operational control.

Primary data® that is not site-specific data should be used when the collection of site-specific data is not
practicable. Secondary data shall only be used for inputs and outputs where the collection of primary
data is not practicable, or for processes of minor importance. Secondary data shall be justified and
documented.

A CFP study should, as far as practical, use the best quality data available to reduce bias and
uncertainty. Data quality can be characterized by both quantitative and qualitative indicators by taking
into account representativeness (technological, geographical and temporal) and source types (primary
or secondary data) [2, 3].

4.5 Data inventory

All significant attributable® activity data in the cradle-to-customer gate perimeter shall be taken into
account in the CFP calculation. Drawing on comprehensive CFP analyses, Table 1 outlines the activities
that shall be included and excluded from the inventory.

INCLUDED EXCLUDED
Production of air gases: Production of air gases:
*Energy consumption (electricity, steam,...) *ASU infrastructure and maintenance

*Chemicals for cooling water treatment
*Water consumption
*Fluorinated gases (leaks and make-up)

On site storage and delivery of bulk air gases: On site storage and delivery of bulk air gases:
*Transportation fuels (see 5.1) *Vehicle construction and maintenance,
*Product losses? road infrastructure [2, 3]

*Pipeline infrastructure

Packaged air gases (see 5.3): Packaged air gases:

*Product losses? *Cylinder valve, cylinder painting

*Cylinder: raw materials and manufacturing *Vehicle construction and maintenance,

*Energy consumption at filling centers road infrastructure

*Cylinder transportation from filling center to *First transportation from cylinder
customer (round-trip) manufacturing site to filling center

*Filling center infrastructure
«Forklift construction and maintenance

4 Site-specific data [15]: data gathered from the actual manufacturing plant where product-specific
processes are carried out, and data from other parts of the life cycle traced to the specific product
system under study, e.g. electricity provided by a contracted supplier that is able to provide data for the
actual delivered services, transportation that takes place based on actual fuel consumption, and related
emissions, etc.

5 Primary data are data obtained from a direct measurement or a calculation based on direct
measurements. Site-specific data are primary data obtained within the investigated product system.
Secondary data are data which do not fulfil the requirements for primary data. Secondary data can
include data from databases and published literature, default emission factors from national inventories,
calculated data, estimates or other representative data, validated by competent authorities [6].

6 Attributional processes: Service, material, and energy flows that become the product, make the
product, and carry the product through its life cycle [13]. The attributional approach to LCA is where
GHG emissions and removals are attributed to the unit of analysis of the studied product by linking
together attributable processes along its life cycle. On the other hand, in a consequential LCA,
processes are included in the life cycle boundary to the extent that they are expected to change as a
consequence of a change in demand for the unit of analysis [13].
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Others: purchased/sold air gases Others [2, 3, 15]:

» Manufacture of production equipment,

buildings and other capital goods

* Employee business travel

» Employee commuting and R&D activities
Note a. According to the best knowledge of EIGA members, a reasonable estimate of gas leakage / losses
for air gas is 5% for each product transfer (storage tank to trailer, trailer to bulk, bulk to cylinder). If a more
accurate estimate of leakage or losses can be made, this should be used.

Table 1 Activities that shall be included/excluded from the inventory of air gases. Any
deviation shall be clearly declared.

Based on screening CFP calculations using operational data from various ASUs of different capacities,
certain activities related to the production step (ASU infrastructure, cooling water chemicals and
fluorinated gases) were excluded. When electricity’s carbon intensity exceeds 50gCO2/kWh, these
exclusions consistently contribute less than 5% to the air gases production step's GHG emissions. Their
contribution might exceed 5% at lower electricity carbon intensity (under 50 gCO2¢/kWh), but their
absolute impact is negligible, rendering them largely insignificant for customers/users. Similar
quantitative reasoning was used to exclude the transportation infrastructure/maintenance activities
listed in Table 1.

4.6 Allocation

Cryogenic distillation of air is a multi-product process. Therefore, allocation is required for the CFP
calculations of air gases.

For air gases, the allocation shall be done according to the power required to produce each product.
Aligning with the previous version of this document (EIGA DOC 167/20), this method is named "energy
based" allocation. It is important to note that this designation refers to power consumption during
production, not the energy content of the final products.

The key generic principles of such "energy based" allocation are:

e A benchmark ASU is used to calculate the specific benchmark electricity consumption for the
various air gases products.

e The benchmark electricity of a real ASU plant is calculated as the sum of the specific benchmark
electricity consumption of each product multiplied by the product’'s amount.

o Electricity allocated to product i from a real ASU plant is obtained by multiplying:
o the efficiency of such an ASU plant (efficiency = actual electricity consumption /
benchmark electricity),

o the specific benchmark electricity consumption for product i, and
e the amount of product i.

e The key principle of “No double-counting/miscounting” of GHG emissions is respected: the sum
of the allocated inputs and outputs of a unit process shall be equal to the inputs and outputs of
the unit process before allocation [6].

An example of an energy-based allocation for air gases can be found in EIGA PP33/19 “Indirect CO2
emissions compensation: Benchmark proposal for Air Separation Plants” [17]. Presuming an air
separation plant produces a quantity of gaseous nitrogen (mgan), liquid nitrogen (min), gaseous oxygen
(mgox) and liquid oxygen (miox) whilst consuming e kWh of electricity, the energy consumption of each
individual product stream in kWh shall be given by:



EIGA DOC 167/26

Gaseous nitrogen (GAN), egan = € / ebenchmark X Mgan X Benchmark specific electricity consumption for
GAN (243 kWh/tonne)

Liquid nitrogen (LIN), eiin = € / ebenchmark X Miin X Benchmark specific electricity consumption for LIN (549
kWh/tonne)

Gaseous oxygen (GOX), egox = € / epenchmark X Mgox X Benchmark specific electricity consumption for
GOX (400 kWh/tonne)

Liquid oxygen (LOX), eiox = € / ebenchmark X Miox X Benchmark specific electricity consumption for LOX
(638 kWh/tonne)

where evenchmark IS the electricity consumption of an equivalent ‘benchmark’ plant, given by ebenchmark =
Mgan X 243 + Miin X 549 + mgox X 400 + miox X 638. Here, the unit of evenchmark is KWh, the unit of m; is
tonne, and the unit of the benchmark specific electricity for each product i is kWh/tonnei.

The EIGA PP33/19 methodology [17] has limitations that restrict its universal application across all ASU
plants. Specifically, it excludes products like LAR and GAR, focusing solely on GAN, LIN, GOX and
LOX. Furthermore, it does not accommodate pressure variations beyond 40 bar or changes in product
purities. To address these limitations, and until EIGA members develop a universally agreed-upon
allocation methodology, industrial gas companies can apply their existing energy-based allocation
methods without restriction, provided they adhere to all the key principles listed above. To ensure
consistency, a company should consistently use its own allocation method, even if the EIGA PP33/19
methodology is applicable to some of its ASUs.

Economic allocation is an acceptable allocation method but within many carbon footprint frameworks -
including ISO14067 [6], the GHG Protocol Product standard [13] and the International EPD System [14]
- itis the least preferred option. The disadvantages of economic allocation are its susceptibility to market
fluctuations, the lack of market prices for some products, and the possibility of introducing bias.
Consequently, even though economic allocation is typically allowed, it is not recommended and is
deemed unnecessary for air gases.

4.7 Attribution of Energy Attribute Certificates (EAC) and mass balance

In an ASU plant, consumed electricity can originate from sources with varying emission factors. An
example is when electricity is partially covered by energy attribute certificates (EACs), like Guarantees
of Origin (GOs) in Europe, and partially by a supplier-specific mix. In these cases, in the CFP calculation,
electricity is partially accounted as renewable (via EACs) and partially based on the supplier-specific
mix emissions factor’.

The application of a chain of custody model within the CFP calculation is optional. Mass balance is the
most flexible® chain of custody model currently considered compatible with LCA, a topic addressed in
the draft ISO/WD 14077, which is currently still in the early stage of development [11]. Within this
framework, specified input characteristics can be assigned to outputs, either proportionally or non-
proportionally, provided this attribution occurs within the system boundary. In systems producing

7 According to [22], a supplier-specific emission factor is “an emission rate provided by an electricity
supplier to its customers, reflecting the emissions associated with the energy it provides”. This emission
factor “should reflect emissions from all delivered energy, not just from generation facilities
owned/operated by the utility”. The supplier-specific emission factor should be distinguished from the
location-based grid average emission factors [22] and is a type of contractual instrument [6, 22].

8 Here, flexibility refers to the expectation of the physical presence of the input’s specified
characteristics or derived characteristics in the product. Thus, identity preservation, segregation and
controlled blending are less flexible than mass balance.



EIGA DOC 167/26

multiple outputs, non-proportional attribution allows for the possibility where a single output receives all
the allocated characteristics, leaving none for the others.

Air Separation Units are examples of multi-output systems, and a relevant specified input characteristic
could be the renewable origin of electricity used during production. Through non-proportional attribution,
this characteristic can be selectively assigned to particular products, resulting in a low CFP for those
chosen products (Figure 2).

Proportional Non-proportional
attribution attribution

(free attribution)
ey
T m ’
/ .
Conventional
N2

P
Conv.
M2
Cunv i

Figure 2 - Proportional and non-proportional attribution of renewable electricity
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electricity
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Free attribution is currently considered by the EIGA members as a suitable option to kickstart the
transition towards a low-carbon economy at an affordable price. However, it is important to acknowledge
that the EIGA members may revisit this position in the subsequent revision of this document. This future
review will likely take into account evolving regulatory frameworks and the progress of decarbonization
efforts. The ongoing evaluation underscores EIGA's commitment to actively engaging in the discourse
surrounding climate change and adapting its strategies to promote a cost-effective and sustainable
pathway towards a low-carbon future.

Similarly, non-proportional attribution can be applied when different fuels are used for gas delivery or
for the environmental attributes of air gases delivered to various customers within the system
boundaries.

A mass balance system can include multiple production sites and associated transport logistics, such
as the system represented in Figure 3. Here the truck fleet transporting liquid products to the customers
creates a potential physical link between the ASU production plants consuming electricity and the
customers. The requirements to set-up the corresponding mass balance are given in ISO 22095-2 [10].
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Figure 3 - Multiple site mass balance for bulk air gases (BAG)
5 Additional guidance
5.1 GHG from transportation and distribution

The CFP results of liquid and packaged gases shall include greenhouse gas (GHG) emissions
associated with their delivery (see Table 1). This requirement applies whether the gas producer directly
manages the transportation or utilizes subcontractors for delivery services. GHG contributions from
production and delivery steps can be reported separately.

GHG emissions accounting for the transportation shall employ a Well-to-Wheels (WtW) approach. This
encompasses both indirect emissions, originating from fuel production and distribution, and direct
emissions resulting from fuel consumption. Emissions related to the construction, maintenance and
dismantling of transportation vehicles and infrastructure (e.g. roads) are outside the scope of the
inventory (refer to Table 1).

To quantify GHG emissions from transportation, primary data shall be used. Where this is not available,
secondary data may be used. The reason for using secondary data shall be justified and documented.
Often, a combination of primary and secondary data is necessary. Getting the lowest possible value of
GHG emissions intensity shall not be a criterion for this selection (ISO 14083:2023 [12]).

The fuel-based and distance-based methods are the two available approaches for calculating Well-to-
Wheels (WtW) GHG emissions from transportation and distribution. The GHG Protocol's "Technical
Guidance for Calculating Scope 3 Emissions" [18], TfS [2] and PACT [3] recommend prioritizing the
fuel-based method due to its higher accuracy. The distance-based method is an acceptable alternative
when fuel consumption data is unavailable, using travelled distance as the primary input. Regardless of
the approach applied, different fuels and vehicle types shall be taken into account. Emissions factors®
for transportation shall be sourced from verified sources, such as (not exhaustive list) GLEC Framework
[19], ISO 14083 [12] and DEFRA [20].

Transport should be modelled considering actual transportation modes and distances to a specific
customer. Alternatively, it can be modelled as a weighted average of transportation modes and

% Emission factors are coefficients relating activity data with GHG emissions [6]. For example, an
emission factor for electricity converts the amount of consumed electricity (kWh) into the associated
GHG emissions [kgCO2eq]. In such example, the emission factor is given in kgCO2eq/kWh.

10
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distances, based on transportation to several customers, representing the geographical scope of the
CFP [14].

The mass balance chain of custody method, detailed in paragraph 4.7 for EACs, is also applicable to
transportation fuels. For instance, when both fossil and biogenic fuels are used in the delivery of air gas
products, the biogenic fuel can be non-proportionally allocated to transport for specific customers. This
selective assignment results in a reduced CFP for the products delivered to those specific customers.

5.2 Electricity

The significant increase in power procurement agreements (PPAs) from renewable sources, along with
unbundling of Energy Attribute Certificates (EAC), has resulted in the average grid emission factor no
longer accurately representing emissions associated with purchased electricity. This is why the
emissions calculation following the location-based method is not permitted.

If air gases are produced by consuming electricity generated on-site or from a directly connected
supplier and no contractual instruments have been sold to a third party for that electricity, primary data
shall be used.

If electricity is sourced from the grid and contractual instruments are in place, the “market-based
approach” shall be used. This approach is defined in the current version of the GHG Protocol Scope 2
Guidance for corporate reporting [22] and is required by the document [2], [3], [6], [14] and [15] listed in
chapter 7. The market-based method derives emission factors from contractual instruments, which
include any type of contract between two parties for the sale and purchase of energy. These instruments
can include Guarantees of Origin (GOs), Power Purchase Agreement (PPA) or supplier-specific
emission rates.

When calculating emissions related to the energy consumption, it is highly recommended to consider
also the emissions from upstream activities (e.g., energy source extraction, infrastructure for renewable
electricity) and downstream activities (e.g., power plant waste treatment and transmission & distribution
(T&D) losses).

When employing emission factors (EFs) from utility companies for energy sources such as electricity or
steam (known as market-based factors), it is recommended to make a reasonable effort to ensure that
these EFs include all emissions of the electricity.

If primary data about upstream and downstream emissions are not available, secondary data from
recognized database can be used. A non-exhaustive list of these sources can be found in the footnote™®.

If, in the country where the ASU plant is located, residual mix exists, and if no contractual instruments
are in place (or these instruments cover less than 100% of supply), for the consumption not covered by
the contractual instruments, emission factor of residual mix shall be used. For residual mixes in
European countries, emission factors are published by the Association of Issuing Bodies (AIB) yearly
[25]. As AIB emission factors cover exclusively direct emissions, it is highly recommended to add
upstream and downstream emissions. Such data can be found in the database indicated in footnote 10.

In case a different methodology is used, detailed information shall be provided.

10 For renewable electricity, emissions factors can be sourced from professional databases, such as
Sphera's Managed LCA Content database [23] and Ecoinvent [24]. Another possible source is IEA
[25].

For fossil-based electricity, a shortcut method to include upstream emission would be adding an extra
16-20% to the direct emissions (see Database documentation (page 32) of [25].

Transmission and distribution losses can be derived from [25].
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5.3 Packaged air gases

As indicated in Table 1, for packaged air gases, the following activities shall be included in the CFP
calculation (Figure 4):

1. Manufacturing of the cylinder,

2. Filling operations,

3. Delivery of the filled cylinder to the customer (directly or stopping at intermediate depots) and
back to the filling station,

4. Production and delivery of the air gas to the filling center.

Cylinders are reused over a long period of time, the cylinder service life. The number of reuses is given
by the number of cylinder turns.

Raw Material Manufacturing Filling Delivering
‘ T
CAD
" o |
S— losses/ energy/ km/Cyl
kgCO2e/Cyl o
Cyl -
Cylinders kg' L y'
CFP of Iupphed
(kg 002elkq PAG)
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ASU kgCO2e/kg air gas *  Customer

Figure 4 - Activities for calculation of CFP of packaged air gases

The following simplified formulas are recommended to calculate the GHG associated with one filled
cylinder delivered to a customer. A numerical example is provided in Appendix A.

Eq1: GHG from cylinder manufacturing kgco.e = Weight of empty cylinder g x (EF cylinder
material kgCOze/kg materiall + EF cylinder manufacturing kgcozekg materiaij ) / (Cylinder service time fear X
Cylinder rotation rate [1/ear).

Eg2: GHG from energy consumed in filling operation of one cylinder gco.ej = Electricity xwhj x
EF electricity kgcoze/xwny + fuel junif x EF fuels kgcoze/unity + ...

Eq3: GHG from transportation of one filled cylinder to customer jkgco.ej = Transportation
distance mj x EF transportation [kgcoexmj (This is an example, see Section 5.1 GHG about
transportation and distribution).

In equations 2 and 3, the emission factors of fuels and electricity shall follow the rules described
in paragraphs 5.1 and 5.2, respectively.

Eq4: GHG for production/delivery of the air gas to the filling center kgco.e/kg product in a cylinder] =
Product CFP [kgCO2e/kg product at filling center] X Quantity of product filled in a cyIinder [kg product in a cylinder] X (1 +
quantity of losses at filling center %))

A reasonable estimate of gas losses is 5%, see Note a in Table 1. If a more accurate estimate can be
made, this shall be used.
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The sum of equations 1 to 4 gives the GHG emissions associated with the packaged air gases delivered
in a cylinder to the customer:

Eq 5: GHG of one filled cylinder, at customer gate jgco.e; = Eq1 + Eq2 + Eq3 + Eq 4.

To convert the GHG associated with one filled cylinder into the CFP of the packaged gas delivered to
the customer, the previous equation must be divided by the quantity of gas contained in the cylinder,
that is:

Eq6: CFP of packaged product [kgCO2eq/kg packaged gas @ customer gate] = (EQ5) jkgc0:e/one
filled cylinder @ customer gate] / Quantity of product ina cyIinder @ customer gate [kg product/cylinder]

A numerical example of application of the quantity of product in a cylinder is provided in Appendix A.

5.4 Gases purchased or sold from other companies

Industrial gases, like oxygen, nitrogen, and argon, are sometimes purchased or sold between two
business partners to ensure sourcing or out of logistic considerations. Generally, the business partner
does not have easy access to the CFP of production of the other partner. Moreover, the percentage of
these quantities of gas might represent a rather small fraction (below 10%) of the total amount of gas
sold/delivered to the customers in the geography of the CFP assessment. Under those conditions, the
approach recommended to account for the CFP of production of the transferred gases is that each
company considers the average production efficiencies of its own production facilities within the specific
geographical boundary. As usual, the CFP of delivery shall be added for a cradle-to-customer gate CFP
calculation. This approach makes the calculation possible, while maintaining a reasonable level of
accuracy for the overall CFP.

6 Carbon footprint disclosure

Verification should be the common approach before disclosure of CFP results. The level of trust
associated with first-party (internal) verification is lower than that of qualified third-party (external)
verification.

The minimum requirements companies shall meet when communicating or sharing the CFP results of

air gases calculated according to this methodology are:

e Reference to this document. Any deviation shall be clearly identified and explicitly
communicated.

e Specify the life cycle boundary (cradle to customer’s gate). If the transportation of air gases to
customers is calculated separately, and not included in the CFP result, this shall be
transparently communicated.

e Specify if transportation emissions are calculated based on an average distance.

e Specify the system boundary (plant specific, region specific, country specific, ...).

¢ Indicate the reference year for the activity data.

e Specify the sources of activity data and emission factors.

¢ Indicate the allocation methodology.

e Specify the chain of custody model and application (or not) of free attribution.

e Specify if the electricity upstream and downstream emissions are included or not and, in the
case they are included, if they have been calculated based on actual data or reference factors.
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Appendix A - Worked Example for packaged product (lllustrative)

Calculation of the carbon footprint of packaged gaseous oxygen delivered in a BSO cylinder.
This appendix is intended as an illustrative example; site-/country-specific inputs shall be used for real
disclosures.

1. Purpose and scope of this worked example

This appendix provides a complete, step-by-step worked example to illustrate how the recommended
equations for packaged air gases (Eq1-Eq6) can be applied to one representative scenario: delivery of
a single B50 cylinder of gaseous oxygen to a customer. The example follows a cradle-to-customer gate
perspective for packaged gases (including cylinder manufacturing, filling energy, cylinder transport
round-trip, and the product CFP at the filling center including losses).

2. Scenario definition

e Product: Gaseous oxygen (GOX)

e Packaging: B50 cylinder (50 L water volume)

e Fill pressure: 200 bar (@ 15°C)

e Declared unit for disclosure: 1 kg of oxygen delivered to the customer (cylinder tare weight excluded
from the declared unit)

e System boundary: cradle-to-customer gate (customer site storage excluded)

The calculation is performed per cylinder (kgCO2e/cylinder) and then converted to a product CFP per
kg delivered (kgCO2e/kgO2) using the quantity of oxygen contained in the cylinder.

3. Input data
3.1 Cylinder and gas parameters
Parameter Value
Cylinder material Steel
Empty cylinder weight 65 kg
Cylinder water volume 50L
Fill pressure 200 bar (@ 15°C)
Cylinder service life 50 years
Cylinder rotation rate 4 year™
O, density at 1 bar and 15°C (for conversion) | 1.352 kg/m?

4. Quantity of oxygen in the B50 cylinder

The amount of oxygen contained in a B50 cylinder is calculated as:

Amount_02 [kg] = P[bar] x V[L] x density _O2[kg/m* @ 1 bar, 15°C]/ 1000

Using the stated parameters (P = 200 bar, V = 50 L, density = 1.352 kg/m3):

Amount_02 =200 x 50 x 1.352 / 1000 = 13.54 kg O, per cylinder (rounded)

This quantity is used as the divisor in Eq6 to express the result per kg of oxygen delivered.

5. Calculation steps (Eq1-Eq6)

5.1 Eq1 — GHG from cylinder manufacturing (amortized per fill)

Eq1 allocates cylinder material + manufacturing impacts over the cylinder lifetime and number of
turns:

Eq1 [kgCO2e/cylinder] = Weight_empty_cylinder [kg] x (EF_material + EF_manufacturing)
[kgCO2e/kg steel] / (Service_time[year] x Rotation_rate[1/year])

16



EIGA DOC 167/26

Parameter Value
EF steel 2.2 kgCO2e/kg steel [26]
EF cylinder manufacturing 1.744 kgCO2e/kg steel [27]

Numerical example:
Eq1=65x% (2.2 +1.744) / (50 x 4) = 1.28 kgCO2e per cylinder

5.2 Eq2 - GHG from energy consumed in filling operation

Eq2 accounts for electricity and fuels used at the filling center per cylinder:

Eq2 [kgCO2e/cylinder] = Electricity[kWh] x EF_electricity[kgCO2e/kWh] + Fuel[unit] x
EF_fuellkgCO2e/unit] + ...

Parameter Value

Electricity used for filling (example) 3.0 kWh per cylinder

Electricity emission factor (example; market- 0.20 kgCO2e/kWh
based)

lllustrative calculation (replace with site-specific values):
Eq2 = 3.0 x 0.20 = 0.60 kgCO2e per cylinder

Note: Emission factors and the market-based approach for electricity shall follow the guidance in the
main document section on electricity.

5.3 Eq3 — GHG from transportation of one filled cylinder to the customer (round-trip)
Eq3 expresses cylinder delivery emissions per cylinder as distance multiplied by an appropriate

transport emission factor:
Eq3 [kgCO2e/cylinder] = Distance_roundtrip[km] x EF_transport[kgCO2e/km]
lllustrative derivation of EF_transport using a fuel-based approach (then expressed per km per

cylinder). This is provided for transparency only; primary logistics data should be used where
available.

Parameter Value

Round-trip distance (example) 120 km

Truck diesel consumption (example) 0.22 L/km

Diesel WtW emission factor (example) 3.2 kgCO2e/L
Average cylinders per trip (example allocation) | 150 cylinders/trip

EF_truck _per_km =0.22 x 3.2 = 0.704 kgCO2e/km
EF_per_km_per_cylinder = 0.704 / 150 = 0.00469 kgCO2e/(km-cylinder)
Eq3 =120 % 0.00469 = 0.56 kgCO2e per cylinder

5.4 Eq4 — GHG for production/delivery of the air gas to the filling center (incl. losses)
Eq4 adds the product CFP at the filling center multiplied by the quantity of product filled, with an uplift

for losses at the filling center.

Eq4 [kgCO2e/cylinder] = Product_CFP_at filling_center[kgCO2e/kg] x Quantity_filled[kg] % (1 +
Losses[%])
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Parameter Value

Product CFP at filling center (example) 0.25 kgC02e/kg O,

Quantity filled 13.54 kg O, per cylinder

Losses at filling center 5% (default estimate unless better data exists)

Eq4 =0.25 x 13.54 x (1 + 0.05) = 3.55 kgCO2e per cylinder

5.5 Eq5 — Total GHG of one filled cylinder at customer gate
Eq5 [kgCO2e/cylinder] = Eq1 + Eq2 + Eq3 + Eg4
Eq5=1.28 + 0.60 + 0.56 + 3.55 = 5.99 kgCO2e per cylinder

5.6 Eq6 — CFP of packaged oxygen delivered (per kg at customer gate)
Eq6 [kgCO2e/kg O,] = Eq5[kgCO2e/cylinder] / Quantity_filled[kg O,/cylinder]
Eq6 = 5.99/ 13.54 = 0.44 kgCO2e/kg O,

6. Results summary
6.1 Results per cylinder (customer gate)

e Total: 5.99 kgCO2e per B50 cylinder (illustrative example)

e Eq1 - Cylinder manufacturing: 1.28 kgCO2e/cylinder

e Eq2 - Filling energy: 0.60 kgCO2e/cylinder (example)

e Eqg3 - Cylinder transport round-trip: 0.56 kgCO2e/cylinder (example)

e Eqg4 — Product CFP at filling center incl. losses: 3.55 kgCO2e/cylinder (example)

6.2 Result per kg of oxygen delivered (declared unit)

0.44 kgCO2e/kg O, (illustrative example).

7. Implementation notes (for real-world use)

e All example values (filling electricity, electricity EF, logistics distance and transport EF
derivation, product CFP at filling center) are illustrative placeholders and shall be replaced with
site-/country-specific inputs.

e The CFP of the gas used in the filling station (Eqg4) shall be calculated according to the
methodology described in the main document.

e Losses: if a more accurate estimate than the default 5% is available for the relevant filling
operation, it shall be used and documented.

e Electricity emission factors shall follow the electricity guidance in the main document (market-
based approach where contractual instruments exist).

e Transportation emissions shall follow the transportation guidance in the main document (Well-
to-Wheels; fuel-based preferred, distance-based acceptable when needed).

The cylinder tare weight is excluded from the declared unit (1 kg of product); cylinder impacts are
amortized via Eq1.
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