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1. Introduction and Aim of Document

1. Introduction and Aim of Document

Relevance, quality, consistency, actuality and continuity are the main aims of Managed LCA Content
(MLC), formerly named GaBi Databases. The databases are the result of over 500 person years of
direct data collection and analysis and over 2,000 person years of accumulated project work by our
domain experts. For the past 30 years, Sphera (incl. its predecessor companies) has constantly
developed and advanced the databases to better meet tomorrow’s data needs today.

The goal of the Sphera LCA Databases Modelling Principles document is to transparently and
consistently document the boundary conditions, background, important aspects and details of the Life
Cycle Inventory databases, as well as the basis of the models in the MLC. This is intended to help
data users to better understand the background and to better use the datasets in their own models.
Note that some tips and tricks for using the datasets refer to using them in its native LCA for Experts
(LCA FE) Software by Sphera (formerly GaBi Software System). Using other software systems may
offer different possibilities of using the datasets, depending on the specific software’s abilities and
limitations.

At the end of the document, you will find a description of the Life Cycle Impact Assessment (LCIA)
methods included in the MLC. This document covers all databases, including the core MLC
Professional Database, the numerous Extension Databases, and the Data-on-Demand datasets.

Due to the virtually unlimited Goal and Scope of LCA applications, this document neither aims to
answer every possible question nor to document every possible aspect, but to describe the important
LCA related principles that have been applied, to make MLC data “second to none” concerning
consistency, actuality and quality.

The Sphera LCA Databases Modelling Principles aim to mirror our existing global, regional and local
economy and industry supply chain network. They reflect major international standards and relevant
professional initiatives. While the Sphera LCA Databases Modelling Principles are not used to test
new methods, they are open for improvement as new methods or aspects have been sufficiently
tested and proven in practice to mirror the existing and evolving supply chains in an even more
realistic way.

The MLC is an important source of background LCI data for multiple stakeholder groups: industry
products and service provider, research and development, academia and education, policy and
regulation, , and consultancy. Any of these stakeholders aiming for accurate and reliable results need
accurate, adequate and reliable data—without data, there is no result —without quality, there is no
quality in the result.

Without quality data, there is a high risk of inaccurate or misleading results, inappropriate decisions
and missing goals.

Note that scientific and educational goals are often different from those in policy making or
development and industry. Expansion of knowledge may be the focus of one group, policy
development the focus of another group, and innovation and critical decision making the focus of a
third group. These different interests require different interpretations of the same underlying data of
our common supply chains. There is just one engineering reality in the supply chains of our
economies, but possibly different societal value interpretations concerning the most sustainable
option.

This underpins the databases overarching aim, namely, to represent the technical reality of our
dynamic and innovative economies as adequately as possible at the given point in time. Achieving
this goal and preserving, evolving and continuously improving a high data quality requires
technological, temporal, and geographical representativeness, professional data generation and
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sourcing, and continuous database maintenance and govemance, which are all important and
audited aspects of the daily work of Sphera’s LCA Data Content and Sector Expert Teams.

Professional database management is important to help ensure on-time delivery of databases in an
annual upgrade cycle. It not only ensures the accuracy and relevance of results to help maintain a
competitive advantage, but it also protects clients from unexpected surprises resulting from longer
upgrade cycles that would inevitably but naturally lead to partly substantial changes in results. The
annual upgrade cycle therefore reduces uncertainty and mitigates the financial and reputational risks
associated with using outdated data.

© Sphera 2025 5
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2. Managed LCA Content (MLC)
Framework

Successful, continuous and effective database provision needs...

¢ a professional database concept and management,
e consistent and central database development,
o database maintenance as well as frequent and efficient upgrade routines.

To enable a flexible, goal and scope dependent use of the database content in different life cycle
related applications and professional decision situations, the data should be suitable to different
schemes and standards of industrial and professional practice to the greatest extent possible while,
most importantly and simultaneously, reflecting the real supply chain and technology situation. The
databases are hence developed, maintained and improved by well-educated and broadly
experienced teams of different expert groups with broad and deep knowledge in their areas of
expertise.

The methods and methodological choices used have been selected to reflect the supply networks in
the most appropriate way to ensure that the method follows reality.

2.1 MLC concept and management

Embedded into the operational framework of Sphera is the concept of a “Master Database”. The
Master Database is one pillar of a three-pillar solution approach. The other pillars are
engineering/consulting knowledge and professional software environment, respectively, as illustrated
in Figure 2-1 below.

LCA/CFP/ Sustainability databases

Master Engineering/ Modern +
Database Consulting Powerful
Model Knowhow Software
System

Figure 2-1: MLC concept embedded in a three-pillar approach

Database development at Sphera involves experts on LCA methodology with technical expertise (see
Chapter 2.6 for details on the different teams) and extensive knowledge of the relevant supply chain.
Relevance checks and routine quality assurance checks are applied methodically. The generation of
a new dataset follows a standard procedure with a cascade of quality checks and is embedded into
the Master DB concept.

Internal entry data quality checks: Newly generated data first passes a quality check by two LCA
experts with engineering skills at Sphera in an intemal review before entering the database
environment.
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2. Managed LCA Content (MLC) Framework

Internal quality assessment of results: Depending on the type of data and its intended use, field of
expertise and the sources providing the data (internal or external sources and/or organizations), our
cooperation partners University of Stuttgart, Institute for Acoustics and Building Physics (IABP, former
LBP), Dept. Life Cycle Engineering (GaBi), and Fraunhofer Institute for Building Physics IBP or
independent organizations may provide a second round of quality checks, if necessary.

External quality assessment and review of 3™ party industry data: Data which is generated in
conjunction with industry or trade associations for distribution with Sphera’s LCA databases to the
professional LCA user community undergo an additional quality check by the respective data
providers or by selected neutral third-party organizations as an independent third-party review.

External quality assessment of results: The dataset and systems provided with Sphera’s LCA FE
software and databases for public use are constantly checked for technical plausibility by the users,
as the results of the datasets are questioned in various external, professional and third party LCA
study reports by industry, academia and policy bodies. Additional user feedback happens publicly via
the online LCA FE LinkedIn forum or directly from clients to individual contacts at Sphera. The
information feedback is incorporated into the standard maintenance and update process of the
databases, where necessary, and leads to consistently higher levels of quality and relevance over
time. This process contributes to our continually improving data as knowledge and technologies
progress or industrial process chains develop and change.

Additional external review activities: The different elements of the MLC were independently
reviewed several times since 2012 by different organizations.

The ILCD compatibility of selected MLC processes across all industries was reviewed for the
European Commission’s JRC by the Italian National Agency for new Technologies, Energy and
Sustainable Economic Development (ENEA).

In the light of the Product and Organisationa Environmental Footprint (PEF/OEF) Initiative of the EU
Commission, the Spanish “Centro de Investigaciones Energéticas, Medioambientales y Tecnoldgicas
(CIEMAT)” reviewed our data with focus on energy systems.

Both above reviews were commissioned by the European Commission.

Sphera delivered more than half of the official Environmental Footprint (EF) 2.0 databases to the
European Commission from 2016 to 2017 and has so far delivered the commonly to be used core
data on energy, transport, packaging and end-of-life (recycling, waste-to-energy, landfilling) for the EF
3.0/EF 3.1 database. The datasets are derived from MLC database (being already completely ILCD
entry level complaint since many years) with some methodological adjustment in order to make the
data fully EF conformant. All the EF datasets underwent an independent review, thereby also
assuring the quality of the underlying LCA models. This covers energy, transport, packaging (non-
plastic), plastics, End-of-Life (including recycling, energy-recovery, landfilling), minerals and metals,
and the electrical and electronics sectors.

To complement extermnal dataset reviews, Sphera introduced a technical and procedural review
process that also included review of the database development process with the world's largest
international inspection and verification company DEKRA. As LCA continues to be used more broadly
in industry, companies require increased accuracy, transparency and credibility of their data sources
in order to make the best-informed decisions. Recognizing this and in order to ensure consistency
and quality of its databases, Sphera finalized the first round of an “on-going technical review process
with DEKRA”. The DEKRA review of the database confirms that:

¢ credible independent sources underpin each dataset,
¢ up-to-date engineering know-how is used in creating the dataset,
e accurate meta information are provided in the dataset documentation.
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2. Managed LCA Content (MLC) Framework

The review initially covered basic technologies, such as power plants, refineries and water treatment
units underlying many other aggregated datasets, and continues with datasets derived from these
core models. In addition to the technical review of the datasets themselves, the quality assurance
processes at Sphera are also subject to procedural review.

Public DB's

—-| external/client : -
content provider

agreement

= — — — ———— — —

know-how

release permission

release permission

-

project DB

CUP files .
uality internal use

availability

new datasets Master DB

project DB

— future project DB

project DB's to final storage

new information

project DBs

Figure 2-2: LCA Database Management at Sphera

Quality assurance processes and review procedures are an integrated part of Sphera’s Database
Management, protecting confidential and sensitive project-related information of clients (data
providers and data consumers) while enabling all users to benefit from the intemal information,
knowledge and expertise pool of Sphera.

Any confidential project or customer-related information is protected by a “Non-Disclosure Agreement
(NDA)” and is kept securely separated from any publicly available database. Also within Sphera, the
access to the Master database is restricted to individual members of the Data Team on a need-to-
access basis, with a documented and countersigned access right, and with individual rights to read
and edit.

The professional and secure data management and data protection policy of Sphera is key to the
success and satisfaction of many Sphera customers incl. those customers being competitors in a
sector.

2.2 MLC development, maintenance and update

© Sphera 2025 8



2. Managed LCA Content (MLC) Framework

The development of LCA over the last 30 years has continued to be industry driven. Naturally, the
best LCI data for industry should be based on industry operations to ensure the proper representation
of real production.

LCA databases began appearing in the early 1990s. LCA FE (that time named GaBi Software and
Data System) was an early pioneer combining both database and software systems from the
beginning, opening synergies and unique possibilities.

LCA Databases continue to grow in relevance. MLC evolved and established LCA in daily use early
within both research and industry. Only professionally managed, maintained and updated databases
continue to be highly relevant for industrial use.

Maintaining and updating databases is an important task, which is both a time- and management-
intensive activity. Accuracy of data, new data sources, new environmental know-how on emissions
and resource use, new (practical, proven, and standardized) methods and evolving user requirements
are just five examples requiring constant attention and reflection. And constant attention requires a
consistent group of people taking care of specific topics and sectors:

¢ New scientific and environmental findings, new data and technologies, new methods all require
constant database development.

¢ Clients’ base decisions for development of new products based on LCA, optimization or investment
all of which depend on reliable results, applicability and continuity in daily practice.

MLC employs proven “best practice” data and approaches. New scientific methods and data are
applied only after feasibility checks to reduce risks of wrong (product or process) decisions.

Sphera has an established management cycle conceming databases: Plan-Implement-Maintain-
Review.

In planning, innovations and demand are core drivers of the activities. This may be new
technologies, new regulations, new standards or new knowledge. Stakeholder feedback is collected
wherever possible to ensure relevance and value.

In implementation, relevance and consistency are core drivers of the activities. This comprises LCI
method and engineering knowledge combined to reflect the given economic and technical
environment.

In maintenance, the frequency and temporal reliability of the delivery are core drivers to renew
evolving data and retire outdated data. It is not the absolute age of the data that eventually leads data
to become outdated but the relative age with regard to the innovation cycle of the sector.

In review, actual user feedback and check of supply chains are core drivers to map the data from the
previous year against possible relevant changes of technology, economy or society in the current
year.

The MLC approach is done “for practice with information from practice” and, as such, considers the
critical success factors in professional LCA applications in industry. MLC data is not any randomly
available data but rather the best practice information based on the real world experience.

Access to raw data sources made available or information compiled by Sphera and in-house
engineering expertise enables the development and delivery within scope, on time, with high quality
and guidance towards suitable data selection. A standard format for all LCI datasets is mandatory for
all Sphera-owned data.

Sphera data is “industry-born” based on extensive stakeholder involvement and feedback from
industry and third-party sources. Sphera welcomes constructive criticism and improvement proposals
as an important contribution to support continuous improvement.

© Sphera 2025 9



2. Managed LCA Content (MLC) Framework

Sphera models real supply chains for cross-sectoral use for all B2B and B2C relationships. The data
reflects specific and up-to-date technology and routes for individual sectors. Region-specific
background systems are combined, wherever suitable and possible, with local/regional process
technology information. Individual, user-specific modification, adaptation and extension on local
situations with customer-owned data or parameterized data are possible. Individual data-on-demand
can be created by Sphera with high levels of consistency and quality, while ensuring data
confidentiality is protected.

Regarding development, maintenance and update environments, a suitable group structure (see
Chapter 2.6 for details) with different responsibilities at Sphera is in place. There is a direct
relationship between software and database development, which supports practical and relevant
solution pathways as many issues affect both fields.

Maintenance and support routines are installed, and updates are regularly conducted with the least
possible user effort required, including smart database/software updates with automated addition of
new standard LCI or LCIA data.

2.3 Structure of the Master Database contents

The Master Database is the core data repository and contains about 30,000 plan systems, each
typically with several or even a large number of unit processes and sub-systems. The databases are
hence by far the largest intemnally coherent and high quality LCI databases available.

In some cases - depending on the complexity of the supply chain - single cradle-to-gate systems
involve several thousand individual plan systems and tens of thousands of individual processes
tracing back to the resources in the ground.

Main Plan

Process Process Process

Figure 2-3: Hierarchical structure of the processes and plans

Each Sphera-owned, aggregated process provided in the available databases has a corresponding
plan system in the Master Database. Extensive interconnected plan systems are the result of such
“reality-anchored models”, which are hardly manageable without suitable LCA software support. In
principle, it would be possible to display all sub-systems of all processes and plans of the complete
Master DB. The resulting document or file would probably have about a quarter of a million tabs or
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2. Managed LCA Content (MLC) Framework

pages ' By the way, the finding that the management and comprehension of these extensive supply
networks is practically impossible by matrix-kind systems like Excel, lead to the development of
version 1.0 of our software in 1990 and its corresponding Master Database over the last 3 decades.
Enabling users to transparently and simply manage and use large process chain systems of real
supply chains.

The graphical display within this document is therefore limited to relevant examples. It aims to
document the structural background of the Master Database. Further publicly available process chain
and technology information on all datasets and systems is covered in the documentation.

We offer to share more details and process chain knowledge through bilateral business relationships.
The publicly available databases contain plan systems, unit processes, partially aggregated
processes and aggregated processes.

" Rough estimate assuming two screenshots or unit processes per page.
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Figure 2-4: Aggregated dataset in MLC, illustrative example

Aggregated processes are often the only way to provide relevant, suitable and up-to-date information
of industrial sources to the LCA user community. Many users consider aggregated processes the
best way to reliably and representatively model existing background systems, beyond their own site
fence, influence and responsibility.

While modelling Sphera checks and complements unit process data collections and compilations,
through checking technically realistic mass and energy flows, to country-specific supply chain
modelling. The aims adequate details and precision of comparable unit processes.

Opening the first level of the related polytetrafluoroethylene production in the Master Database shows
the polymerization step with the respective unit process in the center. Upstream sub-systems are
shown on the left. Note that in the unit process, only intermediate flows are visualized here;
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elementary flows such as resources or emissions are present in the individual unit processes (see
Figure 2-5) and can be seen once the process is opened.

process waber E. rocess water E.

Blectriaty Grid M & , Polyterafuceoetilene gran, (PTFE)  XFE__ | Froduat =
sheam eorer sen ! &
waste :
Steam from natural gas é‘l
WASTE INCIrATon Hit
Tetrafluoroethylens
HCl =]
HZ504 =
HaOH =]
Acetone (2% |
Di-weater ]

Figure 2-5: Polymerization subsystem in Master DB

Figure 2-6 follows the single upstream pathway of tetrafluoroethylene indicated by the red circle in
Figure 2-5.
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= Tetrafluoroethylene (C2F4) AT
Chlorogffiucromethane ﬁ
(R22, WCFC-22)
Product XE[
Methanol from natural gasfy
H2504
—_—
T : V= 1
-
Nitrogen :
— H
Steam from natural gas Eﬁ;
Di-water
— Pgr
Thermal Energy from ekt
PR
natural gas
1,3-Butadiens
—_—

Figure 2-6: Tetrafluoroethylene subsystem in Master DB

...to R22 details in Figure 2-7: and on to chlorine mix details displayed in Figure 2-8...
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chloromethanes (tetra-, tri-, AJH
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I ——

trichloromethane XEEE
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chlorine
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process water o oE —
nitrogen -
chlorine content in acid E»
100% PE
electricity i
steam conversion :ﬁ; .I- losses pEEE
=
Steam from natural gas Eﬁ% waste water treatment B}

Figure 2-7: R22 subsystem in Master DB

Chlarine fram Chlorine-Alkaline-Elektrolysiz E=y" Chlarine frarm R Chlorine from Chlorine-flk aline-Elektrolsiz X9 \
[Armalgam) Chlarine-dlk aline-Elektralysis [Diaphragm) [Menbrane] ’

"Praduct XEEE'

Figure 2-8: Chlorine production mix in Master DB

... which leads to the chlorine membrane technology details (Figure 2-9) and from there back to rock
salt mining.
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Figure 2-9: Chlorine membrane technology production in Master DB

The previous example showed the joumney from polymer back to rock salt. The following example
gives insight to the fossil fuel and organic process chain. Starting with the various refinery products
diesel, gasoline, naphtha and gases on the right side of Figure 2-10...
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Figure 2-10: Refinery model in Master DB (please note that in contrast to other LCA databases the
refinery is not modeled via one single “unit process black box (oil and auxiliaries in, products out”, but
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modelled in various detailed refinery process operations from distillation, over cracking’s to finishing).
Some unit process systems deserve certain detail to be adequate.

... the refinery products can be traced back through the different refinery stages to the crude oil inputs
on the left...

Norway

Saudi
Arabia

Figure 2-11: Crude oil import mix and country specific oil extraction in the Master DB

...and from the crude oil import mix to the country-specific oil extraction and the bore holes at the
source.
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The next and last example shows the electricity model in the Master Database.
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Figure 2-12: Example of a country-specific grid mix model in the Master DB (please note that in
contrast to other LCA databases the regional and national power parks are not modeled via one
single “unit process black box (fuel and auxiliaries in, energy out”, but modelled in parameterized unit
processes of over hundred input parameters like fuel specification, sulfur content, denitrification
processes, desulfuration processes, wet or dry flue gas treatment technologies,...). Some unit

process systems deserve certain detail to be adequate.

The product output on the right side of Figure 2-13 is 1 kWh of electricity at the consumer. On the left

of the power plants, the country- or region-specific fuel mixes (hard coal, lignite, oil, natural gas) are

shown...
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Figure 2-13: German natural gas consumption mix in MasterDB

...which are provided by the German consumption mix (incl. imports) of natural gas (Figure 2-13).
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Figure 2-14: German natural gas production in MasterDB

...and can be traced all the way back to the natural gas production at the source (Figure 2-14).
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Remember that the above screenshots represent only a small amount of the total process chain
network involved in the chosen PTFE example. In summary, we can conclude that an aggregated
dataset integrates a large amount of valuable information, which would otherwise be either
neglected or barely manageable.

Thousands of aggregated, real world subsystems and engineering information are included and the
underlying full models are updated regularly. Data collection time, industry research, compilation, and
consistency checks create real B2B supply chains. Knowledge of technical aspects of supply chains
has been documented, along with the over 500 person-years of work on the database and content.

2.4 Standardization, conformance and application of
LCIl databases

The customer or case specific foreground model must be conformant to the desired approach. LCA
FE software supports this objective in various ways with its flexible modelling features.

The databases are developed for use within different situations and applications as upstream,
downstream and background data and seek to be in line with relevant existing standards, reference
documents and best practice documents, if consistent rule sets exist.

In this context, we primarily consider:

o LCA/LCI/LCIA: [ISO 14040: 2009, ISO 14044: 2006]

e Environmental labels Type | [ISO 14020: 2000], Type Il [ISO 14021: 1999], Type Il [ISO 14025:
2006], Environmental product declarations (EPD) [ISO 21930: 2007], Sustainability Of Construction
Works - Environmental Product Declarations - Core Rules For The Product Category Of
Construction Products [EN 15804+A1 2014] sUPERSEDED BY [EN 15804+A2 2019], Institute
Construction and Environment [IBU 2011], Fiches de Déclaration Environnementales et Sanitaires
(FDES) [NF P 01 010: 2004]

e Greenhouse Gases/Carbon Footprint: [ISO 14064-1: 2006], [ISO/TS 14067], WRI GHG Protocol
Corporate Value Chain (Scope 3) [GHGPc 2011] and Product Life Cycle [GHGPp 2011], [PAS
2050: 2011], Carbon footprint of companies [ISO/CD 14068], Organizational life cycle assessment
[ISO/TS 14072: 2014]

e Carbon Disclosure Project (CDP)
e Environmental Management ISO 14001, EMAS II, EMAS lII

e European Commission: Database reference systems and guidelines: Product Environmental
Footprint (PEF) and Organisation Environmental Footprint (OEF) [PEF guide 2013], superseded by
[PEF method 20191, superseded by [PEF method 2021], Product Environmental Footprint Category
Rules (PEFCR) guidance 6.3 [PEFCR guidance 2017], superseded by the one in the annex of
[PEF method 2021 and their sister OEF and OEFSR guidance documents, ILCD DN entry-level
reference data system documents and ILCD data format [ILCD 2010] and the elLCD data format,
Guide for EF-compliant data sets 2.0 2019.

¢ International Organizations: SETAC/UNEP Global Guidance on databases [UNEP/SETAC 2011]

¢ International industry: Various industry association Eco-profiles and Environmental Declarations,
various method guidelines by international industry associations like PlasticsEurope, CEFIC,
Worldsteel, Together for Sustainability (TfS) and Catena-X.

o CDP Water Disclosure and Water Footprint Network Manual, ISO guidelines on Water Footprint
[1SO 14046: 2014]
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Because LCA is a multi-function/multi-application method, the MLC data is generally developed to be
used consistently within the aforementioned frameworks. It might be possible that some frameworks
define in certain specific applications specific requirements. Therefore, the LCA FE system supports
and allows for specific addition/modification/adaptation of dataset, if needed. Depending on the
necessary changes, this may have to be done by and at Sphera, to contain and protect confidential
industry information in the background: Being enabled granting access to recent and industry-based
LCI datasets cannot be combined with having full access as final user to the underlying life cycle
model on unit process level, in by far most cases.

2.5 Databases in reference networks, standards and
principles

The MLC (databases) are renowned for their practical relevance and are frequently used to support
different initiatives, industry or national databases schemes. Conversely, initiatives, industry or
national databases schemes influence the MLC. This symbiotic relationship enables practicability,
applicability, compatibility and distribution of data within relevant professional frameworks. The
following graph illustrates the dependencies within this coexisting symbiosis.

Database reference networks, standads and principles (multinational/global)
ILCD, LCDN, UN Environment, WIR/WBSD, ISO / CEN
1 + t
[ [ I
i | :
v : v
I
1
1
National database initiatives. : Industry specific DBs
Ci Il iation data,
~—— e.g.EU, EF, USLCI DB « - it —
Thai nat. DB, - F PlasticsEurope, worldsteel,
Japan nat. DB : PU Europe, EUMEPS,
I FEVE, DKIVECI/ICA
]
+ : 4
i : ]
| S ———— fmm———————————————— J
¥
LCA FE & MLC -—
multi-industry / multinational data
= Data
== Meta data

Figure 2-15: MLC in the international context of databases and frameworks

Potential data and metadata flows are visualized between the different professional frameworks.
Sphera data influences standards and standards influence Sphera data. Sphera data aims to be
applicable in as many relevant standards as possible.
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+ 1,000 pages annex electronic documentation files
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Figure 2-16: Tuming standards into technology solutions

This calls for continuous adaptation due to stakeholder feedback and the related implementation time
needed to improve and evolve data and standards.

Sphera databases turn theory into professional practice. Standards, guides and handbooks
are an important basis of our supporting work.

Turning paper (i.e., standards) into technology solutions is a core deliverable of Sphera databases.
This provides access to standardized information to a wide range of stakeholders in a form they can
use in day-to-day operations and improved upon through the continuous feedback loop outlined
previously.

However, most importantly the sector initiatives should align on important basic rules, because the
life-cycle of a product is made of information and data of many sectors.

2.6 LCl Teams

The MLC is the result of teamwork from around 10 industry sector expert teams and one core MLC
Data team of 15+ data content experts that facilitate the process, ensuring the quality and
governance procedures are adhered to. Each expert team is responsible for modelling its specific
system, as well as documenting the generated LCI. Each team requires experts that have a broad
and deep expertise in the following fields:

¢ Technical knowledge specific to the given industry sector.

¢ Performing LCAs and specifically having experience in analyzing technical production routes.

¢ Good understanding of the analyzed production technologies applied to material production and/or
power generation.

¢ Sensitivity to the industry’s current state and has an appropriate understanding of the role of LCA
within industry.

o Self-directed work in effective cooperation with industry.
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The coordination of all expert team’s contributions is the task of the core MLC Data team. It provides

the technical platform and methodological guidelines to all expert teams to ensure a consistent and
synchronized database management. It also serves as an interface to clients, the market, and the
scientific community to receive feedback on existing database content, to make sure the databases
are in line with the development of methodologies, the demands of the market, and to constantly
improve the intemally used workflow and guidelines. In this way, consistency throughout all

databases can be assured.

Chemistry

LCA for Experts (LCA FE)

Metals
&
@)t

Renewables

Energy

Transport

Electronics

Creation of final database
content (after validation)

Managed LCA
Content team

(MLC)

Feedback from
clients and market

End-of-life
T7
Coating&Textile

Construction

Provision of technological platform and methodological guidance

Figure 2-17: LCI industry sector Expert Teams and the core MLC “Content” team

The Sphera-owned full LCI systems, including unit processes, plan systems and aggregated data, is

the core of all databases. However, as we aim to host and provide all relevant data sources
consistently; Sphera is open to anybody that would like to publish technically sound and consistent
data of any kind. This could be unit processes, plan systems or aggregated data.
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1. Sphera owned full LCA
systems incl.

2. Sphera’s Customer data

I Companies and organizations

3. Associations data
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Plastics Europe, EAA, worldsteel,
DKl published with Sphera

4. Company EPD like data sets

I Aggregated Processes
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Figure 2-18: Overview of relevant data sources consistently covered in the MLC
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3. Methodological Framework

This chapter summarizes important methodological principles, which are applied in the database
modelling and are utilized if new datasets are developed or existing datasets are updated.

.1 Definition of tasks in database work

Database work can be separated into the following categories:
1. Database development
2. Database enlargement
3. Database maintenance

In Data and Database development, new LCI data and databases are created using best-available
raw data sources and appropriate methodological approaches to set-up a new data for the first time
as consistent to existing data as possible.

In database enlargement data of further regions, further technology or further supply routes is
generated.

Data and Database maintenance keeps existing LCI data and databases constantly up-to-date in
terms of relevant and practically proven changes to data formats, flow formats, flow hierarchies and
the new methodological findings. Data and Database maintenance further involves frequent upgrades
on the new technological background information of unit processes, upstream technology information
and technology routes, consumption and production mix figures for commodities, new impact factors,
as well as new combined software-database functions that enable use of generic data in a broader,
more flexible and extended way.

For any of the above-mentioned tasks in database work we use the phrase “modelling”.
These modelling processes contain the following main steps:

e Goal and scope

¢ Data collection/check and system modelling
o Data quality requirements and checks

e Documentation and publication

The “Sphera LCA Databases Modelling Principles” are the basis for consistent database work. These
guidelines address the important points but are not exhaustive. Transferring theory into practice
requires interpretation and experience and, as a result, the data users are responsible for selecting
the appropriate background data and modelling principles for their specific application.

3.2 Goal

The results of an LCA study, as a rule, are related to a specific question. Therefore, the goal definition
of an LCA study is of vital importance. The same applies to the development of generic and
representative (single) datasets.

The main goal of all datasets in the MLC is to reflect the reality of our industrial and business
networks and to provide a maximum degree of goal and scope applicability to the user. Consistency
is important to ensure that all sources used fit in with the industrial reality and our engineering
knowledge alike.
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Concerning the ISO 14044 standard [ISO 14044 2006], the goal of the MLC data can be understood
as follows:

¢ Intended application: All practical life cycle-related applications that aim to maintain links towards or
are based upon the ISO 14040/44 series and the sister standards like ISO 14067, ISO 14064, ISO
14046, ISO 14068, ISO 14025 and EN 15804.

e Reasons: You cannot manage what you cannot measure, and as such, LCI data is the basis for
supporting the overall objective of sustainable development in the environmental dimension. The
aim is to be specified within the context of the system under investigation.

¢ Intended audience: All LCA practitioners in industry, research, consulting, academia and politics
that aim to base their individual work on accurate and reliable data.

e Comparative assertions: No comparative claims are intended or supported directly on inventory
level. The user must ensure by own means the suitability of any comparison of objects or groups of
objects in the database. The databases are a consistent compilation of different datasets per
functional unit, but direct comparison on the database level may not be appropriate because proper
(use case specific) modelling based on a functional unit is needed to ensure suitable comparisons
in most cases. The user is, however, able to take data and set up suitable comparative assertions
disclosed to the public, which are its own responsibility. The user must stick to the procedure in the
ISO standards, if he aims to claim conformity.

3.3 Scope

The scope of the dataset and data systems depend on the type of dataset requested (see Gate-to-
Gate, Cradle to Gate and Cradle to Grave ?).

In most cases, the complexity of the answer or result interpretation is strongly dependent on the
degree of desired general or specific validity of the answer or result interpretation.

Models of specific circumstances tend to be described with less complex systems, fewer possible
varying circumstances or sensitivities that must be addressed. However, the data for these specific
circumstances need to be known or made available.

Models of general circumstances tend to be described with more complex systems because more
possible varying circumstances or sensitivities must be addressed. Circumstances that are more
general enable the use of more generic data.

In other words: for specific results or a specific company product, specific foreground primary data
(for key material, energy and auxiliary input and key products, emissions and waste output) from the
related company is needed or at least favorable. For general results concerning an average product,
generic production, upstream or background data can be suitable.

To avoid misinterpretation due to the use of data and datasets, the type of data and its boundaries,
the specific product systems and its upstream technology routes must be documented and

2 To avoid confusion by using any “en vogue terms” of non-standardized concepts, ideas and visions, the well-known and
established term “Cradle to Grave” is used. The broadly used “Cradle to Grave” approach can include all kinds of End-of-Life
and recycling options. So, the “Cradle to Grave” approach is used to model all kinds of cycles and recycling issues and is not
used in contrast to any other method, as all aspects of technical and natural cycles, e.g., carbon, water and nutrients, can be
covered.
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understood. The MLC datasets and the related documentation provide the necessary information to
avoid misinterpretation.

3.3.1 Function and Functional Unit

The functional unit is a “quantified performance of a product system for use as a reference unit” in a
life cycle assessment study [ISO 14044: 2006]. As such, a proper functional unit allows for the fair
comparison of product systems providing a common function.

Given the Cradle to Gate character of most datasets and plan systems in the MLC, the functional unit
is always defined as providing a certain unit of product output. Depending on the product, the
functional units used in the Databases [MLC] are essentially physical metric [SI]-units related to the
amount of product, e.g., 1 kg, 1 MJ, 1 m3. The functional unit of each process is defined within the
process ®.

3.3.2 Definition of terms within system boundaries

The system boundary defines what is included in the dataset: a ‘single operation‘ or ‘gate to gate’ unit
process, a ‘cradle to gate’ aggregated dataset or a ‘cradle to grave’ aggregated dataset.

Unit process . . i
emissions
Standart processes Gate to gate
S SO E
I _H-nmdhh:_l 5
X + '
resources '* exploitation " preparation * production |{* use phase " digposal i+ Bmissions
l : t ] !
i :
Cradle to gate Gate o grave
Cradle lo grave

Figure 3-1: Graphic representation of different (sub-) system boundaries
Figure 3-1 is a representation of the system boundary definitions.

¢ Single operation unit process: A technically not further separable process step, or several
processes that are joined in a e.g. machine that produces one or more products via joint
processing.

3 Note that cradle-to-gate comparisons based on these basic SI units are usually not able to support comparative assertions between
products as these require the functional unit to be defined based on the function of end use products (e.g., a consumer good, a building,
a vehicle) rather than intermediate goods like the ones that the MLC provide the background data for. In addition, such comparisons
need to take into account the full life cycle unless use and End-of-Life do not significantly affect the conclusions.
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o ‘Gate to Gate’ black box unit process: All company or site-related activities from material
acquisition or procurement, beginning at entrance gate through all the production steps on site, until
final commissioning steps before leaving the site gates again.

¢ ‘Cradle to Gate' LClI result (aggregated) dataset: All activities from resource mining through all
energy and precursor production steps and on site production, until final commissioning steps
before leaving the site gates.

¢ ‘Cradle to Grave’ LCl result (aggregated) dataset: Cradle-to-Gate extended through the use,
maintenance and the end of life (disposal, recycling, and reuse) of a product.

During development of a dataset, the system boundaries can be subjected to step-by-step
adjustments due to the iterative nature of data system set up and validation procedures.

Figure 3-2 gives an example of an example product system. Elementary flows enter and leave the
system environment, as do product flows to and from other systems. Included within the system
environment are different transports, energy supply, raw material acquisition, production, use,
recycling/reuse, and waste treatment, depending on system boundaries. The respective system
boundaries are defined by the type of dataset.

System
System environment boundary

Raw material
acquisition

e

A s
| Production I
| Elementary

Other Product | flows
systems flow

Energy

Su%ply { * | Usa |
| Recycling/Reuse | N

Product Other
— flow systems

Figure 3-2: Generic example product system of a dataset development standard [ISO 14040: 2006],

3.3.3 System boundaries for the creation of standard LCI
cradle to gate datasets

Within this section, the system boundaries for the generation of standard life cycle inventories are
described. System boundaries are defined by the included and excluded processes of the foreground
and background systems.
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The foreground system boundaries are described in the documentation of the MLC dataset
(https://lcadatabase.sphera.com/).

The background system boundaries of the datasets are described in the following tables. The models
are configured using hundreds of parameters in the software, which would be difficult to list here. In

the following tables, the system boundaries of the main operations in the background system of MLC
dataset are documented.

Table A: Background system boundaries

within system boundary * outside
system
Crude oils and | primary, secondary and tertiary production per country offshore
tural I
natura’ gases onshore processes of exploration and drilling per country 3:226313
offshore processes of exploration and drilling per country onshore
drillin
resource extraction transgorts
venting and flaring emissions and some
minor drilling
drilling meter length chemicals

generators (diesel/gasoline) and electricity

thermal and mechanical energy

water use and wastewater treatment

waste and hazardous waste treatment

share of spilled crude oil from well testing

share of vented natural gas from well testing

bentonite and barium sulphate use

Infrastructure and construction materials

see also https://Ilcadatabase.sphera.com/

Coals and open pit operations per country production of
lignite nder around ration ; nt conveyers
under ground operations per country and mining
soil removal and digging vehicles
overburden
mining trucks and excavators
conveyors
“ If relevant in the context of the country- or technology specific data system.
© Sphera 2025 29



3. Methodological Framework

within system boundary *

outside
system

water pumping

water use and wastewater treatment

air conditioning

Explosives

dust and explosion emissions

specific pit methane, COz, chloride

fuels and electricity

Power plants
(electricity
and/or heat)

all relevant combustion and off gas cleaning steps (see
screenshot in Chapter 2.3) per country

power plant park per country, incl. share CHP/standard

fuel characteristics per country

imports of other countries

all relevant emission country and technology specific

DeNOx and DeSOx units

electricity/heat shares

distribution losses

off gas treatment chemicals

Infrastructure and construction materials

see also https://Icadatabase.sphera.com/

construction
processes of
power plant

Refinery
operations

all relevant refining steps, 30 different (see screenshot in
Structure of the Master Database contents) per country

crude oil characteristics per country

H2 production in reformer and use

external H2

process water

all relevant refining emissions per country

desulphurization and treatment

intemal energy management

methanol, bio-methanol

product spectrum of 21 products per country

see also https://Icadatabase.sphera.com/

Construction
and
infrastructure
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within system boundary * outside
system

Mining ores ores concentrations and combined ore shares per country production of
and minerals . . conveyers

open pit operations and mining

under ground operations vehicles

soil removal and digging

landfill overburden

mining trucks and excavators

conveyors

water pumping

water use and treatment

air conditioning

explosives

dust and explosion emissions

thermal energy propane

fuels and electricity
Ore process chemicals infrastructure
beneficiation fuel d electricit and

uels and electricity machinery

thermal energy

process water

wastewater treatment

ammonium sulphate use

waste and tailings treatment

end of pipe measures and emissions
Metal smelter, electricity specific per electrolysis infrastructure
electrolysis and i and
refining silica use, oxygen use materials of

compressed air facilities

coke and related reduction media

waste and slag treatment

hazardous waste treatment

auxiliary chemicals, caustics, chlorine, HCI, formic acid, soda,

ammonia

thermal energy LPG, naphtha use
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within system boundary * outside
system
water use and wastewater treatment
see also https://Icadatabase.sphera.com/
Chemical all relevant educts or monomers some
Synthesis, " o . catalysts of
Formulations electricity specific per reaction type confidential
and thermal energy use or production or patented
Polymerizations composition
waste treatment and
hazardous waste treatment materials of
reactors and
auxiliary chemicals facilities
water use and wastewater treatment
purge purification of recycling (if any)
see also https://Icadatabase.sphera.com/
Mineral all relevant mineral inputs and fuels infrastructure
processing and " o . . and
kiln processes electricity specific per kiln and operation type materials of
thermal energy machinery
waste and hazardous waste treatment
end-of-pipe operations
auxiliary chemicals
water use and wastewater treatment
particle and combustion emissions
see also https://Icadatabase.sphera.com/
Agrarian COz2 uptake, sun light and nitrogen balance farm
products and . L . infrastructure
renewables rainwater, irrigation water, water pumping and
individual pesticides per crop materials of
machinery

individual fertilizers per crop

land use

fertilizing effects of crop residues and intercrops

tilage and all related soil preparation

tractor and all related machinery

transports to field / farm

electricity and fuels for cultivation

electricity and fuels for harvesting
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within system boundary * outside
system
see also https://Icadatabase.sphera.com/
Electronic NF-metal and precious metal materials infrastructure
products and | d resi t and
components polymer and resin components materials of
Solders machinery
housing and frames
fire retardant
printed wiring boards
processing and assembly
Etching and processing chemicals
see also https://Icadatabase.sphera.com/
Water supply water withdrawal and pumping infrastructure
hanical and chemical t and
mechanical and chemical (pre-) treatmen materials of
chemicals for processing (ClOz, Os, ...) machinery
electricity and thermal energy technology specific
reverse-osmosis and membrane technology
see also https://Icadatabase.sphera.com/
EoL water mechanical and chemical (pre-) treatment materials of
treatment hi
reaimen chemicals for processing (ClOz, Os, ...) machinery
sludge and slag treatment (fertilizer or incineration)
Infrastructure
see also https://Icadatabase.sphera.com/
EoL landfill Leachate treatment (incl. chemicals and sludge drying) materials of
. . machinery
Landfill gas processing
Infrastructure
see also https://Icadatabase.sphera.com/
EoL waste input specific (composition, calorific value) materials of
) ” hi
incineration fuels, co-firing, combustion, boiler, SNCR/SCR machinery
active filter, end-of-pipe, DeSOXx
chemicals, water
Efficiency and energy recovery (electricity/heat)
Combustion calculation incl. all relevant emissions
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within system boundary * outside
system

Infrastructure

see also https://Icadatabase.sphera.com/

All datasets of commodities and products are modelled within the foreground system boundaries
described in the documentation and within the background system boundaries described above.

For any of the Sphera-owned datasets, the underlying plan systems are accessible in the Master
Database and Sphera can grant access rights (e.g., for review purposes) under bilateral agreements
and NDAs. Sphera Master Database content is valuable, privately financed information, developed,
collected and compiled with a tremendous amount of resources and costs, without any public funding.
It moreover contains proprietary information, including third-party databases. It is therefore not
possible to grant free public access to the Master DB.

3.3.4 Cut-offs

Cut-off rules are defined to provide practical guidelines to be able to omit specific less relevant
process chain details while modelling a specific product system. ISO 14044: 2006 mentions three
criteria used to decide which inputs are to be included: a) mass, b) energy and c¢) environmental
significance.

There are three different situations where cut-offs are applied:

1. A known input or substance is not connected to an upstream process chain due to lack of
information

2. A known inconsistency in a mass or energy balance with a known reason
3. An unknown or known inconsistency in a mass or energy balance with an unknown reason

The MLC has very few cut-offs of type #1. The only reason for cut-offs of type #1 is confidentiality of
competitive formulations/substances (see table in System boundaries for the creation of standard LCI
cradle to gate datasets). Due to the magnitude of the database content and the expertise of our
engineers, most information is available or can be developed. If a substance for which no LCA data
exists is needed and is not available as a dataset, the expert uses the Master database and
information for a chemically/physically related substance and creates a conservative proxy dataset
which rather slightly overestimates than underestimates the impact profile for the substance causing
the gap. If the contribution of the conservative proxy on the overall result is smaller than 5%, the
proxy will remain as the overall overestimate on the system level is marginal. If the influence on the
result is higher, the data basis is enhanced (iterative process). Sphera acts on the principle “Only cut
off what can be quantified.” More information on enhancing the data basis and closing data gaps can
be found below in the next chapter.

The MLC contains acceptable cut-offs of type #2 if the environmental contribution to the overall result
can reasonably be expected to be irrelevant. An example of a justifiably negligible environmental
relevance is a known inconsistency in mass or energy balance with a known reason, such as missing
or imprecise quantified mass information in the input. These can be minor variations in moisture
content or minor amounts of diffuse water input, or reaction or combustion air directly taken from the
atmosphere which is normally not quantified in a “bill of material” or process flow chart. Known
inconsistencies in a mass or energy balance with known reason on the output side can be
undocumented “emissions” or energy flows such as evaporated water, used air, “clean” off-gas
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streams or off-heat. These cut-offs are acceptable, if their quantification would raise the effort
drastically and at the same time would only marginally improve the overall results.

All unit processes aim to adhere to physical and thermodynamic laws. The mass balance of the key
substances and fuels in the input must match the product, waste and emission output. Generally, in
the unit process modelling, the mass and energy balances are closed, and cut-offs are avoided.
Projects and data collections with industry and associations showed that on the unit process level,
mass balance inconsistencies of less than 1% are achievable with practically feasible effort.

On the unit process level of the MLC datasets, the best practice value of < 1% cut-offs (or unknown
emissions, sources or sinks) is applied for flows that are less environmentally relevant.

Diffuse emissions (which are not measured in practice but calculated or estimated according to local
regulations) are considered if there is any indication that they are relevant in the respective process.
Many processes limit or (virtually) prevent diffuse emissions by using specific sealing technologies or
by operating with pressures below atmospheric condition (which can prevent unwanted substances
leaving the system).

Unintentional cut-offs (mistakes) or unavoidable cut-offs (non-closable gaps) of type #3 (unknown or
known inconsistency in a mass or energy balance for unknown reasons) are due to missing
information or due to a mistake. If cut-offs must be applied in the foreground system, they are
mentioned in the dataset documentation in LCA FE https://lcadatabase.sphera.com and limited as
much as possible or feasible. If reviews, validations or applications of the Master Database reveal
unintentional cut-offs, these are documented in the “MLC bug forum” and corrected one of the next
maintenance cycles within the MLC maintenance and service schemes.

Straightforward application of mass-% cut-off rules can lead to significant inaccuracies if no
possibilities exist to properly quantify or at least estimate the environmental relevance (e.g., through
benchmarking). Therefore, the definition and use of cut-off rules should essentially be done or
validated by experienced LCA professionals who know the respective process technology and the
field of potential environmental effects caused by the related material and energy flows that are
intended to be cut-off.

Only this combined knowledge ensures proper application of cut-off rules. Therefore, cut-off rules are
indeed essential elements when preparing, collecting and validating data. These rules are especially
important for processes with a large amount of different substance flows (such as pesticides in
agriculture) or systems that employ large material flows of less environmental relevance and few
minor mass flows of substances with potentially high impact (such as heavy metals in a mineral mass
production process or precious metals in catalyst production). In such cases, even small amounts
(<1% mass) can sum up relevant contributions due to their environmental relevance in comparison to
the main mass flows.

3.3.5 Gap closing

Suitable application of cut-off rules defines the amount of relevant and included processes and
process chains. The possibilities to avoid cut-offs were discussed in Cut-offs.

This chapter documents gap-closing, the procedure is as follows:

¢ All known raw materials, products and by-products are recorded (primary data is the first choice, if
applicable).

¢ All known resources and emissions are recorded (primary data is the first choice, if applicable).

¢ In case no data is available, resources and emissions from similar processes or suitable literature
data are used.
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¢ Data can altematively be calculated based on stoichiometry, mass-energy balances, known
efficiencies and yield figures with adequate engineering expertise.

o Optionally, gaps are closed using a reasonable worst-case scenario (such as legal limit, which is in
most cases higher than the actual value), while not with absolute worst cases (e.g. a by-product of
unknown fate is NOT modelled as emission).

e The environmental relevance of the individual flows of concem and their sensitivities are quantified.
Sensitivity analyses are supported by the LCA FE software and can therefore easily be done during
data collection and validation process.

¢ If the contribution and sensitivity is less relevant, the worst-case scenario may remain. If they are
relevant, the flows of concem must be investigated in detail (maybe an iterative step of primary data
acquisition needed).

The seven steps above are used in any customer specific “data on demand requests,” as well as for
any new internal or external datasets, whose goal is to be consistent with the rest of the MLC data
and where the first choice, primary data, cannot be used.

3.3.6 Infrastructure

The inclusion or omission of infrastructure in the MLC is closely related to its respective relevance
within the system, which can differ significantly. Infrastructure is relevant for processes that show
comparatively fewer direct emissions during operation but involve material-intensive infrastructure per
product output. This is the case for some renewable resource-based operations like hydropower
plants (mainly reservoir), wind converters (blades, tower, and gear), geothermal power plants
(turbines halls, well equipment), and solar power plants (solar panels). For wind converters, most of
all potential impacts (> 90%) are from infrastructure because virtually no relevant emissions appear in
the use phase. For hydro and geothermal power plants, the impact of infrastructure can be up to
80%, in our experience. The impacts of storage hydropower plants especially depend upon the
latitude of the site of the reservoir. The degree of relevance of degrading organic matter in reservoirs
located in warm climates can reduce the infrastructure’s relevance as far down as 20%. For
geothermal power plants, the kind of geological underground situation (rocks, soil) may influence the
share of impacts conceming infrastructure and maintenance.

The relevance of infrastructure of mainly fossil operated power plants is significantly lower; according
to our records, it is well below 1% across common impact categories, as can be seen in 2 examples
below:
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Data from Master DB
Table B: Relevance of infrastructure for a natural gas power plant in the Master DB

emissions +
chemical mainly concrete +
natural gas supply steel EoL, recycling
fuel supply operation infrastructure others
Acidification
[kg SO2-Equiv.] 79.7% 20.3% 0.06% 0.02%
Eutrophication
[kg Phosphate-Equiv.] |60.1% 39.8% 0.05% 0.02%
Global Warming
[kg CO2-Equiv.] 21.7% 78.2% 0.02% 0.004%
Photochemical Ozone
Creation [kg C2H4-Eq.] | 83.6% 16.3% 0.05% 0.02%
Fossil Primary energy
[MJ] 99.9% 0.1% 0.02% 0.003%

Larger plants with large throughput and longer lifetimes tend to have lower impact contributions from
infrastructure than smaller plants with shorter lifetimes.

The above results can be cross-checked (e.g., by interested parties without access to LCA data)
against publicly available power plant information from many internet sources. We consider the
following figures of a medium power plant as a public domain example.

Table C: Publicly available example value for a medium-sized gas power plant

Cross check Example value (considered as public domain)
Operation time 30-50+ years

Installed capacity (electrical) | 400-500 MW

Emissions Operation 400-450 kg CO2 emissions/MWh electricity output
Total emissions Operation 40-90 million t COz2 over the lifetime of the power plant

Furthermore, we considered the following main material intensity of a power plant for the cross check
of a public domain example.

Table D: Publicly available example values for CO2 for a gas power plant

Cross check Example value (considered as public domain)
Steel infrastructure 2,000 t to 4,000 t steel per 1 Mio kWh electricity output
Concrete infrastructure 16,000 to 20,000 t concrete per 1 Mio kWh electricity output
Asphalt infrastructure 1,000 t to 2,000 t asphalt per 1 Mio kWh electricity output
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Considering additional publicly available CO:2 intensity factors of the ELCD database, for the
aforementioned materials, the infrastructure is responsible for about 60,000 to 80,000 t COz, which
amounts to about 0.09%-0.15% of the CO2 emissions of the operation (neglecting the supply of gas
and recycling possibilities of the power plant materials). If the gas supply and recycling were also
included, the relative contribution of the infrastructure would be further reduced and a distribution
similar to the LCA model above could be expected.

It is to be acknowledged that the relevance of infrastructure is strongly case-specific. However, even
if one considers the side effects of construction of vehicles and machinery as several factors more
impact-intensive than the material supply for infrastructure, infrastructure and construction would still
have low relevance for fossil fuel fired power plants.

Large-scale conversion processes show comparable characteristics of high throughput and long
lifetimes, so we consider the infrastructure for those operations as irrelevant for a background
database °.

Regardless of relevance, all energy datasets in the MLC (fossil and renewable) include the power
plant infrastructure for consistency reasons; for other product systems, it is included based on
relevance.

For all datasets where infrastructure has significant impact (e.g. wind power plants) the capital goods
manufacturing, infrastructure and its upstream is included from the beginning.

3.3.7 Transportation

As a general rule, all known transportation processes have been included to remain consistent.
Pipeline, ocean vessels, river boats, trucks, railroad and cargo jets are used as parameterized
processes, meaning they are scaled and parameterized according to technology, distance, utilization,
fuel type, road type, river or sea conditions and cargo specifications.

Transportation processes, including fuel production and utilization, is especially relevant if the
process in the considered system is known to be relevant due to:

¢ Weight of material/product to be transported or
¢ Distance of transportation.

The LCI database is structured into many sub-systems of producing and consuming systems, the
transportation systems are modelled in the consuming system. This ensures the generic use of the
same producing system in other applications while reflecting specific transportation situations in the
consuming plan system.

3.3.8 Water

Water use is understood as an umbrella term for all types of anthropogenic water utilization. Water
use is generally differentiated in consumptive water use (i.e., water consumption) and degradative
water use.

5 Be aware: This documentation relates to a background database. For a specific goal and scope of a specific study it can of
course be important to consider infrastructure (maybe even in the foreground system).
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Freshwater consumption describes all freshwater losses on a watershed level which are caused by
evaporation, evapotranspiration (from plants), freshwater integration into products and release of
freshwater into sea (such as from wastewater treatment plants located at the coastline). Freshwater
consumption is therefore defined in a hydrological context and should not be interpreted from an
economic perspective. It does not equal the total water withdrawal, but rather the associated losses
during water use. Note that only the consumptive use of freshwater (not seawater) is relevant from an
impact assessment perspective because freshwater is a limited natural resource. Seawater is
abundant and therefore not further assessed in life cycle impact assessment.

Degradative water use, in contrast, denotes the use of water with associated quality alterations, in
most cases quality degradation (e.g., if tap water is transformed to wastewater during use). Quality
alterations are not considered (fresh) water consumption. Also noteworthy is that the watershed level
is regarded as the appropriate geographical resolution to define freshwater consumption (hydrological
perspective). If groundwater is withdrawn for drinking water supply and the treated wastewater is
released back to a surface water body (river or lake), then this is not considered freshwater
consumption if the release takes place within the same watershed; it is degradative water use.

In a LCA FE balance, the above terms can be understood as:

Freshwater use = total freshwater withdrawal = water (river water) + water (lake water) + water
(ground water) + water (rainwater) + water (fossil groundwater)

Freshwater consumption = total freshwater use (water input) — total freshwater release from
technosphere (water outputs) = water vapor (including water evaporated from input products and
including evapotranspiration of rainwater from plants) + water incorporated in product outputs + water
(freshwater released to sea)

Furthermore, water flows have been introduced for hydropower (e.g., “water (river water from
technosphere, turbined)”) and a new approach to consider cooling water was implemented, which
considers the latest developments of assessing thermal emissions to the aquatic environment.

Additional water flows in the MLC to enable consistent modelling of water

“Water (fresh water)”: This is a composite flow. Individual water elementary flows shall be
documented (river/lake/ground water) and given priority. Use this flow only in cases where this
differentiation is not possible. Freshwater is always classified as blue water (lake or river water,
ground or fossil ground water).

“Water (fossil ground water) %”: The consideration of fossil groundwater is important because the use
of fossil water directly contributes to resource depletion, which is specifically addressed by some
LCIA methods.

“Water (tap water)”: We used the term “tap water” as general term encompassing tapped water with
different qualities. It includes non-drinking-water quality water and high-quality drinking water
produced from groundwater and/or surface or seawater by desalination.

8 Fossil water or paleowater is groundwater that has remained sealed in an aquifer for a long period of time. Water can rest
underground in "fossil aquifers" for thousands or even millions of years. When changes in the surrounding geology seal the
aquifer off from further replenishing from precipitation, the water becomes trapped within, and is known as fossil water.

© Sphera 2025 39



3. Methodological Framework

“Water (wastewater, untreated)”: This flow is generally treated in a wastewater treatment plant. It shall
not be used as an elementary flow since it has no characterization factors in the LCIA methods for
water assessment.

Water vapor: Note that water vapor is not to be confused with steam. Water vapor is an elementary
flow, whereas steam is a valuable substance flow.

Resource flows from technosphere: Water resource flows from the technosphere are introduced in
order to facilitate complete water mass balances on the level of plan systems including foreground
processes and aggregated background data (supply chains).

Water (evapotranspiration).”: Evapotranspiration can be an output from either rainwater or/and
irrigation water stemming from e.g., rivers or lakes.

Water (brackish water): Brackish water has more salinity than freshwater, but not as much as
seawater. It may result from the mixing of seawater with freshwater, as in estuaries, or it may occur in
brackish fossil aquifers.

To increase consistency with the ILCD flow naming, the water flows were renamed with SP33 (MLC
2017); they retain consistency with the EF 2.0,EF 3.0 and EF 3.1 flow nomenclature, which are
further developments of the initial ILCD flow list, with in between exclusively the EF 3.1 to be used.
For further details regarding the names and structure of water flows in the MLC please refer to the
Introduction to Water Assessment in LCA FE software [THYLMANN 2017] and to the separate
documentation “Introduction to Water Assessment in LCA FE”: https://scn.spherasolutions.com

Table E: Changes in water flows in LCA FE (regionalization of flows is not depicted in this table)

Original name (SP30, 2016) New name (SP33, 2017 and later)
Input

Water (fresh water) Fresh water

Water (ground water) Ground water

Water (lake water) Lake water

Water (rain water) Rain water

Water (river water) River water

Output

Water (lake water from technosphere, cooling water) | cooling water to lake

Water (river water from technosphere, cooling cooling water to river

water)

Water (ground water from technosphere, processed water to groundwater
wastewater)

7 Evapotranspiration (ET) is a term used to describe the sum of evaporation and plant transpiration from the Earth's land
surface to atmosphere. Evaporation accounts for the movement of water to the air from sources such as the soil, canopy
interception, and waterbodies. Transpiration accounts for the movement of water within a plant and the subsequent loss of
water as vapour through stomata in its leaves.
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Original name (SP30, 2016) New name (SP33, 2017 and later)
Water (lake water from technosphere, wastewater) processed water to lake

Water (river water from technosphere, wastewater) processed water to river

Water (lake water from technosphere, turbined) turbined water to lake

Water (river water from technosphere, turbined) turbined water to river

Water (lake water from technosphere, rainwater) collected rainwater to lake

Water (river water from technosphere, rainwater) collected rainwater to river

Examples of how water was addressed in MLC:

Process using process water as input

¢ Input flow: Apply “water (process water)” and connect flow to a water treatment/supply module (see
Figure 3-6)

o Output flow: Apply “water (wastewater, untreated)” and connect flow to a wastewater treatment
plant module (see Figure 3-6)

e Process using tap water as input

¢ Input flow: Apply the appropriate dataset for tap water production (see Figure 3-6)

o Output flow: Apply “water (wastewater, untreated)” and connect flow to a wastewater treatment
plant module (see Figure 3-6)

Process using cooling water as input

Note that for cooling water we distinguish between use in 1) general production processes and 2)
energy/electricity generation. Waste heat released to the water environment will also be properly
recorded (see Figure 3-3) as both the information on the volume of released cooling water and the
incorporated waste heat are necessary to perform the subsequent LCIA. Different technologies for
cooling are differentiated as outlined below.

1. General production process (in different industrial settings)

Open-loop and closed-loop cooling are differentiated (see Figure 3-3).
e Input flow: Identify whether the cooling water input is...

e directly withdrawn from the environment (e.g., from a river or lake) - then apply the
appropriate water resource flow (e.g., “water (river water)”).

e taken from a connected upstream water treatment process (e.g., water deionization) -
then apply the appropriate water technosphere flow/operating material (e.g., “water
deionized”).

e Output flow: Identify whether the cooling water output is...

o directly released to the environment (e.g., back to the river the cooling water was
withdrawn from) - then apply the appropriate resource flow from technosphere (e.g.,
“water (river water from technosphere, cooling water”)). Consider also water vapor and
waste heat, if applicable.

o released as wastewater to the sewer system - then apply the flow “water (wastewater,
untreated)” and connect flow to a wastewater treatment plant module. Consider also
water vapor and waste heat, if applicable.
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Water vapour
[Inorganic Water (river water
emissions to air] from technosphere,

Water (river water) cooling water)

\ A 4

v

Open-loop cooling
Waste heat

[Other emissions to
fresh water]

Water vapour: if no information is available, estimate 5 % losses as water vapour
due to evaporation/leakage.

Water vapour
[Inorganic
emissionsto air]

Water (river water)

\ 4

Closed-loop cooling

Water vapour: if no information is available, estimate 5 % losses as water vapour
due to evaporation/leakage.

Note that the amount of water vapour lost equals the amount of the resource
input “water (river water)” due to the closed-loop set-up.

Water vapour
[Inorganic Water (river water
emissionsto air]|  from technosphere,
| coolingwater)
Water .. .. |Water . >
- Water deionisation — > Open-loop cooling S
(river water) process (deionised) Waste heat >
[Other emissions to
Water vapour: if no information is available, estimate 5 % losses as fresh water]

water vapour due to evaporation/leakage.

Water vapour
[Inorganic
emissions to air]
Water L Water .
Water deionisation — > Closed-loop coolin
(river water) (deionised) P g
process

Water vapour: if no information is available, estimate 5 % losses as water vapour
due to evaporation/leakage.

Figure 3-3: Application of water flows in open-loop and closed-loop cooling systems
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2. Energyl/electricity generation:

Open-loop cooling systems like once-through cooling and cooling towers (also denoted in

electricity production are distinguished in Figure 34.

Input flow: Identify which water source is used for cooling (e.g., river water, lake water) - then

apply the appropriate water resource flow (e.g., “water (river water)”).

In the case of cooling plants located at the coastline and using sea water for cooling
purposes, consider a desalination process as an additional water treatment process and
apply the appropriate water technosphere flow/operating material (e.g., “water (desalinated,

deionized)”).

Output flow: Apply the appropriate resource flow from the technosphere according to the
water source used for cooling (e.g., “water (river water from technosphere, cooling water)”).

Consider also water vapor and waste heat, if applicable.

Water vapour
[Inorganic Water (river water

emissions to air] from technosphere,
coolingwater)

Water (river water)

\ A 4

Once-through
cooling

A 4

Waste heat

[Other emissions to

fresh water]

Water vapour: if no information is available, estimate 1 % losses as water vapour
due to evaporation of heated cooling water from the river after release (Goldstein
R., Smith W. 2002).

Waste heat embodied in the cooling water release according to heat balance.

Water vapour
[Inorganic
emissions to air]

Water (river water)

Cooling tower
(open-loop cooling)

A 4

Water vapour: Amount of evaporated water equals amount of the resource input “water
(river water)”.

Water vapour: if no information is available, estimate 1 % losses as water vapour due to
evaporation of heated cooling water from the sea after release (Goldstein R., Smith W. 2002).
Waste heat embodied in the cooling water release according to heat balance.

Output flow “water (sea water from technosphere, cooling water) denotes the origin of the water
applied for cooling, namely the sea, and at the same time indicates that the cooling water is
released back to the marine environment (assumption!).

Water vapour
[Inorganic Water (sea water
emissions to air] from technosphere,
Sea water coolingwater) R
Water . Water Once-through >
—— 3 desalination Jesalinat Ii >
(sea water) process fj e':sa -made cooling Waste heat
eionised) [Other emissions to
sea water]

Figure 3-4: Application of water flows in electricity generation
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3. Use of water in hydropower generation

For hydropower generation, the following 4 generation technologies are considered: run-of-river
power station, pump-storage and storage power stations, and tidal/wave power plants. See the
following graphs for instructions for taking inventory of the appropriate water flows.

Water (river water
Run-of-river power | from technosphere,

Water (river water) station turbined)

Water (xxx water
Water (xxx water) (Pump-) storage | from technosphere,

power station turbined)

Both on the inputand outputside, the water type needs to be defined: either
river water or lake water.

Example: The input of an alpine dam (e.g. storage power station)is “water (lake
water)” and the outputis generally ariver (i.e. “water(river water) from
technosphere, turbined”)!

Water (sea water
from technosphere,
turbined

Water (sea water) Tidal/wave

power plant

Figure 3-5: Application water flows in hydropower generation

Ecosphere Water vapour
[resource [Inorganic
flows) emissions to

LCA plan system
air]

Water friver water
from technosphere,
cooling jwater)

Power plant  |— ¥
\.'hl’ater With Waste|heat "
(river - One-through [Otheremission to
water) Cooling fresh Water

Located ata
river

Electricity
:‘:‘;E:r Process Water Water (river
water] * aer fprocess = Manufacturin Waste waterfirom
N ! treatment water) g Water techngsphere,
process of treatment ]

Tap water product X lant wastq water)
Water .| production & Water P )
(river " supply (tap
water) water)

Figure 3-6: Ad hoc example of a simple plan system including different processes and water
flows
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In the Master Database, water that has been treated (chemically or physically
deionised/decalcified) is generally used for process and cooling water purposes which reflect the
standard case. Untreated water (tap or even surface water) is only used where it is explicitly
known that it was used.

3.3.9 Wastes and recovered material or energy

Waste volumes or masses are known and commonly used to describe the environmental relevance of
outputs of processes. However, waste volumes or masses are not an environmental intervention. The
environmentally relevant intervention occurs in the incineration, treatment or landfill after waste is
turned into emissions like landfill gas or leachate.

According to ILCD [ILCD 2010], and as adopted also e.g. for the PEF/OEF, all product and waste
inputs and outputs shall be completely modelled until the final inventories exclusively show
elementary flows (resources in the input and emissions in the output), for final results and valid
comparisons.

Therefore, waste treatment is integrated throughout the whole system during modelling wherever
possible and known to occur®. For all known treatment pathways (e.g., for regulated waste) the
incineration and landfilling processes of the residues are integrated.

Different waste treatment options are provided in the MLC (inert matter landfill, domestic waste
landfill, hazardous waste landfill underground/above ground, waste incineration of domestic waste,
waste incineration of hazardous waste). The waste fractions of the processes are identified by the
composition and their appropriate treatment modelled via the respective process.

“Waste,” going to any kind of reuse or recycling, can be modelled by:

¢ Looping the waste back to the system it came from (closed loop recycling)

¢ Doing a system expansion, modelling both burdens of the recycling and credits material/energy that
is substituted.

¢ Allocating the waste as a by-product e.g. using an allocation according to price if the waste has a
market value

o Cutting it off. Waste to be recycled without a market value is cut off (no associated burdens, no
associated credits), which can be interpreted as an allocation according to market value where the
waste gets 0% of the share.

There are many products which are legislatively considered a waste, but which must be treated as
products in life cycle analysis because after a treatment it loses its waste status and becomes a
resource/a product again. It should be noted that the same market value is applied at the point where
the waste (or waste products) accumulates and at the point where the waste is recycled. Ideally for
suitable modelling, feedback from both sides (producer of waste product and user or processor of
waste product) is necessary, to ensure that the modelling approaches of the 3 affected product life
cycles are not contradicting each other.

8 Due to the integration of treatment pathways for known waste or residue streams it might be possible that (intermediate)
waste flows are deleted from existing plan systems (because those are now modeled further).
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3.3.10 Radioactive waste and stockpile goods

If waste treatment routes are unknown, unspecific or not definable, MLC documents the related
specific waste flow and the specific waste amount with a waste star “*” meaning it can be further
treated if the user knows the specific waste treatment pathway. The final disposal of radioactive
waste is not yet implemented due to lacking political and technical definitions. Thus, the radioactive
wastes are a special group of waste flows are defined in Table F.

Table F: Definitions of the radioactive waste flows in MLC

Flow name Flow type Description
High Waste flow Originates predominantly in the end-of-life processing of
radioactive radioactive waste in the nuclear power plant. The modelling of
waste the final disposal site for nuclear waste can yet not be
[Radioactive implemented due to lacking political and technical definitions.
waste]
Medium Waste flow Originates predominantly in the end-of-life processing of
radioactive radioactive waste in the nuclear power plant. The modelling of
waste the final disposal site for nuclear waste can yet not be
[Radioactive implemented due to lacking political and technical definitions.
waste]
Low Waste flow Originates in the upstream supply chain of the nuclear fuel
radioactive from uranium mining, milling, conversion, enrichment and fuel
waste assembly as well as to a significant amount from the end-of-life
[Radioactive processing of radioactive waste in the nuclear power plant.
waste] The modelling of the final disposal site for nuclear waste can
yet not be implemented due to lacking political and technical
definitions.
Radioactive Waste flow Originates in the upstream supply chain of the nuclear fuel
tailings from uranium mining, milling, conversion, enrichment and fuel
[Radioactive assembly. The modelling of the final disposal site for nuclear
waste] waste can yet not be implemented due to lacking political and
technical definitions.

Radioactive waste in MLC standard datasets is therefore predominantly due to nuclear
energy production, use and EOL in the respective aggregated data sets.

Table G summarizes the definition of the Stockpile goods, which can be classified as a special group
of MLC elementary flows.
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Table G: Definitions of the Stockpile goods elementary flows in MLC

Flow name Flow type Description

Hazardous Elementary Treatment of incineration residues (e.g., via vitrification),

waste flow stored at underground waste disposals or specific landfill sites

(deposited)

[Stockpile goods]

Overburden Elementary Material like soil or rock which is removed by mining processes

(deposited) flow (e.g., hard coal, lignite, ores/minerals), is typically not

[Stockpile goods] contaminated. In specific branches also called spoil (see
below)

Spoil (deposited) | Elementary | material like soil or rock which is removed by mining processes
[Stockpile goods] | flow (e.g., hard coal, lignite, ores/minerals), is typically not
contaminated. In specific branches also called overburden
(see above)

Tailings Elementary Represents a processing/beneficiation of the mined ore, e.g.,
(deposited) flow copper, iron, titanium, chrome, lithium etc. Mechanical and
[Stockpile goods] chemical processes are used, resulting in a waste stream

which is called tailings. Reagents and chemicals can remain in
the tailing stream, as well the remaining part of
metals/minerals and/or process water.

Waste _ Elementary Represents the remaining fraction of internal components (not
(deposited) flow converted into emissions, landfill gases or leachate) which is
[Stockpile goods] stored in the body of waste disposal/landfill site.

Wastes (deposited) in MLC standard datasets are therefore representing occupying
available landfill body or available stockpile place of components considered to be not
reactive anymore or inert respectively.

Standard procedure (general waste treatment)

In general, waste materials are modelled to be recycled, incinerated, landfilled, or composted based
in most cases on the predominant waste management pathway, and in some cases (when no
predominate pathway exists or where the relevance of the pathways to the overall result of the model
is high) on the statistical share of each waste management pathway for the given geographical
reference. In the case that specific information is not available for the respective situation, a standard
procedure is adopted according to secondary material markets (see table below for material
examples).

¢ Wastes for which a legal recycling pathway exists and a market for the secondary
materials/energies is given are modelled as being recycled.

¢ All waste generated within the EU that has a calorific value and can be disposed with municipal
solid waste (MSW) is treated in an incineration plant.

o |f case-specific treatment is specified and known, and the waste cannot be mixed with MSW,
specific treatment is modelled.

o All other waste (mainly inert waste) goes to landfill.
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Table H: Default treatment procedures for common materials/wastes

Material/waste Treatment Process

Mixture of plastics Incineration, waste to energy

Polyolefin and PVC Incineration, waste to energy

Wood Incineration, waste to energy
Aluminum, non-ferrous metals Recycling
Steel Recycling

Incineration, waste to energy

Coating and sealing

Glass, concrete, stones Recycling and inert landfill

Standard procedure (Hazardous waste treatment)

The question if a waste stream is hazardous or non-hazardous is in many cases a legal question and
does not alter the environmental burdens associated with the waste treatment. So, with hazardous
waste in this chapter we talk about the waste where treatment routes are considerably different from
the usual incineration or landfilling. Hazardous waste streams are often hard to define as default in a
background database because, depending on various options to mix different waste streams, several
disposal options exist. Hazardous waste streams in the upstream chains are modelled according to
their specific fate if it is known (e.g., in tailing ponds). Hazardous sludges are treated via vitrification,
encapsulation and landfill. Hazardous slags are usually already vitrified and can be landfilled directly
(best case); otherwise, treatment via complete vitrification is included (worst case). If unspecific
hazardous waste streams appear, a worst-case scenario is used. The worst-case scenario includes
the combination of incineration, vitrification, microencapsulation and the inert landfill of the remains.
Carbon-rich and carbon-free hazardous waste is differentiated, as are other emissions that occur in
incineration.

Table I: General procedure for some hazardous waste flows

Kind of waste Treatment | Treatment | Treatment step 3 | Final treatment
step 1 step 2

Sludge Vitrification Microencapsulation Inert Landfill

Slag Vitrification Inert Landfill

Non-specific source | Incineration Vitrification Microencapsulation Inert Landfill

If hazardous waste treatments become relevant, a check must be performed to determine if specific
data for the treatment pathway is available.

3.3.11 Aspects of biomass modelling

The carbon cycle in LCA can be defined as:

e COz in atmosphere

e CO2 removals/H20/sunlight/surface

e plant growth
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¢ harvested biomass

e biomass use as fuel or material
¢ CO2 combustion/decomposition
e CO2 released to atmosphere

e others

Depending on the situation, one can understand “biomass” as a certain status at different points in
the cycle: as a plant, as harvested biomass and as a renewable product.

The definition of “biomass resource” is therefore somewhat arbitrary and can be chosen according to
the given goal and scope.

The input elementary flows of biomass in the MLC are carbon dioxide, water, solar primary energy
and land use [LCA FE], not the biomass as such. This modelling assures mass balance consistency
especially of the carbon balance. For example, biomass storage in materials and fuels and their
incineration or decomposition releases of CO2, which had been removed previously.

The solar primary energy embedded or stored in the biomass is exactly the amount of solar energy
that has been converted by the biomass (i.e., its calorific value). The efficiency of conversion does not
play a role, as the source (solar energy) can be understood as infinite in human timeframes. The
amount of solar primary energy calculated in the balance of a biomass containing process in LCA FE
therefore accounts for the solar primary energy stored in the material as well as the solar primary
energy used energetically in the subsequent process chain.

Biogenic carbon dioxide correction

Growing biomass removes CO: from the air; the carbon from the removed CO: is transformed into
the plant tissue and is called biogenic carbon. The biogenic carbon comprises part of the product and
eventually can be released into the air again as CO2 (biogenic carbon dioxide) or as CH4 (biogenic
methane). For the sake of simplicity, this chapter speaks only of biogenic carbon, meaning both
biogenic carbon dioxide and methane removals and release.

D

Figure 3-7: CO2 removals
Biogenic carbon dioxide modelling approach

The biogenic carbon emissions (CO2, CHa) are tracked separately from the fossil ones. For
incomplete life cycles of products that contain biogenic carbon (e.g., cradle-to-gate LCA of wooden
pallets), the biogenic and fossil carbon emissions as well as the CO2 removals are reported in the
LCI.

Reasons why the biogenic carbon dioxide needs to be corrected:
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¢ Allocation is applied: Allocation results in distorted carbon balances unless the carbon content is
used as the basis for allocation, which is generally not the case.

o Default approach is used: Certain systems/products usually do not claim the carbon uptake even if
it physically happens (e.g., food products or fast-consumed products). In the current carbon
modelling approach, this credit is given by default, creating an error-source and a deviation from the
approach typically used in the industry/product sector.

e Carbon credit is overestimated: Biogenic carbon emissions are often left untracked if loss of the
biomass is involved (e.g., there is carbon from biomass that is leaving the system as sludge for
disposal or as unidentified waste).

Below we describe the inherently complex and laborious carbon correction approach that is
applied to all MLC data that contain biomass. You can follow this procedure to close the
carbon balance of your own modelled datasets. Hence, the correction approach is
documented in all necessary steps. Please note that we also offer to support clients in this
step for a fee.

As mentioned before, the biogenic carbon is tracked in different flows in the MLC:

¢ The carbon dioxide removals of growing biomass are modelled using: Carbon dioxide [Resources]

¢ Biogenic carbon dioxide emissions into air are modelled using: Carbon dioxide (biotic) [Inorganic
emission to air]

¢ Biogenic methane emissions to air: Methane (biotic) [Organic emissions to air (group VOC)]

It is very important to have the information on the carbon and water content of the final material/fuel
available. This information can either be found by looking at the flow (example see below, Figure 3-8)
or through desktop research. For documentation purposes, it is highly advised to enter the
information into the flow properties.

& Quantities | & 1Lcc | | Documentation |
Quantity vari lkg =% Unit  Standar 1 [Quantity]
& C_biogen_wt 0.421 kg 0% 233
M Cowt 0.421 kg 0%  2.33
M Energy (gross calorific value) 14.8 M 0% 006876
M Energy (net calorific value) 14.3 M 0%  0.0699
M Modified organic natural materials (unspecified) 1 kg 053G 1
o N_wt 0.0163 kg 0% 613
2 Price 0.1 EUR 0% 10
M Water wt 0.14 kg 0% 7.14

Figure 3-8: Exemplary flow properties
The following quantities are used:

¢ C_biogen_wt: amount of biogenic carbon (equivalent to C_wt if 100% biotic carbon)
e C_wt: total amount of carbon in product (biotic and fossil)
o Water_wt: water content of product (based on total wet weight)

The biogenic carbon correction approach covers modelling and evaluation of biogenic carbon dioxide
for products where biogenic carbon forms part of a product (e.g., wood fiber in a cardboard box) from
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a cradle-to-gate perspective. It does not cover systems where atmospheric carbon is removed by a
product during its use (e.g., carbonation of concrete).

Not interfering with biogenic CO,

A ETEEE), D
5 O | Process | IEECATTETEEN | E
@ .

CO, correction = CO, out + CH, out + CO, accumulated - CO, in
B =D + E + F - A

Figure 3-9: Basic concept of the carbon correction in MLC

The approach corrects the flow Carbon dioxide [Resources] on the input side, following the carbon
dioxide balance equation presented in the figure above. The carbon correction process® is part of the
Professional DB and should be placed at the very end of the cradle-to-gate process chain per
biobased material/fuel.

The formula, which is used for the correction, is explained here. This formula should be entered in the
carbon correction dummy (explanation see below):

®GLO Carbon balance correction (renewables): GUID {cd49e 1a9-23f3-4f3f-a250-b99b7895ec22}.
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CO:2 correction = CO2 out + CH4 out + CO2 accumulated - COz in

CO,out =
correspondsto the
flow that you read
from the balance
carbon dioxide
(biotic) [inorganic

CH4 out = corresponds
to the flow that you
read from the balance
methane (biotic)
[Organic emissionto air
(group VOC)]. Keepin

CO, accumulated =
correspondsto the
carbon content of your
product (% wt ). Keep
in mind that the value

|

CO, in = corresponds
to the flow that you
read from the balance
carbon dioxide

[resources]

read from the flow
details is the carbon
content and it should
be converted into
CO,, use the factor
44/12 (molecular
weight of the CO, and
C) to make the
conversion

mind that the value
read from the balance
is the methane
emissionand it should
be converted into CO2,
use the factor44/16
(molecular weight of
the CO2 and CH4)to
make the conversion

emissionto air]

Figure 3-10: Carbon correction formula
How to correct the biogenic carbon in your model:

1. Check if the top plan level of your model is scaled to 1 kg product. If the scaling is different, the
values of carbon dioxide on the input side and carbon dioxide and methane on the output side
need to be divided by the product weight to scale them to 1 kg. The carbon content does not
need to be adapted, since it is already entered as kg C/kg product.

2. Copy and paste the process Carbon balance correction (renewables), GUID: {cd49e1a9-23f3-
4f3f-a250-b99b7895ec22} to your plan.

Connect the product output flow to the process Carbon balance correction (renewables).

Run a balance, check “Separate I/O tables” on the Balance tab, and copy the values of the
following flows:

e Carbon dioxide [resources]

e Carbon dioxide (biotic) [Inorganic emissions to air]

¢ Methane (biotic) [Organic emissions to air (group VOC)]

5. Check the carbon content of the product. You can read this value from the product flow details or
research it yourself.
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Flows 267
Resources 134
Energy resources 0.00602
Land use
Material resources 134
Mon renewable elements 0.000101
Mon renewable resources 0.0315
Renewable resources 134
Water 133
Air 0.7/
Nitrogen 2.47E-014
Oxygen 0.008538
Primary forest 1E-014
Others
Deposited goods 0.0145
Emissions to air 117
Heavy metals to air 2.17E-006
Inorganic emissions to air 116
Ammaonia 0.000122
Amrmonium 3.36E-011
Ammonium nitrate 6.05E-019
Argon 1, 28E-009
Barium 4.69E-007
Beryllium 2.23E-011
Baran 1.96E-015
Boron compounds (unspedified) 2, 7E-005
Bromine 6.45E-010
Carbon dioxide 0.0186
Carbon dinxide (aviati 1.33E-003
arbon dioxide (biotic) 0,173
Carbon dioxide {Jand use change) 0.125
Carbon dioxide (peat oxidation) 2.11E-011
Carbon disulphide 5.02E-019

Figure 3-11: Balance view for carbon correction |

© Sphera 2025



3. Methodological Framework

SIphLT I IZETIZ
Sulphur dioxide 7. 49E-005
Sulphur hexafluoride F.93E-016
Sulphur trioxide 1.03E-009
Sulphuric acid 1.11E011
Tin oxide 2.87E-023
Water (evapotranspiration) 116
Water vapour 0.344
Zinc chloride 2.02E-026
Zinc oxide 5.73E-023
7inc sulphate 4,17E-012
Organic emissions to air (group VOC) 0.000828
Group NMVOC to air 0.000379
Hydrocarbons {unspedfied) 1.51E-007
Methane 4,31E-005
0.000406
Other emissions to air 0.386
Particles to air 0.00102
Pesticides to air 7.7E-011
N=di i & i 'Sy i 4 FAC ndC

Figure 3-12: Balance view for carbon correction Il

process instance and enter the values from the balance and th
the “Free parameters” section at the top in the column “Value”.

Open the process “GLO: Carbon balance correction (renewables)” by double-clicking on the

e carbon content of the product in

o2 10: Carbion balance comcban fnnesables) & Gu-res -- Pracen g
Lacal rame AL Carbon Balanoe comemon [renevsties)ts Orso s R PP
P s wrn 2w @ L
sl ks i L
Free porsmetery
Vireeds am |
L] 0%
a 0%
] 0%
(-] 0%
) 0%
Fiied [ vshers
Far ke Formula Vol M Eanda
COZ_ugtaks C_Conbart * 4412 o
COComechon COF uptakn - coluptrasm ]
saluptitesn CODuptakaR sy -COThiopl mpsion-CFbioDmasion * 44 16 0
flectad 1 !

e P f St arelae-Comment, s, del sty

share of Bapata Carken i proSu, im et foms (31)

gy, st o I T Piothuats (bt ) [ o evmions Lo o (group OO feom the balates
b, st 6 the T by ks, bt [Irvorgae: siscr s an ] from the Bl

b, vl o thes Flowe Carbeon diamada [Resiounces] from the halaree

[P} sl aciapion of PE balares; chadhed wth balares sl eal PE

“Cormment , uriby, def sy

g CO2 upk sk aswsciabed wath | g prociuck (rakulated baeed on © and mater conbnt)
g of SO, & pomection 5o Burve the right carbon thirsge
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Figure 3-13: CO: correction process - parameters

How you know that the biogenic carbon dioxide was corrected:

7. Once you entered the values in the carbon balance correction process, run a balance again

8. Read the following values

e Carbon dioxide [resources]
Carbon dioxide (biotic) [inorganic emission to air]

Methane (biotic) [Organic emissions to air (group VOC)]
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9. Calculate the difference between input and output flows

10. Check if the differences correspond to the carbon content of your product (use the conversion
factor 44/12), if so, the biogenic carbon was successfully corrected

If you adapt a model that was carbon corrected already but the carbon balance is not closed anymore
due to newly introduced changes in the model, you must repeat the procedure above.

In terms of impact categories, LCA FE offers each GWP metric with and without biogenic carbon
dioxide. Biotic methane is always characterized as its release is never carbon neutral.

All plans and aggregated processes in the MLC have a closed carbon balance. You only have
to check the balance for newly modelled or adapted plans based your own data, where
allocation is involved, or if you use partly aggregated biomass processes where the choice of
biomass input is left up to the user.

Heavy metal uptake in biomass modelling

Renewables extract heavy metals from the ground when growing. The amount of this uptake is
specific to the species, the heavy metal content of the soil, and even the site conditions. It can be
measured as heavy metal content of the renewable material. Whether these heavy metals are in the
soil for a long time or whether they are freshly deposited, e.g., from fossil energy generation
emissions or from fertilizer application, is not known and methodologically not of relevance.

In Sphera datasets, this uptake is currently modelled as negative emission of heavy metal to
ground. As a consequence, the toxicity results of the renewables datasets are affected and in cradle
to gate datasets the toxicity can be overall negative, e.g., if the emissions from the end of life of the
product downstream are not consistently modelled, as a side effect from allocation or for other
reasons. This is largely analogous to the situation of modelling of carbon dioxide uptake into
renewables that was described earlier in this chapter. However, in models that take into account the
whole life cycle of the renewable material, one would assume that all the heavy metals that are
incorporated in the material are released again as an emission to ground/water/air, and that the
overall toxicity results in a cradle to grave model are always positive. This is not always the case:

¢ |f the heavy metals are incorporated in waste that is landfilled, then a large part of the heavy metals
are not mobile and stay incorporated in the landfill body.

o If the heavy metals are incorporated in waste that is entering a new life cycle, then, according to the
used method, the second life cycle is either cut off or after modelling the burdens of recycling a
credit is given for the material that is substituted. In both cases, the incorporated heavy metals are
not released in the life cycle of the renewable itself, but are shifted to the life cycle where the waste
is used.

Therefore, also cradle to grave models can have negative toxicity results. The negative results are
not wrong if a technical explanation for the negative results can be given. The negative results
can lead to difficulties in the interpretation of the results, so practitioners would like to avoid
these.

Currently in the scientific LCA community, there are discussions on how to do this best. In the
Guidance document 6.3 of the European Product Environmental Footprint [PEFCR Guidance 2017]
(chapter 7.10.6), two options are given:

1. Not to model the heavy metal uptake when the final emissions are not accounted for;

2. Model the heavy metal uptake when the final emissions are accounted for (this is what Sphera is
currently doing)

Option 1 would solve the problem but has a couple of drawbacks:
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e The uptake of the heavy metals might be a feature of the system under study (e.g., when plants are
used to clean contaminated soil). This could not be modelled at all.

¢ The final emissions of the heavy metals are an important distinction of different production routes
and their ability to avoid or reduce heavy metal emissions to ground/water/air. Leaving these
emissions out of the scope would certainly reduce the significance and technical correctness of the
whole study.

Modelling the emissions but not modelling the uptake is also not a straightforward solution, since itis
inconsistent with the current method for biogenic carbon, where both carbon dioxide uptake and
emissions are modelled. It also doesn’t follow the physical reality since there is a heavy metal content
in the renewable materials and the mass balance for the heavy metals is not closed.

Another idea is to not model the uptake as negative emissions, but to use resource flows for the
heavy metals, which is consistent to carbon uptake. Then the heavy metal resources could have
negative characterization factors for toxicity. This does not solve the problem but simply shifts it from
life cycle inventory to life cycle impact assessment. It would however add some transparency since
the amount of uptake would be directly visible and the effect of the uptake could be assessed when
interpreting the results. The negative side of this idea is that the results of the abiotic resource
depletion for the renewables would dramatically change.

This shows that there currently is no solution available. Sphera is part of the scientific discussion
around this topic and as soon as a consensus or a practicable solution is found, the solution will be
implemented in the maintenance cycle of the databases.

3.3.12 Aspects of primary energy of fossil and renewable

energy sources

Energy evaluation in the MLC is based on the principle of “cumulated energy approach (CEA/KEA)”
or often also referred to as embodied energy. The primary energy needed to supply certain materials
or energies often serves as an indicator of energy efficiency. The indicator can be misleading if
renewable and non-renewable energy sources are compared or summed, and not separately
interpreted. Renewable and non-renewable energy sources can be interpreted combined or
separately, following the goal & scope of the study, and both ways are implemented in the MLC. The
interpretation is usually done in the LCA reporting.

It is relatively common to compare non-renewable energy production procedures with a uniform
parameter like the calorific value of the primary energy needed to provide a certain usable energy.
However, such a uniform parameter does not intuitively exist for renewable energy sources like hydro
and wind or for nuclear energy. Different approaches exist:

e technical efficiency."
¢ physical energy content method with virtual 100% efficiency for renewables,

0 See Richtlinie, VDI 4600, 1997: VDI 4600 Kumulierter Energieaufwand - Begriffe, Definitionen, Berechnungsmethoden.
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e substitution approach to avoid renewable efficiencies with virtual thermal fossil efficiencies for
renewables.'") to define or compare the primary energy demand of a related usable energy
form.

In principle, the method of technical efficiency differentiates between renewable and non-renewable
primary energy needs, while others do not.

ISO 14040 frameworks do not call for an explicit method for the aggregation/separate representation
of the primary energy.

The ILCD framework [ILCD 2010] does not call for an explicit method either, but a recommendation is
given for a differentiation between non-renewable energy resources and renewable energy
resources.

In the MLC, consequently the method of technical efficiency with differentiation between non-
renewable energy resources and renewable energy resources is applied as it illustrates the situation
adequately, comprehensively and transparently. This is especially important in countries with
significant portions of renewables in the grid (e.g., Norway, Austria and Denmark). The international
trade of energy is accounted individually to avoid a virtual efficiency of 100% for imported electricity,
which is relevant for countries with a high share of imported energy.

The value and burden of the use of 1 MJ of renewable primary energy is not directly comparable with
1 MJ of fossil primary energy because the availability of the fossil resources is limited, and depletion
occurs. The topic cannot be discussed in detail here, but the guidelines will help to prevent “double
counting” as well as “perpetual motion.”

1 MJ of electricity from wind power is produced using approx. 2.5 MJ of primary wind energy (an
efficiency of approx. 40%, due to usable kinetic energy of wind).

For 1 MJ of electricity from hydropower (virtually) 1.15 - 1.25 MJ of primary hydro energy is used (an
efficiency of 80 - 85% based on the usable kinetic energy of water).

For 1 MJ of electricity from geothermal power (virtually) 5 — 6.5 MJ of primary geothermal energy is
used (an efficiency of approx. 15 - 20% based on the energy content of usable temperature gradient).

For 1 MJ of electricity from nuclear power approx. 2.5 - 3.3 MJ of primary nuclear energy is used (an
efficiency of approx. 30 - 40% based on the energy content of used fissile material).

For 1 MJ of electricity from photovoltaic approx. 10 MJ of primary solar energy is used (an efficiency
of approx. 10% based on the usable part of the solar radiation).

For 1 MJ of electricity imports the specific efficiency of the import country is applied.

3.3.13 Land Use using the LANCA® method

Apart from the classical impact categories like Climate Change, Eutrophication, Acidification etc. land
use as an environmental issue is widely considered important and constantly gains attention in the
Life Cycle Assessment community.

" See Murtishaw, S.; et al.: Development of Energy Balances for the State of California. Lawrence Berkeley National
Laboratory. Berkeley, USA, 2005. Online at http://escholarship.org/uc/item/6zj228x6, latest access on 2024-01-24.
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In the software and database system, the EF/ILCD elementary flows for land use are integrated and
characterization factors (CF) for the LANCA® (Land Use Indicator Value Calculation in Life Cycle
Assessment) indicators are provided. The methodology behind LANCA®is based on the dissertation
of Martin Baitz [BAITz 2002] and subsequent work that was carried out at the University of Stuttgart,
Chair of Building Physics (LBP) (now Institute for Acoustics and Building Physics (IABP)), Dept. Life
Cycle Engineering (GaBi) [Bos et al. 2016] and [Beck, Bos, Wittstock et al. 2010]. A detailed
description of the underlying methods as well as the characterization factors can be found in [Bos et
al. 2016] and [Beck, Bos, Wittstock et al. 2010] and in [BOS 2019]. The following set of indicators has
been defined to model land use aspects in LCA:

¢ Erosion Resistance

¢ Mechanical Filtration

¢ Physicochemical Filtration
e Groundwater Regeneration
¢ Soil Organic Carbon

o Biodiversity

On the inventory side, country-specific land use flows are used for “occupation” with the unit m**a and
for “transformation from” and “transformation to” with the unit m? for all different land use types, e.g.,
“arable, irrigated, intensive” or “forest”. The respective country-specific characterization factors are
integrated into the MLC and LCA FE software in the impact assessment and aggregated over the
process chain to form environmental indicators that are representative for the entire life cycle. In the
background processes, land use information is addressed for all biomass and mining process as well
as in the EoL processes covering water treatment, landfill and incineration. Through the iterative
aggregation of the plan systems in the Master DB, land use information is integrated into most of the
aggregated processes. Therefore, land use can be considered as an additional aspect in LCA to
extend its environmental impact evaluation.

LANCA® currently addresses terrestrial biomes but not aquatic ones. However, this could be a further
development process and therefore all water body/seabed flows are integrated characterized with the
value “0”.

All indicators are calculated for the transformation and occupation phase. One set of CFs is related to
the “occupation” phase, one set to the “transformation from” phase and one to the “transformation to”
phase. In order to explain the concept of transformation and occupation as well as the used data the
relevant paragraphs of LANCA® are recommended:

http://publica.fraunhofer.de/documents/N-379310.html

LANCA® is a regionalized method and uses regionalized flows in the MLC processes that are marked
as “Sphera” indicating Sphera as the data source. More than 60 countries were selected based on
their economic significance and coverage in the MLC. All the EU and the UK countries are included in
alignment with the PEF methodological guidelines. For other countries please use the non-
regionalized flows and indicate your needs to MLC-data@sphera.com, so that Sphera can expand
the list of countries in the upcoming years accordingly.

Datasets from the other data providers published in LCA FE currently do not use regionalized flows.
Land use assessment is possible for these datasets as well, but only using non-regionalized flows
with global characterization factors. Consequently, the interpretation of land use results comparing
Sphera datasets with datasets from other providers needs to be done with caution. Sphera believes
that regionalization is a very important topic for land use assessment and will work towards a
common use of regionalization in the future; the EF 3.0 database, composed of the official EF
secondary data provided by Sphera and other providers includes regionalized land use flows across
the datasets already.
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With the 2017 release of the MLC, the assessment of land use made a big step forward: on the basis
of the EF/ILCD flow list, a mapping/conversion of all land use flows of different method developers
and dataset providers into a common set of flows was possible. With this, the parallel assessment of
land use is now possible in LCA FE for the different LCIA methods i.e. LANCA, EF 2.0, 3.0, and 3.1
Single Quality Index Land Use (based on LANCA), ReCiPe, UBP, Impact 2002+ and EPS. The
practitioners that have assessed land use before will recognize that the land use folders “hemeroby”
and “hemeroby ecoinvent” are no longer there, since they have been merged with the other land use
folders “Occupation” and “Transformation”.

Land use is regarded as a resource category. Therefore, the flows for both occupation and
transformation are located at the input side of processes and balance view. This is also true for the
“transformation to” flows. Because of this convention, the characterization factors of the
“transformation from” and the “transformation to” have a different algebraic sign (one is positive, the
other negative). Please see also our separate documents on land use and land use change:
https://scn.spherasolutions.com/

3.3.15 Land Use Change (LUC)

For a variety of reasons, there is an increasing demand of crops for the production of food, for
biofuels or for feedstock in materials. The replacement of natural land by agricultural systems or
change from one to another agricultural system leads to land use change. Together with the change
of land use, system changes in the carbon stock, biodiversity and socio-economic effect might occur.
These effects can be subdivided into:

e direct Land Use Change (dLUC):

Change in human use or management of land within the boundaries of the product system being
assessed

e indirect Land Use Change (iLUC):

Change in the use or management of land which is a consequence of direct land use change, but
which occurs outside of the product system assessed [OVID 2013]

Direct Land Use Change

The calculations for carbon stock changes are based on IPCC rules and PAS2050: The basic
approach is to determine the total carbon stock change by assessing the difference between carbon
stocks of the agricultural area - including both soil and vegetation - of the previous and the changed
situation. The assumptions for carbon stocks are dependent upon country, vegetation type, climate &
soil type. The approach is crop-specific: the impacts from land use change in a specific country are
allocated to all crops in this country, for which the value of 'area harvested' increased over time. This
allocation is dependent on the crop's respective share of area increase in this country.

The underlying sources for the calculations are statistical data for crop yields, harvested area of crops
from FAOSTAT, the area of forest and grassland from FAQO’s global forest resource assessment
(Data from the Global Forest Resource Assessment of the FAO. See also
http://www.fao.org/forestry/fra/fra2010/en/) [FAO 2012], the respective carbon stocks from EC JRC
world map of climate types and world map of soil types (from EC JRC
http://eusoils.jrc.ec.europa.eu/projects/RenewableEnergy), the above ground mass carbon stock,
values of soil organic carbon stock and stock change factors from IPCC 2006. Changes in soil
organic carbon stock are taken into account in this methodology. The emissions are calculated in a
process and connected with the agrarian plant model per hectare and are scaled per reference unit
respectively.
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On LCI level, the emissions are reported separately with the flow “carbon dioxide from land use
change” as required by certain standards. The emissions are per default directly released as carbon
dioxide. In case different information is available, it is explicitly described in the respective dataset.

The analysis on LCIA level is described in GWP effects in agriculture, horticulture and silviculture.

References:

¢ [PCC 2006: IPCC Guidelines for National Greenhouse Gas Inventories. 2006. Chapter 4.
¢ Global Forest Resource Assessment, 2010. FAO: http://www.fao.org/forestry/fra/fra2010/en/

¢ ISO/TS 14067 (2013) ISO 14067 Greenhouse gases — Carbon footprint of products — requirements
and guidelines for quantification and communication, 2013.

e EC JRC (2013) Soil Projects; Support to Renewable Energy Directive
http://eusoils.jrc.ec.europa.eu/projects/RenewableEnergy/. Accessed 15 July 2014.

Indirect Land Use Change

Indirect land use change is not considered in the LCI data of the MLC. This chapter will provide an
outline why indirect LUC is currently not considered.

Finkbeiner [Finkbeiner 2014] analyzed the scientific robustness of the indirect LUC concept and its
consistency with international accounting standards for LCA: “The conclusion was that globally
agreed accounting standards for LCA and carbon footprints do exist, while there are currently no
accounting standards for indirect LUC at all”. There is hence no requirement by standards to include
indirect LUC results.

Finkbeiner further concluded: “There is just one thing which is commonly agreed: the uncertainty of
indirect LUC quantification approaches and their results. There is full agreement in the scientific
community that the uncertainty is way beyond a level that is usually aimed for in quantitative science.”
The scientific robustness was hence argued of being insufficient for political and corporate decision-
making [Finkbeiner 2014].

As there is no commonly agreed methodology, the data basis is not sufficient for inclusion of indirect
LUC data in the MLC. Any data would have to rely on massive assumptions etc. Indirect LUC
calculations may be done on project basis.

We will continue to monitor developments, and if any agreement develops, and robustness is
ensured, we will include indirect LUC.

GWP effects in agriculture, horticulture and silviculture

In agriculture, horticulture and silviculture additional GWP effects are to be considered, compared to
fossil-based products.

Due to the renewable nature of the products, the biogenic carbon cycle is taking place much faster
than the fossil carbon cycle. Besides the known standard emissions of fossil CO2, CH4 and alike,
additionally CO: intake/uptake from atmosphere appears to build up the plants. Animals eat plants
and grow. Anaerobic transformation from carbon into CH4 happens in animals and in certain
situations of rotting and decomposition. Carbon storage in the products and carbon losses influences
the carbon balance. Biotic CO2 emissions and biotic CH4 emissions must be differentiated from fossil
emissions. Land use changes influence the carbon balance, because different land use types release
additional CO2 amounts due to reduced carbon storage capabilities.

The following paragraphs describe the various aspects in more detail and summarize all GWP related
aspects in an overview table.
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Fossil GWP related emissions

Concerning fossil GWP emissions, the established standard approach is consistently applied to
agriculture, horticulture and silviculture systems as well.

Biotic CO-

Concerning biotic COz2, the removals and releases must be considered. Generally, in MLC carbon
removals from the atmosphere and the biotic emissions are modelled. This is done by using on the
input the flow “carbon dioxide [renewable resources]” and on the output side the flow “carbon dioxide
(biotic) [Inorganic emissions to air]” for all biotic CO2 emissions. Carbon containing wastes and losses
are modelled with the appropriate flows (and their respective carbon content) accordingly. An
illustration is shown in Figure 3-15.

Carbon dioxide (biotic)
[Inorganic emission to air]

Carbon dioxide
[renewable resource] —’

Product flow
(including stored biotic carbon]

1 Waste water flows
ﬂ (including biotic carbon)

Product losses and waste
(including biotic carbon)

Figure 3-14: Example of different biotic carbon flows
Biogenic CH; emission

Concerning biotic CH4, only emissions have to be considered, as no CHas is removed from the
atmosphere in nature. Biotic CH4 is created under anaerobic conditions, turning carbon (which was
initially removed from the atmosphere by the plant/fodder in form of CO2) into CH4 in certain
decomposition processes, aqueous field techniques, landfill processes, or in animal digestion.
Generally, we model the biotic CH4 emissions using the flow “Methane (biotic) [Organic emissions to
air]” (as shown in Figure 3-16).

Methane (biotic)

Carbon dioxide [Organic emission to air]

[renewable resource]

Product flow
(including stored biotic carbon)

Waste water flows
(including biotic carbon)

Product losses and wastes
(including biotic carbon)
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Figure 3-15: Example of methane biotic emissions to air
Land use change related CO, emissions

Due to certain land use change activities, releases of carbon stored in vegetation and soil in the form
of COz2 or CHs4 may occur. Typical examples are the conversion from rainforest into plantations, the
conversion of deciduous forest into a quarry, or the drying of a swamp or peat bog. Those changes
imply a change in the capability to uptake and store carbon in the vegetation or soil, and to release
the difference into the atmosphere, respectively.

Underlying methodologies and databases for the calculation of these effects can be different. From
result interpretation point of view, the main difference in the inventory in the MLC is the related
accounting of land use change CO: either as:

a) Carbon dioxide (land use change) [Inorganic emissions to air] for all data based on the
approach described in Direct Land Use Change and Carbon dioxide (peat oxidation) [Inorganic
emissions to air] if transformation occurred on peatland (see Figure 3-16). Peat oxidation emissions
occur over a longer period of time. The latter flow is only used in a very limited number of datasets.

b) Carbon dioxide [Inorganic emissions to air] — for all datasets which are based on other
methods or data; the respective approach is described in the documentation of the respective dataset
(see Figure 3-17).

Option a) follows a more consistent approach but is built on more generic data. Option b) has a
longer history, some data already existed and are used in practice. These datasets are based on
detailed research and context-specific decisions, and are clearly indicated by adding “incl. LUC as
fossil CO2” to the process name in the MLC. Therefore, we accept/respect datasets including
information of method b), however new land use change data in the MLC is primarily produced by
method a) (see Land Use Change (LUC) for details).

Land use effect accounted for by : Carbon dioxide (land use change)
[Inorganic emission to air]

Carbon dioxide (peat oxidation)
[Inorganic emission to air]

o chansedinio

Figure 3-16: Example of LUC emissions occurring with additional LUC flows
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Land use effect accounted for by additional : “fossil” Carbon dioxide

' [Inorganic emission to air]

Figure 3-17: Example of LUC emissions occurring without an additional LUC flow as fossil CO2

A mix of both approaches in one dataset or supply chain is not used. So, if land use change is a
relevant impact in the related supply chain and dataset - the effects are either accounted for under
fossil Carbon dioxide or altematively under Carbon dioxide (land use change), and/or Carbon dioxide
(peat oxidation).

Due to the fact that land use change is very important for one group of users and perceived as less
relevant and potentially confusing for other users we added additional impact categories to enable the
user to either include or exclude land use change effects, and to still keep comparisons to former
results consistent.

Below is an example for the latest CML (but there are comparable options for other GWP impact
assessment methods, as for example EF 3.0 and EF 3.1 Climate Change categories). Please note
that the EF guide is in favor to model the biogenic CO2 on LCI level, but EF GWP impact factors do
characterize all CO: biogenic flows in uptake and on emission side as zero “0” (considered carbon
neutral per se) and only biogenic methane is characterized. This does not lead to different results, if
modeled and interpreted correctly. In the MLC just a higher degree of detail is possible, because
some users are in need to analyses the carbon balance in that sense:

Next to the existing standard Global Warming categories...

11. CML2001 - Aug. 2016 , Global Warming Potential (GWP 100 years)

12. CML2001 - Aug. 2016 , Global Warming Potential (GWP 100 years), excl. biogenic carbon
13. ...three more Global Warming categories are consistently implemented:

14. CML2001 - Aug. 2016, CML2001 - Aug. 2016, Global Warming Potential (GWP 100), incl bio. C,
incl LUC, no norm/weight

15. CML2001 - Aug. 2016, Global Warming Potential (GWP 100), excl bio. C, incl LUC, no
norm/weight

16. CML2001 - Aug. 2016, CML2001 - Aug. 2016, Global Warming Potential (GWP 100), Land Use
Change only, no norm/weight

Example: If you do not need to look at land use change effects, you may use the factors mentioned
under point 1. If you need to include land use change effects, you may use the factors mentioned
under point 3.

This solution serves to keep results of previous studies “comparable” without changing the impact
assessment. Additionally, this approach enables conformance to your specific schemes and/or
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modelling approach used, as well as full transparency over the related aspects, and newest scientific
findings in global warming effects in relation to the rising awareness of land use changes.

3.4 Sources and types of data

Many sources and types of data exist. Whether the source or type of data is suitable is a matter of the
goal and scope of the exercise, and the capability of the data modeler to turn raw data and process
information into LCI data. The raw data and resulting LCI data used in the generic LCA FE
background databases seek to reflect the reality of a certain point in time as representatively as
possible.

3.4.1 Primary and secondary sources of data

Primary data and information from industry sources is the preferred choice of MLC raw data and
background data, wherever possible and approved.

Primary data can be collected via the classical approach of collecting data from several companies
producing the same product and averaging the resulting inventories. Primary data is obtained from
specific facilities as a primary source of information. This data is measured, calculated or acquired
from the bookkeeping of a particular facility. A specific example of primary data is industry data.
However industry data can also be based information and knowhow of experts working in industry or
of experts that have worked in industry of experts that have access to information in industry and
know the technology, process steps and its related input on materials, substances, fuels and energies
as well as the related output like products, by-products, wastes and emissions.

On the other hand, the terms "industry data" and "primary data" are not defined in the international
LCA standards. ISO standards define studies and reports, but not yet data. Private LCA industries
and initiatives like Sector Initiatives are using both terms, as well as in our documentation those
should be understood as synonym.

Secondary data is obtained from published sources and used to support the set-up of the LCI.
Examples of secondary data sources include published literature, environmental reports of
companies or LCl and LCA studies, emissions permits and general government statistics (e.g.,
mineral industry surveys, Bureau of Labor statistics, and Energy Information Administration data).

This secondary data of industrial operations is used to develop, calculate and set-up LCI data by
experienced Sphera engineers with background in the technology and capability in the field, with the
support of technical reference literature or branch encyclopedias.

Sphera engineers are in constant contact with industrial companies and associations to update their
knowledge about representative process-chain details and new technologies.

Sphera’s developed capabilities and critical-constructive feedback from industry confirms Sphera’s
approach to model real process chain circumstances. Due to this process of continuously learning
about industrial operations, we consider Sphera data the best available “industry-borne” data.

Sphera’s strategy is proactive cooperation with industry. In the event of an unavailability of data,
confidentiality or missing access to (company or process) specific data, Sphera can bridge the gap
with developed capabilities and possibilities to generate generic data of comparable quality.

Publicly available information such as internet sources, environmental reports, scientific or application
reports with industry participation, other industry publication or other LCI relevant literature is
constantly screened and used for benchmark purposes. The quality of technical data of many
publications varies considerably. The sole fact that the information is officially published or publicly
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available ensures neither the consistency nor quality of the content. The professional user of publicly
available data should either know and trust the source, or be able to judge and ensure the quality.

All generic MLC data seeks to directly involve feedback of users, companies and associations by
validation or benchmarks with various industry or process information. Sphera offers and maintains a
constant connection with suitable users and diverse information sources from industry.

3.4.2 Unit process and aggregated data

The MLC delivers unit processes, aggregated and partly aggregated data and complete life cycle
(sub-) systems (plans), which include varying combinations of the aforementioned data. Any delivered
dataset and system is based on suitable raw data and process chain data.

As stated in the “Global Guidance Document for LCA databases” UNEP/SETAC 2011 —to which an
Sphera representative — as one of the 50 invited global experts - contributed considerably to reflect
professional aspects through the provision of a global software and multi-branch database - there
exist many good reasons to provide and use any of the aforementioned datasets.

The main goal of the MLC data is to enable the utilization of best available information from reliable
and suitable technical sources. It does not follow certain paradigms or patterns concerning data or
data types. All data types are welcome, used and supported, if they are determined to be suitable and
of high or at least appropriate quality.

The reliability and representativeness of the data source are important aspects to ensure the data’s
appropriateness and quality. The possible level of (public) disclosure of data is subject to individual
circumstances, the source and the proprietary nature of the information provider. In LCA and
business practice many different circumstances related to ownership, rights, patents and property
exist.

In practice anti-trust and competition regulations exist, aside from those dealing in the proprietary,
which are properly maintained by the MLC. It works to ensure conformance with related laws and
regulations.

Regarding reliability and representativeness, unit process data must ensure that it technically fits
within each other if used in one system. Random connection without a suitable check of technical
consistency may lead to wrong results, even if unit processes are disclosed. The fact that a unit
process for a certain operation exists, does not necessarily mean that it is technically suitable, up-to-
date or appropriate. Background knowledge conceming the real B2B supply chains is essential.

Transparency is an important aspect. In aggregated processes, the MLC ensure transparency
through suitable documentation that covers all important technical facts. Parts of the Master
Database are used to share more details and process chain knowledge under bilateral business
relationships.

The main aim of Sphera data is to provide highest quality, best representativeness, highest reliability
and newest actuality for professional LCA data applications: In summary the “best available data”.

Most professional users need and aim for reliable and actual pre-modelled upstream data beyond
their own fence and direct influence/responsibility and most professional users model their operations
with own (confidential) company specific unit processes anyway. Even though, we also provide unit
process data and even complete system including several connected processes, for flexible
adjustment, if the circumstances allow.

If the best available data allows public disaggregation and provision, we provide it also as unit
process data set or as partly disaggregated dataset; partly already as standard data in the
database, partly on request or on demand (just ask us).
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However our concept is to never compromise the quality just to be able to provide any unit
process data, but to provide the data type that ensures the best available LCI data set.
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Assistance for choosing the right level of data aggregation for publishing LCI data

The following paragraph intends to help you in choosing the right level of aggregation for publishing
your data, either as part of the MLC or in any other publication such as a paper in a scientific journal.
The aim is to give an overview of the different levels of aggregation that are possible in LCA FE, to
keep the balance between maximum transparency on the one hand side, and maximum protection of
proprietary information on the other side, and to choose the one that reflects your needs. You may
skip the paragraph if you do not intend to use your model outside of your institution.

Publishing LCI data means making (environmental) information available to others, outside of the
project it was originally made in. And with the multitude of possible goal & scope situations in LCA
studies, this means also that possible users of the data shall be enabled to find out if the data is
suitable for their intended use. Documentation is obviously the key here. But apart from “classical”
documentation using the documentation tab of a process, also the way the model is built up and
published is of importance. Or, in other words, the aggregation level that is chosen. Typically, the
data to be published consists of a foreground system that is the own work of the publisher and a
background system of previously published data such as datasets from the MLC.

Please note that the following pictures are variants of the same system and give the same results.

a) A value chain of “unit process, single operation” (u-so) — full unit process transparency, full
separation of foreground and background system

|:| Previously published background dataset
- New dataset
—_—
m

Figure 3-188: Unit process, single operation (u-so)

b) Black box unit processes (u-bb) — parts or even all parts of the foreground system are aggregated
into a single process step (the black box) but fully separated from the background system
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|:| Previously published background dataset

- New dataset

e

Figure 3-19: Black box unit processes (u-bb)

c) Partly aggregated process (p-agg; also termed Partly-terminated systems”) — single parts of the
background system are separated, other parts of the background system are aggregated with the
foreground system.

|:| Previously published background dataset

- New dataset

Figure 3-20: Partly aggregated process (p-agg)

d) Aggregated process (agg; also termed LCI results) — full privacy, foreground and background
system together in form of a black box

|:| Previously published background dataset

- New dataset

Figure 3-21: Aggregated process (agg)
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The following criteria need to be evaluated when choosing a level of aggregation:

e Transparency. Does the aggregation level allow the practitioner to choose the right data set?

¢ Adaptability to different contexts. Protection against misuse in a different context. Do you want to
allow a user of your data to e.g., change input materials or switch the background system to
another country? Is it technically possible to do these changes or does this lead to technically
wrong systems and results? Is the data valuable for the practitioner because it is representative for
a technology/region/time or is it valuable because it can be adapted to the specific needs of the
practitioner?

¢ Reproducibility. Will the practitioner get the results the publisher intends?

* Reviewability. Does the aggregation level allow a public critical reviewer/the practitioner to perform
plausibility checks? E.g. mass balances, checks whether specific emissions are included or not,
checks whether emission limits are met... Note: critical reviewers may be given access to other
levels of aggregation, under non-disclosure agreements.

o Authority. Does the aggregation level allow the separation of the background system from the
foreground system over which the publisher has full authority? Does the publisher want to answer
questions about the background system?

¢ Maintainability. If a part of the background system is updated or an error in the background
system was removed, shall the data reflect these changes?

¢ Privacy. Does the aggregation level protect confidential or otherwise proprietary information?

In conclusion, and well suitable for many cases, please consider this paragraph as an invitation to
publish unit process black box data. Moreover, in LCA FE you have the possibility to publish your
process not only as a process itself but also as part of a system, using your foreground process
together with background datasets on a plan. The plan will be locked, so that it is protected against
unintentional changes and all users get the same results. At the same time, a user that wants to
adapt the model to his/her needs can make a copy of the plan and change this copy. Itis then no
longer the same database object, and this can be checked in cases of doubt. This way you can
separate the foreground from the background system, increase adaptability, reviewability, authority
and maintainability but you can also make sure that the overall results are authentic and reproducible.

3.4.3 Units

All data should be presented in metric (SI) units. When conversions are required from imperial or non-
Sl units, the conversion factor must be clearly stated and documented.

3.4.4 LCI data and supported LCIA methods

It is important to clearly define the kind of data that will be covered by creating an LCI dataset for a
system.

The MLC’s LCI datasets are generally full-range LCI datasets. These datasets seek to cover all LCI
data information, which are of environmental relevance in relation to LCA best practices.

The sum of input and output (like resources and emissions) are a compendium of more than 30 years
of LCA work in industrial practice and the harmonized sum of all LCI interventions which could be
measured, calculated or documented in LCA practice.

Important impact methodologies have influenced the flow list — and hence the data collection — seeing
as LCA FE considers the relevant impact categories and evaluation methods.
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Basing the work on a harmonized and constantly growing flow list provides consistency among
different datasets provided by different groups or branches. A list of the supported impact categories
including a brief description is given as a supplement.

The MLC delivers full-range LCls, which enables the use of any (existing and future) impact methods
for which corresponding characterization factors exist. For the following impact assessment methods
LCA FE delivers already implemented default values.

Complete methodologies

CML 2001, ver. Aug. 2016 [CML 2001], additionally ver. 2001 — ver. Jan. 2016

ReCiPe 2016 v1.1, Mid- and Endpoints (I+H+E) [ReCiPe 2012], additionally ver.1.05 ver.1.07 (H)
and 1.08 (H)

TRACI 2.2 [TRACI 2022], additionally TRACI 1, TRACI 2.0 and TRACI 2.1
UBP 2013 [UBP 2013], additionally UBP 1998 and UBP 2006

Impact 2002+ [Impact 2002]

Environmental Footprint 3.0 and 3.1 (EF 3.0/EF3.1), with EF 3.1 completely superseding EF 3.0:
Compilation, using LCIA metrics/methods of baseline model of 100 years of the IPCC (based on
[IPCC 2013] for EF3.0 and based on [IPCC 2021] for EF3.1), World Meteorological Organisation
[WMO 2014], USETox 2.1 [FANTKE 2017] recalculated by [ 2018], 2018 Soil quality index based
on LANCA [Bos et al. 2016 and DE LAURENTIIS ET AL. 2019], Accumulated Exceedance
[Seppala 2006 and Posch 2008], EUROTREND model [STRUIJS et al. 2009], PM method
recommended by UNEP [UNEP/SETAC 2016], lonizing Radiation (Pfister et al. 2009), Resource
use [CML] (ultimate reserve and MJ fossil energy [CML 2001]), and AWARE [AWARE], Human
health effect model as developed by [DREICER ET AL. 1995], LOTOS-EUROS model [Van Zelm et
al. 2008] as implemented in ReCiPe 2008 and CML 2002 [Guinée et al. 2002 and Van Oers et al.
2002]. Additionally: EF2.0

EPD-specific methods

EN 15804+A2 [EN 15804 2019]: compilation of LCI and LCIA indicators; using LCIA
metrics/methods of EF3.0 (with different accounting of biogenic CO: in the climate change
indicators). Additionally: EN 15804 +A1

1ISO 21930 [ISO 21930: 2017]: only LCI indicators implemented
SBK Bepalingsmethode (CML-NMD) [NMD 2019]: compilation of LCI and LCIA indicators; using
LCIA metrics/methods based on EN 15804+A2 with additional additional characterization factors

from the CML-SBK method for the impact categories human-toxicological effects and
ecotoxicological effects.

Individual input-related methods

Abiotic Depletion Potential (ADP), reserve base and economic reserve (non-baseline CML) [CML
2001]

Abiotic Resource Depletion Potentials for Elements (ADPe) — July 2019 (CML ADPe ultimate
reserves) [VAN OERS ET AL. 2020]

Anthropogenic Abiotic Depletion Potential (AADP) [Schneider 2011]
LANCA land use v.2023.1 [publication in press]

Primary energy non-renewable (entered as an additional quantity)
Primary energy renewable (entered as an additional quantity)

Water consumption; Water Scarcity Index [WSI, 2009], AWARE [AWARE] and WAVE+ [BERGER
ET AL. 2018]
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Individual output-related methods

e USETox 2.12 [USETox 2010], additionally previous versions

¢ IPCC AR5 [IPCC 2013]: main version includes climate carbon feedbacks of non-CO:2 gases;
additionally version excluding climate carbon feedbacks of non-CO2 gases

¢ |IPCC ARG [IPCC 2021

3.4.5 Production and consumption mix

In LCA practice, process chain networks working toward one common product contain different levels
of representative situations:

¢ “production mix:” This approach focuses on the domestic production routes and technologies
applied in the specific country/region, and individually scaled according to the actual production
volume of the respective production route. This mix is generally less dynamic.

¢ “consumption mix:” This approach focuses on the domestic production and the imports taking
place. These mixes can be dynamic for certain commodities (e.g., electricity) in the specific
country/region.

Figure 3-19 shows the differences between the two principle approaches. Electricity generation has
been selected as an example to explain the two approaches. The electrical power available within
Country C is generated by operating different types of power plants. The fuels necessary for the
operation of the power plant will be supplied by domestic resources, as well as by imports from
different countries. In addition to the domestic power generation, electric power might also be
imported.

The part of the Figure 3-22 which is colored in grey represents the domestic part of the production
and represents the “production mix” approach.

Power grid mix
Country ¢
Power Plant Power Plant Power Plant
Type A Type B e Type N
F 3
Energy carrier mix Energy carrier mix - Enefgy carrier mix
Type A Type B Type N
omeste jmports Domestic | jmoors Pomestic imports

prod. of energy prod. Of of energy rel Cii of energy
energy carrier A energy ] energy q
carrier A carrier B CLEE carrier N carrier N

Figure 3-22: Difference between “production mix” and “consumption mix” (for power generation)
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All parts of the supply chain of the power generation process colored in green represent the imports
of supplies for the power generation (imports on fuels). Imports on end energy level (imported power)
are indicated in blue. The “consumption mix” includes the “production mix” as well as all imports.

The MLC supplies both the electricity consumption and electricity production mixes. The inclusion of
the imports in the LCI data requires country-specific information about supply generation and whether
final products are available or will be gathered during data collection. Not included in this example is
the export as the reverse of import.

It is apparent that for every commodity contained in the database, a screening of domestic production
and imports must be done, since this combination can be different for each commodity.

The MLC aim to provide consumption mixes wherever possible.

3.5 Data quality approach
Data quality is probably one of the most discussed issues of databases with the widest interpretation
and application. Generally, data quality is discussed from two different standpoints:

¢ technical quality: how meaningful and representative is the given value for the defined use case;

¢ methodological quality: how well and how consistently are procedures of certain methods
addressed.

For the development of the current MLC, the following method independent importance of “quality
indicators” can be stated generally, see Table J.

Table J: Overview of qualitative importance of “quality indicators” in the databases

Indication of importance

Indicator less more

credibility and source of data

access to industry information

relation of data to technology issues

Consistency

representativeness of data

age/validity of data

transparency of documentation

country/region specificness
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completeness of data

transparency of final data set

reduction/management data uncertainty

uncertainty of data

public access of raw and unit process data

Several methods and approaches have already been proposed, but no single approach has so far
been established as the “best practice.” Either the methods are based on certain amount of expert
judgements or a randomly chosen certain distribution probability to produce the results. This means
no method or mathematical relation can objectively produce LCA DQlIs, without certain engineering
knowledge of an individual or group able to judge the quality or better consistency of the values
relative to each other.

The MLC data quality approach follows a golden rule: “be as precise and specific as needed, and as
simple and applicable to all circumstances as possible”. Sphera approach is to use our experience
and our relevant contacts to judge certain aspects, rather than trusting in figures that are calculated
by a random procedure with little or no link to engineering reality.

As certain methodological DQI rules gain importance, these are combined with the DQI process
ensuring technical and methodological quality in the most efficient and effective manner. The
following paragraphs address the DQI approach in the MLC.

3.5.1 Decision context

The ILCD handbook ([ILCD 2010] ,specific guide®) defines 4 decision contexts for LCA projects and
required LCA methods to be followed. The decision context is also relevant in PEF [PEF guide 2013],
[PEF method 2019 ] and the current version [PEF method 2021], since the decision context of
datasets used and results shall be stated. The definitions according to ILCD are:

Decision context A: Micro-level decision support

“Decision support, typically at the level of products, but also single process steps, sites/companies
and other systems, with no or exclusively small-scale consequences in the background system or on
other systems. l.e. the consequences of the analyzed decision alone are too small to overcome
thresholds and trigger structural changes of installed capacity elsewhere via market mechanisms.”

Decision context B: Meso/macro-level decision support

“Decision support for strategies with large-scale consequences in the background system or other
systems. The analyzed decision alone is large enough to result via market mechanisms in structural
changes of installed capacity in at least one process outside the foreground system of the analyzed
system.”

Decision context C: Accounting

“From a decision-making point of view, a retrospective accounting/documentation of what has
happened (or will happen based on extrapolating forecasting), with no interest in any additional
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consequences that the analyzed system may have in the background system or on other systems.
Situation C has two sub-types: C1 and C2. C1 describes an existing system but accounts for
interactions it has with other systems (e.g., crediting existing avoided burdens from recycling). C2
describes an existing system in isolation without accounting for the interaction with other systems.”

Decision context C1: Accounting, incl. interactions with other systems

“Note that any decision support that would be derived needs to employ the methods under Situation A
or B, with Situation C having a preparatory role only. Note however that due to the simplified
provisions of this document, the modelling of Situation A studies (micro-level decision support) is
identical to that of Situation C1 studies, but not vice versa.”

Decision context C2: Accounting, excl. interactions with other systems
The MLC is supporting decision context A, as it is designed for the following main applications:

e Product improvement
e Product comparisons
¢ Communication

e Accounting

All of these applications are listed under decision context A and C1, where A and C1 are identical
(see above). This however does not mean that the use of the MLC is not possible in decision context
B, since in these projects not all parts of the production system under supervision are affected by
large-scale consequences. In these projects, the practitioner may use the attributional datasets,
identify consequential parts of the system that are typically in or close to the foreground system of the
study and change these consequential parts according to the needs of the project.

3.5.2 Data Quality Indicators (DQlIs)

Data Quality Indicators are not yet fully standardized, let alone harmonized or aligned over different
standards or initiatives or sectors. The principle attributes are somewhat commonly agreed and
described, but how the attributes are fulfilled or met is partly open, partly differently interpreted and
partly even inconsistently defined or done. However, as best practice the values for DQIs can be
adequately attributed with common engineering sense and LCA expertise. Please note that the goal
of different DQI attributes and moreover the given values may relate to the different goal and scope of
policy initiatives (like EC PEF) or private program holders (like EPDs) or industry initiatives (like
PlasticsEurope Ecoprofiles or Together for Sustainability) or International standardization efforts (like
ISO an EN)

Sphera’s LCA datasets aim to be technology specific. Various technologies may produce comparable
products. The MLC datasets aim to provide:

o the most likely “representative” case,

o if suitable, a range of different technologies for the same product,

o if suitable, the local consumption (or market) mix based on capacities.

Where distinctly different technology pathways are used to produce the same
materials/products/commodities, they are kept separate and the local consumption (or market) mix is
additionally provided. Below are some examples of important technology differences:

o Electricity from different power plants (CHP, coal or gas, hydro, or wind),

o Steel making: electric arc, basic oxygen fumace, HiSmelt technology,

¢ Blast furmace or electro-refined metals,
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o Wet or dry process cement clinker production.

Plain average values for the above-mentioned processes (regardless of unit process level or
aggregated level) would not be representative of any of the technologies. There is also a rationale for
regional production models for commodities that are predominantly traded within a certain region:

o Electricity, gas and petroleum products,

e Wood panels and timber products,

e Cement, aggregates and sand,

o Waste management services.

For some low impact materials, transport is the dominant impact on their production and transport

distances and modes may crucially affect the LCI results with sometimes counter-intuitive outcomes.
For example:

o Aggregates shipped long distances by sea from coastal quarries may have lower net impacts than
more local sources delivered by road.

Therefore, the MLC focus on the most relevant aspects first, after screening and identifying the most
important issues of a specific life-cycle model.

With the 2013 database upgrade, Data Quality Indicators (DQIs) have been introduced for all Sphera
datasets (that time in total approximately 7,200 datasets, professional DB, extension DBs, data on
demand). The methodology is based on the Product Environmental Footprint (PEF) requirements,
further specifying the open framework set by the PEF guide [PEF guide 2013].

Each dataset is reviewed by two Sphera experts:

¢ One industry sector specific LCA expert,
¢ One database expert ensuring overall consistency.

The following chapters discuss the six quality indicators, the overall data quality indicator, and the
method for data quality assessment via expert judgement.

Technical Representativeness

Information about data representativeness is assessed qualitatively and reflects the extent to which
the dataset represents the reality of a certain process or process chain, e.g.: completely, partly or not
representative, and the data aims for best technological representativeness from the point of
commission, back to the resource extraction. Technology really does matter.

The datasets are attributed with the related DQIs by engineering based expert judgement using the
instance properties of the processes and plans of the system with an emphasis on unit processes and
the main precursor materials/energies. The following settings are used:

¢ Very good'?: Completely representative — Technology mix or solely existing technology in the
market regarding unit process and related main precursors (energy and materials).

2 Important: We note that the European Commission’s Environmental footprint uses a more positive labelling of the
quality levels, i.e. what is ,,Very good“ in LCA FE is ,,Excellent” in EF. ,,Good“ becomes ,,Very good“ and so on, with
»very poor“ not having an equivalent in the EF, i.e. both have 5 levels. That means — while considering differences
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e Good: Completely/partly — Main technology in the market AND precursors from the main
technology of the market.

o Fair: Partly representative — one of the relevant technologies in the market and precursors from the
main technology of the market OR main technology of the market and precursors from one of the
relevant technologies in the market.

e Poor: Partly/not — one of the existing technologies and precursors from one of the existing
technologies in the market.

e Very poor: Not representative — one of the existing technologies that is known to be not
representative.

Geographical representativeness
The MLC has a 4-layer regionalization approach:

¢ Transferring existing technology information into other countries by adapting the energy supply;
o Adapting the important upstream processes with regional supply data;

¢ Collecting information of the technology mix used in the region to adapt the existing information;
¢ Collecting and validating primary data in the regional industry networks.

Inventory data that shows the necessary geographical representativeness for the foreground data,
site or producer/provider specific data for the foreground system, supplier-specific data is used for the
products that connect the foreground with the background system. Generic data of geographical
mixes can be used also in parts of the foreground system if it is justified for the given case to be more
accurate, and complete than available specific data (e.g., for processes operated at suppliers). For
the background system, average market consumption mix data can be used.

The datasets are attributed with the related DQIs by authentic based expert judgement using the
settings of the instance properties of the processes and plans of the system with an emphasis on the
unit process and the main precursor materials/energies. Four criteria are used:

e s the technology representative for the region/country stated?

¢ Are the precursor materials representative for the region/country stated?

¢ Are the precursor energies representative for the region/country stated?

¢ |s the “Mix and location type” representing the one stated in the documentation?

The following settings are used:

e Very good: Completely representative — all 4 criteria met;

o Good: Completely/partly representative — 3 out of 4 criteria met;
o Fair: Partly representative — 2 out of 4 criteria met;

o Poor: Partly/not representative — 1 out of 4 criteria met;

¢ Very poor: Not representative — unit process and main precursors representing another geography
than the area stated and are known to be not representative.

also in the definitions of the levels — the data quality as documented in LCA FE has to be interpreted to be in fact one
full level higher in the EF terminology.
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Time-related representativeness

The time-related representativeness indicates a reasonable reference value for the validity of the
dataset. That means for unit processes the dataset is most representative for the indicated year. This
year is neither the year of the most recent source that is used, nor the year of the oldest. The time at
which the data collection occurred should be used as a reference.

In LCA FE the ‘most representative’ year indicates the current year of the modelling or validity
checking of the data, if Sphera engineers did not have any evidence that something changed or
developed in process technology concerning this production step.

The datasets are attributed with the related DQIs by authentic expert judgement using the settings of
the instance properties of the processes and plans of the system with an emphasis on the unit
process and the main precursor materials/energies. The following settings are used:

¢ Very good'?: Completely representative — Check of representativeness or main data source not
older than 3 years;

e Good: Completely/partly representative — Check of representativeness or main data source not
older than 3 years, only minor changes and still representative;

¢ Fair: Partly representative — Check of representativeness or main data source not older than 3
years, known changes but still partly representative;

o Poor: Partly/not representative;
o Very poor: Not representative — technology that is known to be not representative.

The technical, geographical and time related representativeness of the background process is also
stated in the documentation and the process name. Aside from the description of the underlying
background data, the proper application of the data by the user (goal and scope dependent) and its
respective documentation is also important. LCA FE offers several possibilities to document the
proper application of the background data in user-specific cases. This can be done on the plan-
system level, by indicating the technical, geographical and time-related representativeness.

Completeness

Completeness provides information regarding the percentage of flows that are measured, estimated
or recorded, as well as unreported emissions. In the MLC, the following procedure is adopted:

¢ “all flows recorded”: The entire process is covered by complete access to process data or the
process was modelled in a very detailed form. Processes in which the cut-off rules were applied
and checked can also be considered complete.

o “all relevant flows recorded”: The relevant flows of the process are covered. When not all flows
can be recorded, this is the next option, which still enables good quality of results in terms of
evaluation.

¢ “individual relevant flows recorded‘: Only particular flows are recorded. It must be clear that in
this case some important flows can have been omitted, so only medium quality of data can be
achieved. If possible, further research should be performed.

* “some relevant flows not recorded”: If good quality is desired, this case should not occur. In the
case that no data is available, reasons for using this kind of data should be documented.

The datasets are attributed with the related DQIs by authentic and engineering based expert
judgement using the definitions described above:
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e Very good: all flows recorded;

e Good: all relevant flows recorded;

¢ Fair: Individual relevant flows recorded;

e Poor: some relevant flows not recorded;

e Very poor: no statement about completeness available.

Consistency

Consistency refers to the uniformity of the data, methodology and procedure used in the data set-up
and database maintenance and additions. The MLC is consistent since all datasets follow the same
methodology and principles as described in this document. The Sphera database content uses
consistent data sources and background systems (e.g., transport, energy processes).

For the DQls, the datasets are reviewed by expert judgement using the following settings:

¢ Very good: defined methodology or standard, certified conformance;

e Good: Sphera® Managed LCA Content (MLC) LCA Databases Modeling Principles
¢ Fair: ISO 14040 with additional method/consistency requirements mainly met;

e Poor: ISO 14040 with additional method/consistency requirements partly met;

e Very poor: Methodology or consistency with known deficits.

Uncertainty/Precision

Precision determines the probability distribution of data, and whether it has been measured,
calculated or estimated. In the case of the MLC databases, the following procedure is adopted
regarding the origin:

¢ Measured: Values measured directly by the LCA practitioner, producer or project partner. Values
from reports, which were measured and allowed to be published, can be also considered as
measured.

o Literature: Values obtained from literature which does not explicitly state, whether the value was
measured or estimated.

¢ Calculated: The values were calculated, e.g., stoichiometric.
o Estimated: Expert judgement, e.g., referring to comparable products/processes or legislations.

Origin/reliability are not part of the 6 DQIs used by ILCD/PEF. But whether data is plausibility checked
by an expert or not, it is an important fact concerning the precision and deserves to be part of the
assessment process.

For this semi-DQI, the datasets are attributed by expert judgement using the following settings:

¢ Very good'?: Measured/calculated AND verified;
e Good: Measured/calculated/literature and plausibility checked by expert;

¢ Fair: Measured/calculated/literature and plausibility not checked by expert OR qualified estimate
based on calculations plausibility checked by expert;

¢ Poor: Qualified estimate based on calculations; plausibility not checked by expert;
e Very poor: Rough estimate with known deficits, not based on calculations.

The expert judgment of the DQIs are reviewed, discussed, adapted or confirmed in the process of the
continuous improvement and review cycle with external reviewers.
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Uncertainty in the LCA is often discussed from two different viewpoints. There is a scientific
discussion on one side, as to which approach is the best to calculate something rather
uncountable.3,

And there is a discussion about practice, dealing with how to limit uncertainty of results, and how to
judge its importance regarding stability of results and proper decision support.

In the MLC work, Sphera chooses the following approach to minimize uncertainty:
1. Completing correct data collection (and close mass and energy balances).

2. Choosing representative LCA data for the upstream and background data, which represent the
actual technology.

3. Understanding the technical processes and defining parameters that are uncertain.
4. Completeness of the system (no unjustified cut-offs).
5. Consistent background data.

Consistent data collection and background data are the basis to reducing uncertainty. In addition,
useful scenarios, sensitivity calculations and technical understanding of the LCA modeler (as well as
the reviewer) ensure minimum uncertainty.

Monte Carlo Analysis is a tool, if the LCA modeler and the reviewer have no indication how the
identified technical parameters may perform, while they do need to know how the parameters are
formally or stochastically related. It allows the examination of consequences of random uncertainties
of known probability distribution for some selected technical parameters. The quality of the resulting
“uncertainty statements” strongly depend on the selection of these technical parameters, which
should be as representative (in terms of uncertainty) as possible. More importantly, Monte Carlo
Analysis requires, that the parameters are orthogonal, i.e., independent. As the amounts of the inputs
and outputs of processes are however mechanistically linked (e.g., the amount of aluminum that goes
in, is the sum of co-products and waste that comes out), or are stochastically linked (e.g., correlated
emissions), this key requirement for a meaningful Monte Carlo Analysis is not met in LCA. The effect
of ignoring such dependencies are hugely underestimated uncertainties, rendering the exercise
worthless. To nevertheless yield meaningful Monte Carlo Analysis results, it is however possible and
sufficient to adjust the parametrization of the model's most relevant parameters to yield independent
parameters and include only those in the Monte Carlo Analysis (see WOLF&EYERER 2002).

Further challenges in this context are: broad methodological acceptance, availability of uncertainty
information for all model parameters, availability of quantitative information about the mechanistic and
stochastic correlation of the values and parameters among each other, and implementation effort.
Luckily, most values in a model do not contribute relevantly to the results and hence to the
uncertainty. Via a preceding contribution analysis or parameter variation, those most influential
parameters can be identified to be adjusted and included in the Monte Carlo Analysis. Still, the very
high effort for the model adjustment and also the lack of underlying uncertainty data for the individual
parameters practically prevent the broad application of meaningful Monte Carlo Analysis across the
whole databases.

3 “Not everything that can be counted counts and not everything that counts can be counted”. Albert Einstein
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Based on the above discussion, a more practical approach to quantify the uncertainty issue was
developed for the LCA FE background database.

Quantifying uncertainty in LCA FE
Uncertainty in LCA can be split into two parts:

¢ data uncertainty (the uncertainty of the modelled, measured, calculated, estimated) and data within
each unit process;

¢ model uncertainty (uncertainty introduced in the results of a life cycle inventory analysis due to the
cumulative effects of model imprecision, input uncertainty and data variability).

Uncertainty in LCA is usually related to measurement error-determination of the relevant data, e.g.,
consumption or emission figures. Since the ‘true’ values (especially for background data) are often
unknown, it is virtually impossible to avoid more or less uncertain data in LCA. These uncertainties
then propagate through the model and appear in the final result. Small uncertainties in input data may
have a large effect on the overall results, while others will diminish along the way. The next paragraph
addresses Sphera’s recommendations for addressing the quantification of uncertainty in an LCA
study, and how it can be done practically and with reasonable accuracy.

Quantifying the uncertainty of primary data points on company-specific processes can be
relatively straightforward and easy for a company to calculate using the mean value and its
standard deviation over a certain number of data points.

But quantifying the uncertainty in the background systems (hundreds of upstream processes
including mining and extraction), and then performing error propagation calculation is typically neither
practical, nor feasible due to the cost and time constraints in an industrial setting. In addition to put
the issue in a general perspective, one should be wary of data with an extremely precise uncertainty
value to each inventory flow, as these cannot be calculated with the accuracy that the value implies.

A common rule estimates that the best achievable uncertainty in LCA to be around 10%. This was
supported by [Kupfer 2005] on the example of the forecast of environmental impacts in the design of
chemical equipment. The actual degree of uncertainty can vary significantly from study to study.

The overarching question that really must be answered is:
How robust is my overall result when taking into account the combined uncertainties?

The effort to come up with a reasonable estimate can be significantly reduced by following a two-step
approach:

1. Understand the model structure and its dependencies

Keep it simple at first and start by setting up your model with values you have. Then try to
develop an understanding of the most relevant aspects of your LCA model, i.e., those life
cycle phases, contributors, or data points that have the largest impact on your result. This is
usually done by a contribution or ‘hot spot’ analysis, and a subsequent sensitivity analysis.
Both of these functions are available to LCA FE users in the LCA balance sheet through the
Weak Point Analysis and the LCA FE Analyst.

Here is an example: the contribution or ‘hot spot’ analysis of an energy-using product may show
that the use phase is dominating the life cycle greenhouse gas emissions, closely followed by the
production of a printed circuit board and logistics. Sensitivity analyses may then show that the
parameters that influence these contributors the most are the split between online and stand-by
mode during use, the amount of precious metals in the circuit board and the distance from the
Asian production facility to the local distribution center. This example also shows that a further
step is needed: the influenceability of the most relevant factors i.e. the distance from
manufacturing in e.g. China, to the market is typically not/hardly influenceable.
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2. Test the robustness of the model’s results

The next step is to focus efforts on estimating the level of uncertainty of each of the identified key
parameters. Do some more research to establish upper and lower bounds for the relevant
parameters. The higher the uncertainty, the larger these intervals will be. It may even be possible
to find data that allows for the calculation of a standard deviation in the literature.

The combined effect of these uncertainties can then be assessed using the Monte Carlo
Analysis available in the LCA FE Analyst. By defining uncertainty intervals around the key
parameters, the Monte Carlo Analysis is able to produce a statistical estimate (mean value) of
the end result (e.g., X kg of CO; equivalents) as well as its standard deviation across all
simulation runs. To do this it simply draws random numbers from the defined intervals and
calculates a single result using that set of numbers. By repeating this procedure, a multitude of
times (1,000 up to 10,000 runs is usually a good number), it will produce a probability distribution
of 1,000 to 10,000 individual results. The lower the standard deviation associated with it, the
more robust or ‘certain’ your result is. The resulting mean value is also closer to the ‘real’
value than the value obtained when doing a simple balance calculation based on the basic
parameter settings. We reiterate that the Monte Carlo Analysis necessitates to select
independent parameters or to adjust the model to make them independent, as explained in the
previous chapter. Without this, the Monte Carlo Analysis results are simply meaningless.

To make the assessment more robust towards any additional, unknown uncertainties, it is
possible to increase the ascertained intervals around the key parameters by a specific ‘safety
factor.’ This will provide a sound estimate of the robustness of the model.

For more quantified results on uncertainty issues in LCA, see Supplement B.
Coefficients of variation

As seen in the above discussion and from quantified results in Supplement B, the percentage
maximum error can easily reach several orders of magnitude for the ‘chosen max’ cases. These
numbers can be misleading, though, since they heavily depend on the magnitude of the
respective denominator, i.e., the minimum values. A more unbiased way to look at the variability
across the evaluated datasets is to calculate the coefficients of variation across the absolute
indicator results, which is defined as the standard deviation divided by the modulus of the
mean value. When the modulus is used, the coefficient is always a positive value.

The following table displays the maximum coefficients of variation across datasets for each
impact category separately. Again, knowing the country of origin but not knowing the
specific technology route can be worse than the inverse case. The coefficients of variation are
significantly higher for the latter case.

Table K: Coefficients of variation, from a case study

Impact known technology/unknown unknown technology/known country of
country of origin origin

PED 32% 88%

AP 92% 98%

EP 63% 123%

GWP 47% 89%

POCP 86% 132%
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This chapter answered two questions: first, how do | assess the uncertainty of my LCA model in
LCA FE? And second: how large are the uncertainties across different datasets assuming that
either the country of origin or the technology route is not known?

While it is known from experience, as well as from related PhD thesis (e.g. Thilo Kupfer:
Prognose von Umweltauswirkungen bei der Entwicklung von chemischen Anlagen, Universitat
Stuttgart 2005; Maiya Shibasaki: Methode zur Prognose der Okobilanz einer GroRanlage auf
Basis einer Pilotanlage in der Verfahrenstechnik - ein Beitrag zur Ganzheitlichen Bilanzierung,
Universitat Stuttgart, Dissertation, 2008; Cecilia Makishi Colodel; Systematischer Ansatz zur
Abschatzung von landerspezifischen Sachbilanzdaten im Rahmen der Okobilanz, Universitat
Stuttgart, Dissertation, 2010), that the model uncertainty can rarely be kept below 10%, once the
most appropriate datasets have been chosen, the uncertainty around this choice can be
significantly higher. For most considered datasets, the relative error is between -75% and +250%,
while the coefficient of variation is roughly between 90% and 130%.

Based on these results, the following conclusions can be made:

The appropriate choice for dataset is a higher concem for the uncertainty on the elementary flow
level. The selection of the most representative technology route has a large influence on the
resulting environmental profile. The most ‘certain’ dataset can introduce a massive error to your
model if it is not representative to the process/product at hand.

When the most representative datasets have been identified and deployed, the next concem is about
the accuracy of your model structure and parameter settings. Here the described functionalities of
the LCA FE Analyst can help you understand the dependencies and assess the overall effect on
your results.

Knowing about the difficulties of quantification of precision, and also knowing that all of the other
elements of data quality (technology, time, geography, completeness, methodological
consistency, data origin) have an influence on precision, Sphera decided to calculate the
arithmetic average out of the six criteria above (5 other DQIs plus Origin), but the result
cannot be better than completeness.

This follows the logic of PEF [PEF guide 2013] (where the values given for precision are 100%
minus the values for completeness) and also follows the logic of data that has a normal
distribution, since for these the expected values and the standard deviations may simply be
combined and form another normal distribution (addition theorem of normal distribution). Sphera
knows about the deficit this procedure has for low quality data (estimations), where one poor or
very poor element of data quality (e.g., technological representativeness, see above) can spoil
the precision regardless of the values of the other elements. But on the other hand the number of
low quality datasets in the MLC is very low and the experts reviewing the data quality in such
cases are asked to be extremely critical regarding the other elements, which leads to the fact that
datasets with known deficits (“poor” in any of the elements) do not have a precision better than
“fair” in the MLC.

Overall Quality

The overall quality of the datasets depends on the values of the 6 DQIs described above. Sphera has
decided to calculate the average value from the 6 DQIs and use it for the overall quality. There are
however other possibilities according to the ILCD [ILCD 2010] and PEF [PEF guide 2013], [PEF
method 2019], and [PEF method 2021] (same rules for OEF). The methods used in these two
assessment schemes are illustrated in Figure 3-23 and Figure 3-24. In the documentation of the
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datasets, all three methods are used to give the practitioner an overview of the usability of the
datasets in ILCD and PEF/OEF ',

The outcome of the overall data quality of the MLC is:
¢ 99% of the datasets are usable in the ILCD/EF related projects, both as being LCD DN entry-level
compliant and regarding the minimum require data quality;

¢ 95% of the datasets achieved an overall GOOD data quality and are usable in PEF/OEF studies
without any restrictions;

¢ 4% of the datasets achieved an overall FAIR data quality and are usable in PEF/OEF studies, but
better data should be sought and used;

¢ 1% of the datasets achieved an overall POOR data quality and are not currently usable in PEF/OEF
studies.

The overall data quality shall be calculated as detailed in Formula 3:

TeR+ GR+TiR+C+P+ M+ X *4
i+4

Formula 3 DOR =

« DQR : Data Quality Rating of the LCI data set; see Table 7
« TeR, GR, TiR, C, P, M : see Table 5

« Xw : weakest quality level obtained (i.e. highest numeric value) among the data quality
indicators

« i : number of applicable (i.e. not equal "0") data quality indicators

Table 7 Overall quality level of a data set according to the achieved overall data quality
rating

Overall data quality rating (DQR) Overall data quality level

<1.6" "High quality”

>1.6to<3 "Basic quality"

>3 to <4 "Data estimate"

Figure 3-23: Overall data quality according to ILCD assessment scheme [ILCD 2011].

The ILCD scheme follows partly a more robust “weakest link in the chain” logic, that the poorest
data aspect downgrades the overall quality (as it has a higher weight assigned), while this has
been abandoned for the EF (while it is understood to be re-introduced in a similar form in the next

4 Note that PEF and OEF studies on those product groups and organization types for which an official PEFCR or OEFSR has
been developed, may only use the prescribed EF secondary datasets. Sphera has won 7 of the 13 data tenders under the EF
pilot phase and provided those data sets as EF 2.0, based on MLC data. Sphera also provides the commonly to-be-used
energy-transport-packaging-EoL data packages for the transition phase as EF 3.0/3.1, plus EF 3.0/3.1 data packages on
metals and mining, electronics, plastics.
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version that somewhat stronger weighs the weaker elements of the overall model to reflect the
true effect they have on overall quality).

TeRL-GRLATIRL-CLPL M

Formula 1 DQR = g

— DQR: Data Quality Rating of the dataset
— TeR: Technological Representativeness

— GR: Geographical Representativeness

— TiR: Time-related Representativeness

— C: Completeness

— P: Precision/uncertainty

— M: Methodelogical Appropriateness and Consistency

Table 6

Overall data quality level according to the achieved data quality rating

Overall data quality rating (DQR) Overall data quality level
< 1,6 “Excellent quality”
1,6 10 2,0 “Very good quality”
2,0 to0 3,0 “Good quality”
3to 4,0 “Fair quality”
> 4 “Poor quality”

Figure 3-24: Overall data quality according to EF assessment scheme [PEF guide 2013]
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Overview of the DQIs
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3. Methodological Framework

Figure 3-25 gives an overview of the criteria used when assessing the data quality via expert
judgement. Figure 3-26 shows a screenshot of a dependent internal review that can be found in the
documentation tab of Sphera LCA datasets in the category validation. The value of the DQIs can be
seen and the other review details gives an overview of the achieved overall data quality according to
the assessment schemes of LCA FE, ILCD and PEF.

Validation

Type of review

Scope of review

Quiality indicators

Review details

Reviewer name and
institution

Other review details

>

Dependent internal review N Delete review
Scope of review Method(s) of review
Raw data Validation of data sources, Sample tests on calculations, Cross-check with other source, Expert judger
Unit process(es), single operation Validation of data sources, Sample tests on calculations, Energy results, Element results, Cross-check
Unit process(es), black box Validation of data sources, Sample tests on calculations, Energy results, Element results, Cross-chedk
LCI results or Partly terminated system Validation of data sources, Sample tests on calculations, Energy results, Element results, Cross-check
LCIA results Cross-check with other source, Cross-check with other data set, Expert judgement
Documentation Expert judgement, Compliance with 15O 14040 to 14044
Life cyde inventory methods Compliance with 150 14040 to 14044

LCIA results calculation
Goal and scope definition

Quality indicators Value
Technological representativeness Very good
Time representativeness Very good
Geographical representativeness Very good
Completeness Good
Predision Good
Methodological appropriateness and consister Good
Cwverall guality Very good

The LCI method applied is in compliance with IS0 14040 and 14044, The documentation indudes all relevant information in view of the data
quality and scope of the application of the respective LCI result / data set. The dataset represents the state-of-the-art in view of the referenced
functional unit.

@l thinkstep [Private company]
[&=0LBP-GaBi [Governmental]
[&=)1BP-GaBi [Mon-governmental org.]

Q add

Overall quality according to different validation schemes

GaBi = 1,5 interpreted into "very good overall quality™in the GaBi quality validation scheme
ILCD = 1,7 interpreted into "basic overall quality”™in the ILCD quality validation scheme
PEF = 1,5 interpreted into "excellent overall quality”™ in the PEF quality validation scheme

Figure 3-26: Screenshot of a dependent internal review including the DQlIs

3.5.3 Reproducibility, Transparency, Data aggregation

The aggregation of datasets is often necessary and requested by users and providers of data in order
to secure the privacy of confidential information. This enables the use of accurate and up-to-date
information; furthermore, aggregation speeds up LCAs (lowering costs) as the handling of datasets
and complete process chains becomes feasible for both experts and users.

Almost any LCI dataset is aggregated: either on the unit process level (several production steps are
aggregated towards a unit process or different unit processes producing a comparable product are
aggregated into an average unit process), or on the process chain level (different subsequent
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processes are aggregated). For a good description of the various types of aggregation, see the
UNEP/SETAC 2011 database guidance.

Some systems are characteristically complex and therefore only understandable by LCA experts, and
experts of the related technology. In order to make the handling for non-experts possible, some
complex and often-used datasets must be aggregated in a representative and applicable way to
make them suitable for use by a wider audience.

A prominent example is the aggregation of electricity mix data for a specific country; a complex
background model, consisting of a large amount of processes and parameters (see Structure of the
Master Database contents for details). The user has access to information transparency concerning
the underlying model and data in the documentation. Most users have an interest in accurate data
and are less interested in power plant details, so an aggregation of datasets is suitable and
meaningful for a wide range of users..

Two types of aggregation exist:

e horizontal;
e vertical.

The following figure describes the difference.

Company A Company B Company N
Mining | . | | , || , |
(M,) M, M, M, .
Benefication | | | || |
! ! }
(B), B, B, B,

Figure 3-27: Principle graphical explanation of the relation of completeness, precision

The horizontal aggregation (M1+M2+M3+...) and (B1+B2+B3+...) is applied in the creation of a
process for an average production step of a specific product by taking (different) technologies into
account. The upstream or downstream processes are not integrated into this step of aggregation. The
horizontal aggregation must be sure to lead to understandable and interpretable datasets, as
technical information and upstream substances of different processes is aggregated and provided
side by side (whilst never appearing in reality as one process). Not all unit processes of the same
kind are automatically suitable for horizontal aggregation or can be subject to easy misinterpretations.

5 A power plant operator or energy provider may have another view on this and wants to deal with the effects of the power
plant parameters within the electricity mix. However, users that are interested in their own foreground system behavior should
rather model on basis of their specific foreground situation and should take generic background data to set up their respective
background system or use it as reference or validation. Specific results on foreground systems request specific foreground
data.
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The vertical aggregation (M1+B1+...) and (M2+B2+...) is carried out by considering a specific
technological route and aggregating process chain parts that exist in reality. In this case, the
upstream and/or downstream processes are included in the aggregated dataset.

Depending on the case, in the MLC vertical and horizontal aggregation are applied to the datasets.
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4.System Modelling Features

The LCA FE system was developed to support the complete workflow of LCA work: starting at the
data collection, over life-cycle system modelling, to data storage and handling, as well as
interpretation.

Appropriate results call for appropriate system modelling and appropriate data. In the following
chapter the technical framework of system modelling is described.

4.1 Data collection

Data collection is the basis for all following modelling steps: analyzing the gathered data, the use of
this data for the set-up of the process models, and as the basis for the inventory calculation. The
quality of the dataset will finally depend upon the type, sources, consistency and appropriateness of
data collection. A standardized procedure is therefore defined and applied for the data collection:

¢ Understanding the core production technique.

« |dentifying the generic situation of the manufacturing of the product system to be analyzed (e.g.,
how many competitive producers exist, what are the applied technologies).

¢ Identifying the essential single process steps that are dominating the manufacturing phase of a
certain product system. Ideally, this process is done in cooperation with industry, validated or
accompanied by experts of the related branch.

¢ Creating a customized data collection sheet. Golden rule: data collection should be as detailed as
necessary, and as efficient as possible; staying on a realistic level, which can be supported by the
data source but also fulfils LCI quality issues. A flow chart of the process helps to have a good
overview and to keep track in technical discourse.

Inspection of the returned data applying general rules which focus on consistency and quality of the
gathered data, which includes:

e Mass and energy balance;
e Emission and substance/chemical element balances;

¢ Plausibility check focusing the general process characteristics (energy efficiency, yield, purge
streams, residues, by-products, loop substances, recovered matter);

¢ Provision of feedback to the data supplier or validator.

For the process of data collection different techniques can be used which differ in type, technique and
effort. The following types of the data collection can be used:

1. Manual informal (generally not used in the data collection procedures);
2. Manual predefined formats (MS Word® or MS Excel® documents);

3. LCA FE process recording tool;

4. Web-based applications (e.g., LCA FE web questionnaire).

Collection types 3 and 4 comfortably support the user to integrate data consistently and while saving
time into LCA FE.
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4.1.1 Quality check and validation of
collected data

During the process of data collection, our experts prepare a checklist of general points that ensure
the data quality requirements are fulfilled. As previously mentioned these methods include: mass and
energy balance, emission balances, plausibility check, in addition to whether all relevant processes
steps and inputs and outputs are included.

If anomalies occur, problems are iteratively checked with the data provider or the data-providing
expert team within Sphera. The goal would be to clarify whether it is a data or methodological
problem and whether it is a special case or a common issue.

Apart from this technical check, aspects covered by the data quality issues (Data quality approach),
data sources (Sources and types of data) or principles such as goal (Goal) or scope like functional
unit and system boundaries (Scope) must be checked in order to assure consistency over all data
collected. All data aims to represent the reality, but the kind and detail of needed data sources can
differ.

After this check, the data considered as “validated” and can be used for modelling in the LCA FE
framework.

4.1.2 Data treatment

The data collected, checked and validated as described before almost never directly enters the
database as a dataset but are aggregated (see Chapter 3.5.3) and complemented with other data into
meaningful e.g. cradle to gate datasets. In other words, the data is treated to make it ready for use by
LCA practitioners. This data treatment ensures consistent data throughout the database, as the data
treatment is not left to the practitioner.

The following principles to represent the reality of technical processes, markets and legislation are
used in the LCA FE database:
¢ Large scale industrial size processes are used, as these usually dominate the markets.

¢ Outdated or exotic processes that are not relevant in the market are avoided or clearly
documented.

¢ No safety margins are used. Instead, the data quality is documented.

o Market mixes are modelled and clearly documented (see Chapter 3.4.5) and ensure that no single
process variant is wrongly used as a substitute for a complex market.

¢ Complementing processes are added respecting the geographical region, but also the market mix
and the technical reality of the respective industry sector.

Missing data is a common problem of LCA practitioners (see also Chapter 3.3.5 for gap closing
strategies). This can happen due to unavailability of data or missing access to data. In this case, it is
up to the expert team to decide which procedure to adopt.

The goal is to find the missing data and close the gap as efficiently as possible, without unacceptable
simplifications.

There is no standard rule for this problem as each case should be analyzed separately, but the
following measures can be taken:

e Literature: reports, papers, books can be checked (standard way, but often no LCA suitable
information available)
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e For chemical reactions, often a first approach can be provided by the stoichiometry followed by an
adaption of the reaction’s yield. Calculations based on stoichiometry of chemical reactions are
always used with a realistic yield to avoid underestimation of used resources needed and by-
products or wastes generated. Emissions are modelled using realistic emission values (either by
emission measurements like e.g. for NMVOCs, emission calculation like e.g. for CO2 in most
cases, or by estimations like for official most fugitive emissions reports) instead of using emission
limits set in legislation. In most cases official emission limits are not suitable to be used as data
sources, because companies and technologies perform much better to save cost and resources by
looping unused or unreacted pure educts or using treatment facilities to concentrate or purify educts
for looping. Calculations of energy uses are done via dynamic tools based on formation enthalpies
and complemented with information from energy production and transformation processes that are
used in the respective industry sector.

¢ Estimation based on similar processes/technologies

o Expert judgement of a skilled person with engineering knowhow (supported by one or more above
aspects). Assumptions/estimations are used in a conservative way (worst case assumptions), but
also in a realistic way. Only worst cases are used that are compliant to the legislations and are also
economically realistic.

The chosen procedure for the treatment of missing data shall be documented according to the ISO
14044 [ISO 14044:2006].

4.1.3 Transfer of data and nomenclature

The system modelling starts with the transfer of gathered data into the LCA FE system. LCA FE is
organized into modules. Plans, processes and flows, as well as their functions, are formed into
modular units.

The fundamental basis of modelling using LCA FE is the object type flow. A LCA FE flow is a
representative of an actual product, intermediate, material, energy, resources or emission flow.

Elementary flows are resources and emissions that are released from unit processes directly into the
environment without further treatment, causing a specific environmental impact.

Intermediate flows (material or energy) are technical flows between unit processes or a product flow
leaving the final process for further use in a system.

Intermediate flows are used as the link between processes within a life cycle system.

Plans (or plan systems) are used in LCA FE to structure the processes in a product system.
Essentially, plans are the “process maps” which visually depict a stage or sub-stage in the system
and help to understand the technical reality behind the system.

A clearly defined nomenclature of flows is needed. LCA FE defines all known and used flows
consistently by avoiding double entries (e.g., synonyms).

A clear and defined nomenclature is needed to ease or enable data transfer with other nomenclatures
and systems (like e.g., ILCD 2010). Different nomenclature systems are proposed by academia and
in industrial practice. No global standard nomenclature currently exists, because theoretical and
practical approaches still call for different aspects.

For each modular unit a clearly defined nomenclature is necessary to specify flows, processes and
plans. In the following, the most important nomenclature aspects are listed.

Flows

e Name (most commonly used or according to existing systems)
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¢ CAS code

o Abbreviation (e.g., polypropylene PP)

¢ Chemical formula (e.g., carbon dioxide COz2)

e Technical aspects like calorific value, element content or impact category

¢ Reference unit (e.g., kg, MJ, Bq, Nm?)

The LCA FE has a substantial list of consistently predefined elementary flows, so that ideally only

new intermediate or product flows need to be created (look for synonyms before creating new
elementary flows).
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Processes

o Specification of the country

o Name (mostly the name of the product created which is also the functional unit of the process
analyzed)

Addition to the name (e.g., polyamide 6 granulate (PA 6))
Production technology (if several technologies exist to produce the material)
Reference year

Data quality and completeness
Plans

The name of the plan system should enable to understand its related system boundaries, the core
technology route and the core location of the operation.

Goal is a consistent naming of the flow, the related process and the related system plan.

The MLC [LCA FE] have already integrated elementary and product flows for all datasets and the
respective used flows are documented directly in the process headline.

Process Process Process / Main Plan

~
m T~
~ S~
~ ~ S~
NN

\
\
/| Sub-System.
\
\

-
\\ ~o
/ \ ~

/ #Process £ /Pr00;§s//Process/ el
N
~

¢/ Process £/ Process

!

~
Sub—Syste\m.Z

Figure 4-19: Hierarchical structure of the processes and plans

Since the efficient and flexible combination of processes and plans in LCA FE affect the appropriate
result analysis, a certain structure of the desired system should be known beforehand. The processes
and plans can be individually structured (shown in the figure above) to represent any desired degree
of detail.

4.2 Geographical aspects of modelling

To set data in the correct regional context is an important aspect of LCI modelling. Users in
multinational companies, as well as national and international programs and requirements, call for
realistic geographical representation. Realistic regionalization is as dynamic as markets. The core
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issue of regionalization is not the methodological approach, but rather the necessary background
information on technology and the market situation.

Country-specific energy (pre-) chains are called for throughout the database (electricity, thermal
energy, resources). The most relevant industry processes, including the technology route, in the
respective region must be country or region-specific. If the use phase or utilization (losses or other
performance issues) data is relevant, a country-specific situation is necessary. Recycling rates and
waste (water) treatments may be adopted, as well as the crediting of materials and energies in EOL.

In the MLC work and “data on demand” business, a “4 level regionalization approach” is used, which
depends on the goal and scope of the data and the relevance of the related measure on the overall
result.

1. Transferring existing technology information into other countries by adapting the energy supply.
2. Adapting the important upstream processes with regional supply data.

3. Collecting regional technology (mix) information to adapt existing information.

4. Collecting and/or validating primary data in the regional industry networks.

If a dataset is country-specific, at least level 2 is applied. For individual information, please consult the
respective documentation.

4.2.3 Regions in the MLC

Most of the regions in MLC are given in two letter country codes, defined by ISO 3166-1 alpha-2.
Examples therefore are DE for Germany, FR for France and US for the United States of America.
Besides these the following regions are available:

Table L: List of acronyms of regions in MLC DB

RAF Region of Africa

RAS Region of Asia

RER Region of Europe Usually excluding European part of Russia and
Turkey

RNA Region of North America

RSA Region of South America

ROC Region of Oceania Australia, New Zealand, Melanesia, Micronesia and
Polynesia

FSU Former Soviet Union Armenia, Azerbaijan, Belarus. Estonia, Georgia,
Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Moldova,
Russia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan

RoW Rest of the world All outside Europe
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RME Region of Middle East Bahrain, Cyprus, Egypt, Iran, Iraq, Israel, Jordan,
Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria,
Turkey, United Arabian Emirates, Yemen
Asia/Pacific APAC - Asia Pacific East Asia, South Asia, Southeast Asia and Oceania
GLO Global, world total
RAS w/o CN Region of Asia without China
CIS Commonwealth of independent | Part of FSU: Armenia, Azerbaijan, Belarus.
states Kazakhstan, Kyrgyzstan, Moldova, Russia, Tajikistan,
Uzbekistan
EU-27 European Union
EU-28 European Union + UK
EU-28+3 European Union + UK + EFTA | EFTA includes Iceland, Liechtenstein, Norway and
Switzerland
ENTSO-E European Network of
Transmission System
Operators
Nordics Finland, Norway, Sweden
BALTIC Baltic states Estonia, Latvia, Lithuania
SCAN Scandinavia Norway and Sweden

4.3 Parameter

Parameters are variables within a dataset, which allow the variation of process input and output flows
to detach from a strict relationship between input and output flows (scaling). Parameters can

therefore be used to calculate flow quantities (e.g., due to the characteristics of a used substance)
based on technical conditions, such as efficiency of power plant using energy carrier properties or
sulphur dioxide emissions depending on the sulphur content of the used fuel or other parameters.

A typical application of parameterized models (processes) is the modelling of transportation
processes. It is possible to calculate the CO2 emissions by means of a mathematical relation
depending on the travelled distance, the utilization ratio, and the specific fuel consumption of a truck

(see Transportation).
Important parameterized (background) processes are:

o crude oil, natural gas and coal extraction;

e power plants;

o refinery operations;

o water supply;
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o wastewater treatment, recycling and incineration processes;
e transports;

e agricultural processes;

o certain metal beneficiation and refining processes.

Suitable parameterization can reduce the error probability seeing as one individual (quality-checked)
process can be applied in many generic situations.

4.4 Multifunctionality and allocation principle

Sphera LCA Databases Modelling Principles follow the ISO 14040 series conceming
multifunctionality.

Subdivision for black box unit processes to avoid allocation is often possible but not always [ILCD
2010]. Subdivision is therefore always the first choice and applied in the MLC work. This includes the
use of the by-products in the same system (looping).

System expansion (including substitution) is applied in the MLC work, wherever suitable. The
system boundaries are the key issue. The ISO says: “Expanding the product system to include the
additional functions related to the co-products, taking into account the requirements of appropriate
system boundaries” [ISO 14044: 2006].

It is to carefully check, if the function of the system would be enlarged inappropriately. If this is the
case and the explicit and unique function of the dataset is not clear anymore, the system expansion
should not be applied.

In practice, system expansion can lead to the need for further system expansion because the
additional systems are often multifunctional. In other cases, the alternative processes exist only in
theory or are of no quantitative relevance in practice. Another challenge is to identify the superseded
processes, which will prove to be complex [ILCD 2010].

The aspects of a (virtually) enlarged system can cause interpretation and communication problems
and needs special attention. The interpretation of the results can grow weaker and less transparent.

System expansion (including substitution) is applied, if it does not lead to misinterpretation or to an
enlargement of the functional unit, because this would be in a conflict with the aim to provide single
datasets with respective functional unit.

In the MLC, work system expansion is frequently applied to energy by-products of combined or
integrated production, where direct use in the same system is not feasible.

Allocation is the third method to deal with multi-functionality. Allocation has long been discussed and
debated, despite the fact that often only one feasible or useful allocation rule is applicable, and the
relevance of different allocation keys is frequently of rather low relevance on the results.

Identification of the most appropriate allocation key is essential and often intuitive. The inputs and
outputs of the system are partitioned between different products or functions in a way that reflects the
underlying physical relationships between them, i.e., they should reflect the way in which the inputs
and outputs are changed by quantitative changes in the products or functions delivered by the
system. Wherever possible, physical relationships are utilized to reflect meaningful shares of the
burden.

Whereas physical relationships alone cannot be established or used as the basis for allocation, the
inputs are allocated between the products and functions in proportion to the economic value of the
products.
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Sensitivity analysis of possible choices is helpful to justify a decision. Allocation always works and the
sum of the allocated emissions is 100% of the actual total amount of emissions. Allocation is applied
in LCA FE, where subdivision and system expansion (including substitution) fail on the practical level.

If there is a significant influence on the results due to an allocation, a sensitivity analysis can
transparently show the effects and enable interpretations of the results. Different datasets for the
same product with different allocation keys may be supplied to document relevant sensitivity and to
be able to choose the right one in a given goal and scope.

Our experiences from research and industry projects have shown over time that allocation — using
appropriate allocation keys — is a suitable tool for distributing environmental burdens to specific
products. Scenario calculation and sensitivity analysis to quantify the influences of changing
allocation keys are particularly effective.

4.5 Generic Modules as background building block

Some industrial processes or natural systems are highly complex (see Chapter 2.3). Their complexity
is not only characterized by the amount of required materials and processes, but also by their non-
linearity in relating to each other. Complex systems can be often found in electronic products (many
materials, parts and process steps), agrarian systems (natural processes interfering with technical
processes with unclear boundaries) and construction systems of complex use and secondary effects.
If the required materials and processes are the same for several different systems, the model can be
parameterized once and adapted for each purpose individually — as long as the complex relationship
is the same and integrated in the model.

The generic module approach is applied to manage complex product models and provides the
opportunity to produce transparent and summarized results within an acceptable timeframe. Generic
modules comprise flexible models with parameter variations, including already-modelled materials
and parts. These parameters allow the variation of system models based on technical dependencies
(technically understandable and interpretable parameters). The parameter variation offers the
possibility to adapt the models to specific product properties or modelling design scenarios without
the need to create entirely new models.

Generic modules are used for single processes, system parts or the complete manufacturing of a
product. Varying significant parameters allows each individual module of the product chain to be
specified. By implementing the entire manufacturing process into a modelled Life Cycle, all effects to
each life cycle phase can be recognized according to the different variations.

4.6 Special modelling features for specific areas

In the following paragraphs, specific modelling issues are addressed for key areas, which are applied
in the MLC [LCA FE]:

e Energy

e Road Transport

o Metals and steels

e Chemistry and Plastics

Construction

Renewables

Electronics
End-of-Life
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4.6.1 Energy

Energy is a core issue because its supply and use influences the performance of most industrial
products and services.

Energy supply systems differ significantly from region to region, due to individual power plant parks
and individual energy carrier supply routes.

Due to its specific situation in different regions and the related complexity, the modelling of the energy
supply takes place at different levels:

o Supply of different energy carriers (e.g., different energy resources);

e Creation of country-/region-specific mixes for each single energy carrier (e.g., natural gas mix
Germany, crude oil mix EU-27);

o Supply of final energy from conversion to liquid fuels such as gasoline and diesel fuel;
o Supply of the final energy by conversion to electricity, thermal energy and steam.

For detailed modelling the technical processes necessary for the supply of renewable and non-
renewable sources of energy, as well as the analysis of the power plant technology/refinery used in
each case for the production of electricity/fuel, are required.

Supply of Energy Carriers

The supply of an energy carrier includes exploration and installation of the production site, production
and processing. Figure 4-2 shows the natural gas production in Germany as an example to clarify
how the energy carrier supply is modelled. Among the considerations is the need for auxiliary
materials for the drilling during exploration of the gas fields, the energy demand for exploitation of the
energy carriers, as well as further consumption and losses, such as venting and flaring of gas during
production.
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Figure 4-2: Conventional natural gas production in Germany

For the combined crude oil and natural gas production, allocation by energy content (based on net

calorific value) is applied.

Associated gas and wastewater from crude oil production is allocated only to crude oil production.
Vented gas and wastewater from natural gas production is only allocated to natural gas production.

Energy Carrier Mix

For the countries addressed in the MLC, the energy carrier supply mixes (consumption mixes) have

been analyzed and modelled. The consumption mixes of the main energy carriers, natural gas, crude
oil and hard coal, have been analyzed and modelled in great detail to ensure the needed
specification. The information about the different shares and sources are based on statistical

information.
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Figure 4-3: Natural gas supply for Germany
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Production of electricity, thermal energy and steam

Through the utilization of different energy carriers like gas, oil and coal in their respective power
plants, electricity, thermal energy and steam is produced. The country-specific power plant
technologies (efficiency of conversion, exhaust-gas treatment technologies and their efficiencies) are
considered.

In addition, direct and combined heat and power generation are considered separately, depending
upon the country/region-specific situation.

Generic modelling of the power plants enables consideration of both fuel-dependent (e.g., CO2) and
technology-dependent (e.g., NOx, polycyclic aromatics) emissions, including the effects of emission
reduction measures (e.g., flue gas desulphurization).

Mass and energy flows, including auxiliary materials (e.g., lime for desulphurization), are considered
during the energy conversion. The emissions of the power plant and the material and energetic
losses (waste heat) are also taken into consideration. Figure 4-4 shows the modelling of the US, East
power grid mix.
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Figure 4-4: US, East electricity grid mix 1kV — 60kV

The parameterized unit process models in the center of the plan system are all comprehensive input-
output relations based on several technology settings and calculation steps to represent the given
regional technology. The following figure provides insight to the degree of engineering detail of the

power plant models.
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Figure 4-3: Parameterized US Coal gas CHP power plant

For the combined heat and power production, allocation by exegetic content is applied. For the
electricity generation and by-products, e.g., gypsum, allocation by market value is applied due to no
common physical properties. Within the refinery, allocation by net calorific value and mass is used.
For the combined crude oil, natural gas and natural gas liquids, production allocation by net calorific
value is applied.

Energy consumption by power plants themselves and transmission losses of the electricity from the
power plants to the consumers are included in the analysis.

GHG emissions in hydropower plants and geothermal power plants

Non-combustion emissions released in hydropower plants and geothermal power plants are
significant, however not always commonly addressed. In the MLC these emissions are accounted for
as it is important to gain adequate results, especially if renewable electricity generation is a significant
part of a national grid mix and to be consistent regarding other options of electricity generation. From
an LCA perspective there are relevant but still few sources conceming these emissions, which can be
adequately used in LCI databases. The topic and regionally different effects is also still debated in
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science. However, Sphera collects and validates information on this topic and frequently checks it
against new and updated information in our yearly upgrade process.

In the case of geothermal power plants, CO2, CHs and H2S emissions as well as SFs emissions (in
electrical equipment use) play a significant role. Validation backbone of the emissions data applied in
Sphera’s LCA FE LCI models are the Reports: “Emissions of greenhouse gases in Iceland from 1990
to 2010, National Inventory Report 2012” and “Greenhouse Gases from Geothermal Power
Production, ESMAP - Energy Sector Management Assistance Program, Technical Report 009/16,
2016. Facts and figures reported here are combined with the know-how of our energy engineers into
best available LCA data and frequently revisited and updated, if knowhow develops.

Concerning hydro power plants, CO2 and CH4 emissions as a result of degradation of biomass in
the dammed water play a significant role. Depending on the climatic boundary conditions different
effects arise. In climatic cold and moderate regions: increasing CO2 emissions from aerobic
degradation of biomass in the first years of operation, then temporary decreasing within the first 10
years of operation. In climatic tropical regions: increasing CH4 emissions from anaerobic degradation
of biomass in the first years then slower temporary decreasing, which can be longer than the first 10
years of operation. Vegetal boundary conditions (amount of inundated biomass) plays also a
significant role. The used values of emissions are arithmetic mean values over 100 years of operation
and are based on gross greenhouse gas emissions (problem of absorbed CO:2 from atmosphere), net
emissions are estimated to be 30 — 50 % lower. Greenhouse gas emissions of run-of-river plants are
minimal since the water is not stored for a long time. Validation backbone of the emissions data
applied in Sphera’s LCA FE LCI models is the Report: “Addressing Biogenic Greenhouse Gas
Emissions from Hydropower in LCA; Edgar G. Hertwich; Industrial Ecology Programme and
Department of Energy and Process Engineering, Norwegian University of Science and Technology
(NTNU)”. Facts and figures reported here are combined with the know-how of our energy engineers
into best available LCA data and frequently revisited and updated, if know-how develops.

The difference of thermal energy and process steam

The MLC offers country-specific datasets for thermal energy and process steam by energy carrier.
For example, the datasets “US: Thermal energy from natural gas” and “US: Process steam from
natural gas 90%” are available for natural gas. In the MLC, all process steam and thermal energy
datasets refer to the same functional unit of 1 MJ of final energy delivered (“at heat plant”).

The difference between the two types of datasets is related to the conversion efficiency of the energy
carrier consumed to the final energy (steam, thermal energy) produced by the conversion process
(heat plant).

While the LCI datasets for process steam are provided with several conversion efficiencies, i.e., 85%,
90% and 95%, the thermal energy datasets are calculated with an efficiency of 100% by definition.
The thermal energy datasets therefore represent emission equivalents of the energy carrier
consumed in the conversion process.

For practical LCI modelling:

If the amount of fuel (energy carrier), which is converted to final energy, e.g., liters of heavy fuel oil or
kilograms of coal consumed, is known, then use the thermal energy processes. In contrast, if the

amount of final energy, e.g., MJ of process steam, is known, then use the process steam processes.
The latter is also to be used if the process steam in MJ is further translated into kg of process steam.

In addition to calculating conversion efficiencies, both types of LCI datasets also consider the energy
self-consumption by the heat plants. Due to this fact, the “overall process system efficiency” is in
reality lower than the conversion efficiency (mentioned above). The conversion efficiencies of 100%,
95%, 90% and 85% should be documented accordingly as conversion efficiencies.

Differences in electricity grid mixes
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In the MLC databases, several types of electricity grid mixes are made available to users. The most
frequently used electricity grid mixes are the low voltage grid mixes with a voltage below 1kV. They
have the nomenclature “[country code] Electricity grid mix [source]” and they represent the average
electricity grid mix of countries/regions at consumers like households, commerce, and those
industries that have no higher voltage supply. Besides the national mix of electricity supply chains,
imports from other countries are included.

The medium voltage electricity grid mixes “[country code] Electricity grid mix 1kV-60kV [source]” differ
from the low voltage grid mixes only by a lower factor of transmission and distribution losses. These
datasets represent the average electricity grid mix of countries/regions at consumers like most larger
industry. As recommendation for the MLC users, if the voltage of the electricity consumed for the
product or system in the LCA is unknown, the low voltage grid mix should be preferred to the medium
voltage grid mix (conservative assumption).

Moreover, in the MLC databases direct and indirect electricity grid mixes are included. “[country code]
Electricity grid mix (direct) [source]” represents Scope 2 emissions, focusing on the combustion
emissions at power plants, “[country code] Electricity grid mix (indirect) [source]” represents Scope 3
emissions, focusing on the fuel supply chains, infrastructure, such as power plants, wind turbines or
photovoltaic installations, as well as the transmission losses, defined by the WBCSD greenhouse gas
protocol.

Also, in the MLC databases residual grid mixes are made available. They represent the
national/regional grid mixes excluding all electricity from certified origin. The certificates are called
guarantees of origin (GO). The methodology can be found in the AIB (Association of Issuing Bodies)
reports.

Low grid voltage and medium voltage grid mixes are available for 85 countries and 49 regions and
sub-regions. Direct and indirect electricity grid mixes are available for 84 countries, 40 regions and
sub-regions. As the AIB report is the only known consistent and reliable source for residual grid
mixes, considering only European countries, only datasets for residual grid mixes of European
countries are available for the time being.

Further electricity grid mixes are:
o Future grid mixes giving outlooks of probable future scenarios;

¢ Electricity production mixes including the national mix of electricity supply without imports from
other countries.;

¢ Green electricity grid mixes considering only renewable energies;

¢ Electricity grid mix “Deutsche Bahn” electricity grid mix of the national railway operator company in
Germany.

More details on the modelling of the electricity grid mixes can be found in the documentation for the
respective datasets.

Venting and flaring in oil and gas production

Oil and gas production are modelled as combined production, that is allocated by energy to the
desired product. The model also includes the by-product NGL (Natural Gas Liquids). For the MLC
release 2024, Venting and flaring emissions at oil and gas production sites, including fugitive
emissions, have been updated. The main source for this update is the IEA Methane tracker 2022, that
provides consistent country specific methane emissions for conventional and unconventional oil and
gas production and on- and offshore production for oil and gas. Besides this, the gas flaring
efficiencies have been updated for the release 2024, based on the 2022 Global Gas Flaring Tracker
Report by the Global Gas Flaring Reduction Partnership (GGFR) (World Bank). Flaring is fully
allocated to the oil production, now, which is compliant with the IEA Methane emissions. Since the
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global market for natural gas has become more important, we assume that there is no reason for
flaring natural gas at natural gas (co)production sites: If natural gas is the desired product and it can
be collected, it will be collected. The rest of the model, including venting and fugitives, still uses
energy allocation.
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Figure 4-3b: Components of primary oil and gas production model in MLC
Summary of most important aspects applied in the energy modelling

¢ Country/region-specific resources extraction technology (primary, secondary, tertiary)
¢ Country/region-specific power plant and conversion technology

¢ Country/region-specific production and consumption mix of energy

¢ Country/region-specific transport chains (pipeline, tanker, LNG tanker)

o Specific efficiencies and specific emission equivalents per fuel use

¢ Specific resource/fuel characterization per region

¢ Qualities and characteristics of fuel properties used in power plant models

¢ Parameterized models for emission calculations (specific standards adapted)
Country/region-specific refinery technology

Unit process modelling based on engineering figures (no black box unit processes)

Modular energy data provision (separate upstream data, fuel data, consumption mix data, fuel
specific electricity generation data, country grid mix data)

Deep regionalization of energy data on all levels and layers of the life cycle model
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o Adaptable electricity grid mix data

These main aspects ensure a reliable background database and enable the LCA FE user to use the
best practice energy data.

For more on energy modelling behind the datasets incl. details on refinery model, please see the
respective documents on https://sphera.com/product-sustainability-gabi-data-search/.

4.6.2 Transport

Transport is the link between process chain steps at different locations. Road, rail, air, ship and
pipeline transports are the main modes of transport; however, the background model contains other
modes of transport such as excavators, mining trucks and conveyors.

Road transport'®

Transportation systems are found in the use phase, which contains the fuel demand and released
emissions. The functional units are the following:

e transportation of 1 kg cargo over a distance of 100 km for truck processes,

¢ 1 vehicle-kilometer for passenger car processes. In the case of a car, the manufacturing and end of
life phases can be connected to the utilization model.

Adaptable parameters in the datasets are: distance, utilization ratio, share of road categories
(urban/rural/motorway), required sulphur content and share of biogenic COz2 in fuel and total payload
(total payload only applies to trucks).

Because transportation processes are very specific for each situation, these processes are delivered
as parameterized processes for individual adaptation.

Calculation of emissions
The basis for the emission calculation for both trucks and passenger cars is emission factors from
literature [HBEFA 2022].

With the assumption that the utilization ratio behaves linearly (see [BORKEN ET AL. 1999]), the
Emissions Factors (EF) [g/km] for 1 kg of cargo can be calculated with the following equation:

EFempty + (EFoadea — EFempty) - utilisation

g
Emission = [ ]
misston payload - 1 000 - utilisation km - kg

EFempty Emission factor for empty run [g/km]
EFoades  Emission factor for loaded run [g/km]
utilization Utilization ratio referred to mass [-]

payload Maximum payload capacity [t]

'8 For further in-depths information on duty vehicles and passenger vehicles. Please check out the respective documents found
at https://sphera.com/product-sustainability-gabi-data-search/.
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The payload and utilization ratios are variable parameters, which can be set individually by the
dataset user.

The total emissions for each pollutant refer to 1 kg cargo (truck) and 1 km (passenger car) and the
transportation distance is calculated based on the driving share (urban: share_ur, rural: share_ru,
motorway: share_mw), the specific emissions (urEm, ruEm, mwEm) in [g/(km*kg)] and the distance
[km].

Equation for trucks:

Total — Emissiony = ((share_m - mMwg,,) + (share_ru - rug,,) + (share_ur - urEm)) -distance

X Index for a specific pollutant [-]
share_mw Driving share on motorway [%]

MWEm Motorway specific emissions [g/(km*kg)]
share_ru Driving share on interurban road [%]

FUEm Interurban specific emissions [g/(km*kg)]
share_ur Driving share on urban road [%]

UrEm Urban road specific emissions [g/(km*kg)]
distance Driven distance [km]

Equation for passenger cars:

Total — Emissiony = ((share_mw - mwg,,) + (share_ru - rug,) + (share_ur - urg,,))

X Index for a specific pollutant [-]
share_mw Driving share on motorway [%]

MWEm Motorway specific emissions [g/(km*kg)]
share_ru Driving share on interurban road [%]

rUgm Interurban specific emissions [g/(km*kg)]
share_ur Driving share on urban road [%]

UrEm Urban road specific emissions [g/(km*kg)]

For CO2 emissions, the calculations are based on the emission factors according to the previous
equations, where a constant relation of 3.175 kg COz2/kg fuel for fuel consumption is assumed. A
medium density of 0.832 kg/l (diesel), results in 2.642 kg CO2/I diesel, and a medium density of
0.742 kg/l (gasoline), results in 2.356 kg CO2/l gasoline. Due to biogenic shares in today’s fuel, the
possibility is given to select the share of biogenic CO2 emissions of the total CO2 emissions.

For sulphur dioxide, a complete stoichiometric conversion of the sulphur contained in the fuel and of
oxygen into SOz is assumed. The sulphur content in the fuel is a variable parameter, which can be set
individually by the user.

S+0,— SO,

EF_SO, =

x_ppms kgs 64gso; . kgpieser kgsoz
. - fuel_consumption

1000 000 kgfuel 3295 kgCar:‘go kgCargo
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EF_SO2 Emission factor for SOz
x_ppms  Mass share in fuel

The emission factor for laughing gas (nitrous oxide, N20) is assumed to be constant for each
emission class and each category of driving road. The emission factor for ammonia (NH3) is set as
constant throughout all categories.

The following systems and emissions are excluded:

¢ Vehicle production (for passenger car integration is possible due to existing valuable flow)
Vehicle disposal (for passenger car integration is possible due to existing valuable flow)
Infrastructure (road)

Noise

Diurnal losses and fueling losses

Evaporation losses due to Hot-Soak-Emission

¢ Oil consumption

¢ Cold-Start Emissions

¢ Emissions from air conditioner (relevance < 1% see [SCHWARZ ET AL. 1999])
¢ Tire and brake abrasion

Representativeness

Concerning representativeness, the emission classes from “Pre-Euro” to “Euro 6” are covered. The
technologies are representative throughout Europe and can be adapted for worldwide locations with a
few restrictions. There is a need to identify the corresponding emission classes.

The referring locations are Germany, Austria and Switzerland. Due to the similarity of the vehicle
structure and the same emissions limit values, the models are representative for the entire EU. With a
few restrictions, the model can be assigned to other countries worldwide. Attention should be paid to
the fact that the imprecision increases with the increase of the deviation of the vehicle structure as the
basis. The road categories and the utilization behavior also affect imprecision. An adaptation can be
carried out by setting the driving share (mw/ru/ur), as well as the utilization ratio and sulphur content
in the fuel, for individual conditions.

The reference year of the dataset is 2023, that data is representative for the period until 2026.

Modification of the age structure of vehicles for each emission class leads to changes of the emission
profile. The validity of the dataset is given until 2026. Prognoses in [HBEFA 2022] based on
comprehensive time series report that there is no change of emission profiles within a certain size
class, emissions class or road category. Only the different composition of the total vehicle fleet results
in changes over time.

Negative photochemical oxidation figures due to NOx/NO/NO: figures

The photochemical oxidation, very often defined as summer smog, is the result of very complex still
partly unknown reactions that take place between nitrogen oxides (NOx) and volatile organic
compounds (VOC) exposed to UV radiation. The Photochemical Ozone Creation Potential, POCP, of
some VOC's is related to a reference substance, in this case, the olefin ethylene (H2C=CHz) that
relates the impact of the substances to the impact of the reference C2Ha.

VOCs have different reactivity’s with oxidants (ozone, HO, NOz, NO,...) in the atmosphere and
therefore they have different (positive and negative) effects on the ozone formation in the
troposphere, which are still under scientific research.
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Figure 4-4: Principle known functions of tropospheric ozone creation and reduction

The emission spectrum of the truck transports within Sphera databases are taken from the
»,Handbook emission factors for road transport (HBEFA)”. It can be found under:
https://www.hbefa.net/e/index.html.

In the course of the last upgrades of the MLC, NOx emissions have been separated in the NO2 and
NO emissions as requested by users, handbooks and the LCIA models to model more specifically.

Due to the split of NOx a potential negative value for the POCP may occur, according to the certain
impact models chosen. Remind that during night NO and O3 react to NO2 and Oz and a reduction of
the POCP is taking place. NO is characterized in certain POCP methods in CML 2001 since several
years with a factor of 2,34. An overview of all weighting factors can be found under:
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors.

In earlier studies NOx (as sum of NO + NO2 measured as and in NO2 eq.) was modelled in off gases
(impact factor NO2 > 0). Today, NOx is requested to be spilt in NO + NOz (possible for LCI). However,
the exact NOx chemistry is still hardly to define. LCIA gives factors for NO <0 and NO2 > 0 or only
NO or NO2 or NOx. In many off gases technically NO > NOz2 so resulting net negative impact may
occur.

If this effect and the LCl emission as such is in core of your study or dominating the results it is
recommended to do sensitivity analysis by taking NOx/NO and NO: factors and quantify the impact
variation (ISO practice).

Air Transport

The functional unit of air transportation processes is the transportation of 1 kg cargo over a distance
of 2500 km. Adaptable variable parameters in the parameterized datasets (with default setting) are:
distance (2500 km), utilization ratio (66%), sulphur content of fuel (400 ppm), and share of biogenic
COz2 (0%). Three payload capacity categories (22 t/65 t/113 t) are addressed based on technical
parameters and properties of A320/A330/B747 aircraft.

Inputs: kerosene and cargo.
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Outputs: cargo and combustion emissions (carbon dioxide, carbon monoxide, methane, nitrogen
oxides, NMVOC, sulphur dioxide, dust).

Not included in the datasets are plane production, end-of-life treatment of the plane and the fuel
supply chain (emissions of exploration, refinery and transportation).

The fuel supply dataset (kerosene) must be linked with the dataset.

The foundation of the data is specifications for A320/A330/B747 aircraft, as well as the Third Edition
of the Atmospheric Emission Inventory Guidebook [EMEP/CORINAIR 2002].

Rail Transport

Rail transport processes cover transportation of bulk commodities or packaged goods via light,
average and extra-large diesel and/or electric cargo train. The functional unit is the transportation of 1
kg cargo over a distance of 100 km. Variable parameters (with default setting) are: distance (100 km),
utilization (40 %) and for diesel trains the sulphur content of fuel (10 ppm), share of biogenic CO2 (5
%), and the emission standard of the locomotive (UIC II).

The following attribution of emission standard to specific regions can be done:
¢ 1 = UIC I: Developing countries, international standard for old locomotives manufactured before
2002

e 2 = UIC II: Europe and Global default, international standard for locomotives manufactured 2003-
2008

¢ 3 = Stage llIb: Europe, for locomotives manufactured after 2012

e 4 =Tier 2: North America, for locomotives manufactured 2005 - 2011

¢ 5 =Tier 4: North America, for locomotives manufactured after 2015

¢ 6 = DB: Germany, for mix of locomotives operating (running stock) in 2016

Inputs: diesel/electricity and cargo.
Outputs: cargo and for the diesel train also combustion emissions.

Train production, end-of-life treatment of the train and upstream processes for fuel/electricity
production are not included in the dataset.

The fuel/electricity supply dataset must be linked with the dataset.
The datasets are mainly based on literature data [ECOTRANSIT2010], [IFEU 2010].

Ship Transport

Ship transport processes cover transportation of various goods via several inland, coastal and ocean-
going vessels. The functional unit is the transportation of 1 kg of cargo over a distance of 100 km.
Variable parameters (with the default setting) are: distance start to destination of transported cargo
(100 km), capacity utilization (65% for inland vessels and 48% - 70% for ocean-going vessels),
sulphur content of fuel (50 ppm for inland vessels and up to 0.5% for ocean-going vessels), share of
biogenic CO2 (5% for inland vessels and 0% for ocean-going vessels), and deadweight tonnage for
ocean-going vessels (8000 tons for Ro-ro ships up to 160,000 DWT for oil tankers).

Inputs: fuel and cargo.

Outputs: cargo and combustion emissions (carbon dioxide, carbon monoxide, methane, nitrogen
oxides, nitrous oxide, NMVOC, particulate matter PM 2.5, sulphur dioxide).
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Vessel production, end-of-life treatment of the vessel and the fuel supply chain (emissions of
exploration, refinery and transportation) are not included in the dataset.

The datasets are mainly based on literature data from the Intemational Maritime Organization [IMO
20], technical information [VBD 2003], emission data from the European Energy Agency
[EMEP/CORINAIR 2006] and the Intergovernmental Panel on Climate Change [IPCC 2006].

Transport of fluids in pipelines

The LCI dataset should be used for LCI/LCA studies where fluids must be transported via pipeline
over a longer distance. The dataset allows individual settings of the variable parameters. The
following parameters are variable (default settings): utilization ratio (28%) and distance (100 km).
Default values of the variable parameters must be checked and adjusted for individual use. The
dataset does not include the energy supply route. Therefore, the energy supply dataset (electricity)
must be linked with this dataset.

The pipeline transport processes can be used to model transportation of fluids in continuous working
pipelines. Some representative diameters (0.4 to 1 m) and gradients of pipelines are analyzed,
because many variations are possible. The specific energy consumptions as a function of the
utilization ratio are determined from four basis formulas. The different energy consumption of different
diameters over the utilization ratio can therefore be calculated. The average utilization ratio is
approximately 28%. Two ranges of diameters and two different gradients are shown. Additionally, an
average pipeline was calculated. The transported kilometers and the mass of the cargo are known, so
the energy consumption in MJ of electricity can be calculated. The distance and the mass of the
transported cargo must be entered by the user. Different pipelines can be chosen (varying the
gradient and diameter). The energy consumption is calculated per ton cargo.

Inputs: cargo and electric power.
Outputs: cargo.

Not included in the datasets are pipeline production, end-of-life treatment of the pipeline and the
electricity supply chain.

The main source of data is the energy consumption study for transportation systems of the RWTH
Aachen [RWTH 1990].

Other Transport

Other transport consists of excavators for construction works and mining activities, as well as mining
trucks. The functional unit is the handling of 1 t of excavated material. Vehicle performance, load
factor, fuel consumption, emission factors, sulphur content of fuel and other technical boundary
conditions can be individually adapted via variable parameters. The predefined parameter settings
represent an average performance of the vehicle.

Inputs: diesel and excavated material.

Outputs: excavated material and combustion emissions due to engine operation, including regulated
emissions (NOx, CO, hydrocarbons and particles), fuel-dependent emissions (COz2, SOz, benzene,
toluene and xylene) and others such as CHs4 and N20.

Not included in the datasets are vehicle production, end-of-life treatment of the vehicle and the fuel
supply chain.

The datasets are mainly based on vehicle-specific technical data, as well as averaged literature data
for emission profiles from the European Energy Agency [EMEP/CORINAIR 2006B].
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4.6.3 Mining, metals and metallurgy

Primary metals are sourced from metal ores containing several different metal components. The
production of a certain metal is therefore typically accompanied by the production of metallic and non-
metallic co-products, e.g., nickel production with cobalt, other platinum group metals and sulphuric
acid.

To calculate the Life Cycle Inventory of a single metal, the multifunctionality between product and co-
products must be addressed. Allocation is often the only suitable way to deal with these highly
complex co-production issues in a way that the technical circumstances are properly reflected. The
choice of an appropriate allocation key is important because the metals and other valuable
substances contained in ores are very different conceming their physical properties and value.

For metals with different economic values (e.g., copper production with gold as a co-product), the
market price of the metals is a suitable allocation factor. In order to maintain consistency in
environmental impacts as market values vary, average market prices over several years (e.g., 10-
year market averages) are used. In order to avoid influences from inflation, it is recommended to
calculate the prices over the 10 years in relation to one specific year. This can be done using price
deflators. Usually the market price for concentrate or metal ore cannot be easily determined and in
this case, the market price is “derived” based on the metal content.

For other non-metallic co-products, such as the co-products sulphur, benzene, tar of coke for
integrated steelwork creation, other allocation factors are applied, such as the net calorific value.

The metal datasets represent cradle-to-gate datasets of the actual technology mix, e.g., a region-
specific mix of pyro-metallurgical and hydrometallurgical processes for the production of non-ferrous
metals, covering all relevant technical process steps along the value chain, including mining,
beneficiation (ore processing including jaw crushing, milling, Dense Media Separation, Heavy Media
Separation (HMS)), smelting (e.g., rotary kiln, flash furnace, blast furnace, TSL furnace, electric arc
furnace), magnetic separation or leaching and refining (chemical or electro).

The LCI modelling of the process steps mining and beneficiation considers the composition of the
mined ore bodies and the related metal-, process- and site-specific recovery rate, e.g., mill recovery
rates within copper production could be Cu (90%), Mo (75%), Ag (70%) and Au (70%).

Under the assumption that tailing dams include a lining system where water is captured and put back
in settling dams or water treatment facilities for reuse, the tailing dam emissions are considered as
water losses through evaporation of the tailing dam.

Metal Recycling

Considering and evaluating the potential and benefit of metal recycling in LCA depends on the
specific characteristic of the data system (e.g., field of application, question to be answered, goal &
scope). The following principles are to be taken into account in setting up the life cycle system as the
basis for a suitable and representative database for metals:

1. Market situation: According to the specific market situation, the metal production of the system
under study can be characterized as primary metal production, secondary metal production or the
market mix from possible primary and secondary production routes.

2. Upstream burden and downstream credit: For metals recovery, the end of life consideration
covering the recycling of metal (downstream credit) turns into an upstream consideration
(upstream burden) from the viewpoint of the product system consuming the recovery metal.
Chapter 4.3.4.2 Allocation procedure in ISO 14044 [ISO 14044: 2006] requires that allocation
procedures must be uniformly applied to similar inputs and outputs of the product system under
study, i.e., the use of recovered metal within a product system (=input) is to be treated equally

© Sphera 2025 112



System Modelling Features

from a methodological point of view to metal recovery from a product system (=output). Often this
requirement is met by considering only the net amount of recovered metal to credit for metal
recovery. The net amount of recovered metal is specified by the difference in the amount of metal
recovery at the end of life of a product, as well as the use of recovered metal for production of the
product system considered. This procedure is justified as only the metal loss over the complete
product life cycle that is to be taken into account. Nevertheless, in doing so, the differences
between the single life cycle phases (production, use and end of life) will be obliterated.

3. 100% primary/100% secondary production routes: It should be noted for Life Cycle Inventory
modelling that in actual metal production a 100% primary or a 100% secondary route is not
always given.

4. Definition of key parameters: A mutual understanding of the definitions and terms, e.g.,
Recycling rate in LCA = “Ratio of amount of material recycled compared to material introduced in
the system initially” is highly important.

5. End of Life scenario/situation “versus” End of Life methodology/approach: Itis necessary
to distinguish between the End of Life scenario describing the recycling situation at products’ End
of Life, e.g., recycling into the same product system, no change in inherent material properties,
and the (modelling) approaches/methodologies applied to consider and describe the resulting
effects within LCA.

In LCA practice, various methodological approaches to consider the recycling of products at their End
of Life phase within LCA are applied. Aspects to be considered in selecting the appropriate End of
Life approach are: ISO-conformity, mass and energy balance, reflection of optimization and reality,
data availability, transparency, easy communication and understanding, field of application and
fairness (to any material or product application).

A harmonized and consistent description and discussion of these approaches can be found in
PFLIEGER AND ILG 2007.".

4.6.4 Chemistry and plastics

Chemical and plastic products are key players toward environmental performance for two reasons:
chemical and plastic production uses substantial amounts of energy and resources but the resulting
products help to save substantial amounts of energy or reduce environmental burden in suitable
applications. Chemical and plastic products therefore provide an important foundation for many other
industrial fields and products. In electronics, automotive and construction chemicals and plastics are
used in various systems as input materials. It is therefore important to achieve a level of high
engineering quality in the modelling of the processes in these fields.

Primary data collection and/or industrial feedback or validation of the information used, are the best
choice. With specific engineering knowledge, data for chemical plants and operations can be
developed with secondary information, thus making industry/expert feedback and validation even
more important.

Data development of chemical processes follows a defined route in the MLC work.

17 http://www.netzwerk-lebenszyklusdaten.de/cms/webdavi/site/lca/groups/allPersonsActive/public/Projektberichte/NetLZD-
Metalle_S01_v02 2007.pdf last access 25.01.2024.
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Information about current technologies is collected.
6. Checking relevance for the given geographical representation.

7. Defining the name of the reaction route(s). There is often more than one, even with the same
reactants.

8. Defining related stoichiometric equations.

9. Defining suitable yields.

10. Drawing a process flow sheet.

11. Setting up the unit process network and the system.

A validation or benchmark of the secondary data with existing data is done.
Modelling

For each material, several different processing technologies are often available. For example, for the
production of polypropylene, “polymerization in fluidized bed reactor” and “vertical stirred reactor” is
both technologies that are applied. For each relevant technology, an individual process model is
created.

Chemical and plastics production sites are often highly integrated. Modelling a single substance
product chain is possible by isolating integrated production lines. The following figure gives a
simplified overview for important organic networks.
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Figure 4-5: Excerpt of the organic network '® considered in the database

To avoid inappropriate isolation measures it is essential to have engineering and technical
information to accurately model those systems.

A well-arranged online overview of important parts of the chemical network is given on the Plastics
Europe Homepage.®.

In case of chemicals and plastics, it is not meaningful to apply generic modules because the
technology specifications differ significantly. Country-specific consumption mixes are useful, because
chemical and plastic products are traded worldwide, meaning that a chemical or plastic material,
which is provided in a certain country, can be imported from other countries. For the creation of
country-specific models, see Geographical aspects of modelling.

Chemical processes often have a co-product system. Unit process isolation (subdivision) is preferable
in this case. If it is not possible, energy products (e.g., fuel gases or steam) are substituted. For
remaining by-products, allocation is applied. If all products and by-products have a calorific value, the
allocation key energy is often used, because it is a good representation of value and upstream
demand.

Waste and/or wastewater are always treated (landfill, incineration and/or wastewater treatment) if
treatment pathways are obvious. The treatment technology (landfill or incineration or wastewater
treatment) is selected according to the country-specific situation or individual information.

8 Acknowledgements to Dr. Manfred Schuckert for introducing the organic network thinking in the early 90s into LCA FE.
9 https://plasticseurope.org/sustainability/circularity/life-cycle-thinking/eco-profiles-set/ (checked21.02.2024).
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Production and consumption mix

As the users of the dataset are not always able or willing to determine the exact technology for the
production of their upstream materials, a representative production mix or consumption mix is also
provided. The share of production or consumption was determined, separately from the dataset for
each relevant technology. For chemicals with different possible production routes, the technology mix
represents the distribution of the production mix of each technology inside the reference area.

For example, the production of standard polypropylene in the different regions is based on different
polymerization technologies, including the fluidized bed reactor and the vertical stirred reactor. For
standard polypropylene the main process models are mixed according to their share in industrial
applications with an average polypropylene dataset.

The consumption mix considers the material trade. The Figure below shows an example of a mix for
the consumption of epoxy resin in Germany for the reference year 2011. The epoxy resin, which is
consumed in Germany, is produced in Germany (53.4%), Switzerland (20.3%), the Netherlands
(9.1%), Italy (8.5%), Spain (4.5%) and Belgium (4.2%), as seen in the following example.

DE: Epoxy resin mix (EP)

BE Eposyresn[EP] =Y OE Epoysesm[EP] Y 1T: Eposy resin (EP) EY  NLEpmpesnfEP] B ES:EpogresnfEP] [EY  CHEpoyem(EP] =)

.

i v ]
Fosd tamspartation  pisy Aoadrsrepcelstion  p3% Fosdancpotation  pil

ELI5: Diesel =}

DE: Eposy tesn mix [EF) i3

45%  42%

Figure 4-6: Consumption mix of Epoxy resin in Germany
Technology aspects

A suitable technology route is important for the proper modelling of chemical data. Technological
differentiations in chemical process modelling are considered for different technology routes such as:

e Chlorine and NaOH (amalgam, diaphragm, membrane technology)
¢ Methanol (combined reforming stand alone and integrated)
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e Steam Cracking (gas to naphtha input shares and related product spectrum)

e Hydrogen peroxide (SMA and Andrussow process)

o Hydrogen (steam reforming natural gas/fuel oil via synthesis gas, cracking/refinery by-product)
o Oxygen/nitrogen/argon (liquid or gaseous)

e Sulphuric acid (refining desulphurization, fertilizer production, secondary metallurgy)

Hydrochloric acid (primary, from epichlorohydrin synthesis, from allyl chloride synthesis, from
methylene diisocyanate synthesis, from chlorobenzene synthesis)

Benzene, toluene and xylene (from reformate or pyrolysis gas or dealkylation or by-product styrene)

Acetone (via cumene or isopropanol)
Hexamethylenediamine (via adipic acid or acrylonitrile)
¢ Titan dioxide (sulphate and chloride process)

e Caprolactam (via phenol or cyclohexane)

¢ Ethylene oxide (via Oz or air)

The correct technology route for the right process chain can be decisive. Sphera’s knowledge is
constantly updated according to the latest developments in the chemical industry, including from
being open to feedback and constructive comments while keeping the chemical networks up-to-date.

By-product handling

Methodological tools such as allocation or substitution open up ways to cope with any by-products.
Technical reality guides LCA databases’ modelling, first and foremost, before methodological choices
are made. Prominent by-products are:

o steam (often not at a level of pressure that is directly compatible to the necessary input level)

o fuel gases

e various inorganic or organic acids

e purge or impure side streams

unreacted monomers

various salts

In chemical modelling the use or fate of by-products is investigated. Often chemical sites have a

steam system with various feeds and withdrawing points with different temperature and pressure
levels, which makes substitution of proper temperature and pressure level a suitable approach to
handle the overall benefit of the by-product steam for the entire plant.

Fuel gases can often be used in firing or pre-heating the reaction within the plant, to reduce the use of
primary sources. Related emissions are taken into account.

Acids are often sold. Allocation takes into account that those extracted acids must be cleaned,
purified, diluted or concentrated.

Purge and impure side streams or unreacted monomers are often cycled back into the process after
cleaning, distillation or purification.

Proper methodological handling and technical modelling based in fact are important.
Polymer modelling

Aside from the aforementioned topics of consistent mass and energy balances and the correct
technology route, another aspect of polymer modelling should be mentioned: there is a difference
between polymer granulate/resin, polymer compound and polymer part.
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Figure 4-7: Example of PVC resin — compound- part

As compounds can be produced and used in thousands of specific recipes, the MLC primarily
provides granulate data, which can be used individually to add additives to produce individual
compounds and to set up individual polymer part data.

4.6.5 Construction

The construction sector uses extensive quantities of natural resources, raw materials and energy.
Within the European Union, the construction sector is responsible for a share of 10% of the gross
domestic product (GDP) and creates about 7% of the total employment. Considering their entire life
cycle, buildings and construction products are responsible for the consumption of approximately 40%
of the total European energy consumption, as well as for the consumption of approximately 40-50%
of natural resources.

The anthropogenic material flows caused by the life cycle of buildings contribute through many
environmental categories to the impact potentials. In order to describe a building during the entire life-
cycle, various information concerning the depletion of mineral resources (mining and production of
building materials), depletion of energetic resources and release of pollutants (construction material
production and transport, energy supply of production and during utilization of the building), land use
(a quarry and surface sealing by the building) and waste treatment (construction, use, renovation,
demolition) is required.

To structure these datasets, the life cycle is systematically divided into several unit-processes,
respectively forming a chain, becoming a network that represents the mass and energy flows caused
by a building from cradle to grave (see Figure below).
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Figure 4-8: Schemaitic life cycle of a building

Every construction building product is produced in order to fulfil a function within building or
construction. Accordingly, analyzing individual construction materials should not be done without
employing a functional unit that considers the construction material’s purpose or without considering
where it is intended to be used. The functional unit should always include the performance of a
material within a building structure. Simple comparisons on the basis of mass are misleading.

The background data (e.g., transport, energy supply) used to model the production of construction
materials must be comparable. It will be true for system boundaries and methodological key points
(such as cut-off-criteria and allocation rules), and may influence the result considerably. For
construction materials, the consistent background system is used.

The MLC [LCA FE] for construction materials covers the most relevant construction materials, as well
as more specialized materials used in the construction of buildings, roads or subsurface
constructions. It is divided into mineral products (including concrete and concrete products, bricks,
sand lime, natural stones, as well as mineral insulation materials such as rock wool and glass wool),
metals (construction), polymers (for construction, including insulation materials such as PUR, EPS or
XPS), wood for construction, cement and gypsum/mortar products and coatings and paints. The
database also contains several ready-to-use building components such as windows with different
dimensions and frame types. These windows are based on a generic, parameterized window model
that is capable of “assembling” windows by adjusting parameters. Such a window model allows for
the efficient generation of additional windows, if required.

As stated above, the life cycle inventories of construction materials are — similar to the underlying
construction materials themselves — set up in order to meet a functional demand within a building or
other construction and therefore life cycle analyses in the construction sector must consider the
intended function. At Sphera (de facto at the predecessor company thinkstep with support of IABP
GaBi, University of Stuttgart), a generic building model has been developed in order to meet the
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demand for analyzing construction materials, as well as construction elements and entire buildings,
within the respective context. This building model served as the methodological basis for the life cycle
analysis of the European residential buildings stock and, since then, has constantly been undergoing
further development in order to meet the needs of building planners, architects and engineers to
assess the life cycle performance of existing or planned buildings. The building model contains not
only the construction and frame of the building, but also heating, cooling and technical appliances.

One special feature in the construction sector is the use of a ‘recycling potential.” The recycling
potential quantifies the environmental burdens that can be avoided by the use of recycled materials in
comparison to the production of new materials.

EN 15804 (2019)

In the extension database for construction, EN15804 (“Sustainability of construction works —
Environmental product declarations — Core rules for the product category of construction products”)
compatible datasets are available. The standard divides the life cycle of a building in life cycle stages
and modules. Within the database for construction, each dataset is modelled, grouped and marked in
accordance with the latest EN 15804+A2 (2019) methodology and modularity. The datasets can be
used to model the whole life cycle of a building.

The EN 15804 methodology divides the life cycle of a building into the following stages:
1. Product stage

2. Construction process stag

3. Use stage

4. End of life stage

5. Benefits and loads beyond the system boundary

Each of those life cycle stages is further broken down into more detailed stages in the product life
cycle, called modules (for example product stage in modules A1, A2, and A3). The modules are
continuously numbered within the life cycle stages using a capital letter and a number.

The nomenclature system for the single life cycle modules is illustrated below.

MNext
Production Installation Use stage End-of-Life product
system

Raw material supply [gxtraction,
processing, recycled material)
WWaste processing for reusa, recovery or

recyc|ing
Dispozal
Reuse, recovery or recyeling potential

Trareport to manufacturar

E Manufact uring
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Usa f application
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E Repair
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b Operatioral erargy e

E Operatioral nwater use

2 Decorstruction / demalition
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Figure 4-9: Life cycle stage modules according to EN 15804+A2 (2019)
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All construction products and materials shall declare modules A1-A3, modules C1-C4 and module D.
Exempt from this requirement are listed in EN 15804 +A2.

The product stage is an information module that must be contained in each EPD and it includes:

¢ A1, raw material extraction and processing, processing of secondary material input (e.g., recycling
processes),

e A2, transport to the manufacturer,

¢ A3, manufacturing; including provision of all materials, products and energy, packaging processing
and its transport, as well as waste processing up to the end-of waste state or disposal of final
residues during the product stage.

Please note: in the MLC Construction extension database, modules A1-A3 are aggregated.
The construction stage comprises:

e A4, transport to the construction site;

¢ A5, installation in the building; including provision of all materials, products and energy, as well as
waste processing up to the end-of-waste state or disposal of final residues during the construction
stage.

These information modules also include all impacts and aspects related to any losses during this
construction stage (i.e., production, transport, and waste processing and disposal of the lost products
and materials).

The use stage, related to the building fabric includes:

e B1, use or application of the installed product;
¢ B2, maintenance;

e B3, repair;

e B4, replacement;

¢ B5, refurbishment; including provision and transport of all materials, products and related energy
and water use, as well as waste processing up to the end-of-waste state or disposal of final
residues during this part of the use stage.

These information modules also include all impacts and aspects related to the losses during this part
of the use stage (i.e., production, transport, and waste processing and disposal of the lost products
and materials).

The use stage related to the operation of the building includes:

e B6, operational energy use (e.g., operation of heating system and other building related installed
services);

e B7, operational water use;

These information modules include provision and transport of all materials, products, as well as
energy and water provisions, waste processing up to the end-of-waste state or disposal of final
residues during this part of the use stage.

The end-of-life stage starts when the construction product is replaced, dismantled or deconstructed
from the building or construction works and does not provide any further function. It can also start at
the end-of-life of the building, depending on the choice of the product’s end-of-life scenario. This
stage includes:

e C1, de-construction, demolition:
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e C2, transport to waste processing;
e C3, waste processing for reuse, recovery and/or recycling;

e C4, disposal; including provision and all transports, provision of all materials, products and related
energy and water use.

Module D includes any declared benefits and loads from the net flows leaving the product system that
have not been allocated as co-products and that have passed the end-of-waste state in the form of
reuse, recovery and/or recycling potentials.

In LCA FE the impact categories for EN 15804 2014 are integrated as EN 15804+A1 and for EN
15804 2019 as EN 15804+A2.

EN 15804+A2 (2019)

The new standard EN 15804 2019 is used to calculate environmental indicators for Environmental
Product Declaration (EPDs). This amended standard now requires users to work with the EF/ILCD
elementary flow list and impact methodologies EF 3.0/EF 3.1 from the European Commission
https://eplca.jrc.ec.europa.eu/LCDN/developerEF.html. The specific characterization factors are
identical with the Environmental Footprint 3.0/3.1 with the following notable exception regarding the
declaration of CO2 uptake from biomass which is defined in [EN 15804 2019]:

Uptake of biogenic CO2 in biomass (excluding biomass of native forests) is characterized in the LCIA
as —1 kg COz2 eq./kg CO2 when entering the product system and with +1 kg COz eq./kg CO: of
biogenic carbon when leaving the product system.

When declaring the following impact categories information on uncertainties as defined in [EN 15804
2019] are required for the EPD documentation as these results are high in uncertainty or as there is
limited experience with the respective indicators.

¢ Abiotic depletion potential for non-fossil resources (ADP minerals & metals)

¢ Abiotic depletion potential for fossil resources (ADP fossil)

Water (user) deprivation potential, deprivation-weighted water consumption (WDP)

Potential Comparative Toxic Unit for ecosystems (ETP fw)

Potential Comparative Toxic Unit for humans (HTP c)

Potential Comparative Toxic Unit for humans (HTP nc)

¢ Potential Soil quality index (SQP)

EN 15804+A1 (2012)

The previous version of the standard EN 15804+A1 can still be served also with the latest MLC data;
it requires the declaration of the following impact categories:

The list below shows the 24 environmental indicators used in EN 15804 conformant EPD. There are
seven environmental impact indicators, ten resource indicators, three waste indicators, and four
output flow indicators.

Environmental Impact Indicators

¢ Global Waming Potential (GWP)

e Ozone Depletion Potential (ODP)

¢ Acidification potential (AP)

¢ Eutrophication potential (EP)

¢ Formation potential of tropospheric ozone (POCP)
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¢ Abiotic depletion potential for non-fossil resources (ADP elements)

o Abiotic depletion potential for fossil resources (ADP fossil fuels)

Resource Use Indicators

 Use of renewable primary energy excluding renewable primary energy resources used as raw
materials

¢ Use of renewable primary energy resources used as raw materials

¢ Total use of renewable primary energy resources (primary energy and primary energy resources
used as raw materials)

¢ Use of non-renewable primary energy excluding non-renewable primary energy resources used as
raw materials

¢ Use of non-renewable primary energy resources used as raw materials

¢ Total use of non-renewable primary energy resources (primary energy and primary energy
resources used as raw materials)

¢ Use of secondary material

¢ Use of renewable secondary fuels

e Use of non-renewable secondary fuels
¢ Use of net freshwater

Waste Category Indicators

e Hazardous waste deposited
¢ Non-hazardous waste disposed
¢ Radioactive waste disposed

Output Flow Indicators

Components for re-use
Materials for recycling
Materials for energy recovery
Exported energy

EN 15804 (2012) and CML impact list

The following chapter informs about the relation of Impact Categories required by EN 15804 to the
frequently updated CML method collection of Impact categories (CML = Institute of Environmental
Sciences Faculty of Science University of Leiden, Netherlands). Concerning the required impact
categories, the standard 15804 in its current version refers to the baseline versions of the CML
collection of impact methods in the version Oct 2012.

The CML list is a dynamic list, which is frequently maintained, bug fixed, enlarged and updated. Only
the most recent list is publicly available for download at the CML website. The version available for
download at the moment is version August 2016. This means the list of impact values given in the
standard EN 15804 cannot be reproduced by the user with CML information given on the website of
CML.

Further, the CML (baseline method) list is not to be understood as exhaustive. CML invites and
inspires users to produce further characterization factors for still “missing” emissions and
interventions according to the methods documented and explained in background document
downloadable from the CML homepage.
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CML provides characterization factors for emissions as far as it was possible to pre-calculate in the
goal and scope of CML. It remains in the responsibility of the user to check, if emissions occur that
are potentially impact relevant and are not pre-characterized. In this case, the user has the
responsibility to:

e either add a characterization factor for the respective flow(s) by himself or

¢ to use another characterized flow representing the intervention adequately or
¢ to interpret the results in the light of this missing impact factor accordingly.

In the LCA FE we apply the characterization factors of the CML baseline method and — to the comfort
of LCA FE users — already pre-characterize known important emission flows, which came across
repeatedly in LCA work and which potentially have a known impact, but are not yet characterized
according the respective CML method.

This chapter aims to transparently inform users and reviewers about the virtual differences between
the cited versions of CML in the standard EN 15804 (standardization document), the most up to date
version publicly available at CML (maintained method collection on webpage) and the respective
implementation and additional pre-characterization in the latest LCA FE Version (maintained LCA
solution).

Recommendation

We recommend generally — and not exclusively for EN 15804 — to use the latest versions of methods
(like for CML Aug. 2016 version), wherever allowed by a standard. If a method (collection) like CML is
maintained, the likelihood of errors is smaller and the amount of characterization factors available is
likely to be larger and relevant gaps in characterization factors likely to be smaller in the newest
version compared to predecessor versions.

Requirements in EN 15804 (2012)

By using the CML Apr. 2013 version the user lives up with the requirements of EN 15804. The
differences in CML versions are in quasi all cases negligible and just in rare cases (like at the time
immature 2012 Abiotic Depletion Potential (ADP)) explainable.

If there are significant differences in a result using the EN 15804 standard list compared to a result
using the LCA FE/CML lists — assuming of course that the user did model correct and consistent —
the reason can be either:

a difference between CML 2012 and newer CML version chosen (CML added or modified
characterization factors in that time slot), or

6. a difference between default CML non-exhaustive list and Sphera’s enlarged characterization
factor list (Sphera added characterization factors for flows that definitely need to be characterized
to match consistency within the extensive but non-exhaustive list of CML).

This might be the case due to:
a mistake in any of the above implementation lists a) or b), or
7. due to an insufficient list of characterization factors in EN 15804.

Due to the constant maintenance of CML characterization factors and LCA FE characterization factor
implementation, the likelihood of 1) is slim.

Distinctions in the Characterization factors

Background
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To put the “difference” into perspective: the difference of the (older) CML version 2012/(static) EN
15804 list and the (newer) CML /(adapted) LCA FE list is small. Additional CML characterization
factors (due to non-exhaustive list of CML) were only added to the MLC flows, if these are relevant in
LCI as well as significant for a potentially consistent impact result (see above).

There are almost 5000 characterization factors given in CML. These are 1:1 applied in LCA FE.
Additionally, about 50 (significant) CF for (relevant) emission flows were added in LCA FE to the CML
lists.

So, per se LCA FE and EN 15804 have a 99% fit, plus another 1% added valuable information.

If this 1% difference leads to a significant difference (>> 1%) in a result comparison EN 15804/CML
2012 vs. LCA FE/CML 2013, the reason must be (according to ISO 14040/14044, were EN 15804 is
tied to) evaluated anyway. The fact that a reviewer or user would not recognize (and virtually cut-off)
the difference by using the (static) EN 15804 list 1:1 in LCA FE, is no justification according to ISO
(see chapter 4.2.3.3.3, ISO 14044). Environmental significance has to be taken into account and
must be individually justified by the user/reviewer himself.

As a summary: The difference EN 15804/CML 2012 vs. LCA FE/CML 2013 is per se small and if it
gets significant, the reason is to be determined, and most likely the LCA FE/CML 2013 result is the
ISO conform one.

Details of added information EN 156804/CML 2012 / LCA FE/CML 2013

The following table provides information about added emissions characterization factors to CML
2012, to live up with the latest CML versions and the requirements in ISO 14044.
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Addional CML characerisation factors in comparison to list EN 15804 annex C
Acidification ‘
Problem oriented approach: baseline (CML, 2001), acidification AP (incl. fate, average Europe total, A&B, Huijbregts, 1999)
kg 502-| added
Flow Equiv. by |Calculation remark
1|Sulphur trioxide [Inorganic emissions to air] 0,960 [CML  |new factor
2|Sulphuric acid [Inorganic emissions to air] 0,784 [CML  |new factor
3[Sulphuric acid [Inorganic emissions to agricultural soil] 0,784 [PE AP, consistent for all compartments
4| Sulphuric acid [Inorganic emissions to fresh water] 0,784 |PE AP, consistent for all compartments
5[Sulphuric acid [Inorganic emissions to industrial soil] 0,784 [PE AP, consistent for all compartments
6(Sulphuric acid [Inorganic emissions to sea water] 0,784 [PE AP, consistent for all compartments
7[Ammonium [Inorganic emissions to air] 32 |PE AP, 2% NH3 value due to 2 x H+ release potential
§[Ammonium nitrate [Inorganic emissions to air] 0,720 [PE AP, stoichometr. adaption of NH4+ value (x 18/80)
9[Sulphur oxides [Inorganic emissions to air] 1,2 |PE AP, characterised as 502
10|{Hydrogen chloride [Inorganic emissions to agricultural soil] 0,748 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
11|Hydrogen chloride [Inorganic emissions to air] 0,748 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
12|Hydrogen chloride [Inorganic emissions to fresh water] 0,748 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
13|Hydrogen chloride [Inorganic emissions to industrial soil] 0,748 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
14|Hydrogen chloride [Inorganic emissions to sea water] 0,748 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
15|Hydrogen bromine (hydrobromic acid) [Inorganic emissions to air] 0,328 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
16|Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to agricultural soil] | 1,36 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
17|Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to fresh water] 1,36 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
18|Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to industrial soil] 1,36 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
19|Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to sea water] 1,36 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
20{Hydrogen fluoride [Inorganic emissions to air] 1,36 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
21[Hydrogen sulphide [Inorganic emissions to agricultural soil] 16 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
22|Hydrogen sulphide [Inorganic emissions to air] 16 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
23|Hydrogen sulphide [Inorganic emissions to fresh water] 16 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
24|Hydrogen sulphide [ecoinvent long-term to fresh water] 16 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
25[Hydrogen sulphide [Inorganic emissions to industrial soil] 16 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
26[Hydrogen sulphide [Inorganic emissions to sea water] 16 |PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
27|Nitric_acid [Inorganic emissions to agricultural soil] 0,434 |PE AP, see CML (Hauschild & Wenzel (1998), excl. fate) *
28|Mitric_acid [Inorganic emissions to air] 0434 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
29(Mitric_acid [Inorganic emissions to fresh water] 0434 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
30|Nitric_acid [Inorganic emissions to industrial soil] 0434 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
31|Nitric_acid [Inorganic emissions to sea water] 0434 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
32|Phosphoric acid [Inorganic emissions to agricultural soil] 0,834 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
33|Phosphoric acid [Inorganic emissions to air] 0,834 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
34|Phosphoric acid [Inorganic emissions to fresh water] 0,834 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
35|Phosphoric acid [Inorganic emissions to industrial soil] 0,834 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
36|Phosphoric acid [Inorganic emissions to sea water] 0,834 [PE AP, see CML (Hauschild & Wenzel {1998), excl. fate) *
Eutrophication
Problem oriented approach: baseline (CML, 2001), eutrophication EP {fate not incl., Heijungs et al. 1992)
kg PO4-| added
Flow Equiv. Calculation remark
37|Octane [Hydrocarbons to sea water] 0,077 [PE Stoichiometric relation to COD impact
38|Octane [Hydrocarbons to fresh water] 0,077 [PE Stoichiometric relation to COD impact
39|0il {unspecified) [Hydrocarbons to fresh water] 0,077 [PE Stoichiometric relation to COD impact, Oil = C10H22
A0{0il (unspecified) [Hydrocarbons to sea water] 0,077 [PE Stoichiometric relation to COD impact, Oil = C10H22
41|Organic compounds (dissolved) [Organic emissions to fresh water] 0,023 [PE Stoichiometric relation to COD impact, assum. CH20
42|0rganic compounds (unspecified) [Organic emissions to fresh water] 0,023 [PE Stoichiometric relation to COD impact, assum. CH20
43|Organic compounds (dissolved) [Organic emissions to sea water] 0,023 [PE Stoichiometric relation to COD impact, assum. CH20
44|0rganic compounds (unspecified) [Organic emissions to sea water] 0,023 [PE Stoichiometric relation to COD impact, assum. CH20
45(Sodium nitrate [Inorganic emissions to fresh water] 0,073 [PE as nitrate
46(Sodium nitrate (NaMO3) [Inorganic emissions to sea water] 0,073 [PE as nitrate
A7|Total dissolved organic bounded carbon [Analytical measures to fresh water] | 0,059 |PE Stoichiometric COD assuming C6H110
48|Total dissolved organic bounded carbon [Analytical measures to sea water] 0,058 [PE Stoichiometric COD assuming C6H110
49(Total organic bounded carbon [Analytical measures to sea water] 0,058 [PE Stoichiometric COD assuming C6H110
50|Total organic bounded carbon [Analytical measures to fresh water] 0,058 [PE Stoichiometric COD assuming C6H110
51|Xylene (isomers; dimethyl benzene) [Hydrocarbons to fresh water] 0,070 [PE Stoichiometric relation to COD impact
52| Xylene (isomers: dimethyl benzene) [Hydrocarbons to sea water] 0,070 [PE Stoichiometric relation to COD impact
53| Xylene (meta-Xylene; 1.3-Dimethylbenzene) [Hydrocarbons to fresh water] 0,070 [PE Stoichiometric relation to COD impact
54| Xylene (meta-Xylene; 1,3-Dimethylbenzene) [Hydrocarbons to sea water] 0,070 [PE Stoichiometric relation to COD impact
55| Xylene (ortho-Xylene; 1,2-Dimethylbenzene) [Hydrocarbons to sea water] 0,070 [PE Stoichiometric relation to COD impact
56| Xylene (ortho-Xylene; 1.2-Dimethylbenzene) [Hydrocarbons to fresh water] 0,070 [PE Stoichiometric relation to COD impact
57|Xylene (para-Xylene; 1,4-Dimethylbenzene) [Hydrocarbons to fresh water] 0,070 |PE Stoichiometric relation to COD impact
58| Xylene (para-Xylene; 1,4-Dimethylbenzene) [Hydrocarbons to sea water] 0,070 [PE Stoichiometric relation to COD impact
* zdatped by 0,85 to includs fate consistently
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Application of existing (unspecific) characterization factors to specific fossil resource flows

For ADP fossil CML only gives four value for the four main fossil resources in relation to a chosen
mean calorific value. As the characteristics of fossil resources are strongly depending on the kind and
location of the deposit, characteristics of fossil resources like the calorific value strongly varies.

Users and customers of LCA FE ever since report or search for specific fossil resources with specific
characteristics of specific deposits. Therefore, LCA FE ever since has additionally many deposit and
country specific fossil resources. The adoption of the characterization factor is straight forward, as the
reference is the calorific value. So, the following list is just the consequent and consistent application
of existing (unspecific) characterization factors to specific resource flows of the same nature.

ADP f

Problem oriented approach: baseline (CML, 2001), ADPfossil fuels (Oers et al., 2001)

according to

Flow unit_| calorific value
Oil sand (10% bitumen) {in MJ) [Crude oil {resource)] MJ 1

Oil sand (100% bitumen) {in MJ) [Crude oil {resource]] WJ 1

Peat (in kqg) [Peat (resource]] kg 8.4
Peat (in MJ) [Peat (resource)] WJ 1

Peat ecoinvent [Mon renewable resources] kg 8,74

Pit gas (in kg) [Matural gas (resource)] kg 40,35

Pit gas ecoinvent [Natural gas (resource)] Nm3 35,86

Pit Methane (in kg) [Natural gas (resource)] kg 49,84

Pit Methane (in MJ) [Matural gas (resource)] W 1

Raw hardcoal [Hard coal (resource)] kg 18
Raw lignite [Lignite (resource]] kg 7,9999993983
Shale gas (in MJ) [Matural gas (resource)] WJ 1

Tight gas (in MJ) [Natural gas (resource)] V1 1
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ADPf

Problem oriented approach: baseline (CML, 2001), ADPfossil fuels (Oers et al., 2001)

according to

Flow unit | calorific value
Coalbed methane (in MJ] [Matural gas (resource)] W 1
Crude oil (IS} [Crude oil (resource]] kg 4
Crude oil (in kg) [Crude oil {resource)] kg 42.33
Crude oil (in MJ) [Crude oil {resource)] MJ 1
Crude oil Algeria [Crude oil (resource]] kg 43,52
Crude oil Angola [Crude oil {resource]] kg 42,59
Crude oil Argentina [Crude oil {resource]] kg 42,53
Crude oil Australia [Crude oil {resource]] kg 43,53
Crude oil Austria [Crude oil (resource]] kg 42,74
Crude oil Bolivia [Crude oil (resource])] kg 43.31
Crude oil Brazil [Crude oil {resource)] kg 42,5
Crude oil Brunei [Crude oil (resource]] kg 42,45
Crude oil Bulgaria [Crude oil {resource]] kg 42,05
Crude oil Cameroon [Crude oil (resource)] kg 42.26
Crude oil Canada [Crude oil {resource)] kg 41,89
Crude gil Chile [Crude oil (resource)] kg 42,78
Crude oil China [Crude oil {resource]] kg 42,84
Crude oil CIS [Crude oil (resource)] kg 42,15
Crude oil Colombia [Crude oil {resource}] kg 42,08
Crude oil Czech Republic [Crude oil (resource)] kg 41,53
Crude oil Denmark [Crude oil (resource)] kg 42,08
Crude oil ecoinvent [Crude oil {resource)] kg 43,19
Crude oil Ecuador [Crude oil (resource]] kg 42,09
Crude oil Egypt [Crude oil (resource)] kg 42,39
Crude oil Equatorial Guinea [Crude oil (resource)] kg 42.41
Crude oil France [Crude oil {resource)] kg 42,43
Crude oil Gabaon [Crude oil (resource)] kg 42141
Crude oil Germany [Crude oil {resource)] kg 42.83
Crude oil Great Britain [Crude oil (resource)] kg 42,33
Crude oil Greece [Crude oil (resource)] kg 42,26
Crude oil Hungary [Crude oil (resource]] kg 41,22
Crude oil India [Crude oil (resource)] kg 41.41
Crude oil Indonesia [Crude oil {resource)] kg 40,94
Crude il Iran [Crude oil {resource]] kg 42,29
Crude oil Irag [Crude oil {resource]] kg 42,54
Crude oil Ireland [Crude oil (resource)] kg 42,33
Crude oil taly [Crude oil (resource)] kg 44,33
Crude oil Japan [Crude ail (resource)] kg 42,8
Crude oil Kuwait [Crude oil {resource)] kg 42.38
Crude oil Libya [Crude oil (resource)] kg 43,74
Crude oil Malaysia [Crude oil {resource]] kg 42,92
Crude oil Mexico [Crude oil (resource)] kg 41,28
Crude oil Myanmar [Crude oil {resource)] kg 42,05
Crude oil Netherlands [Crude oil (resource)] kg 43,96
Crude oil New Zealand [Crude oil (resource)] kg 39,28
Crude oil MNigeria [Crude oil (resource]] kg 42,78
Crude oil Norway [Crude oil (resource)] kg 42,83
Crude oil Oman [Crude oil {resource)] kg 42,42
Crude oil Poland [Crude oil (resource]] kg 42 57
Crude oil Qatar [Crude oil {resource)] kg 434
Crude oil Romania [Crude oil (resource)] kg 42,78
Crude oil Saudi Arabia [Crude oil (resource)] kg 42,45
Crude oil Slovakia [Crude oil (resource]] kg 41,53
Crude oil South Africa [Crude oil {resource)] kg 43,06
Crude oil Spain [Crude oil {resource)] kg 42,78
Crude oil Syria [Crude oil {resource]] kg 4427
Crude oil Taiwan [Crude oil {resource]] kg 40,93
Crude oil Thailand [Crude oil (resource)] kg 43,03
Crude oil Trinidad and Tobago [Crude oil (resource]] kg 42,07
Crude oil Tunisia [Crude oil (resource]] kg 43,04
Crude oil Turkey [Crude oil {resource)] kg 42.43
Crude oil United Arab Emirates [Crude oil {resource)] kg 43,11
Crude oil USA [Crude oil (resource])] kg 41,94
Crude oil Venezuela [Crude oil (resource)] kg 424
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ADPf

Problem oriented approach: baseline (CML, 2001), ADPfossil fuels (Oers et al_, 2001)

according to

Flow unit_| calorific value
Hard coal (lIS]) [Hard coal (resource]] kg 30,5
Hard coal (in kg) [Hard coal (resource)] kg 26,31
Hard coal (in MJ) [Hard coal (resource)] L 1
Hard coal Australia [Hard coal (resource)] kg 27 47
Hard coal Belgium [Hard coal {resource)] kg 17.6
Hard coal Bosnia and Herzegovina [Hard coal (resource)] kg 2542
Hard coal Brazil [Hard coal (resource)] kg 25,09
Hard coal Canada [Hard coal (resource]] kg 27,36
Hard coal Chile [Hard coal (resource}] kg 2531
Hard coal China [Hard coal (resource)] kg 254
Hard coal CIS [Hard coal (resource)] kg 27,12
Hard coal Colombia [Hard coal (resource)] kg 26,27
Hard coal Czech Republic [Hard coal {resource)] kg 23,63
Hard coal ecoinvent [Hard coal (resource]] kg 16,37
Hard coal France [Hard coal (resource)] kg 26,81
Hard coal Germany [Hard coal (resource)] kg 30,2
Hard coal Great Britain [Hard coal (resource)] kg 2475
Hard coal India [Hard coal {resource)] kg 26,88
Hard coal Indonesia [Hard coal (resource)] kg 23,69
Hard coal ltaly [Hard coal (resource)] kg 2542
Hard coal Japan [Hard coal (resource)] kg 2231
Hard coal Malaysia [Hard coal (resource)] kg 25,89
Hard coal Mexico [Hard coal (resource)] kg 26,41
Hard coal Mew Zealand [Hard coal (resource)] kg 27 47
Hard coal Poland [Hard coal (resource)] kg 24
Hard coal Portugal [Hard coal (resource)] kg 28,25
Hard coal South Africa [Hard coal {resource]] kg 26
Hard coal South Korea [Hard coal (resource)] kg 25,89
Hard coal Spain [Hard coal (resource)] kg 30,62
Hard coal Turkey [Hard coal (resource)] kg 27 42
Hard coal USA [Hard coal (resource)] kg 27,7
Hard coal Venezuela [Hard coal (resource)] kg 284
Hard coal Vietnam [Hard coal (resource)) kg 25,89
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ADPf

Problem oriented approach: baseline (CML, 2001), ADPfossil fuels (Oers et al., 2001)

according to

Flow unit | calorific value
Lignite {in kg) [Lignite (resource]] kg 11.88
Lignite {in MJ) [Lignite (resource)] N 1
Lignite Australia [Lignite (resource]] kg 9,29
Lignite Austria [Lignite (resource)] kg 10
Lignite Bosnia and Herzegovina [Lignite (resource)] kg 7,63
Lignite Bulgaria [Lignite (resource])] kg 10,85
Lignite Canada [Lignite {resource)] kg 14,25
Lignite CIS [Lignite (resource]] kg 13.95
Lignite Czech Republic [Lignite (resource)] kg 11,14
Lignite ecoinvent [Lignite {resource)] kg 9,26
Lignite France [Lignite (resource)] kg 7.8
Lignite Germany [Lignite (resource)] kg 9,82
Lignite Germany (Central Germany) [Lignite (resource)] kg 10,1
Lignite Germany (Lausitz) [Lignite (resource)] kg 9,48
Lignite Germany (Rheinisch) [Lignite (resource]] kg 9,97
Lignite Greece [Lignite (resource)] kg 6.7
Lignite Hungary [Lignite (resource)] kg 7.5
Lignite India [Lignite (resource)] kg 11.63
Lignite Macedonia [Lignite (resource)] kg 7,63
Lignite Poland [Lignite (resource)] kg 8,85
Lignite Romania [Lignite (resource)] kg 7,63
Lignite Serbia [Lignite (resource)] kg 7,63
Lignite Slovakia [Lignite (resource]] kg 11.15
Lignite Slovenia [Lignite (resource)] kg 9.8
Lignite Spain [Lignite (resource)] kg 7,84
Lignite Thailand [Lignite (resource]] kg 11.63
Lignite Turkey [Lignite (resource}] kg 10,98
Lignite USA [Lignite (resource)] kg 14.02
Metallurgical coal [Mon renewable resources) kg 26,31

© Sphera 2025

131



System Modelling Features

ADPf

Problem oriented approach: baseline (CML, 2001), ADPfossil fuels (QOers et al., 2001)

according to

Flow unit_| calorific value
Natural gas (IISI) [Natural gas (resource)] kg 46
Natural gas (in kg) [Matural gas (resource)] kg 44,08
Natural gas (in MJ) [Natural gas (resource)] Vi 1
MNatural gas Algeria [Natural gas (resource)] kg 44,54
Natural gas Angola [Matural gas (resource}] kg 43,85
Natural gas Argentina [Natural gas {resource)] kg 42,30
Natural gas Australia [Natural gas (resource)] kg 40,37
Natural gas Austria [Natural gas (resource]] kg 45,24
MNatural gas Bolivia [Natural gas (resource]] kg 42,30
Natural gas Brazil [Matural gas (resource)] kg 41,32
Natural gas Brunei [Natural gas (resource]] kg 46,01
Natural gas Bulgaria [Matural gas (resource)] kg 42,76
Natural gas Cameroon [Natural gas (resource)] kg 43,85
Natural gas Canada [Matural gas (resource)] kg 45,35
Natural gas Chile [Matural gas (resource]] kg 43,28
MNatural gas China [Matural gas (resource]] kg 46,22
Natural gas CIS [Natural gas (resource)] kg 36,03
Natural gas Colombia [Matural gas (resource)] kg 37,80
MNatural gas Czech Republic [Natural gas (resource)] kg 37,84
Natural gas Denmark [MNatural gas (resource)] kg 4716
MNatural gas ecoinvent [Matural gas (resource)] Nm3 34,50
Natural gas Ecuador [Matural gas (resource)] kg 48,29
Natural gas Egypt [Matural gas (resource)] kg 43,85
MNatural gas France [Natural gas (resource)] kg 40,20
Natural gas Gabon [Natural gas (resource)] kg 43,85
Natural gas Germany [Matural gas (resource)] kg 43,32
Natural gas Great Britain [Natural gas (resource)] kg 47.21
Natural gas Greece [Natural gas (resource)] kg 47,64
MNatural gas Hungary [Matural gas (resource)] kg 38,85
Natural gas India [Natural gas (resource)] kg 47,66
Natural gas Indonesia [Natural gas (resource)] kg 44.83
Natural gas Iran [Natural gas (resource)] kg 44,79
Natural gas Irag [Natural gas (resource)] kg 42,83
Natural gas Ireland [Matural gas (resource]] kg 42,78
Natural gas Italy [Matural gas (resource)] kg 41,02
Natural gas Japan [Matural gas (resource)] kg 44 47
Natural gas Kuwait [Natural gas (resource)] kg 42,83
Natural gas Libya [Natural gas (resource)] kg 43,85
Natural gas Malaysia [Natural gas (resource)] kg 39,22
Natural gas Mexico [Natural gas (resource]] kg 46,36
Natural gas Myanmar [Matural gas (resource)] kg 44 12
Natural gas Netherlands [Natural gas (resource)] kg 38,13
Natural gas Mew Zealand [MNatural gas (resource)] kg 3741
Natural gas Nigeria [Natural gas (resource)] kg 43,85
Natural gas Morway [MNatural gas (resource)] kg 4713
Natural gas Oman [Matural gas (resource)] kg 42.83
Natural gas Poland [Natural gas (resource)] kg 43,09999911
Natural gas Qatar [Natural gas (resource)] kg 42,83
Natural gas Romania [Natural gas {resource)] kg 43,33
Natural gas Saudi Arabia [Natural gas (resource)] kg 42,83
Natural gas Slovakia [Natural gas (resource)] kg 45,02
Natural gas South Africa [Matural gas (resource)] kg 43,85
Natural gas Spain [Matural gas (resource)] kg 4485
MNatural gas Syria [Matural gas (resource]] kg 39,83
Natural gas Taiwan [Matural gas (resource}] kg 40,51
Natural gas Thailand [Natural gas (resource)] kg 39,56
Natural gas Trinidad and Tobago [Matural gas (resource)] kg 42,32
Natural gas Tunisia [Matural gas (resource)] kg 46,19
Natural gas Turkey [Natural gas (resource)] kg 45,30
Natural gas United Arab Emirates [Natural gas (resource)] kg 41,26
Natural gas USA [Natural gas (resource)] kg 38,99
MNatural gas Venezuela [Matural gas (resource)] kg 46,48
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Application of existing (unspecific) characterization factors to specific mineral resource flows

For ADP elements, the same logic applies than for ADP fossil. CML only gives four values for the
(unspecific) resources in relation to the element. As the characteristics of mineral resources are
strongly depending on the kind and location of the deposit and the ore characteristics, the element
value must be applied to the real ores existing in the earth crust as well.

Users and customers of LCA FE ever since report or search for specific mineral ore resources with
specific characteristics of specific deposits. Therefore, LCA FE ever since has additionally many
deposit specific ore resources. The adoption of the characterization factor is straight forward, as the
reference is the element. So, the following list is just the consequent and consistent application of
existing (unspecific) characterization factors to specific resource flows of the same nature.

ADP e \ \

Problem oriented approach: baseline (CML, 2001), ADPelements (Oers et al. 2001)
according to
element content

Flow Unit in Sb-Equivalent

Aluminium [Mon renewable elements] kg 1,09E-09

Anhydrite (Rock) [Non renewable resources] kg 0,00E+00

Antimenite [Mon renewable resources] kg 7,18E-01

Antimony [Non renewable elements] kg 1,00E+00

Antimony - gold - ore {0.09%) [Mon renewable resources] kg 9,22E-03

Argon [Non renewable elements] kg 0,00E+00

Arsenic [Non renewable elements] kg 2.97E-03

Barium [Non renewable elements] kg 6,04E-06

Barium sulphate [Mon renewable resources] kg 3,00E-05

Basalt [Non renewable resources] kg 0,00E+00

Bauxite [Non renewable resources] kg 3,79E10

Bentonit clay [Mon renewable resources] kg 0,00E+00

Bentonite [Non renewable resources] kg 0.00E+00

Beryllium [Mon renewable elements] kg 1,26E-05

Bismuth [Non renewable elements] kg 4. 11E-02

Borax [Mon renewable resources] kg 5, 38E-04

Boron [Non renewable elements] kg 4. 2TE-03

Bromine [Mon renewable elements] kg 4,39E-03

Cadmium [MNon renewable elements] kg 1,57E-01

Cadmium are [MNon renewable resources] kg 1,57E-03

Calcium [Mon renewable elements] kg 0,00E+00

Calcium chloride [Mon renewable resources] kg 1,T4E-05

Chalk (Calciumcarbonate) [Mon renewable resources] kg 0,00E+00

Chlorine [Mon renewable elements] kg 2,71E-05

Chromium [Non renewable elements] kg 4 43E-04

Chromium ore (39%) [Non renewable resources] kg 1,73E-04

Chromium ore (Cr203 30%) [Mon renewable resources] kg 8,85E-05

Chromium ore (Cr203 40%) [Mon renewable resources] kg 1,33E-04

Chrysotile [Mon renewable resources] kg 549E-10

Cinnabar [Mon renewable resources] kg 7,96E-02

Clay [Mon renewable resources] kg 0,00E+00

Coalbed methane (in MJ) [Natural gas (resource)] MJ 0.00E+00

Cobalt [MNon renewable elements] kg 1,57E-05

Cobalt ore (0.04%) [Non renewable resources] kg 6,26E-09

Cobalt ore (0.067%) [Mon renewable resources] kg 1,05E-08

Colemanite ore [Non renewable resources] kg 6,84E-04
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ADP e
Problem oriented approach: baseline (CML, 2001). ADPelements (Qers et al. 2001)
according to
element content
Flow Unit in Sb-Equivalent
Copper [Mon renewable elements] kg 1,37VE-03
Copper - Gold - Ore (1.07% Cu; 0,54 g/t Au) [Mon renewable kg 4 2VE-05
Copper - Gold - Silver - ore {0.51% Cu; 0,6 g/t Au: 1.5 g/t Ag kg 4. 00E-05
Copper - Gold - Silver - ore (1.0% Cu; 0.4 g/t Au; 66 g/t Ag) [ kg 1,13E-04
Copper - Gold - Silver - ore (1,1% Cu; 0,01 g/t Au; 2,86 g/t A kg 1,89E-05
Copper - Gold - Silver - ore {1,13% Cu; 1,05 g/t Au; 3,72 g/t 1 kg T 45E-05
Copper - Gold - Silver - ore (1.16% Cu; 0,002 g/t Au; 1,06 g/t kg 1,72E-05
Copper - Gold - Silver - ore (1.7% Cu; 0,7 g/t Au; 3.5 g/t Ag) kg 1,01E-04
Copper - Molybdenum - Gold - Silver - ore (1,13% Cu; 0,02% kg 5,23E-03
Copper - Silver - ore {3,3% Cu; 5.5 g/t Ag) [Mon renewable re kg 5, 16E-05
Copper ore {0.14%) [Mon renewable resources] kg 2.19E-06
Copper ore (0.2%) [Mon renewable resources] kg 2 T3E-06
Copper ore (0.3%) [Non renewable resources] kg 4 10E-08
Copper ore {1 %) [Mon renewable resources] kg 1,37VE-05
Copper ore (1,13%) [Mon renewable resources) kg 1,78E-05
Copper ore {1.2%) [Mon renewable resources] kg 1,64E-05
Copper ore {1.28%) [Mon renewable resources) kg 1,75E-05
Copper ore (1.3 %) [Mon renewable resources] kg 1,75E-05
Copper ore (2%) [Mon renewable resources) kg 2. 73E-05
Copper ore (4%) [Mon renewable resources] kg 5 46E-05
Copper ore (sulphidic, 1.1%) [Mon renewable resources) kg 1,54E-05
Copper, Cu 0.38%, Au 9.TE4%, Ag 9.TE4%, Zn 0.63%, Pb kg 1,37VE-03
Cyanite [Mon renewable resources] kg 3,67E-10
Diatomite [Mon renewable resources] kg 6,54E-12
Dolomite [Mon renewable resources] kg 2.B3E-10
Feldspar (aluminium silicates) [Mon renewable resources] kg 0,00E+00
Ferro manganese [Mon renewable resources) kg 1,30E-06
Fluorine [Mon renewable elements) kg 0,00E+00
Fluorspar (calcium fluoride; fluorite) [Mon renewable resource kg 0,00E+00
Gallium [Non renewable elements] kg 1,46E-07
Germanium [Non renewable elements] kg 6,52E-07
Gold [Mon renewable elements] kg 5,20E+01
Gold deposit (1ppm) [Mon renewable resources] kg 5 20E-05
Granite [Mon renewable resources] kg 0,00E+00
Graphite [Mon renewable resources] kg 0,00E+00
Gravel [Mon renewable resources] kg 0,00E+00
Gypsum (natural gypsum) [Mon renewable resources) kg 3,59E-05
Heawy spar (BaS04) [Mon renewable resources) kg 3,55E-06
Helium [MNon renewable elements] kg 0,00E+00
Helium, 0.08% in natural gas [Non renewable resources] kg 0,00E+00
[Imenite (titanium ore) [Mon renewable resources] kg 6,86E-09
Indium [Mon renewable elements] kg 6,89E-03
Inert rock [Mon renewable resources] kg 0,00E+00
lodine [Mon renewable elements] kg 2 50E-02
Iron [Mon renewable elements] kg 5 24E-08
Iron ore {56,86%) [MNon renewable resources] kg 2 98E-08
Iron ore (65%) [Non renewable resources] kg 3 41E-08
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ADP e
Problem oriented approach: baseline (CML, 2001), ADPelements (Oers et al. 2001)
according to
element content
Flow Unit in Sb-Equivalent
Kaolin ore [Mon renewable resources] kg 2,88E-10
Kaolinite (24% in ore as mined) [Mon renewable resources] kg 2,33E-10
Kieserite (26% in ore as mined) [Non renewable resources] kg 0,00E+00
Krypton [Mon renewable elements] kg 0,00E+00
Lava [Mon renewable resources] kg 0.00E+00
Lead [Mon renewable elements] kg 6,34E-03
Lead - Zinc - Silver - ore (5.49% Pb; 12,15% Zn; 574 gpt Ag kg 4. 81E-04
Lead - zinc ore (4.6%-0.6%) [Mon renewable resources] kg 2,95E-04
Lead ore (5%) [Mon renewable resources] kg 317E-04
Lead, Pb 0.014%. Au 9.7E-4%, Ag 9.7E-4%, Zn 0.63%, Cu kg 6,34E-03
Limestone (calcium carbonate) [Mon renewable resources] kg 0,00E+00
Lithium [Mon renewable elements] kg 1,15E-05
Lithium ore {3%) [Mon renewable resources] kg 3 44E-07
Magnesit (Magnesium carbonate) [Mon renewable resources’ kg 57TE1D
Magnesium [Non renewable elements] kg 2,02E-09
Magnesium chloride leach (40%) [Mon renewable resources] kg 8,08E-06
Manganese [Non renewable elements] kg 2,54E-06
Manganese ore [Mon renewable resources] kg 1,14E-06
Manganese ore (43%) [Mon renewable resources] kg 1,09E-06
Manganese ore (45%) [Mon renewable resources] kg 1,14E-06
Manganese ore (R.O.M.) [Mon renewable resources) kg 1,14E-06
Mercury [Mon renewable elements] kg 9,22E-02
Metamorphic stone, containing graphite [Mon renewable reso kg 0,00E+00
Malybdenid disulfide (Mo 0.21%]) [Mon renewable resources] kg 3,76E-05
Malybdenite (Mo 0,24%) [Mon renewable resources] kg 4,30E-05
Malybdenum [Mon renewable elements] kg 1,78E-02
Malybdenum ore (0,01%) [Mon renewable resources] kg 1,78E-06
Malybdenum ore {0.1%) [Mon renewable resources) kg 1,78E-05
Matural Aggregate [Mon renewable resources] kg 0,00E+00
Matural gas (in kg) [Matural gas (resource)] kg 0,00E+00
Matural gas (in MJ) [Matural gas (resource]] M. 0,00E+00
Matural pumice [Mon renewable resources] kg 0,00E+00
Meon [Mon renewable elements] kg 0.00E+00
MNepheline [Mon renewable resources] kg 0,00E+00
Mickel [Mon renewable elements] kg 6,53E-05
Mickel ore (1.5%) [Mon renewable resources] kg 9,79E-07
Mickel ore (1.2%) [Mon renewable resources] kg 7.84E-07
Mickel ore (1.6%) [Mon renewable resources] kg 1,04E-06
Mickel ore (2.0%) [Mon renewable resources] kg 1,31E-06
Mickel ore (2.7%) [Mon renewable resources] kg 1,76E-06
Miobium [Mon renewable elements] kg 1,93E-05
Olivine [MNon renewable resources] kg 2,3TE-08
Palladium [Mon renewable elements] kg 5. 71E-01
Palladium deposit (Tppm) [Mon renewable resources] kg 3,99E-06
Perlite [Mon renewable resources] kg 1,69E-09
Perlite (Rhyolithe) [Non renewable resources] kg 1,69E-09
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ADP e
Problem oriented approach: baseline (CML, 2001), ADPelements (Oers et al. 2001}
according to
element content
Flow Unit in Sb-Equivalent
Phosphate ore [Mon renewable resources] kg 1,80E-06
FPhosphorus [Mon renewable elements] kg 5,52E-06
Phosphorus minerals [Mon renewable resources) kg 5 52E-06
Phosphorus ore (29% P205) [Mon renewable resources] kg 6,98E-07
Platin deposit (3ppm) [Mon renewable resources] kg 6,65E-06
Platinum [Mon renewable elements] kg 2.22E+00
Potashsalt, crude (hard salt, 10% K20) [Mon renewable reso kg 1,33E-09
Potassium [Mon renewable elements] kg 1,60E-08
Potassium chloride [Mon renewable resources] kg 1,28E-05
Precious metal ore (R.0.M) [Mon renewable resources] kg 5,21E-05
Pyrite [Mon renewable resources] kg 0,00E+00
(uartz sand (silica sand; silicon dioxide) [Mon renewable res kg 7.85E-12
Raw pumice [Mon renewable resources] kg 0,00E+00
Rhenium [Mon renewable elements] kg 6.03E-01
Rutile {titanium ore) [Mon renewable resources] kg 1,67E-08
Sand [Mon renewable resources] kg 0,00E+00
Sandy soil [Non renewable resources] kg 0,00E+00
Selenium [Mon renewable elements] kg 1,94E-01
Selenium deposit (0.025) [Mon renewable resources] kg 4 B5E-05
Shale [Mon renewable resources) kg 0,00E+00
Shale gas (in MJ) [Matural gas (resource)] M 0,00E+00
Silicon [Mon renewable elements] kg 1.40E-11
Silt [Mon renewable resources] kg 0,00E+00
Silver [Mon renewable elements] kg 1,18E+00
Silver deposit (20ppm) [Mon renewable resources] kg 2 37E-05
Slate [Mon renewable resources] kg 0,00E+00
Sodium [Mon renewable elements] kg 5 50E-08
Sodium carbonate (soda) [Mon renewable resources] kg 2,39E-08
Sodium chloride (rock salt) [Mon renewable resources] kg 1,64E-05
Sodium nitrate [Mon renewable resources] kg 1.45E-08
Sodium sulphate [Mon renewable resources] kg 4, 35E-05
Soil [Mon renewable resources] kg 0,00E+00
Specular stone [Mon renewable resources] kg 4 A6E-09
Spodumen (LIAISIZ2 O6) [Mon renewable resources] kg 4 32E-07
Stone and gravel from land [Mon renewable resources) kg 0,00E+00
Stone from mountains [Mon renewable resources] kg 0,00E+00
Stone, sand and gravel from sea [Non renewable resources] kg 0,00E+00
Strontium [Mon renewable elements] kg 7.07E-07
Sulphur [Mon renewable elements] kg 1,93E-04
Sulphur (bonded) [Mon renewable resources] kg 1,93E-04
Sylvine [Mon renewable resources] kg 0,00E+00
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ADP e
Problem oriented approach: baseline (CML. 2001), ADPelements (Oers et al. 2001}
according to
element content
Flow Unit in Sb-Equivalent
Talc [Mon renewable resources] kg 3,89E-10
Tantalum [Mon renewable elements] kg 4 06E-05
Tellurium [Mon renewable elements] kg 4 07TE+01
Thallium [Mon renewable elements] kg 2 43E-05
Thorium [Mon renewable elements) kg 0,00E+00
Thulium [Mon renewable elements] kg 0,00E+00
Tin [Mon renewable elements] kg 1,62E-02
Tin ore [Mon renewable resources] kg 1,62E-06
Tin ore (0,01%) [Mon renewable resources] kg 1,62E-06
TiO2, 54% in ilmenite [Non renewable resources] kg 1.67E-08
TiO2, 54% in ilmenite, 2.6% [Mon renewable resources] kg 1,67E-08
TiO2, 95% in rutile, 0.40% [Mon renewable resources] kg 1.67E-08
Titanium [Mon renewable elements] kg 2. 79E-08
Titanium dicxide [Mon renewable resources] kg 1,67E-08
Titanium ore [Mon renewable resources] kg 1,67E-08
Tungsten [Mon renewable elements] kg 4 52E-03
Tungsten ore (1%) [Mon renewable resources] kg 4 52E-05
Ulexite [Non renewable resources] kg 0,00E+00
Uranium ecoinvent [Uranium (resource)] kg 1.40E-03
Uranium free ore [Uranium (resource)] kg 1,13E-03
Uranium natural (in MJ) [Uranium (resource]] A 2.50E-09
Uranium oxide (U308), 332 GJ per kg. in ore [Uranium (resol kg 1,19E-03
Uranium, fuel grade, 2291 GJ per kg [Uranium products] kg 1.40E-03
Uranium, in ground [Uranium ({resource}] kg 1,40E-03
Vanadium [Mon renewable elements] kg 7. 7T0E-07
Vanadium ore (V205 0.94%) [Mon renewable resources] kg 4 06E-07
Vermiculite [Mon renewable resources) kg 0,00E+00
Wollastonite [Mon renewable resources] kg 3.37TE12
Xenon [Mon renewable elements] kg 0,00E+00
Yttrium [Mon renewable elements] kg 5,69E-07
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ADP e
Problem oriented approach: baseline (CML, 2001), ADPelements (Oers et al. 2001}
according to
element content
Flow Unit in Sb-Equivalent
Zinc [Mon renewable elements] kg 5, 38E-04
Zinc - Copper - Lead - Ore (2.11% Zn 0.51% Cu 0.86% Pb) | kg 7, 28E-05
Zinc - Copper - Lead - Ore (4% Zn 0.09% Cu 0.65% Pb) [Mo kg 7,50E-05
Zinc - Copper - Lead - Ore (5.37% Zn 0.22% Cu 0.2% Pb) [ kg 4 A6E-D5
Zinc - Copper - Lead - Ore (6.95% Zn 0.13% Cu 2.04% Pb) | kg 1,68E-04
Zinc - copper ore (4.07%-2.59%) [Mon renewable resources] kg b, T3E-D5
Zinc - lead - copper ore (12%-3%-2%) [Mon renewable resour kg 2 B2E-04
Zinc - Lead - Silver - Ore (7,5% Zn; 4,0% Pb; 40,8 g/t Ag) [MNikg 342E-04
Zinc - Lead - Silver - ore (8,54% Zn; 5.48% Pb; 94 g/t Ag) [MNikg 5,05E-04
Zinc - Lead Ore (21.7%-5.6%) [Non renewable resources] kg 4 T2E-04
Zinc - lead ore (4.21%-4.96%) [Mon renewable resources] kg 3,37E-04
Zinc - lead ore (R.O_M) [Mon renewable resources] kg 3,37E-04
Zinc Ore (12.6% Zn) [Mon renewable resources) kg 6, 78E-05
Zinc ore (3,98%) [MNon renewable resources] kg 2,14E-05
Zinc ore (4%) [Mon renewable resources] kg 2 15E-04
Zinc ore {8%) [Mon renewable resources] kg 4 30E-D5
Zinc Ore (9.7-145% Zn 3.1-6.5% Pb) [Mon renewable resource kg 3,68E-04
Zinc ore (sulphide, zinc 3,98%) [Non renewable resources] kg 2,14E-05
Zinc ore (sulphidic, 4%) [Mon renewable resources] kg 2,15E-05
Zinc, Zn 0.63%, Au 3.7E-4%, Ag 9.7E-4%, Cu 0.38%, Pb 0.lkg h,38E-04
Zirconium [Mon renewable elements] kg 5 AAE-0B

Remark: Any value given for the mineral resources as “0” is on purpose, as these resources are not
considered scarce in human time frames.

4.6.6 Renewables

A detailed description of the Sphera Agricultural LCA model and the used data can be found in two
parts on the Sphera Customer Network at https://scn.spherasolutions.com:

o Agricultural LCA Model Part 1 - Model & Methods,
o Agricultural LCA Model Part 2 - Dataset Generation & Data Sources.

4.6.7 Electronics

The distinct characteristics of electronic and electro-mechanic components are complexity, sizeable
numbers and the variety of part components. Considering the existing part components, more than 10
million components can be counted. An electronic subsystem (e.g., PWB — Printing Wiring Board) is
often equipped with several hundreds of different components.

The demand exists to make datasets for electronic components available, since electronics are
applied in various fields such as automotive, houses, consumer products, and information and
communication systems. It is currently not possible from a timeframe and resource perspective to

© Sphera 2025 138


https://scn.spherasolutions.com/client/downloads.aspx?product=lcacontent&productID=58

System Modelling Features

create an individual dataset for each of the 10 million electronic components. The challenge here is
selection, which datasets to utilize, how to deal with the vast amount of parts and how to reduce the
numbers of datasets by providing the representativeness of those datasets.

In order to make a statement about the representativeness of an electronic component, the whole
scene must be understood. The extensive experience of the electronics team at Sphera facilitates
representative component determination, after having analyzed hundreds of electronic boards and
always/often/rarely-used components and their applications. Knowledge of often-used materials and
most significant steps of component manufacture are also important. The identification of significant
manufacturing steps is supported by other technical fields. If data are not directly acquired from the
electronics supply chain, either similar technical processes or comparable technical fields in which the
identified manufacturing processes have been applied, supporting the determination of the relevant
environmental impact. Only the interaction of all three conditions: experience, knowledge about
similar processes, and knowledge conceming the market situation, make the identification of relevant
and representative components with their technologies and materials possible.

Even though not all electronic components can be judged according to their representativeness, the
most relevant causes of environmental potentials from groups of similar electronic components can
be identified, after the investigation of a certain amount of products. For example, the difference in
environmental impacts is possible to identify between semiconductors and resistors, or between
active components (e.g., semiconductors, diodes and discrete transistors), and passive components
(e.g., capacitors, resistors, inductions), or even by comparing different types of technologies (e.g.,
SMD (surface mount device) or THT (through hole technology)). The more knowledge is gained, the
better and easier it is to identify which fields and components of electronic products cause significant
and less significant environmental impacts.

In order to model representative electronic products, subsystems or components, environmental
knowledge and availability of huge numbers of materials are necessary, such as metals, plastics and
ceramics, since electronic products can consist of most elements in the periodic table. Additionally, a
broad range of many technical manufacturing processes and their environmental causes are
necessary to know, such as sputtering, lacquering, sintering, winding, soldering, clean room
condition, etching, electrolyzing, vacuum metal dispersion and many more.

As a result, a list of electronic components covers this vast milieu. Its representatively is distinguished
by various specifications related to their function, size, housing types, material content and
composition, as well as mounting technology.

Clearly structured nomenclature including all required information for component specification
ensures the intended use of available datasets:
Examples for dataset nomenclature:

Capacitor Al-capacitor SMD (300mg) D6.3x5.4  Diode power THT DO201 (1.12g) D5.3x9.5

PR e

Function Technology Mounting  Mass per Dimensions Function  Mounting  Housing/ Mass Dimensions
technology piece technology technology

For representative LCI models of electronic assemblies and systems, like populated printed wiring
boards, the following Modelling Principles are applied:

¢ Electronic components are modelled according to component-specific properties, e.g., function,
case type, size, number of pins, die size, SMD/THT.
¢ Electronic components are modelled according to a functional unit “Number of pieces.”

¢ In the event that a dataset representing a component to be modelled is not available in the MLC,
informed assumptions are made by choosing electronic components that are most similar, and
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related to housing types, function and production processes. A component-scaling tool is available

to support such a selection process.

Printed wiring boards (PWB) are mainly modelled by area (functional unit) due to fact that PWB
dimensions and number of layers are the most sensitive parameters for PWB-related environmental

impacts and primary energy use.

Modelling

Based on the necessity to model and assess electronic systems with justifiable effort, the electronics
team of Sphera developed the modular system called Generic Modules system. The target is to
establish a Generic Module for each group of electronic components, e.g., resistors, ceramic

capacitors or substrates.
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Figure 4-12: Creation of a model for an electronic product — modular structure via Generic Modules

The model based on Generic Modules of a typical electronic system follows a hierarchical structure.
The system is divided into several subsystems. The subsystems themselves are modelled based on
the Generic Modules, as presented in Figure 4-12.

Technical systems form the basis for highly flexible modules. With few variable parameters such as
size, number of layers and type of finishing in the case of a PWB, these modules can be adapted to a

specific product or system under consideration.

After the determination of the representative components and their relevant technologies, for typical
electronic subsystems, a Generic Module is created: housing, substrate, connection system,
electronic components and electro-mechanical parts.

Housing: typical housings are made by injection moulding of plastics (e.g., PC/ABS) or are metal
housings (e.g., from aluminum die casts or steel sheets). The models contain all relevant preliminary
process steps. For plastic housings it is crude oil extraction, production of plastic granulates and the
injection moulding itself, including the respective demand for auxiliaries, energies and transport in

each process step.
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Substrate: the substrate is the PWB without components or the connection system. PWBs are
modelled according to the number of layers, size, weight and composition (e.g., content of copper,
glass fibers, TBBA or Au/Ni finishing). If this information is not available, pre-defined average
compositions may be used as described above.

Connection system: usually solder pastes, formerly mainly SnPbAg and now typically lead-free
solders, are used based on a number of varying metal solder elements.

Electronic components: an extensive database containing the material contents of the main groups
of components such as resistors, capacitors, coils, filters, transistors, diodes and semiconductors are
available. Seeing as millions of different components may be contained in electronic products, they
are reduced to several representative components and are constantly updated and extended.

Electro-mechanical and other parts: this subsystem contains models of switches, plugs, heat sinks
or shielding and other non-standard parts such as displays, keys or sensors.

The Generic Modules are adapted via variable parameters. The significant functional units used
depend on the subsystem, e.g., piece for components, area for boards and assembly lines, kilograms
for solders and electro-mechanics.

The MLC contains aggregated datasets for components, which are based on the above-described
Generic Modules. Further datasets can be set up easily using the Generic Modules.

4.6.8 Recycling and other End-of-Life treatments

Resource conservation and keeping valuable materials in the technical life cycles are relevant
aspects in analyzing the environmental performance of many materials.

After the life cycle phases of production and use/maintenance, several options exist conceming the
further application of used materials and products (like recycling, recovery and disposal or any share
of each) or offsetting their secondary value. These applications and their implementations in LCA FE
and the MLC [LCA FE] are discussed below.

Recycling

Two different recycling situations can be found in LCA: closed loop recycling and open loop recycling.

Without up- or
downcycling
Y. Closed loop

With up- or
/ downcycling
Recycling )4

situations BN ]
N With up- or
'\\ downcycling

N Open loop
Without up- or

downcycling

Closed loop recycling involves the recycling, recovery or reuse of material in a quasi-identical product
or application, including the respective demand to do so. Open loop recycling corresponds to the
conversion of material from one or more products into a different product or application.

Figure 4-203: Recycling situations
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In both cases, changes in the inherent properties of the material may or may not occur. Thus, they
can be further distinguished into ‘closed/open loop recycling with or without up- or downcycling’. An
exemplary explanation for each of the recycling situations can be found in Table L.
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Table M: Exemplary explanation of recycling situations

with up- or downcycling

Recycling Further explanation Example

situations

Closed loop Recycled back into the same product | Recycling of beverage cans to
without up- or system without changes in the beverage cans

downcycling inherent properties

Closed loop Recycled back into the same product | Recycling of clear, green and

system with changes in the inherent
properties

brown container glass into
brown (mixed) container glass.

with downcycling

Open loop Recycled back into another product Recycling of homogenous

without up- or system without changes in the plastic containers (e.g. PET

downcycling inherent properties bottles) into plastic fibers used
in fabrics

Open loop Recycled back into another product Recycling of heterogenous

system with changes in the inherent
properties

plastic wastes (e.g. into plastic
pallets) or Chemical recycling of
heterogenous plastic wastes
into monomer building blocks

Open loop
with upcycling

Recycled back into another product
system with changes in the inherent
properties

Recycling of mixed Silicon
grades incl. metallurgical into
monocrystalline PV grade via
Czochralski process

Recycling can be understood as allocation between different life cycles as it faces the task of
allocating the burdens as well as the benefits of recycling between two or more product systems
connected by the recycling activity. For production, the current market situation must be assessed
(ratio of primary material to recycled material). In the MLC [LCA FE], current secondary material use
and recycling rates are modelled according to the individual commodity or material and the respective
market situation. Please see the specific data and chapters below for details, as well as the
documentation in the respective datasets.

According to the ISO, only elementary flows (plus the product flows) describe the Life Cycle
Inventory. Secondary materials such as scrap (like metal scrap, waste paper or glass cullet)
represent non-elementary flows and are linked to previous or subsequent product life cycles. Within a
LCA study, these flows are typically modelled following methodological approaches that can either be
categorized as consequential or as attributional end-of-life allocation approaches. In this context,
possible attributional EoL approaches are the cut-off approach, the substitution approach
(burden/value of scrap), the substitution approach (net scrap) and the embodied burden approach
[Koffler & Finkbeiner 2017].

Within the MLC [LCA FE] the cradle-to-gate data for materials with recycled contents generally shows
any externally supplied scrap or waste inputs (e.g., steel scrap, waste paper, glass cullet), if known
and of significance regarding the overall environmental performance. This allows the user of the
dataset to apply the methodological approach of choice to analyze in detail the benefit of recycling
contents along the life cycle of a product. Example life cycle models are provided within the MLC for

user guidance [LCA FE].

© Sphera 2025

143



System Modelling Features

Within our models, we have chosen the most suitable approach to solve the EoL multifunctionality for
the specific commodity/material and industry and providing in many cases different dataset options
that consider varying EoL allocation or substitution methods. The type of EoL allocation or
substitution approach that was chosen is listed within the documentation of the datasets.

One frequently used approach for steel is the “value of scrap” approach that we hence address in
some detail here below:

The “burden/value of scrap” is defined as the difference in LCI of the (theoretical) 100% primary and
100% secondary material production routes, considering the process yield of the recycling step.”
Value of scrap” datasets provided within LCA FE are carbon steel scrap by World Steel Association
(worldsteel) and stainless-steel scrap by the European Steel Association (EUROFER).

Furthermore, we provide datasets on “value corrected substitution” [KOFFLER & FLORIN 2013]. The
intent is to apply a value-corrected credit for the substitution of metals in open-loop recycling
situations where the inherent properties of the material have been changed in the sense of
downcycling. The ratio of virgin material price to scrap price, corrected by the scrap class’s metal
content where necessary, is used as the metric for the hypothetical effort to reinstate virgin material
quality from that scrap.

To apply the dataset, connect the EoL scrap flow (after collection and separation, but before
secondary material production) to the input of this process flow of the type [Waste for recovery]. Then
connect the primary material dataset to be substituted, to the negative input flow e.g. of the type
[Metals]. The negative input applies the appropriate credit for the scrap class stated in the process
name (e.g., aluminum auto fragments, baled used beverage can, etc.). The parameter for the price
ratio represents the ratio between the scrap class and the LME primary metal price, which may be
changed by the user, if necessary, using the referenced sources.

Furthermore, the MLC focuses on consistency of recycling and end-of-life processes like incineration,
landfill and wastewater treatment with all other life-cycle stages. Three generic models were therefore
generated:

Waste incineration model
Landfill model
Wastewater treatment model

These models follow the general rules of the Modelling Principles. All models represent standard
technologies and are based on parameterized unit processes. For the generation of datasets (e.g.,
DE: Landfill for inert matter), the models are specified according to the conditions as outlined in the
dataset documentation. Included are country or region-specific background datasets, country or
region-specific process efficiencies and specific input information about the characteristics of waste
and wastewater.

Incineration model

The incineration model is defined based on the treatment of average municipal solid waste (MSW).
The thermal treatment of a single waste fraction like paper or plastic or even specific wastes like
Polyamide 6 is not actually done in a waste-to-energy (W1E) plant. The model and settings for the
average MSW allow the environmental burden (emissions and resource consumption of auxiliaries),
energy production, as well as the credits (metal scrap recovery) to be attributed to a single fraction or
specific incinerated waste within a standard MSW. The following figure gives an overview of the first
level of the incineration model.
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Figure 4-14: Exemplary incineration model with in LCA FE (here average European domestic waste
treatment with dry off-gas cleaning)

The output of energy products (electricity and steam) leaving the product system is dependent on the
heating value of the specific input and the intemal consumption of energy necessary to treat the
specific waste. The internal energy consumption is calculated based on the elementary composition
of the specific input (e.g., energy demand for flue gas treatment) and standard values (e.g., handling
of waste before incineration). The gross energy efficiency and the share of produced electricity and
steam is taken from the country/region-specific average WtE plant for municipal solid waste (MSW) in
Germany or Europe.

Opening up the core plan “incineration/SNCR/Boiler/Off-gas treatment” of the previous figure will
show further detail of the incineration model.
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Figure 4-15: Details of incineration and dry off-gas cleaning in LCA FE incineration model

The incineration model was set-up with a dry off-gas treatment and verified with measured data from
a number of German and European incinerators, as well as data from literature. The heating value of
the input can be specified or calculated based on the elementary composition of the input. The
material flow in the plant is calculated using individual transfer coefficients for every element and
stage of the incinerator. The transfer coefficients for the final release of the flue gas to the
atmosphere is verified and adapted with literature data and real plant data of European and WtE
plants.

For input specification in the model, the following elements and compounds can be used: Ag, Al,
AlOx, As, ash, Ba, Br, C_Carbonate (inorganic carbon), C_HC (fossil carbon), C_HB_Bio (biogenic
carbon), Ca, Cd, CI, CN, Co, Cr, Cu, F, Fe, H, H20, Hg, J, K, Mg, Mn, N, Na, NH4, Ni, O, P, Pb, S,
Sb, SiO2, Sn, SO4, Ti, TI, V, Zn.

The modelled emissions to air in the flue gas of the incinerator are: As, Ba, Cd, Co, CO, COz2 (fossil
and biogenic), Cr, Cu, dioxins, HBr, HCI, HF, HJ, Hg, Mn, N20O, NHs, Ni, NMVOC, NOx, particles, Pb,
Sb, Sn, SO2, T, V, Zn. Most of the emissions leaving the system are input-dependent. That means
there is a stoichiometric correlation between input and output. Other emissions are a function of the
technology utilized and therefore independent of the specific input. The input-dependent emissions
are linear to the elementary composition of the waste, but are also influenced by the technology (e.g.
efficiency of filter). The technology dependent emissions are constant in a specific range. Input-
dependent parameters are e.g. the emissions CO2, HCI, HF, SOz caused by the relevant input of
these elements. The amounts of slag, boiler and filter ash produced, as well as recovered ferrous
metal scrap, are also input-dependent. Technology dependent parameters are CO, VOC and dioxin
emissions.
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Ashes and filter residues that are dumped in specific hazardous waste underground dumps but are
accounted for as “hazardous waste (deposited)” are to acknowledge the EPD best practice.

The datasets already include the credits given for the recovery of ferrous metal scrap.
Landfill model

The elementary and system flows to and from the landfill site are allocated to the elementary content
in the waste input. The amount of generated landfill gas is calculated based on the organic carbon
content in the waste input and represents an average landfill gas composition.
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Figure 4-16: Exemplary landfill model (here commercial waste composition for certain geographic
example regions)

The input of auxiliaries for the landfilling of one kilogram of waste is partially constant for all types of
wastes (e.g., energy for compacting, materials for the landfill construction) and partially dependent on
the elementary composition of the waste (e.g., ferric chloride for the treatment of leachate). The inert
landfill sites do not generate landfill gas, nor is the leachate technically treated before going to the
receiving water.

Landfill gas losses/flare and recovery ratios were checked and adapted to reflect the latest
information.

The landfill model is parameterized to allow the generation of different datasets according to the
waste input and region/country specific details. Important parameters and parameter sets:

e elementary composition of the disposed waste;

o different technologies for the sealing and cap (layers);

o differing surrounding conditions (e.g., precipitation);
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¢ rates and treatment routes of collected landfill gas and CHP efficiencies and rates (combined heat
and power production);

¢ rates of leachate collection and treatment efficiencies (COD and AOX);
o transfer coefficients to describe the fate of elements over a period of 100 years.

The waste input can be specified by its elementary composition (27 elements) and additional waste-
specific information (e.g., inert substances content, non-degradable carbon and nitrogen content).

The model of the landfill body calculates, based on the element specific transfer coefficients, the input
dependent amount of substances and elements going to leachate collection, landfill gas and soil.

The amount and types of materials for the cap and sealing of the landfill site are adapted to specific
situations (background processes, thickness of layers rates of leachate collection), where relevant
and applicable.

The collected leachate is either going to a technical treatment (to minimize the organic compounds in
the wastewater) or directly to the receiving water (landfill site for inert waste). In case of technical
treatment of the leachate, the generated sludge is dried and disposed of in an underground deposit.

Part of the landfill gas is collected and either flared or used to produce electricity or both electricity
and heat. The uncollected landfill gas is directly released to the atmosphere. The share of the
different treatment route of landfill gas can be adjusted to the country or region-specific situation. For
simplification reasons, the landfill gas composition only represents the average useable landfill gas.
The amount depends on the organic carbon content in the waste composition and the assumed
degradation over 100 years.

Wastewater treatment model

The elementary and system flows to and from the wastewater treatment plant are allocated to the
elementary content in the wastewater input.

The wastewater treatment represents an average/typical wastewater treatment from industrial
processes. It contains mechanical, biological and chemical treatment steps for the wastewater
(including precipitation and neutralization), and treatment steps for the sludge (thickening,
dewatering). The outflow goes directly to the receiving water (natural surface water).
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Figure 4-17: Exemplary wastewater treatment model (here municipal wastewater for German setting)

The process steps take average elimination and transfer coefficients into account. The sewage
passes through the bar screens for rag removal. In this section, automatic bar screen cleaners
remove large solids (rags, plastics) from the raw sewage. Next, the sewage is transported to the grit
tanks. These tanks reduce the velocity of the sewage so heavy particles can settle to the bottom. In
the separator, suspended particles such as oils and fats are removed. The settlement tank can
remove the larger suspended solids. FeSO4, and Ca(OH)z are used as precipitant agents in the
mixing tank to remove metals. Ca(OH)z and H2SOs4 regulate the pH value. The primary clarifiers
remove the suspended solids from the mixing tank prior to discharge to the aeration tanks. The
aeration tanks provide a location where biological treatment of the sewage takes place. The activated
sludge converts organic substances into oxidized products, which are settled out in the secondary
clarifiers. Phosphoric acid is used as nutrient for micro-organisms. The cleared overflow in the
secondary clarifiers goes to a natural surface water body (stream, river or bay). The settled solids,
from the settlement tank, the primary clarifiers and secondary clarifiers, are pumped to the primary
thickener where the solids are thickened (water content of the thickened sludge is 96%). The sludge
is pumped to filter presses for dewatering, which use chemical flocculants to separate the water from
the solids (water content of the dewatered sludge is 65%). In this dataset, sludge for agricultural
application is produced. For this reason, the sludge is not dried and supplied after dewatering. The
output is wet sludge (dry content is 35%) containing N, P20s and K20 according to statistics and
calculations which is included in the plan for the given fertilizer credit.
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5. Review, documentation and validation

Data that is officially published in publications or a web page is not sufficient proof of its quality. Even
if professional review processes are in place for journal publications, the scientific quality of the article
or paper can be proven, and the “correctness” of the underlying data cannot be validated in most
cases. Even if it is easier for the user to simply “cite” a data source, a validation or verification routine
for the data is essential.

There is presently no specific ISO standard in existence for data quality reviews. The existing ISO
standards ensure quality and consistency of LCA reporting.

5.1 Review procedures and check routines

The core principle of Sphera is to provide quality information. Sphera has therefore set up a review
and validation procedure within its MLC concept and management scheme based on the four quality
check layers:

¢ Internal entry quality checks

Internal resulting quality checks

External resulting non-public quality checks

o Extemal resulting public quality checks

¢ Additional External review activities

As to the last point, the external reviews, different parts of the MLC were reviewed by different
external organizations, since 2012: The ILCD compatibility of selected MLC processes across all
branches was reviewed for the European Commission’s JRC by the Italian National Agency for new
Technologies, Energy and Sustainable Economic Development (ENEA), ltaly. In the light of the
upcoming Environmental Footprint (EF) Initiative of the EU Commission, the Spanish “Centro de
Investigaciones Energéticas, Medioambientales y Tecnolodgicas (CIEMAT)” reviewed our data with
focus on energy systems. Both reviews have been commissioned by the European Commission.
Moreover, Sphera has delivered more than half of the official Environmental Footprint (EF) 2.0
databases to the European Commission from 2016 to 2017 and to the current version EF 3.1. The
datasets are derived from MLC with some methodological adjustment in order to make the data EF
compliant. All the EF datasets underwent an external, independent review, thereby assuring the
quality of the underlying LCA models. This covers the sectors energy, transport, packaging (non-
plastic), plastics, End-of-Life (including recycling, energy-recovery, landfilling), minerals and metals,
electrical and electronics.

To complement our responsibility concerning external reviews Sphera introduced a critical review
process of its MLC with inspection and verification company DEKRA. As LCA continues to be used
more broadly in industry, companies require increased accuracy, transparency and credibility of their
data sources in order to make the best-informed decisions. Recognizing this and in order to ensure
consistency and quality of its MLC, Sphera finalized the first round of an “ongoing critical review
process with DEKRA”.

See 2.1 MLC concept and management for more details. It is important to base the review of data
and databases on ISO principles accompanied by practical experiences in data collection, data set-
up, database maintenance and updates in industrial practices. Plausibility and technical routines in
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MLC raw data ?° and process data handling are the main instruments to avoid, detect and reduce
errors.

These routines support data collection and systematic error identification in inventories by
understanding the underlying technical process and being able to identify potentially incorrect or
missing values and flows (conspicuous values, type faults, conversion/unit errors).

5.1.1 Technical information and documentation routines in
LCA FE

The checklist for the collected data and resulting unit process information, which is documented either
on plan system level, in the unit process or in the resulting aggregated process:
¢ Data source (reproducibility), reliability of the sources, representativeness of the sources

e Technical conditions (state of the art, conventional process, established process, pilot plant,
laboratory operation)

o Process integration: Stand-alone process or integrated into a large facility

e Calculation method (average, specific)

e Technically relevant process steps are represented on plan system level

e Types and quantity reactant/product

o Efficiency/stoichiometry of chemical reactions; monitoring of the rate of yield

¢ Types and quantity of by-products, wastes or remaining and its fate

o Emissions spectrum (relation between in- and outputs, comparison to similar processes)
¢ Types and quantity of circulating flows (purge, monomers, production recycling material)
o Auxiliary material and utilities

¢ Input chemicals and substances for end of pipe measures (lime, NH3)

These technical information points help to identify gaps and enable balance checks and plausibility
checks.

5.1.2 Important material and energy balances

The following balance checks are done with any unit process and plan system, to trace and eliminate
gaps and errors.

e Energy balance: net or gross calorific value (sum of renewable and non-renewable)

e Mass balance (what goes in must come out)

o Element balance: often C or metal content (also check for raw material recovery)

¢ Reaction equations

20 Raw data is any data or metadata needed so set up an LCI dataset.
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5.1.3 Plausibility of emission profiles and avoiding errors

The basic principle is to avoid too high and too low values and/or missing emissions. The plausibility
and error checking must therefore not only take place on the process level but also on the plan and
supply chain level.

There are typical emissions for typical industrial operations for each type of process. These
indications are used to monitor and compare similar processes. Knowing the frequent error sources is
the best way to manage and avoid them.

Data entry with the wrong comma/point setting (factor 10, 100, 1000) results in figures that are too
high or too low. New or updated data in LCA FE is double-checked, individually by the data developer
with existing or comparable datasets, and in the case of bigger data volumes, automatically (‘LCA FE
process comparison tool”) by routine checks of the relevant impacts with the predecessor.

Another error source is data entry with wrong units:

e mg — ug or kg — t leads towards factor 1000/0.001 error
o MJ — kWh leads towards factor 3.6/0.28 error

e BTU — kWh leads towards factor 1000/0.001 error

e BTU — MJ leads towards factor 3000/0.0003 error

LCA FE supports the avoidance of this error by offering automatic unit conversion.

If the emissions or impacts appear to be surprisingly low, the following checks are undertaken in MLC
work:

e connection of significant processes back to the resource (aggregated dataset or plan system of
upstream processes);

e modelling of fuels only, omitting combustion emissions in the unit process (thermal energy or
emission modelling);

e transports are modelled but not adjusted to the correct distances;

¢ unsuitable substitution used;

o wastewater impacts not modelled (wastewater leaves untreated);

e burden free entry of secondary materials into the life cycle phase;

e CO2 balance not addressed (renewable), CO:z intake or emission not/wrongly considered.

If the emissions or impacts appear to be surprisingly high, the following checks are undertaken in
MLC work:

e by-products not substituted or allocated;

¢ system expansion not suitable (loss of focus or function added in unsuitable way);

o useful energy output (e.g., steam) not considered correctly;

o waste treatment or wastewater treatment overestimated; scrap input modelled as pure primary
route (sector-specific);

¢ CO2 balance not addressed (renewable), CO2 intake or emission not/wrongly considered.

Plausibility and error checks are critically discussed and optimized in data-related projects with
industrial customers and respective critical reviewers of our work, with our academic cooperation
partners, IABP- University of Stuttgart and Fraunhofer IBP, as well as with independent testing and
certification partners.
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5.2 Documentation

Documentation is essential in order to assure reproducibility and transparency of the datasets, as well
as to clarify the scope of the datasets and the possible applications.

In MLC documentation, recommendations to mandatory and optional information, which are either
based on intemational standards such as ISO 14040, ISO 14044 and other schemes, particularly
ILCD and EF or on the experience of Sphera and IABP- University of Stuttgart. The requirements of
ISO 14040 [ISO 14040: 2009] and 14044 [ISO 14044: 2006] are considered.

The metadata documentation of the datasets in “MLC [LCA FE]” is based on the documentation
recommendations of the “International Reference Life Cycle Data System” [ILCD 2010] Handbook of
the European Commission’s JRC, document “Documentation of LCA data sets” that is still in place
and use for EF 2.0 and EF 3.0 as well.

Please see the individual documentation [LCA FE] in the respective LCI processes of the MLC
(example of documentation is shown in Documentation of LCI process data) or on the LCA FE
Webpage https://scn.spherasolutions.com/.

5.2.1 Provider icons alias Flags

Flags are used in MLC to easily distinguish between the provided objects.
The table below describes the meaning of different types off flags used in the databases.

Table N: Different types of flags and their meanings.

Flag Meaning

@ Objects are part of standard client databases (Professional (core) DB, /database bundles, Extension
DBs)

//// Flag for objects which are part of the ecoinvent DB (processes and flows)

A

Plans and Processes which are part of the sellable Data on demand pool

Processes: outdated/retired data
Flows: limited use flows (alias “forbidden flows™)

5.2.2 Nomenclature

Consistent nomenclature is an essential aspect of the database quality. Any database object
including impact characterization factors or flow characteristics like calorific values, flows, processes
and plan systems must be properly named.

Flow and process names are especially important. Process and flow naming applies the EF/ILCD
Nomenclature, after export to ILCD format also all elementary flows are mapped to the official ones of
EF 2.0, EF 3.0 and EF 3.1. The flows and processes in LCA FE are moreover arranged in a hierarchy
for storage.

The flow hierarchy is structured according to technical aspects (for non-elementary flows and
resources) and according to emission compartments air, water and soil.

In general, all relevant LCI elementary flows (resources and emissions) in LCA FE are pre-defined.
Therefore, the number of elementary flows that must be newly defined by the user is few to none.
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If a new process or new flow is created because it is not available in the database, consistency with
existing processes or flows is kept.

In the MLC, flows and processes are bi-unique, which is an important basis of consistency and a
prerequisite for data exchange.

In the process documentation, the temporal representativeness is depicted by two data points. The
first date is the reference year, and the second date indicates the end of the dataset validity. The
reference year indicates the time period when the inventory data was collected or validated, and
represents the actual time period or is considered validity.

The end of the dataset validity defines the minimum time range data is adequate.

Certain environmental impacts (e.g., greenhouse gas emissions, energy use) might change over time
due to new scientific findings, new regulations, technological advances, or shifts in resource
availability and supply chain reality.

5.2.3 Documentation of Flows

The documentation of flows is an important component of the inherent documentation of processes
and LCI results. Flow documentation is an integral part due to the direct influence of the flow
properties to the results of LCl and LCIA.

Flows in LCA FE are (if suitable) documented by:

¢ Reference quantity

¢ Synonyms of the main flow name

e CAS number

e Sum formula

¢ Region or location of the flow, e.g., region Western Europe
¢ Field for general comments to add further information

Information for the flow such as synonyms and CAS number are documented in LCA FE according to
ILCD (see Figure 4-12).

Limited use flows
Within the MLC, Sphera takes special care that the flows used in the datasets:

e are consistently used,

e comply to relevant schemes, such as the ILCD/EF flow list (or are matched to the ILCD/EF flow list
when exporting data in the ILCD format),

¢ avoid double counting,
e are consistently regionalized,
¢ |lead to meaningful results for the LCIA methods listed in the documentation of the process,

o are modelled to their end-of-waste status so that aggregated datasets do not contain waste flows
(please see also chapter 3.3.9 and 3.3.10 on waste modelling), and

¢ have a suitable reference unit that matches the unit in which it is usually measured.

Especially the datasets with the source “Sphera” or “Sphera/xxx” can be used without any extra
attention needed.
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It is however not possible for Sphera to fully control 3" party datasets or to fully anticipate the special
decision context in which a flow is used in an LCA project. With the service pack 40 Sphera has

therefore introduced a new flag to raise the awareness of MLC @ users to a handful of flows that
need special attention and require a look in the flow documentation for more information on the flow.

This is a reaction to the growing interest of LCA FE users to comply with their LCA models to
standards like the ILCD/EF flow list or growing questions about the usability of flows and 3™ party
datasets within the decision context of the project.

The basic idea is:

¢ |f you want to use a flow, watch out for the new flag.
e Then have a look in the documentation of the flow, which kind of problem might arise if you use it.

¢ Then decide if this is a problem at all, within your decision context, and whether you want to use
this flow or not.

It is not the case that the marked flows are not to be used at all, but that their usability needs to be
checked. The flow documentation gives you information about the possible problem and also about
possible actions to avoid the problem.

An easy example:

In your LCA project you want to focus on the assessment of the health problems associated with very
small particles in the air, as these came out to be most relevant for your case. Obviously, the
emission flows used in your project need to carry information of the particle size. The flow “dust
(unspecified)” lacks this information and using it will therefore not lead to meaningful results. If in your
project however other environmental problem fields dominate that do not depend on the particle size,
such as Global Warming, Acidification or Eutrophication, you may use “dust (unspecified)” without
harm. Please note that you should document that choice of scope, so that your colleagues or other
users of your data are aware of this restriction.

Special case VOC (unspecified) or NMVOC (unspecified)

Some attention of the practitioner is required when using or interpreting the emission of volatile
organic carbons (VOC) or non-methane volatile organic carbons (NMVOC). Both unspecified flows
are often used in data collection and are also used in the MLC database, because they are
measured, documented and used in the context of emission limits. Organic compounds are very
divers and if the legislation body does not see the necessity to distinguish the single substances, then
emission control limits are given in VOC (unspecified) and are measured as such.

The user needs to be aware that the characterisation factors used for these unspecified flows are
based on the characterisation factors of single substances according to their overall relevance and
occurrence, but may be very unlike the CFs of the specific substances used and emitted. Imagine a
paint shop for coating of products that uses specific organic solvents in the coating materials, such as
n-butyl-acetate or xylene. Then we most probably will have thermal flue gas treatment where the
specific substances are captured and oxidised towards CO2. To control the quality of the flue gas
treatment there will be emission limits of VOC (unspecified) and no separate emission limits for all
single substances emitted, so only the VOC measurements will be made. Since the initial substances
are indeed destroyed by the flue gas treatment, the amounts are strongly reduced and the measured
VOCs will consist of many organic substances that are generated in the incomplete incineration, in
albeit much smaller amounts, this case justifies the use of an unspecified VOC flow. But even as the
emission limits are given in VOC unspecified, the practitioner should think about using NMVOC
unspecified in this context, since the thermal flue gas treatment will emit methane in only insignificant
shares and methane is very relevantly influencing the Global Warming Potential.
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On the other hand, the paint shop will also have fugitive emissions that do not enter the flue gas
treatment and are emitted as the single substances that are part of the used solvent. Here probably
the emission limits are also given in VOC (unspecified) and measured as such, but in reality the
emissions contain only the few single substances of the solvents, where both the substances and the
used shares are known, can be found in the material safety data sheets or can be asked from the
solvent-coating provider.

To exemplify the significance, in the Figure 5-1 you see the results for the use of 1kg of solvents
containing 50% of n-butyl acetate and 50% of xylene. From this 1kg 10g is emitted as diffuse
emissions, 5g of the two solvents each. The other 990g enter the thermal flue gas treatment, where
they are mostly destroyed but in this illustrative example 9,9g are emitted (1%) as NMVOC
unspecified. The most correct use of the flows in the left scenario is set to 100% to enable the
depiction of different environmental problems in just one diagram.

Importance of proper use of the NMVOC (unspecified) flow
250% —
200%
150%
100%
50%
0%
fugitive specified, waste air fugitive specified, waste air allas NMVOL ungzecFied allasVOC unspecFied
treatment & NMVOC unspecified  treatment & WVOC unspecified
-set to 100%
m EF 3.0 Climate Change - tota EF 3.0 Ecotoxicity, freshwater - total
EF 3.0 Human tox icity, cancer - total EF 3.0 Photochemical czone formation, human health

Figure 5-21: Example results showing the importance of correct use of unspecified and specified
elementary flows

Please note the huge differences in the results. The take-away message is, that the use of
unspecified flows shall be questioned by the practitioner during the data collection and wherever
possible, specific information shall be used. Even if there are no measurements available, the
information may be only a phone call away, or a look into the material safety data sheet. Sphera uses
such specific information wherever possible. Still there are cases where the unspecified flows are
appropriate and used also in the MLC database.

5.2.4 Documentation of LCI process data

The documentation of the LCI datasets in the MLC covers relevant technical and supply chain
information that is necessary to understand the technological basis and background of the modelled
system. Further, multiple metadata are given to enable the further use within important
documentation schemes like the ILCD, EPDs and EcoSpold. For further details, see the
documentation tab in each dataset that provides you full ILCD/EF documentation of the MLC datasets
and allows you to also accordingly document your own datasets and hand over fully documented
datasets when you export them e.g., as the ILCD formatted datasets.
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Figure 5-2: Example documentation (excempt) [LCA FE]
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5.2.5 References style

There are different citation styles demanded in different scientific journals, as well as in industry
reports. However we would like to provide you with general guidance, how our documents, datasets,
database and software should be cited, with final results depending on final purpose of reference.

Database:

¢ Managed LCA Content Databases (MLC) for Life Cycle Engineering version (database version
here), Sphera Solutions GmbH, (year of release of database)

Dataset documentation:

¢ (name of dataset), (source of dataset), (GUID of the dataset), Sphera Managed LCA Content
Databases (MLC), Sphera Solutions GmbH, (year of release of database)

Modelling Principles:

e Sphera® Managed LCA Content (MLC) LCA Databases Modelling Principles (year of publication),
Sphera Solutions GmbH, (year of publication)

MLC documents:

e Sphera® Managed LCA Content (MLC) LCA, (name of document), (year of publication), Sphera
Solutions GmbH, (year of publication)

Software:

o LCA for Experts Software System (LCA FE) for Life Cycle Engineering version (software version
here), Sphera Solutions GmbH, (year of release of database)

5.3 Validation

The validation procedures of MLC are implemented on different levels.
Consistency and Completeness of database objects

Consistency of flows and completeness of the necessary flow characteristics are validated
interally at Sphera, following standard routine. Sphera provides several different databases
consistent to our own databases. Routines and technical tools exist therefore to trace and identify
possible errors and ensure consistency, completeness and biunique database entries.

Content on technical process level

The technical content is constantly validated in LCA work with the MLC data by related industry
experts, branch experts or process operators. Validating technical content of datasets needs
technical understanding. If companies provide data, Sphera validates the data (because it must fit
in detail and consistency to the surrounding system) and, depending on the type and purpose of
the data, IABP- University of Stuttgart or a third-party validator or reviewer is involved.

Methodological LCI approach

Methodological LCI approaches in the MLC are based on relevant standards and reference
works, and are presented and discussed in and benchmarked against different academic, political
and professional frameworks (like e.g., ILCD 2010, Netzwerk 2011, PlasticsEurope 2011,
UNEP/SETAC 2011, ISO 21930: 2007, PEF method 2021) to ensure acceptance and
applicability. A validation of methodological approaches is constantly conducted in the context of
the use of MLC data and process chain details within the given framework and the respective
critical reviews of studies, which utilise the databases.
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Methodological approach LCIA

New impact methods in LCA FE are implemented preferably by involving the respective LCIA
method developers, to implement the given method in the most suitable way. This implementation
includes proactive critical discourse between scientific detail and practical applicability. The
validation of the method is preferably conducted jointly by the developers and Sphera.

Content on LCI and LCIA level

In many LCA projects, reviews are undertaken and the background data (chains) are reviewed
and discussed with the project group and with the reviewer. We grant reviewers access to the
background systems under bilateral agreements. Sphera studies, LCA FE results and dataset
benchmarks are often publicly discussed in external field tests or in comparisons. A broad user
community is constantly using, comparing, benchmarking, screening and reviewing the MLC data
and data results, which are published in various channels. User feedback is collected and
incorporated into the database management routine.
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Appendix A: Description of result and
Impact categories

This chapter very briefly describes the impact assessment methodologies available in LCA FE after
the update 2024 (called “quantities” in the LCA FE software). The description is divided into overall
impact categories (e.g., global warming, acidification.) and the approach of each of the available
impact methodologies (e.g., CML, ReCiPe) is described.

Methods covering only specific impact categories, e.g., USETox for toxicity and IPCC for global
warming, are described under each impact category.

The description is focused on the LCIA methodologies, but most of the complete LCIA methodologies
draw on background LCIA models and methods for each of the environmental impacts. Examples
relaying back to the original primary sources are listed in Table N for GWP.

Table O: LCIA GWP methods with primary sources

Impact | LCIA Methodology Primary source — LCIA model/method

GWP CML2001 version 4.8, August 2016 IPCC 2013 ARS5, Table 8.A.1, GWP 100

GWP Environmental Footprint: EF 2.0 and IPCC 2013 AR5, GWP 100 including climate

EF 3.0 carbon feedback. Table 8.7 and supplementary

material table 8.SM.15; with a different
correction factor for methane oxidation

GWP Environmental Footprint: EF 3.1 IPCC 2021 ARG, Table 7.15 and supplementary
material table 7.SM.7

GWP EN15804+A2 (EF 3.1) IPCC 2021 AR6, GWP 100 . Table
7.15 and supplementary material table 7.SM.7;
with a different correction factor for methane
oxidation; with different accounting of biogenic
carbon compared to EF 3.1

GWP IPCC AR5 (2013) IPCC 2013 AR5, including climate carbon
feedback. Table 8.7 and supplementary
material table 8.SM.15.2

GWP IPCC ARG (2021) IPCC 2021 ARG, Table 7.15 and supplementary
material table 7.SM.7

GWP ISO 14067 IPCC 2021 ARG, Table 7.15 and
supplementary material table 7.SM.7

21 The previous implementation of IPCC AR5 excluding climate carbon feedbacks can be found in LCA FE in the folder “earlier
versions of methods”.
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Impact | LCIA Methodology Primary source — LCIA model/method

GWP ReCiPe 2016 (H) v1.1, GWP 100 IPCC 2013 ARS, including climate carbon
feedback. Table 8.7 and supplementary
material table 8.SM.15.

GWP ReCiPe 2016 (1) v1.1, GWP 20 ARS5, Table 8.A.1, GWP 20 (excluding climate
carbon feedback)

GWP ReCiPe 2016 (E) v1.1, GWP 1000 Joos et al 2013
GWP TRACI 2.2 IPCC 2007 AR4, Table 2.14.
GWP UBP 2013 IPCC 2007 AR4, Table 2.14.

The International Reference Life Cycle Data System (ILCD) published ‘Recommendations for Life
Cycle Impact Assessment in the European context’, which recommends the methodology evaluated
as the best within the impact category [ILCD 2011]. This led to the set of impact categories that time
available as ‘Impacts ILCD/PEF recommendation v1.09’ in LCA FE.

During the Environmental Footprint (EF) framework, the ILCD work has been further developed and
the latest version from the JRC is currently available under ‘EF 3.1’ in LCA FE, as regular part of
Sphera’s MLC. EF 3.1 (published in July 2022) represents a partial update of EF 3.0 with updated
and corrected characterization factors in several impact categories. The EF 3.0 version is kept
available in the MLC data.

The preceding version EF 2.0, which was used for the first set of PEFCRs/OEFSRs in the EF pilot
phase 2013-2019, has been archived and can be found in the MLC in the quantities folder ‘earlier
versions of methods’.

IMPORTANT NOTE, Environmental footprint impact methods and compliance:

Since the release of the MLC Service Pack 39 2019 (July 2019), the EF 3.0 characterization factors
have been provided, as well as the mapping to the official units and official elementary flows via the
“EF 3.0” export/import function.

The latest, official EF 3.1 factors have been provided with the MLC CUP 2023.1 release. They
entirely supersede the ones of EF 3.0.

EF 3.1 is the only version to be used for PEF/OEF results and to create EF data as ILCD export file.
Do not use previous versions of EF characterization factors and ILCD zip archives anymore! Earlier
versions of EF/ILCD LCIA methods and flow lists have no official status. In case you have been
using a previous version of EF characterization factors, please update any created dataset by
re-export, respectively re-calculate results using the EF 3.1 in LCA FE (datasets created by
users should also be double-checked with recent official EF documents, before claiming
compliance). Be aware that also the process datasets EF 3.1 are to be used from now onwards, to
replace those of EF 2.0/3.0 on your models of PEF/OEF studies. EF 3.1 processes are publicly
accessible on the respective data nodes since January/February 2023 and are foreseen by Sphera to
be made available already implemented and consolidated in MLC, after some additional, technical
quality-assurance checks. In case you need any support with this topic, please contact MLC-
data@sphera.com.

EF 3.1 is used for developments during the ongoing European Commission’s EF transition phase
(i.e., for model and PEFCR development) until tentatively end of 2024.
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Appendix A: Description of result and impact categories

The EF 3.0 and EF 3.1 LCIA methods are outlined in Table O. The approach of each method is
described in the appropriate chapter.
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Table P: EF 3.0 and EF 3.1: set of recommended impact methods

Method

Description

Acidification

Accumulated Exceedance (AE). Change in critical load exceedance of the
sensitive area in terrestrial and main freshwater ecosystems.

Climate Change -
total

EF 3.0: Global Warming Potential 100 years, based on IPCC AR5 including
climate carbon feedback

EF 3.1: Global Warming Potential 100 years, based on IPCC AR6

Climate Change,
biogenic

Climate Change,
fossil

Climate Change,
land use and land
use change

These are subsets of the total Climate Change covering the biogenic, fossil,
and land use related part of the climate change. These three add up to the
main climate change impact.

Ecotoxicity,
freshwater - total

Ecotoxicity,
freshwater
inorganics

Ecotoxicity,
freshwater metals*

Ecotoxicity,
freshwater organics

Comparative Toxic Unit for ecosystems (CTUe). The potentially affected
fraction of species (PAF) integrated over time and volume per unit mass of a
chemical emitted (PAF m3 year/kg).

*EF 3.1: the sub-category metals has been merged into the sub-category
inorganics

Eutrophication,
freshwater

Phosphorus equivalents: The degree to which the emitted nutrients reach the
freshwater end compartment (phosphorus considered as limiting factor in
freshwater).

Eutrophication,
marine

Nitrogen equivalents: The degree to which the emitted nutrients reach the
marine end compartment (nitrogen considered as limiting factor in marine
water).

Eutrophication,
terrestrial

Accumulated Exceedance (AE). The change in critical load exceedance of the
sensitive area.

Human toxicity,
cancer - total

Human toxicity,
cancer inorganics

Human toxicity,
cancer metals*

Human toxicity,
cancer organics

Comparative Toxic Unit for human (CTUh). Estimated increase in morbidity in
the total human population per unit mass of a chemical emitted (cases per
kilogram).

*EF 3.1: the sub-category metals has been merged into the sub-category
inorganics
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Method

Description

Human toxicity,
non-cancer - total

Human toxicity,
non-cancer
inorganics

Human toxicity,
non-cancer metals*

Human toxicity,
non-cancer
organics

Comparative Toxic Unit for human (CTUh). The estimated increase in
morbidity in the total human population per unit mass of a chemical emitted
(cases per kilogram).

*EF 3.1: the sub-category metals has been merged into the sub-category
inorganics

lonising radiation,
human health

lonizing Radiation Potentials: The impact of ionizing radiation on the
population, in comparison to Uranium 235.

Land Use

Soil quality index based on the LANCA methodology and respective
characterization factors V2.5.

Ozone depletion

Ozone Depletion Potential (ODP) calculating the destructive effects on the
stratospheric ozone layer over a time horizon of 100 years.

Particulate Matter

Impact on human health (disease incidence)

Photochemical
ozone formation,
human health

Photochemical ozone creation potential (POCP): Expression of the potential
contribution to photochemical ozone formation.

Resource use,
fossils

Abiotic resource depletion fossil fuels (ADP-fossil)

Resource use,
mineral and metals

Abiotic resource depletion (ADP ultimate reserve).

Water use

m3 water eq. deprived

Please note that next to the updated and merged LCIA methods, also for a couple of elementary
flows the characterization factors have been corrected between EF 3.0 and 3.1, which in specific
cases can have substantial effects on the results.

A.1 Primary energy consumption

Primary energy demand (PED) is often difficult to determine due to the various types of energy
sources. Primary energy demand is the quantity of energy directly withdrawn from the hydrosphere,
atmosphere or geosphere or energy source without any anthropogenic changes. For fossil fuels and
uranium, PED would be the amount of resources withdrawn expressed in their energy equivalents
(i.e., the energy content of the raw material). For renewable resources, the energy characterized by
the amount of biomass consumed would be described. PED for hydropower would be based on the
amount of energy that is gained from the change in the potential energy of the water (i.e., from the
height difference). The following primary energies are designated as aggregated values:

The total “Primary energy consumption non-renewable,” given in MJ, essentially characterizes
the gain from the energy sources: natural gas, crude oil, lignite, coal and uranium. Natural gas and
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crude oil will be used both for energy production and as material constituents, such as in plastics.
Coal will primarily be used for energy production. Uranium will only be used for electricity production
in nuclear power stations.

The total “Primary energy consumption renewable,” given in MJ, is generally accounted for
separately and comprises hydropower, wind power, solar energy and biomass.

It is important that end use energy (e.g., 1 kWh of electricity) and primary energy are not confused
with each other; otherwise, the efficiency loss in production and supply of the end energy will not be
accounted for.

The energy content of the manufactured products will be considered feedstock energy content. It
represents the still-usable energy content that can be recovered, for example, by incineration with
energy recovery.

The primary energy consumption is available both as gross and net calorific value. The “Gross
calorific value” represents the reaction where all the products of combustion are retumed to the
original pre-combustion temperature, and in particular condensing water vapor produced.

The net calorific value is the higher heating value minus the heat of vaporization of the water. The
energy required to vaporize the water is not recovered as heat. This is the case for standard
combustion processes where this re-condensation takes place in the surrounding environment.

Table Q below gives an overview of the primary energy categories present in LCA FE.

Table Q: Net and gross calorific value

Renewable = Total
resources

Non-renewable +
resources

Primary energy
demand from ren. and
non ren. resources

Gross calorific value | Primary energy from | +
non ren. resources
(gross cal. value)

Primary energy =
from renewable
raw materials

(gross cal. value)

(gross cal. value)

Net calorific value

Primary energy from
non ren. resources
(net cal. value)

Primary energy
from renewable
raw materials (net

Primary energy
demand from ren. and
non ren. resources

cal. value) (net cal. value)

A.2 Waste categories

In the background databases waste is further treated for known waste pathways towards final
emissions in incinerators or landfill bodies if suitable indications exist (e.g., according to waste
directives).

If specific wastes are deposited without further treatment, they are indicated with the addition
“deposited.”

If waste treatment routes are unknown, unspecific or not definable, LCA FE documents the related
specific waste flow and the specific waste amount with a waste star “*” meaning it can be further
treated if the user knows the specific waste treatment pathway. Categories such as stockpile goods,
consumer waste, hazardous waste and radioactive waste, group those specific waste flows together.
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A.3 Climate Change — Global Warming Potential
(GWP) and Global Temperature Potential (GTP)

The mechanism of the greenhouse effect can be observed on a small scale, as the name suggests, in
a greenhouse. These effects also occur on a global scale. The occurring short-wave radiation from
the sun comes into contact with the earth’s surface and is partially absorbed (leading to direct
warming) and partially reflected as infrared radiation. The reflected part is absorbed by greenhouse
gases in the troposphere and is re-radiated in all directions, including back to earth. This results in a
warming effect at the earth’s surface.

In addition to the natural mechanism, the greenhouse effect is enhanced by human activities.
Greenhouse gases, believed to be anthropogenically caused or increased, include carbon dioxide,
methane and CFCs. Figure A-1 shows the main processes of the anthropogenic greenhouse effect.
An analysis of the greenhouse effect should consider the possible long term global effects.

The global warming potential is
calculated in carbon dioxide
equivalents (CO2-Eq.), meaning that
the greenhouse potential of an
emission is given in relation to COs2.
Since the residence time of gases in
the atmosphere is incorporated into the o8

. . Radiation
calculation, a time range for the
assessment must also be specified. A
usual period is 100 years. Infrared

Radiation

Figure A-1: Global Warming effect

Biogenic carbon

For the comfort of the user, we applied some frequently used impact methods of “Global Warming
Potential” (like CML and IPCC) with both approaches, including and excluding biogenic carbon flows.
If biogenic carbon as an emission is accounted for, the respective CO2 uptake from air (modelled as
resources) is consistently modelled as well. Before interpreting and communicating results, the user
should check for the specific goal, scope and modelling approach in his application case and choose
an appropriate version.

If carbon uptake is released later as biogenic CO2 or methane this is also accounted for; CO2 with the
factor 1 and methane with a factor 25-37 kg COz eq./kg (depending on methodology). The carbon can
also be stored e.g., in wood composition in buildings.
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Excluding biogenic carbon means that CO2ztaken up by plants is excluded from the calculation; in
practice by leaving it out of the calculation methods or giving it a factor 0. The same will be the case
for biogenic CO2 emission; it is left out or with a factor 0.

If the carbon is released as biogenic methane this necessitates an adjustment of the emission factor.
The argument is that if we model carbon dioxide uptake which is later released as methane, then we
need to have a 1:1 molar carbon balance. We therefore need:

1 mole CO2=44¢ :1mole CHs=16¢g
2.759 CO2 :1g CHs

Consider a plant that sequesters 2.75 kg CO:z and this carbon is eventually entirely released as 1 kg
methane. If we model this system including the sequestered carbon, then the GWP calculation will be

as follows:
- Sequestered CO2 =2.75 kg =>-2.75 kg CO2eq
- Emission of CHs =1 kg => 25 kg CO2¢eq

- Net emission =25 kg -2.75 kg =>22.25 kg CO2eq

Therefore, if we set the sequestered CO: to zero, we need to give the biogenic CH4 an emission
factor of 22.25 kg COz2 eq. to have the proper net emission factor when starting with a factor of 25kg
COz2 eq.

An overview of the GWP methods including and excluding biogenic carbon is given in Table R below.
The Net CHs effect is the example calculated above.
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Table R: Global warming incl. and excl. biogenic carbon, land use and aviation

Biogenic
CO; uptake;
Fossil CO; + CH, Net CHy Land use
Method Impact Category emission |Emission effect change Aviation
CML2001 - Aug. 2016, Global Warming Potential (GWP 100 years) x x x
CML2001 - Aug. 2016, Global Warming Potential (GWP 100 years), excl biogenic carbon x x x
CML CML2001 - Aug. 2016, Global Warming Potential (GWP 100), excl bio. C, incl LUC, no norm/weight x x x x
CML2001 - Aug. 2016, Global Warming Potential (GWP 100), incl bio. C, incl LUC, no normj/weight x x x x
CML2001 - Aug. 2016, Global Warming Potential (GWP 100}, Land Use Change only, no norm/weight x
EF2.0 + EF 3.0 Climate Change - total ® ® ® ®
& EF2.0 + EF 3.0 Climate Change, biogenic x
EF2.0 + EF 3.0 Climate Change, fossil x x
EF2.0 + EF 3.0 Climate Change, land use and land use change x
EN15804+A1 |EN15804+A1 Global warming potential (GWP) x x x
EN15804+A2 Climate Change - total ® ® ® ®
EN15804+A2 EN15804+A2 Climate Change, biogenic x
EN15804+A2 Climate Change, fossil x x
EN15804+A2 Climate Change, land use and land use change x
IPCC ARS + ARG GWP 100, excl biogenic carbon x x x
IPCC ARS + ARG GWP 100, excl biogenic carbon, incl Land Use Change, no norm/weight ® ® ® ®
IPCC IPCC ARS + ARG GWP 100 incl biogenic carbon x x x
IPCC ARS + ARG GWP 100 incl biogenic carbon, incl Land Use Change, no norm/weight x x x x
IPCC ARS + ARG GWP 100 Land Use Change only x
15014067 GWP100, Fossil GHG emissions x
15014067 GWP100, Biogenic GHG emissions emissions only
150 14067 15014067 GWP100, Biogenic GHG removal uptake only
15014067 GWP100, Emissions from land use change (dLUC) x
15014067 GWP100, Air craft emissions x
ReCiPe 2016 v1.1 Midpoint (H) - Climate change, default, excl biogenic carbon x x x
ReCiPe ReCiPe 2016 v1.1 Midpoint (H) - Climate change, incl biogenic carbon x x x
L HE ReCiPe 2016 v1.1 Midpoint (H) - Climate change, excl biog. C, incl LUC, no norm/weight x x x x
Y ReCiPe 2016 v1.1 Midpoint (H) - Climate change, incl biog. C, incl LUC, no norm/weight x x x x
ReCiPe 2016 v1.1 Midpoint (H) - Climate change, LUC only, no norm/weight x
TRACI 2.1, Global Warming Air, excl. biogenic carbon ® ® ®
TRACI 2.1, Global Warming Air, incl. biogenic carbon x x x
TRACI TRACI 2.1, Global Warming Air, excl biogenic carbon, incl LUC, no norm/weight x x x x
TRACI 2.1, Global Warming Air, incl biogenic carbon, incl LUC, no norm/weight x x x x
TRACI 2.1, Global Warming Air, LUC only, no norm/weight x
UBP 2013, Global warming ® ®
UspP UBP 2013, Global warming, incl Land Use Change x x x
UBP 2013, Global warming, Land Use Change only x
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IPCC ARS

Most LCIA methodologies use climate change characterization factors from the assessment reports
(AR) of the International Panel on Climate Change (IPCC), specifically from AR5 (2013) and AR6
(2022). See Table N for an overview of the primary data sources for all GWP methods.

The entire set of factors from IPCC AR5 has been implemented; Global Warming Potential (GWP)
with the time horizons of 20 and 100 years and Global Temperature Potential (GTP) with the time
horizons of 20, 50, and 100 years [IPCC 2013].

GTP is modelling one step further in the cause-effect chain to give the result of temperature change
following greenhouse gas emissions.

Two specific IPCC lists of GWP factors are available in LCA FE based on Assessment Report 5
(AR5) [IPCC 2013]; one includes biogenic carbon and one excludes it.

IPCC AR5 provides two versions of factors: one set includes the climate carbon feedback of CO2
only, the other includes climate carbon feedbacks of all gases. The LCA FE implementation of IPCC
AR5 includes climate carbon feedbacks of CO2 and non-CO2 gases. ??

IPCC ARG

Updated GWP and GTP factors were released in 2021 with the IPCC Sixth Assessment Report (ARG)
[IPCC 2021].

ARG includes GWP factors for time horizons 20, 100 and 500 years and GTP factors for time horizons
50 and 100 years. Climate carbon feedbacks of non-COz gases are included by default in ARG (as
opposed to AR5 where two separate sets of factors were provided).

As with IPCC AR5, two lists of GWP/GTP factors have been implemented in LCA FE for AR6: one
including biogenic COz2, one excluding it.

EF (Environmental Footprint)

The EF 3.0 climate change indicators operate with GWP factors from AR5 including climate carbon
feedbacks. The GWP of fossil methane was adjusted in EF compared to the original IPCC AR5 data
because a different correction factor for methane oxidation was applied [JRC-EPLCA 2018]. EF 3.1
uses the GWP factors from ARG.

The EF 3.0 and EF 3.1 climate change category provides subsets to separately assess the biogenic,
fossil, and land use related part of the climate change. These three add up to the main climate
change impact.

CML

CML uses the GWP factors published by IPCC. Several time perspectives are available (GWP20,
GWP100, GWP500) with the GWPs for 100 years recommended as the baseline characterization
method for climate change. In the implementation of the CML version in August 201623, the GWP
factors are upgraded to ARS5; earlier methods are based on Assessment Report 4 (AR4).

22 Originally, IPCC AR5 was implemented in LCA FE without climate carbon feedbacks of non-CO, gases. This version is still
available can now be found in the folder “previous versions of methods”.

23 The CML version January 2016 is actually based on AR5 as well and implemented in LCA FE. In this version CML had
implemented AR5 with errors. These were corrected in CML Aug 2016.
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By default, CML includes biogenic carbon at the same level as fossil carbon, hence CO:2 uptake has a

GWP of 1 kg CO2 eq., and the subsequent release has the factor of 1 kg CO2 eq. An additional
version excluding biogenic carbon is implemented.

ReCiPe

ReCiPe 2016 [ReCiPe 2016] was released in late 2016 and implemented in MLC (formerly GaBi) in
2017. An upgrade, ReCiPe 2016 v.1.1, was implemented in LCA FE in 2018.

The ReCiPe methodology operates with both mid-point and end-point indicators:
Midpoint:
All three cultural perspectives of ReCiPe are included:

¢ Individual (1) uses the shortest time frame as the GWP20 values from AR5 [IPCC 2013];

¢ Hierarchical (H) covers what is considered the default timeframe of 100 years (GWP100)
supplemented with Climate-carbon feedbacks from the supplementary material of AR5 [IPCC
2013];

¢ Egalitarian (E) operates with longest possible timeframe of 1000 years (GWP1000) as calculated
calculated by [Joos ET AL 2013].

As default, ReCiPe operates excluding biogenic carbon and hence the biogenic methane has a
slightly reduced GWP factor, like the calculation above.

A secondary GWP impact including biogenic carbon is added for each cultural perspective. This
means including CO2 uptake and biogenic CO2 emission, plus giving biogenic methane emission a
characterization factors identical to the fossil versions.

Endpoint

ReCiPe has three end-point categories; human health, terrestrial ecosystems, and aquatic
ecosystems. Figure A-2 depicts the impact pathway of the mid- and endpoint factor [ReCiPe 2016].

Change in
disease Damage to
distribution human health
and flooding
Increase in Increased Increase in
GHG emission > GHG radiative > global mean
concentration forcing temperature \ : )
Change in Disappeared
biome —> terrestrial
distribution species
Change in Disappeared
river > freshwater
discharge fish

Figure A-2: Greenhouse effect impact pathway chain
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Similarly to the midpoint method, an additional GWP method is implemented including biogenic
carbon. The CO2 uptake and biogenic CO2 emission is given the same characterization factor as
fossil CO2 emission and the biogenic methane CF is changed to that of fossil methane.
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TRACI 2.2

TRACI was updated to version 2.2 in 2022. The methodology utilizes global warming potentials
(GWPs) to calculate the potency of greenhouse gases relative to COz, according to the Assessment
Report 4 (AR4) from IPCC. The default TRACI 2.2 method includes biogenic carbon emissions and
uptakes. Similarly to CML and ReCiPe, the default version is supplied with the counterpart — here
being TRACI GWP excluding biogenic carbon. CO2 uptakes and biogenic COz emissions are
excluded, but based on correspondence with the authors of the TRACI 2.2 method the biogenic
methane keeps the same CF as fossil methane emissions.

UBP 2013, Ecological Scarcity Method

The “ecological scarcity” method permits impact assessment of life cycle inventories according to the
“distance to target” principle.

Eco-factors, expressed as eco-points per unit of pollutant emission or resource extraction, are
normalized and weighted according to Swiss national policy targets, as well as international targets
supported by Switzerland. For global warming, the Kyoto protocol govems the reduction target, and
the IPCC factors translate into the other greenhouse gases [UBP 2013].

Biogenic COz2 is excluded both on uptake and emission. However, biogenic methane is included with
the same emission factors as fossil methane.

EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per kg emission including the gases contributing to climate change. For several of the
halogenated substances there is a contribution to both ozone depletion and climate change. The cost
represent the combined damage cost [EPS 2015].

Biogenic COz2 is excluded both on uptake and emission. However, biogenic methane is included with
the same emission factors as fossil methane.

Impact 2002+

The Impact 2002+ methodology operates with the same three damage-oriented impact categories as
Ecolndicator99: Human health, ecosystem quality and resources. However, from the authors' point of
view, the modelling up to the damage of the impact of climate change on ecosystem quality and
human health is not accurate enough to derive reliable damage characterization factors. The
interpretation, therefore, directly takes place at midpoint level, making global warming a stand-alone
endpoint category with units of kg of COz2-equivalents. The assumed time horizon is 500 years to
account for both short and long-term effects [Impact 2002].

A.4 Acidification Potential (AP)

The acidification of soils and waters occurs predominantly through the transformation of air pollutants
into acids. This leads to a decrease in the pH-value of rainwater and fog from 5.6 to 4 and below.
Sulphur dioxide and nitrogen oxide and their respective acids (H2SO4 und HNOs3) produce relevant
contributions. Ecosystems are damaged, so forest dieback is the most well-known impact as
indicated in Figure A-3.

Acidification has direct and indirect damaging effects (such as nutrients being washed out of soils or
an increased solubility of metals into soils). But even buildings and building materials can be
damaged. Examples include metals and natural stones, which are corroded or disintegrated at an
increased rate.

© Sphera 2025 181



Appendix A: Description of result and impact categories

When analyzing acidification, it should be considered that although it is a global problem, the regional
effects of acidification can vary.

CML

The acidification potential is given
in sulphur dioxide equivalents
(SO2-Eq.). The acidification
potential is described as the ability
of certain substances to build and
release H* ions. Certain
emissions can also have an
acidification potential, if the given
S-, N- and halogen atoms are set
in proportion to the molecular
mass of the emission. The
reference substance is sulphur
dioxide.

Figure A-3: Acidification Potential

The average European characterization factors of [CML 2001] are currently recommended as the
best available practice. Regional factors have not been adopted as the baseline, because it is not
always possible, nor desirable, to consider differences between emission sites in LCA.

It is therefore important that emission site-independent characterization factors become available,
even for those impact categories for which local sensitivity is important. [Guinée et al. 2001]

EF (Environmental Footprint)

The EF setup uses Accumulated Exceedance (AE). AE uses atmospheric models to calculate the
deposition of released acidifying and eutrophying substance per release country and relates this
value to the capacity of the receiving soil to neutralize the effects. The method integrates both the
exceeded area and amount of exceedance per kg of released substance [Seppala 2006 and Posch
2008]. In LCA FE, only a global value for the acidification is implemented.

ReCiPe

The ReCiPe methodology in version 1.08 and version 2016 v 1.1 uses SO2-Eq. as in the CML
methodology for a midpoint indicator. The Potentially Disappeared Fraction (PDF) of species in forest
ecosystems on a European scale is used as endpoint indicator, which is similar to the older
Ecolndicator99 approach [ReCiPe 2012; ReCiPe 2016].

TRACI 2.2
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TRACI 2.2 utilizes the existing TRACI methodology for acidification plus some additional substances.
The calculations are performed for US conditions and the reference substance is kg SOz eq. For
TRACI 2.2 Acidification Potential only flows with emissions to air compartment are taken into
account.[TRACI 2022]
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UBP 2013, Ecological Scarcity Method
The method has adapted CML values as the approach for acidification [UBP 2013]
EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per kg of emission that are evaluated to have an acidification effect [EPS 2015].

Impact 2002+

The characterization factors for aquatic acidification are expressed in SO2-equivalents and are
adapted from the EDIP1997 methodology which also corresponds to the approach from CML [Impact
2002].

A.5 Eutrophication Potential (EP)

Eutrophication is the enrichment of nutrients in a certain place. Eutrophication can be aquatic or
terrestrial. Air pollutants, wastewater and fertilization in agriculture all contribute to eutrophication as
indicated in Figure A-4.

The result in water is an accelerated algae growth, which in tum, prevents sunlight from reaching the
lower depths. This leads to a decrease in photosynthesis and less oxygen production. Oxygen is also
needed for the decomposition of dead algae. Both effects cause a decreased oxygen concentration in
the water, which can eventually lead to fish dying and to anaerobic decomposition (decomposition
without the presence of oxygen). Hydrogen sulphide and methane are produced. This can lead to the
destruction of the eco-system, among other consequences.

On eutrophicated soils, an increased susceptibility of plants to diseases and pests is often observed,
as is degradation of plant stability. If the nutrification level exceeds the amounts of nitrogen necessary
for a maximum harvest, it can lead to an enrichment of nitrate. This can cause, by means of leaching,
increased nitrate content in groundwater. Nitrate also ends up in drinking water.
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CML

Nitrate at low levels is harmless from
a toxicological point of view. Nitrite,
however, is a reaction product of
nitrate and toxic to humans. The
eutrophication potential is calculated
in phosphate eq. (PO4-Eq.). As with
acidification potential, it is important
to remember that the effects of
eutrophication potential differ
regionally.

Figure A-4: Eutrophication Potential

All emissions of N and P to air, water and soil and of organic matter to water are aggregated into a
single measure, as this allows both terrestrial and aquatic eutrophication to be assessed. The
characterization factors in POs-equivalents, NOs-equivalents and O2-equivalents are all
interchangeable, and PO4-equivalents are used [Guinée et al. 2001].

EF (Environmental Footprint)

The EF setup uses Accumulated Exceedance (AE) for terrestrial eutrophication and fraction of
nutrients reaching freshwater end compartment (P) for freshwater eutrophication and fraction of
nutrients reaching freshwater end compartment (N) for marine eutrophication.

AE uses atmospheric models to calculate the deposition of released eutrophying substance per
release country and relates this value to the capacity of the receiving soil to neutralize the effects.
The method integrates both the exceeded area and amount of exceedance per kg of released
substance [Seppala 2006 and Posch 2008].

The EF setup uses the EUTREND model as implemented in ReCiPe — with the fraction of nutrients
reaching freshwater end compartment (P) and the fraction of nutrients reaching marine end
compartment (N).

As spatialization is not integrated in LCA FE other than for water use and land use, the method is only
implemented with the generic factors provided in ILCD [ILCD 2011], EF 2.0, EF 3.0 and EF 3.1 [PEF
guide 2013, PEF method 2019 and PEF method 2021].

ReCiPe

ReCiPe operates with both mid-point and end-point indicators.
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Mid-point indicators are divided into freshwater and marine eutrophication (marine was left out in
ReCiPe 2016 v.1.0 but re-introduced in v.1.1). At the freshwater level, only phosphorous is included
and at the marine level, only nitrogen is included.

As an endpoint, ReCiPe operates with species loss in freshwater on a European scale [ReCiPe 2012;
ReCiPe 2016].

TRACI 2.2

The characterization factors of TRACI 2.2 differentiate between the eutrophication potential of P
emissions to freshwater and soil, and eutrophication potential of N emissions to marine ecosystems
via water, air, and soil. The unit for eutrophication freshwater is kg P eq. and the unit for
eutrophication marine is kg N eq. The characterization factors are provided for country level and US-
state level to allow for a regionalized assessment of eutrophication impacts [TRACI 2022].

UBP 2013, Ecological Scarcity Method

The “ecological scarcity” method permits impact assessment of life cycle inventories according to the
“distance to target” principle.

Eco-factors, expressed as eco-points per unit of pollutant emission or resource extraction, are
normalized and weighted according to Swiss national policy targets, as well as international targets
supported by Switzerland. For acidification, this is a 50% reduction target in Rhine catchment
according to the OSPAR Commission [UBP 2013].

EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per kg emission of substance as a combined cost of different environmental effects [EPS 2015].

Impact 2002+

Midpoint characterization factors (in kg POs*-equivalents) are given for emissions into air, water and
soil with characterization factors taken directly from CML. No aquatic eutrophication damage factors
(in PDF-m2-yr/kg emission) are given because no available studies support the assessment of
damage factors for aquatic eutrophication [Impact 2002].

A.6 Photochemical Ozone Creation Potential
(POCP)

Despite playing a protective role in the stratosphere, ozone at ground level is classified as a
damaging trace gas. Photochemical ozone production in the troposphere, also known as summer
smog, is suspected to damage vegetation and material. High concentrations of ozone is toxic to
humans.

Radiation from the sun and the presence of nitrogen oxides and hydrocarbons incur complex
chemical reactions, producing aggressive reaction products, one of which is ozone. Nitrogen oxides
alone do not cause high ozone concentration levels.

Hydrocarbon emissions occur from incomplete combustion, in conjunction with petrol (storage,
turnover, refueling) or from solvents (Figure A-5). High concentrations of ozone arise when
temperature is high, humidity is low, air is relatively static and there are high concentrations of
hydrocarbons. Today it is assumed that the existence of NO and CO reduces the accumulated ozone
to NO2, COz2and O2. This means that high concentrations of ozone do not often occur near
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hydrocarbon emission sources. Higher ozone concentrations more commonly arise in areas of clean
air, such as forests, where there is less NO and CO.

CML

In Life Cycle Assessments photochemical ozone creation potential (POCP) is often referred to in

ethylene-equivalents (C2Hs-Eq.). During analysis, it is important to note that the actual ozone

concentration is strongly influenced by the weather and by the characteristics of local conditions.
EF (Environmental

Footprint)
' POCP is based on the
_

ReCiPe 1.08 source in
i _ 8|
| i

NMVOC equivalents. The
-!!oFFFFFrI a -

The most recent POCP
factors are still the ones used
for the original CML
methodology with only a few

adjustments. [Guinée et al.
2001]

dynamic model LOTOS-
EUROS was applied to
calculate intake fractions for
ozone due to emissions of
NOx. The mid-point
characterization factor for
ozone formation of a
substance is defined as the
marginal change in the 24h-average European concentration of ozone (in kg/m?®) due to a marginal
change in emission (in kg/year). It is expressed as NOx equivalents.

ReCiPe

The dynamic model LOTOS-EUROS was applied to calculate intake fractions for ozone due to
emissions of NOx.

Figure A-5: Photochemical Ozone Creation Potential

The mid-point characterization factor for ozone formation of a substance is defined as the marginal
change in the 24h-average European concentration of ozone (in kg/m®) due to a marginal change in
emission (in kg/year). It is expressed as NMVOC-equivalents for ReCiPe 1.08 and changed to NOx
equivalents in ReCiPe 2016.

For ReCiPe 1.08 the end-point indicator is human health expressed as DALYs [ReCiPe 2012].
ReCiPe 2016 operates with two endpoints for POCP; damage to human health (in DALYs) and
damage to terrestrial ecosystems (in species*years) [ReCiPe 2016].

TRACI 2.2

Impacts of photochemical ozone creation are quantified using the Maximum Incremental Reactivity
(MIR) scale. This scale is based on model calculations of effects of additions of the VOCs on ozone
formation in one-day box model scenarios representing conditions where ambient ozone is most
sensitive to changes in VOC emissions. The emissions are normalized relative to ozone (Os-
equivalents). [TRACI 2022]

UBP 2013, Ecological Scarcity Method
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Eco-factors, expressed as eco-points per unit of pollutant emission, are normalized against the
entirety of Switzerland and weighted according to Swiss national policy targets. For POCP the target
value is the average of three values [UBP 2013]:

e Swiss Federal Air Pollution Control Ordinance’s ambient limit values for ozone.

e The Swiss air pollution control strategy stipulates a reduction to the level of 1960 as a minimum
target for NMVOCs.

e The environment ministers of Germany, Liechtenstein, Switzerland and Austria adopted a
declaration setting the target of reducing NMVOC emissions by 70-80% from the level of the 1980s.

EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per kg of emission. The substances are often calculated for having multiple effects, e.g., VOCs
contributing to both climate change and POCP [EPS 2015].

Impact 2002+

Photochemical oxidation (damage in DALY /kg emissions) is taken directly from Eco-indicator 99.
Midpoints are given relative to air emissions of ethylene equivalent to CML [Impact 2002].

A.7 Ozone Depletion Potential (ODP)

Ozone is created in the stratosphere by the disassociation of oxygen atoms that are exposed to
short-wave UV-light. This leads to the formation of the so-called ozone layer in the stratosphere
(15-50 km high). About 10% of this ozone reaches the troposphere through mixing processes. In spite
of its minimal concentration, the ozone layer is essential for life on earth. Ozone absorbs the
short-wave UV-radiation and releases it in longer wavelengths. As a result, only a small part of the
UV-radiation reaches the earth.

Anthropogenic emissions deplete ozone. This is well-known from reports on the hole in the ozone
layer. The hole is currently confined to the region above Antarctica; however further ozone depletion
can be identified, albeit not to the same extent, over the mid-latitudes (e.g., Europe). The substances
that have a depleting effect on the ozone can essentially be divided into two groups; the
chlorofluorocarbons (CFCs) and the nitrogen oxides (NOx). Figure A-6 depicts the procedure of
ozone depletion.

One effect of ozone depletion is the warming of the earth's surface. The sensitivity of humans,
animals and plants to UV-B and UV-A radiation is of particular importance. Possible effects are
changes in growth or a decrease in harvest crops (disruption of photosynthesis), indications of tumors
(skin cancer and eye diseases) and a decrease of sea plankton, which would strongly affect the food
chain. In calculating the ozone depletion potential, the anthropogenically released halogenated
hydrocarbons, which can destroy many ozone molecules, are recorded first. The Ozone Depletion
Potential (ODP) results from the calculation of the potential of different ozone relevant substances.
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A scenario for a fixed quantity of emissions of
a CFC reference (CFC 11) is calculated,
resulting in an equilibrium state of total ozone
reduction. The same scenario is considered
for each substance under study where CFC
11 is replaced by the quantity of the e
substance. This leads to the ozone depletion

potential for each respective substance, which
is given in CFC 11-equivalents. An evaluation
of the ozone depletion potential should take
into consideration the long term, global and
partly irreversible effects.

ozone layer

Absorption

Figure A-6: Ozone Depletion Potential

CML

In CML, the ODPs published by the World Meteorological Organisation (WMO) from 2002 are used
[Guinée et al. 2001].

ReCiPe

The ODPs from Ecoindicator are used as equivalency factors, characterizing substances at the
midpoint level. As an end-point indicator, only damage to human health (skin cancer and cataracts) is
addressed because uncertainty regarding other areas of protection was considered too large. In a
new approach, the fate of a marginal increase of emission of ozone depleting substances and the
resulting worldwide increase of UVB exposure is evaluated, taking into account population density,
latitude and altitude. For characterization of damage, protective factors are accounted for, such as
skin color and culturally determined habits such as clothing. [RECIPE 2012]

2.2

Within TRACI 2.2, the most recent sources of ODPs from WMO (World Meteorological Organization)
are used for each substance. [TRACI 2022]

UBP 2013, Ecological Scarcity Method

The Swiss Chemicals Risk Reduction Ordinance prohibits the production, importation and use of
ozone- depleting substances. Exemptions regarding importation and use are presently only in place
for the maintenance of existing HCFC refrigeration equipment and for the recycling of HCFC
refrigerants with a transitional period lasting until 2015.

The primary stocks formed in building insulation materials will continue releasing considerable
amounts. No critical flow can therefore be derived directly from the wide-ranging ban on the
consumption of ozone-depleting substances.

The tolerated emissions are taken as the basis for determining the critical flow. As the exemptions for
HCFC use in existing refrigeration equipment terminate in 2015, the anticipated emissions in 2015
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are used as the critical flow (the target). The current emissions are estimated to calculate the
ecofactor.

Standard ODPs are used to convert this ecofactor to other ozone-depleting substances [UBP 2013].
EF (Environmental Footprint)

The EF 3.0 and EF 3.1 methods use the updated WMO factors of 2014 [WMO 2014].

EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per kg emission. For several of the halogenated substances there is a contribution to both ozone
depletion and climate change and the cost represent the combined damage cost [EPS 2015].

Impact 2002+

Midpoints (kg CFC-11-Eq. into air’kg emission) have been obtained from the US Environmental
Protection Agency Ozone Depletion Potential List. The damage factor (in DALY/kg emission) for the
midpoint reference substance (CFC-11) was taken directly from Eco-indicator 99. Damage (in
DALY/kg emission) for other substances has been obtained by the multiplication of the midpoints (in
kg CFC-11- Eq. into air’kg emission) and the CFC-11 damage factor (in DALY/kg CFC-11 emission)

[Impact 2002].
A.8 Human and eco-toxicity

USETox

USETox is a scientific consensus model developed by those behind the CalTOX, IMPACT 2002,
USES-LCA, BETR, EDIP, WATSON and EcoSense.

In 2005, a comprehensive comparison of life cycle impact assessment toxicity characterization
models was initiated by the United Nations Environment Program (UNEP) Society for Environmental
Toxicology and Chemistry (SETAC) Life Cycle Initiative, directly involving the model developers of
CalTOX, IMPACT 2002, USES-LCA, BETR, EDIP, WATSON and EcoSense.

The main objectives of this effort were (1) to identify specific sources of differences between the
models’ results and structure, (2) to detect the indispensable model components and (3) to build a
scientific consensus model from them, which represent the recommended practice.

Based on a referenced database, it has now been used to calculate CFs for several thousand
substances and forms the basis of the recommendations from UNEP-SETAC's Life Cycle Initiative
regarding characterization of toxic impacts in life cycle assessment.

The model provides both recommended and indicative (to be used with more caution)
characterization factors for human health and freshwater ecotoxicity impacts.

MLC has a set of standard flows established through the LCA projects and models developed over
the years. This flow list is expanded to include all the recommended characterization factors from
USETox, supplemented with a few factors from the indicative group to allow for a consistent coverage
of the MLC standard flows. USEtox is implemented in two versions — one including only the
‘Recommended’ factors and one with both the ‘Recommended’ and ‘Interim’ substances.

MLC contains only one air compartment which is calculated as the average of the urban air and
continental rural air from USEtox. The emission compartments of ‘household indoor air’ and ‘industrial
indoor air’ are not implemented in LCA FE.
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The standard emission compartments in MLC includes emission to industrial soil —an emission
compartment not available in USEtox. This is modelled using the characterization factors for
agricultural soil.

The USEtox characterization of direct application to wheat as crop is not implemented.
USEtox also contains end-point characterization factors that are not implemented in LCA FE.

Finally, it is worth noticing that USEtox considers ecotoxicity towards freshwater organisms and also,
when the direct emission compartment is air, soil or marine water. Terrestrial or marine organisms are
currently not included.

USETox calculates characterization factors
for human toxicity and freshwater
ecotoxicity via three steps: environmental
fate, exposure and effects.

The continental scale of the model
consists of six compartments: urban air,
rural air, agricultural soil, industrial soil,
freshwater and coastal marine water. The
global scale has the same structure, but
without the urban air.

The human exposure model quantifies the
increase in amount of a compound
transferred into the human population
based on the concentration increase in the
different media.

Figure A-7: Toxicity Potential

Human effect factors relate the quantity taken in to the potential risk of adverse effects in humans. It
is based on cancerous and non-cancerous effects derived from laboratory studies.

Effect factors for freshwater ecosystems are based on species-specific data of concentration at which
50% of a population displays an effect.

The final characterization factor for human toxicity and aquatic ecotoxicity is calculated by summation
of the continental- and the global-scale assessments.

The characterization factor for human toxicity is expressed in comparative toxic units (CTUh),
providing the estimated increase in morbidity per unit mass of a chemical emitted (cases per
kilogram).

The characterization factor for aquatic ecotoxicity is expressed in comparative toxic units (CTUe) and
provides an estimate of the potentially affected fraction of species (PAF) integrated over time and
volume per unit mass of a chemical emitted (PAF m3-day/ kg) [USETox 2010].

ReCiPe

The characterization factor of human toxicity and ecotoxicity is composed of the environmental
persistence (fate) and accumulation in the human food chain (exposure), and toxicity (effect) of a
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chemical. The ReCiPe method uses an update of the model used in the CML methodology referred to
as USES-LCA; used as v2.0 in ReCiPe 1.08 and v.3.0 in ReCiPe 2016 v1.1.

The recent version ReCiPe 2016 switched to using the USEtox database on the characteristics of the
evaluated substances, but still performing the actual modelling the USES-LCA model.

The two potential human toxicity impacts (cancer and non-cancer) and three categories of eco-toxicity
(freshwater, marine and terrestrial) are expressed as mid-point indicators relative to 1.4-Dichlorbenzol
(kg DCB-Eq.).

The end-point indicators are expressed in DALY's for human toxicity and species loss for ecotoxicity
[ReCiPe 2012; ReCiPe 2016].

TRACI 2.2
The TRACI 2.2 methodology has incorporated the USETox model to account for toxicity [TRACI 2022].

EF (Environmental Footprint)

For EF 3.0 and EF 3.1, all characterization factors have been recalculated using REACH-related
substance properties and the latest USEtox model. Safety factors for inorganic, metals, essential
elements have been applied. EF 3.1 has seen some relevant error corrections compared to EF 3.0.

UBP 2013, Ecological Scarcity Method

The method has developed ecopoints per kg-emitted substance for only a limited amount of
substances [UBP 2013]. The characterization factors are based on the USEtox model.

CML

The CML toxicity calculations are based on fate modelling with USES-LCA. This multimedia fate is
divided into 3% surface water, 60% natural soil, 27% agricultural soil and 10% industrial soil. 25% of
the rainwater is infiltrated into the soil.

The potential toxicities (human, aquatic and terrestrial ecosystems) are generated from a proportion
based on the reference substance 1.4-Dichlorbenzol (CsH4Cl2) in the air reference section. The unit is
kg 1.4-Dichlorbenzol-Equiv. (kg DCB-Eq.) per kg emission [Guinée et al. 2002].

The identification of the toxicity potential is rife with uncertainties because the impacts of the
individual substances are extremely dependent on exposure times and various potential effects are
aggregated. The model is therefore based on a comparison of effects and exposure assessment. It
calculates the concentration in the environment via the amount of emissions, a distribution model and
the risk characterization via an input-sensitive module. Degradation and transport in other
environmental compartments are not represented [Guinée et al. 2001].

EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per kg substance emission. When a substance is contributing to more than one impact the factor
is the combined cost [EPS 2015].

Impact 2002+

Impact 2002+ expresses toxicity in a total of four mid-point impact categories; human toxicity
(carcinogen and non-carcinogen effects), respiratory effects (caused by inorganics), aquatic
ecotoxicity, and terrestrial ecotoxicity.

Damages are expressed in Disability-Adjusted Life Years for human effects and Potentially
Disappeared Fraction (PDF) of species for ecotoxic effects [Impact 2002].
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A.9 Resource depletion

The abiotic depletion potential (ADP) covers

some selected natural resources as metal-
containing ores, crude oil and mineral raw
materials. Abiotic resources include raw
materials from non-living resources that are
non-renewable. This impact category
describes the reduction of the global amount of
non-renewable raw materials. Non-renewable
means a time frame of at least 500 years. The
abiotic depletion potential is typically split into
two sub-categories, elements and fossil (i.e.,
energy).

Figure A-8: Resource depletion

Abiotic depletion potential (elements) covers an evaluation of the availability of natural elements like
minerals and ores, including uranium ore. The reference substance for the characterization factors is
typically antimony. Ongoing method developments look into dissipative approaches to resources,
given the inherent method weakness of scarcity approaches, but also data uncertainties and open
questions on the area of protection remain unresolved, without wide agreement.

CML
Three calculations of ADP (elements) from CML are integrated in LCA FE:

e The baseline version based on ultimate reserve (i.e., the total mineral content in the earth crust);

e The reserve base which includes what is considered available in significant concentrations in the
earth;

e The economic reserve based on what is evaluated as being economically feasible to extract.
MLC contains resources that are not directly elemental. Examples are:
¢ mineral ore e.g., 8% zinc ore;

e combined ores e.g., Zinc - Copper - Lead - Ore (4% Zn 0.09% Cu 0.65% Pb);
e minerals e.g., bauxite (AI203) for aluminium mining.

Sphera has performed a stoichiometric calculation of the resource depletion of these types of
resources.

The second sub-category is abiotic depletion potential (fossil), which includes the fossil energy
carriers (crude oil, natural gas, coal resources). The actual list of characterization factors from CML
contains only one example of each energy carrier with a specific calorific value but with a
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characterization factor equal to the lower calorific value. This principle is used to characterize all the
MLC fuels with MJ of lower calorific value. Uranium is accounted for in ADP (elements) and is not
listed as a fossil fuel [Guinée et al. 2001].

EF (Environmental Footprint)

The EF setup uses the same principle as CML, with the ultimate reserve chosen as variant. In the first
implementation this included the stoichiometric calculation of additional resources as described above
— a calculation that was removed in MLC for the version EF 2.0 to stay EF conformant, while this
means to disregard some relevant resource elementary flows.

For the version EF 3.0 and EF 3.1, the above-mentioned stoichiometric calculation of additional
resources is implemented in MLC again, while being EF conformant. When exporting a process
dataset to ILCD format (and hence mapped at export to the EF 3.0 and EF 3.1 elementary flow list),
flows with mixed ore content are split and mapped to the individual ore flows. In order to get
consistent result calculations on an exported process dataset and on the same process within MLC,
flows with mixed ore content are now characterized in MLC according to their ore content.

We anticipate that dissipative approaches may replace the scarcity approach.
ReCiPe

The marginal cost increase on the deposit level can be defined as the marginal average cost increase
($/%) due to extracting a dollar value of deposit (1/$).

From the marginal cost increase factor on the deposit level, the cost increase factor on commercial
metal level is calculated. The mid-point is then related to iron as iron equivalents (Fe-Eq.). The
endpoint indicator is the economic value in $ [ReCiPe 2012].

Anthropogenic Abiotic Depletion Potential (AADP)

Conventional ADP indicators excluded materials stored in the technosphere, the anthropogenic stock.
Total anthropogenic stock is determined as the accumulated extraction rate since the beginning of
records in ~1900 until 2008 based on data from the U.S. Geological Survey. It is assumed that the
amount of materials mined before is negligible. This is split between employed and deposited stock.

Employed stock is the resource that is still in circulation. It is composed of resources in use and
resources hibernating, which is resources in storage before eventually being discarded.

Expended stock is the total amount of resource that has been discarded. It is made up of deposited
and dissipated stock. The deposited stock, e.g., in landfills, enables future recovery whereas the
dissipated stock is emitted to the environment in a form that makes recovery almost impossible e.g.,
water emissions of metals.

The implemented AADP is the total anthropogenic stock (excluding the dissipated stock) added to the
conventional ADP factors. It is indicated relative to antimony as has the unit kg Sb-eq. [Schneider
2011].

UBP 2013, Ecological Scarcity Method

Eco-factors, expressed as eco-points per MJ of energy consumption are used for energy. Minerals
are not included [UBP 2013].

EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per MJ of energy and per kg of mineral element/resource consumption [EPS 2015].

Impact 2002+
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Characterization factors for non-renewable energy consumption, in terms of the total primary energy
extracted, are calculated with the upper heating value. It is taken from ecoinvent (Frischknecht et al.
2003).

Mineral extractions in MJ surplus energy are taken directly from Eco-indicator [Impact 2002].

A.10 Land Use

Land use and land
conversion is considered
a limited resource.

Figure A-9: Land use and conversion

LANCA®

Land is a limited resource. The LANCA method is integrated in LCA FE via six indicators: Erosion
resistance, mechanical filtration, physicochemical filtration, groundwater regeneration, soil organic
carbon and biodiversity. The six indicators are available both as continuous land occupation and for
reversible land transformation. The land occupation and transformation is evaluated against the
natural condition of the ecosystem. For European conditions, this is mostly forest.

The background is the LANCA® tool (Land Use Indicator Calculation Tool) based on country-specific
input data and the respective land use types. A detailed description of the underlying methods can be
found in [Bos et al. 2016] and [Beck, Bos, Wittstock et al. 2010] and BOS 2019].

Land Use, Soil Organic Matter (SOM)

SOM (closely related to soil organic carbon, SOC) is basically a balance of the organic matter in soil
related to the anthropogenic use of land for human activity. Initial organic content, as well as an
annual balance of the organic matter in the soil, is necessary to calculate this [Mila i Canals 2007]. It
is currently integrated via a set of generic factors for land occupation and transformation calculated by
ILCD [ILCD 2011]. On a site-specific level, it can be calculated from LCI datasets as net CO2
extracted from atmosphere minus carbon flows to water, and carbon uptake in products.

EF (Environmental Footprint)

The EF setup uses an aggregation, performed by the European Commission’s JRC, of five indicators
out of six provided by the LANCA methodology (Erosion resistance, Mechanical filtration,
Physiochemical filtration, Groundwater regeneration, Soil organic carbon, Biodiversity) model as
indicator for land use. The single indicators are rescaled, in order to have them without a unit, and
afterwards weighted with the factors 1-1-1-1. In EF 2.0, the LANCA characterization factors V2.3
were used having only one reference situation per country. In EF 3.0 and EF 3.1, the LANCA
characterization factors V2.5 were used using different reference situations and an improved
rescaling of the single indicators.
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EPS 2015d(x)

The EPS method calculates Environmental Load Units equal to one Euro of environmental damage
cost per land use type based on loss of capacity for e.g., drinking water generation, loss of crop and
wood production, and productivity loss due the increased heat in urban areas.

Land transformation is not included in EPS 2015, all impacts are allocated to the subsequent use of
transformed land [EPS 2015].

A.11 Water use

In August 2014, a new standard
under the 14000 series
(environmental management) has
been released by the ISO: ISO
14046 on Water Footprint [ISO
14046]. The standard specifies
principles, requirements and
guidelines related to water
footprint assessment of products,
processes and organizations
based on life cycle assessment. A
water footprint assessment
conducted according to this
international standard:

Figure A-10: Water depletion

is based on a life cycle assessment (according to ISO 14044);

is modular (i.e., the water footprint of different life cycle stages can be summed to represent the
water footprint);

identifies potential environmental impacts related to water;
includes relevant geographical and temporal dimensions;
identifies quantity of water use and changes in water quality;
utilizes hydrological knowledge.

With this standard, regional impact assessment is officially introduced into the LCA world.
MLC Freshwater Quantities

All water-related flows of LCI data are updated to enable consistent, high quality water modelling for
water use assessments and water foot printing according to the upcoming ISO Water Footprint
standard, the Water Footprint Network Manual and other emerging guidelines.
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Four new water quantities where implemented to reflect the latest status of best practice in water foot
printing and water assessments.

o Total freshwater consumption (including rainwater)
o Blue water consumption

¢ Blue water use

¢ Total freshwater use

Furthermore, we added a “Total freshwater consumption (including rainwater)” quantity in the light of
the recommended ILCD methods carrying a characterized value according to the UBP method.

AWARE

AWARE is to be used as a water-use midpoint indicator representing the relative Available WAter
REmaining per area in a watershed, after the demand of humans and aquatic ecosystems has been
met. It assesses the potential of water deprivation, to either humans or ecosystems, building on the
assumption that the less water remaining available per area, the more likely another user will be
deprived.

It is first calculated as the water Availability Minus the Demand (AMD) of humans and aquatic
ecosystems and is relative to the area (m3 m-2 month-1). In a second step, the value is normalized
with the world average result (AMD = 0.0136m3m-2 month-1) and inverted, and hence represents the
relative value in comparison with the average m?3 consumed in the world (the world average is
calculated as a consumption-weighted average). Once inverted, 1/AMD can be interpreted as a
surface-time equivalent to generate unused water in this region. The indicator is limited to a range
from 0.1 to 100, with a value of 1 corresponding to the world average, and a value of 10, for example,
representing a region where there is 10 times less available water remaining per area than the world

average [AWARE].
Water Scarcity Index (WSI)

WSI operates with potential environmental damages of water use for three areas: human health,
ecosystem quality, and resources. Focus is placed on the effects of consumptive water use as a
function of total water availability.

The commonly used water to availability ratio (WTA) is initially calculated for each watershed, which
is the fraction of available water (WA) used (WU) by each sector (WTA=WU/WA)

A weighting factor is applied to the WTA calculated for each watershed to account for variations in
monthly or annual flows. The weighted WTA is then expressed as WTA* and the WSl is calculated as
follows:

1

+6.4WTAx* (Wl()l_ 1)

WSI =
1+e

The WSI expresses the minimal water stress as 0.01. The distribution curve is adjusted so a WSI
value greater than 0.5 is representative as a severely stressed area [Pfister et al. 2009].

WAVE+

The WAVE+ (Water Accounting and Vulnerability Evaluation) model is used for assessing local
impacts of water use. The WAVE+ quantities can be used to assess impact of water consumption,
and focus on blue water consumption only.
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The method considers the basin intemal evaporation recycling (BIER), i.e., the fraction of evaporation
returning to the originating basin as rain. Potential local impacts of water consumption are quantified
by means of the water deprivation index (WDI), which denotes the risk to deprive other users from
using freshwater when consuming water [m3deprived/m3consumed]. In order to support applicability in
water foot printing and life cycle assessment, BIER and WDI are combined to an integrated WAVE+
factor, which is provided on different temporal and spatial resolutions. In MLC the aggregated annual
country averages are implemented. For the assessment, the country specific water flows are
multiplied with the corresponding characterization factors [BERGER ET AL. 2018].

EF (Environmental Footprint)
The EF setup uses the AWARE methodology (see more above)y as a measure for water scarcity.
EPS 2015d(x)

The EPS method only finds an environmental damage load when using fossil ground water. Other
freshwater resources are not evaluated [EPS 2015].

A.12 Particulate matter formation (PM)

Riskpoll

The Riskpoll model evaluates human health impacts from primary particles emitted directly and from
secondary particles formed in the air by emitted substances [Rabl and Spadaro 2004]. The reference
unit is kg PM2.5 eq.

ReCiPe 1.08

The atmospheric fate was calculated using a combination of the models EUTREND and LOTOS-
EUROS including effects of both primary and secondary particles. The reference unit is kg PM10 eq.

TRACI 2.2

These intake fractions are calculated as a function of the amount of substance emitted into the
environment, the resulting increase in air concentration, and the breathing rate of the exposed
population. The increasing air concentrations are a function of the location of the release and the
accompanying meteorology and the background concentrations of substances, which may influence
secondary particle formation. Substances were characterized using PM2.5 as the reference
substance.

EPS 2015d(x)

The EPS 2015 method calculates Environmental Load Units equal to one Euro of environmental
damage cost per kg emission. The version 2015d includes the impact from secondary particle
formation whereas version 2015d(x) excludes this impact [EPS 2015].

EF (Environmental Footprint)

The EF setup uses the unit deaths per kg of emission including the impact of secondary particle
formation as a combination of the UNEP and Riskpoll model (FANTKE 2016).

A.13 Odour potential

An indicator called odour footprint considers the odour detection threshold, the diffusion rate and the
kinetics of degradation of odorants [Peters et al. 2014].
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A.14 Normalization

Normalization relates each impact to a reference of a per capita or a total impact for a given area for
a given year. An overview is given in Table S.

Table S:Normalization references

Methodology Impact calculated (year) Area(s) covered
CML 2001 Total impact (2000) World, Europe
ReCiPe 1.08, Ecoindicator Per capita impact (2000) World, Europe
TRACI 2.1 Per capita impact (2006) USA, USA+Canada
EDIP 2003 Per capita impact (1994) Europe
UBP 2013 Per capita impact (various) Switzerland
USETox Per capita impact Europe, North America
(2004 Europe)
(2002/2008 North America)
EF 2.0, 3.0, 3.1 Per Capita or global World

Conversion between CML and ReCiPe is possible using the global population of 6,118,131,162 and a
EU27+UKpopulation of 464,621,109 in year 2000 [Eurostat 2012] [World Bank 2012]. Notably the ‘+3’
countries in EU25+3 are Iceland, Norway, and Switzerland.

The EF normalization is using a global population of 6,895,889,018 in year 2010 to convert between
global and person equivalents.

A.15 Weighting

The weighting attaches a value to each of the normalized values, giving a value-based importance to
each impact. This can be based on political reduction targets or on the opinions of experts and/or
nonprofessionals, for example.

ReCiPe

For the ReCiPe method, a weighting of the endpoint indicators is available from the authors based on
one of the three cultural perspectives (E, H or I) or as an average (A). The midpoint indicators are not
weighted.

Sphera (named "thinkstep”)

In 2012 Sphera (at that time still PE International) sent out a questionnaire worldwide asking experts
to value the main environmental impact categories on a 1-10 scale. The total number of respondents
were 245 mainly consultants and academia and mainly from Europe and North America. Figure A-11
below gives an overview of the respondents with the area and colon of each rectangle representing
the number of people within each category.
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Al respondents (=245)

wER WA
Corsuitant i = 1 Gonaiiar [ Aeadamin
Master degres or equivalent Master dogres o equivalent ] l_ Master dogres o equivalent ] D
) [Femalo Farnale [Mate [Wate [Female
Female
Master degree oreq|[Bachelor
b [Fermal
Male
_ Research
Bachelor degree or equivalent
[ beeic degoe oo | — ale PhD || Master__ | [Bachalor
Male lale Male
Corporate [ Ressarch
Master degres of equivalent Master deguos or equivalent
[Peie Female Male [Female e | e | =
T Corpomate
Bachelor degres or equivalent Master degree or equivalent
Male Male [Fermate . T
P Master deg
Male  [Female |||[Female
Bacte | Maste .
) Bachelor do D Highs.. [Pemale ||[Female
[P Mals Formalo Fomalo D Male
Male [Female
RPRC
[ Consultart [ Academia Academia
High school =2 l_ Mastex degree o equivalent ) l_ PAD )
Famale | Hale Male Hlale [Male.
Mast
Other (please specity) NGO Female Female
Baster degres or squivalent || Bachelor degres or BD )
[Female [ptal Male [Female | [Male Fermale [Male
Bachalord Reacarsh Cor
Mals PrD M.. RAF
Female Male Mal Consultant_| [Aca .
High school diploma... || [Master... - Ma_|Baz_| (2D
Femals Mals Mate = (i

Figure A-11: Responses to survey by PE International (now part of Sphera) on “Weighting in LCA” in
2012

The answers from the questionnaires led to the weighting factors in Table Q. The weighting factors
are linked to the impact categories of CML and ReCiPe (Global + Europe), and for TRACI 2.1 (Global
+ North America). Additionally, the IPCC category for global warming is also included (Global +
Europe + North America).
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Table T: thinkstep (now part of Sphera) Weighting 2012

Impact Europe North America Global
Acidification 6.2 5.9 6.1
Eco-Toxicity 6.6 7.0 6.8
Eutrophication 6.6 6.6 6.6
Global Warming 9.3 9.5 9.3
Human Toxicity 6.9 7.5 7.1
lonising Radiation 5.8 5.0 5.7
Ozone Depletion 6.2 6.1 6.2
Particulate Matter Formation 6.5 6.9 6.7
Photochemical Ozone 6.5 6.7 6.5
Resources, ADP elements 6.3 6.1 6.4
Resources, ADP fossil 6.9 6.7 7.0
Resources, Land Use 7.2 71 7.2
Water Footprint 7.9 8.4 8.0
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EF (Environmental Footprint)

The EF setup in version 3.0 and 3.1 provides one set of weighting factors, as indicated in the table

below.
Table U: Weighting factors EF 3.0 and 3.1

Impact Weighting Factor
Acidification 6,20%
Climate Change 21,06%
Ecotoxicity, freshwater 1,92%
Eutrophication, freshwater 2,80%
Eutrophication, marine 2,96%
Eutrophication, terrestrial 3,71%
Human toxicity, cancer 2,13%
Human toxicity, non-cancer 1,84%
lonizing radiation, human health 5,01%
Land Use 7,94%
Ozone depletion 6,31%
Particulate matter 8,96%
Photochemical ozone formation, human health 4,78%
Resource use, fossils 8,32%
Resource use, mineral and metals 7,55%
Water use 8,51%

© Sphera 2025

202



Appendix B: List of active methods and impact categories

Appendix B: List of active methods and
Impact categories

In Table V the most important impact categories available in MLC and the corresponding latest LCIA
methods are shown. Earlier versions and outdated methods available in MLC are not listed in this
table. The table contains information on the impact category, the version number, the method and the
sources on which the respective classification and characterization factors are based.

Table V: Impact categories and methods

Maeslogy | varon TP SO rntny | Gl snd Crascrsten

CML 2001 2\819624 Abiotic Depletion (ADP elements) 2> | van Oers et al. (2001)

CML 2001 2\8196 Abiotic Depletion (ADP fossil) van Oers et al. (2001)

CML 2001 2‘5‘%‘5 Acidification Potential (AP) gﬂffgté)ﬁ 999); (average Europe

CML 2001 2‘5‘?6 Eutrophication Potential (EP) g‘gffg&“ 999); (average Europe

CML 2001 2‘(‘)‘% (FFrisl‘EhT""Paltrenf )Aq“atic Ecotoxicity Pot. |y iibregts (1999 & 2000)

CML 2001 98?6 )?elgt:sa)l ;/é/arming Potential (GWP 100 IPCC 2013 AR5

CML 2001 2‘5‘?6 Human Toxicity Potential (HTP inf.) ?ggf;i%fuggigaf‘ gggg)); USEtox

CML 2001 2‘(‘)‘% xﬂa&ig?;\?ﬂ‘f’)ﬁc Ecotoxicity Pot. Huijbregts (1999 & 2000)

oo | 8| Gonetarerbepten aenial | i o

CML 2001 2‘5‘?6 E,’gggﬁgfng%g)”e Creation 2116 Sgeiar; f%Eﬁyﬁéf)fLi%?@iﬁ?ﬁ?éﬁﬁ"
al. (1992) (low NOXx)

24 All previous versions of CML2001 are stored in MLC in the folder “previous versions of methods”.

25 Impact category available as “Ultimate”, “Economic Reserve” and “Reserve Base” version.

26 Impact category available as all combinations of “excl. biogenic carbon”, “incl. biogenic carbon”, “incl. LUC” and “incl. LUC

(LUC only)”.
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. Impact category or Inventory Classification and Characterization
LG A U indicator, and method factors based on:
CML 2001 Aug. Terrestr|c Ecotoxicity Potential (TETP Huijbregts (1999 & 2000)
2016 inf.)
I, Seppala et al. (2006); Posch et al.
EF 3.0, 3.1 | Acidification (2008)
EF 3.0 Climate Change - total IPCC 2013 AR5
EF 3.0 Climate Change, biogenic IPCC 2013 AR5
EF 3.0 Climate Change, fossil IPCC 2013 AR5
Climate Change, land use and land
EF 3.0 use change IPCC 2013 AR5
EF 3.1 Climate Change - total IPCC 2021 ARG
EF 3.1 Climate Change, biogenic IPCC 2021 ARG
EF 3.1 Climate Change, fossil IPCC 2021 ARG
Climate Change, land use and land
EF 3.1 use change IPCC 2021 AR6
i _ Error! B
EF 3.0,3.4 | Human toxicity, cancer - total USEtox 1.00 (Rosenbaum et al. 2008)
Human toxicity, non-cancer - total USEtox 1.00 (Rosenbaum et al. 2008);
EF 30, 3.1 Error! Bookmark not defined. bug fixes
EF 3.0,31 lonising radiation, human health Frischknecht et al. (2000)
EF 3.0,3.1 | Land Use LANCA (as in Bos et al., 2016)
EF 3.0, 3.1 | Ozone depletion WMO (2014) + integrations
EF 3.0, 3.1 | Particulate matter Fantke et al. (2016) in UNEP (2016)
EF 30.3.1 Photochemical ozone formation, LOTOS-EUROS model (Van Zelm et al,
e human health 2008) as implemented in ReCiPe 2008
EF 3.0, 3.1 | Resource use, fossils van Oers et al. (2002)
. van Oers et al. (2002) (based on
EF 3.0, 3.1 | Resource use, mineral and metals Guinée et al. 2002)
Available WAter REmaining (AWARE)
EF 3.0,3.1 | Wateruse Boulay et al. (2016)
EN15804 +A2 Environmental impact indicators
EN15804 +A2 Acidification Seppala et al. (2006); Posch et al.
(2008)
EN15804 +A2 Climate Change - total IPCC 2021 ARG
EN15804 +A2 Climate Change, biogenic IPCC 2021 ARG
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. Impact category or Inventory Classification and Characterization
LSRR | ORI indicator, and method factors based on:
EN15804 +A2 Climate Change, fossil IPCC 2021 ARG
Climate Change, land use and land IPCC 2021 AR6
EN15804 +A2 use change
Eutrophication, freshwater EUTREND model (Struijs et al, 2009b)
EN15804 *A2 as implemented in ReCiPe 2008
Eutrophication, marine EUTREND model (Struijs et al, 2009b)
EN15804 *A2 as implemented in ReCiPe 2008
EN15804 +A2 Eutrophication, terrestrial Seppala et al. (2006); Posch et al.
(2008)
EN15804 +A2 Ozone depletion WMO (2014) + integrations
EN15804 +AD Photochemical ozone formation, LOTOS-EUROS model (Van Zelm et al,
human health 2008) as implemented in ReCiPe 2008
EN15804 +A2 Resource use, fossils van Oers et al. (2002)
Resource use, mineral and metals van Oers et al. (2002) (based on
EN15804 *A2 Guinée et al. 2002)
Water scarcity Available WAter REmaining (AWARE)
EN15804 *A2 Boulay et al. (2016)
EN15804 +A2 Resource use indicators
EN15804 +A2 Input of secondary material (SM)
Non-renewable primary energy
EN15804 +A2 resources used as raw materials
(PENRM)
Primary energy resources used as
EN15804 *A2 raw materials (PERM)
Total use of non-renewable primary
EN15804 *A2 energy resources (PENRT)
Total use of renewable primary
EN15804 *A2 energy resources (PERT)
EN15804 +A2 Use of net freshwater (FW)
Use of nonrenewable secondary
EN15804 A2 fuels (NRSF)
Use of non-renewable primary
EN15804 A2 energy (PENRE)
Use of renewable primary energy
EN15804 +A2 (PERE)
Use of renewable secondary fuels
EN15804 +A2 (RSF)
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Methodclogy | Vrson | TP SHegeryon entory | Ceenfeaton nd harscteztr
EN15804 +A2 Output flows and waste categories

EN15804 +A2 Components for re-use (CRU)

EN15804 +A2 Exported electrical energy (EEE)

EN15804 +A2 Exported thermal energy (EET)

EN15804 +A2 Hazardous waste disposed (HWD)

EN15804 +A2 Material for Energy Recovery (MER)

EN15804 +A2 Materials for Recycling (MFR)

EN15804 +AD Z\INOQ\-/CaDz)ardous waste disposed

EN15804 +A2 Radioactive waste disposed (RWD)

EN15804 +A2 Biogenic carbon content

EN15804 +A2 Biogenic carbon content in packaging

EN15804 +A2 Biogenic carbon content in product

EN15804 +A2 Optional indicators

EN15804 +A2 Ecotoxicity, freshwater?’ USEtox 1.00 (Rosenbaum et al. 2008)
EN15804 +A2 Human toxicity, cancer?’ USEtox 1.00 (Rosenbaum et al. 2008)
EN15804 +A2 Human toxicity, non-cancer?” USEtox 1.00 (Rosenbaum et al. 2008)
EN15804 +A2 lonizing radiation, human health Frischknecht et al. (2000)

EN15804 +A2 Land Use LANCA (as in Bos et al., 2016)
EN15804 +A2 Particulate matter Fantke et al. (2016) in UNEP (2016)
IPCC AR5 GTP 20 8 IPCC 2013 AR5

IPCC AR5 GTP 5028 IPCC 2013 AR5

IPCC AR5 GTP 100 28 IPCC 2013 AR5

IPCC AR5 GWP 20 28 IPCC 2013 AR5

IPCC AR5 GWP 100 8 IPCC 2013 AR5

IPCC ARG GTP 5028 IPCC 2021 AR6

27 Impact category available as “total" and the subcategories “Inorganic” “Metals” and “Organic”, for EF3.1: subcategories
“inorganic” (including metals) and “organic”.
28 Impact category available as all combinations of “excl. biogenic carbon”, “incl. biogenic carbon”, “incl. LUC” and “incl. LUC

(LUC only)”.
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Methodology | Version [Tt eSey or entay | lasietion nd harecterization
IPCC ARG GTP 100 28 IPCC 2021 AR6
IPCC ARG GWP 20 28 IPCC 2021 AR6
IPCC ARG GWP 50 28 IPCC 2021 AR6
IPCC ARG GWP 10028 IPCC 2021 AR6
ISO 14067 GWP 100, Air craft emissions IPCC 2021 ARG
ISO 14067 GWP 100, Biogenic GHG emissions | IPCC 2021 AR6
ISO 14067 GWP 100, Biogenic GHG removal IPCC 2021 ARG
ISO 14067 GWP 100, Fossil GHG emissions IPCC 2021 ARG
ISO 14067 ShV;/EglO(%,L%rgi)ssions from land use IPCC 2021 ARG
ISO 21930 Carbon emissions and removals
1SO 21930 S:ggﬁg;c(ggrlgg? removal from
ISO 21930 S:ggiglc(gérgg;\ emission from
ISO 21930 S;%izgi;ga(ébgg&e)moval from
ISO 21930 S;%izgi;ga(ébggz)mission from

Biogenic carbon emission from
ISO 21930 combustion of renewable waste used

in production (BCEW)
ISO 21930 Calcination carbon emissions (CCE)
ISO 21930 Carbonation carbon removal (CCR)

Carbon emission from combustion of
ISO 21930 non-renewable waste used in

production (CWNR)
ISO 21930 Output flows and waste categories
ISO 21930 Hazardous waste disposed (HWD)
ISO 21930 z\lNoFrI\\-NhaDz)ardous waste disposed

High-level radioactive waste,
ISO 21930 conditioned, to final repository

(HLRW)
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. Impact category or Inventory Classification and Characterization
LSRR | ORI indicator, and method factors based on:
Intermediate- and low-level
ISO 21930 radioactive waste, conditioned, to
final repository (ILLRW)
ISO 21930 Components for re-use (CRU)
ISO 21930 Materials for recycling (MFR)
ISO 21930 Materials for energy recovery (MER)
Recovered electrical energy exported
IS0 21930 from the product system (EEE)
Recovered thermal energy exported
IS0 21930 from the product system (EET)
ISO 21930 Resource use
Renewable primary resources used
IS0 21930 as energy carrier (RPRe)
Renewable primary resources with
ISO 21930 energy content used as material
(RPRm)
Non-renewable primary resources
IS0 21930 used as energy carrier (NRPRe)
Non-renewable primary resources
ISO 21930 with energy content used as material
(NRPRm)
ISO 21930 Secondary materials (SM)
ISO 21930 Renewable secondary fuels (RSF)
Non-renewable secondary fuels
ISO 21930 (NRSF)
ISO 21930 Recovered energy (RE)
Use of net fresh water resources
ISO 21930 (FW)
LANCA v 2023.1 | Biodiversity Loss Potential publication in press
(Occupation)
LANCA v 2023.1 | Biodiversity Loss Potential publication in press
(Transformation)
LANCA v 2023.1 | Erosion Potential (Occupation) publication in press
LANCA v 2023.1 | Erosion Potential (Transformation) publication in press
Groundwater Regeneration C
LANCA v 2023.1 Reduction Potential (Occupation) publication in press
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Metodolgy  Verson | TPEE ety r venery | lasifeaton and harcizain

won v | S semeneion | puncatonin prss

LANCA v 2023.1 L”Ofggﬁggg Oiid“"“"” Potential publication in press

LANCA v 2023.1 i?fr'g;ast]lgpmzz‘g‘r‘l‘)’“o” Potential publication in press

LANCA v 2023.1 ;’gfjr']‘t’gfr(‘g”;ﬁ' afi"ot:;ﬁo” Reduction | iplication in press

LANCA v 2023.1 E’g{:ﬁgﬂ?ﬁ;‘:ﬂo';':;fm Reduction | iplication in press

LANCA v 2023.1 gg'g;g??gcgﬁgzgg n'?"’d“c“m publication in press

LANCA v 2023.1 ggltle(r?trlg??';'? a?;’};gf; a'?ii‘:l‘;"tion publication in press

NF EN 15804 Abiotic depletion potential Developed in accordance to AFNOR
(elements), complementary factors?® | XP P01-064-CN

NF EN 15804 Air pollution )Ezgvstlﬂp_gg‘icé\lccordance to AFNOR

NF EN 15804 Water pollution )Iizgvlze’(lﬂp_gg‘ilr_lé\lccordance to AFNOR

ReCiPe 2016 | v1.1 Climate change 3° *! IPCC 2013 AR5

ReCiPe 2016 | v1.1 Climate change Freshw Ecosystems | 500 5013 AR5

ReCiPe 2016 | v1.1 Climate change Human Health 332 | IPCC 2013 AR5

ReCiPe 2016 | v1.1 gggﬁfte g(‘g”tﬂi gziﬁrceigfb?nsgftims’ IPCC 2013 AR5

ReCiPe 2016 | v1.1 Fine Particulate Matter Formation 3 | Van Zelm et al. (2016)

2 This impact category contains complementary characterization factors to CML 2001 Apr. 2013. The results of both impact

categories have to be summed up.

30 ReCiPe 2016, Midpoint factors available for the Individualist (1), Hierarchist (H) and Egalitarian (E) perspectives.
31 Impact category available as all combinations of “excl. biogenic carbon”, “incl. biogenic carbon”, “incl. LUC” and “incl. LUC

(LUC only)’.

32 ReCiPe 2016, Endpoint factors available for the Individualist (1), Hierarchist (H) and Egalitarian (E) perspectives.
33 ReCiPe 2016, Midpoint and Endpoint factors available for the Individualist (1), Hierarchist (H) and Egalitarian (E)

perspectives.
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Impact category or Inventory

Classification and Characterization

Methodology | Version indicator, and method factors based on:
ReCiPe 2016 | v1.1 Fossil depletion 33 Vieira et al. (2012); Vieira et al. (2016)
. : Pfister et al. (2009); De Schryver et al.
33 34

ReCiPe 2016 | v1.1 Freshwater Consumption (2011); Hanafiah et al. (2011)

ReCiPe 2016 | v1.1 Freshwater ecotoxicity 32 Van Zelm et al. (2009, 2013)

ReCiPe 2016 | v1.1 Freshwater Eutrophication 3 g‘g':';e)s etal. (2012); Azevedo et al.

ReCiPe 2016 | v1.1 Human toxicity, cancer 33 Van Zelm et al. (2009, 2013)

ReCiPe 2016 | v1.1 Human toxicity, non-cancer 33 Van Zelm et al. (2009, 2013)

ReCiPe 2016 | v1.1 lonizing Radiation 33 Frischknecht et al. (2000); De Schryver
etal. (2011)
De Baan et al. (2013); Elshout et al.

ReCiPe 2016 | v1.1 Land use 3 (2014); Koliner et al. (2007); Curran et
al. (2014)

ReCiPe 2016 | v1.1 Marine ecotoxicity 32 Van Zelm et al. (2009, 2013)

ReCiPe 2016 | v1.1 Marine Eutrophication 33 Not included

ReCiPe 2016 | v1.1 Metal depletion 33 Vieira et al. (2012); Vieira et al. (2016)

ReCiPe 2016 | v1.1 Photochemical Ozone Fomation, Van Zelm et al. (2016)

Ecosystems
ReCiPe 2016 | v1.1 Photochemical Ozone Fomation, |\, 761 et al. (2016)
Human Health

ReCiPe 2016 | v1.1 Stratospheric Ozone Depletion WMO (2011)

ReCiPe 2016 | v1.1 Terrestrial Acidification 23 Roy et al. (2014)

ReCiPe 2016 | v1.1 Terrestrial ecotoxicity 33 Van Zelm et al. (2009, 2013)

34 Impact category also available as

“Freshw Ecosystems”, “Human Health” and “Terrest Ecosystems” version.
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. Impact category or Inventory Classification and Characterization
LSRR | ORI indicator, and method factors based on:
TRACI 29 Acidification Air Wenzel, H.; Hauschild, M. Z.; Alting, L.
(1997)
TRACI 2.2 Ecotoxicity (recommended) USEtox 1.00 (Rosenbaum et al. 2008)
TRACI 2.2 Ecotoxicity (interim and USEtox 1.00 (Rosenbaum et al. 2008)
recommended)
TRACI 2.2 Eutrophication - marine Henderson et al. (2021)
TRACI 2.2 Eutrophication - freshwater Henderson et al. (2021)
TRACI 2.2 Global Waming Air 35 IPCC 2007 AR4
TRACI 2.2 Human Health Particulate Air Humbert, S. (2009)
TRACI 2.2 Human toxicity, cancer USEtox 1.00 (Rosenbaum et al. 2008)
(recommended)
Human toxicity, cancer (interim and
TRACI 2.2 USEtox 1.00 (Rosenbaum et al. 2008)
recommended)
TRACI 2.2 Human toxicity, non-canc. USEtox 1.00 (Rosenbaum et al. 2008)
(recommended)
TRACI 2.2 Human toxicity, non-canc. (interim ;<o 4 40 (Rosenbaum et al. 2008)
and recommended)
. . US Environmental Protection Agency
TRACI 2.2 Ozone Depletion Air (2008); WMO (1999, 2003)
TRACI 2.2 Smog Air Carter, W. (2007, 2008)
USEtox 2.12 :i‘t’;’:i‘::;c'ty (recommended and USEtox model (Rosenbaum et al. 2008)

35 Impact category available as all combinations of “excl. biogenic carbon”, “incl. biogenic carbon”, “incl. LUC” and “incl. LUC

(LUC only)”.
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. Impact category or Inventory Classification and Characterization

LSRR | ORI indicator, and method factors based on:

USEtox 2.12 Ecotoxicity (recommended only) USEtox model (Rosenbaum et al. 2008)

USEtox 2.12 Human toxicity, cancer USEtox model (Rosenbaum et al. 2008)
(recommended and interim)

USEtox 2.12 Human toxicity, cancer USEtox model (Rosenbaum et al. 2008)
(recommended only)

USEtox 2.12 Human toxicity, non-canc. USEtox model (Rosenbaum et al. 2008)
(recommended and interim)

USEtox 2.12 Human toxicity, non-canc. USEtox model (Rosenbaum et al. 2008)
(recommended only)

AWARE 1.2C global average for unspecified water W.U.LQA (UNEP/SETAC Life Cycle

Initiative)

AWARE 19C high chglracterlzahon factor for W.U.L?A (UNEP/SETAC Life Cycle
unspecified water Initiative)

AWARE 120 low chalrlactenzanon factor for W.U.L?A (UNEP/SETAC Life Cycle
unspecified water Initiative)

AWARE 192C OECD+BRIC average for unspecified W.LJLQA (UNEP/SETAC Life Cycle
water Initiative)

AWARE 12 high chglractenzahg)ﬁn factor for W.L.JLQA (UNEP/SETAC Life Cycle
unspecified water Initiative)

AWARE 12 low cha.r.actenzatlosr; factor for W.U.LQA (UNEP/SETAC Life Cycle
unspecified water Initiative)

AWARE 12 OECD;BRIC average for unspecified W.L.JLQA (UNEP/SETAC Life Cycle
water Initiative)

WAVE+ high chglracterlzan;)en factor for Berger et al. (2018)
unspecified water

36 Impact category available as “excl. Hydropower” and “incl. Hydropower” version.
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. Impact category or Inventory Classification and Characterization

Methodology | Version indicator, and method factors based on:

WAVE+ low cha.rlactenzanosr; factor for Berger et al. (2018)
unspecified water

WAVE+ OECD3+68RIC average for unspecified Berger et al. (2018)
water

WSl high chfcllractenzahg)ﬁn factor for Pister et al. (2009)
unspecified water

WSl low cha.rgctenzatlosr; factor for Pfister et al. (2009)
unspecified water

WSl V(aaEtzerszBRlC average for unspecified Pister et al. (2009)
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Appendix C: Background information on
uncertainty

The following chapter provides background information on uncertainty issues in LCA.
Aspects of data uncertainty due to variability in supply chains

While Chapter 1 addressed data and model uncertainty assuming that the practitioner has been able
to select the most appropriate or ‘representative’ datasets for the product system under study, this
chapter will attempt to quantify relevant aspects of uncertainty in background data due to its variability
concerning technological and geographical representativeness.

As mentioned in the previous chapter, +/-10% uncertainty appears to be the minimum overall
uncertainty, even if the model is set up with data of high quality containing few errors.

The model’s degree of representativeness regarding supply chains and technology routes depends
on the specific situation under consideration. It varies due to factors including specific supplier
companies and geographical/national import situations.

The correlation between the background data and the specific situation at hand can only be
answered by performing a primary data collection for each specific supply situation and
comparing it with the average situation represented by the background data.

The background data as such may be very precise and of extremely high representativeness within
the situation where it was set up. The goal of this chapter is to estimate possible variations in
background data due to the mismatch between the average and actual supply chain in a specific
situation. To achieve this goal two types of possible misrepresentation introduced by the user of the
data are assessed:

¢ the influence of varying the import/production country;

¢ the influence of varying the technology route in the same country to supply the same material or
substance;

¢ the analysis focuses on chemical products and intermediate products.
Disclaimer:

The following analyses are specific to the products and datasets available in the MLC and
were done in 2016. The results cannot be generalized to other products or data sources.

Influence of varying import/production country for same technology

The following chemical substances were analyzed for their variability with regard to their geography.
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Table W: Chemical substance datasets that were analyzed for result variability across various

countries
Acetic acid from methanol Hydrogen (Steam reforming fuel oil s)
Acetone by-product phenol methyl styrene Hydrogen (Steam reforming natural gas)

(from Cumol)

Adipic acid from cyclohexane Maleic anhydride (MA) by-product PSA (by
oxidation of xylene)

AH-salt 63% (HMDA via adipic acid) Maleic anhydride from n-butane

Ammonium sulphate by-product caprolactam Methyl methacrylate (MMA) spent acid
recycling

Benzene (from pyrolysis gasoline) Methyl methacrylate (MMA) from acetone and

hydrogen cyanide

Benzene (from toluene dealkylation) Methylene diisocyanate (MDI) by-product
hydrochloric acid, methanol

Benzene by-product BTX (from reformate) Phenol (toluene oxidation)

Caprolactam from cyclohexane Phenol from cumene

Caprolactam from phenol Phosphoric acid (wet process

Chlorine from chlorine-alkali electrolysis Phthalic anhydride (PAA) (by oxidation of
(amalgam) xylene)

Chlorine from chlorine-alkali electrolysis Propylene glycol over PO-hydrogenation
(diaphragm)

Chlorine from chlorine-alkali electrolysis Propylene oxide (Cell Liquor)
(membrane)

Ethanol (96%) (hydrogenation with nitric acid) Propylene oxide (Chlorohydrin process)

Ethene (ethylene) from steam cracking Propylene oxide by-product t-butanol (Oxirane
process)
Ethylbenzene (liquid phase alkylation) p-Xylene (from reformate)

Ethylene glycol from ethene and oxygen via EO | Toluene (from pyrolysis gasoline)

Ethylene oxide (EO) by-product carbon dioxide | Toluene by-product BTX (from reformate)
from air
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Ethylene oxide (EO) by-product ethylene glycol | Toluene by-product styrene

Hexamethylene diamine (HMDA) via adipic acid | Toluene diisocyanate (TDI) by-product toluene
diamine, hydrochloric acid (phosgenation)

Hydrochloric acid by-product methylene Xylene mix by-product benzene (from pyrolysis
diisocyanate (MDI) gasoline)

These routes were analyzed (as available) conceming process boundary conditions in various
countries including:

Australia (AU), Belgium (BE), China (CN), Germany (DE), Spain (ES), France (FR), Great Britain
(GB), ltaly (IT), Japan (JP), Netherlands (NL), Norway (NO), Thailand (TH), United States (US).

The following figure shows the resulting maximum variations of all analyzed materials and
substances. For simplicity, the respective technologies are kept constant and only the country of
origin is varied. The figure shows the maximum variability across the various chemicals that have
been analyzed, as well as the 90% and 10% percentiles.

Two cases were calculated for each route, assuming that the actual location of the supplier is
unknown in a given LCA project. Choosing the dataset with the lowest burden while the one with the
highest burden would have been appropriate (‘choose min’; uncertainty = (min-max)/max) and vice
versa (‘choose max’; uncertainty = (max-min)/min). The resulting values are therefore the relative
‘worst-case errors’ possible based on the datasets considered.

500%
L 2
400%
L 3

300%

200% t

100%

-100%

-200%

PED AP EP GWP POCP

‘10% percentile 21% -65% -56% -41% -59%
‘choose min -68% -95% -79% -82% -93%
‘choose max 209% 1870% 380% 461% 1288%
‘90% percentile 27% 189% 129% 70% 143%
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Figure C-12: Maximum errors regarding randomly chosen geography

Figure B-12 shows that when assuming that the technology route for a certain substance is known
and the specific country of origin route is not, the maximum uncertainty of the related impacts is
between -65% and +189% for 90% of all chemical substances for which different country-specific
datasets are available in the MLC.

When taking the background information of the Master DB in to account, the sensitivity concerning
the country of origin appears to be more relevant for process chains where energy and the respective
emissions from energy supply dominate the impacts. In selected cases, country-specific emissions or
synthesis efficiencies and differences in country-specific upstream supply are also relevant.

Influence of varying technology in the same country

The following chemical substances were analyzed regarding their variability with regard to their
technology route in the same country.

Table X: Chemical substance datasets that were analyzed for the result variation across various
technology routes

Chlorine from chlorine-alkali electrolysis Ethylene-t-Butylether from C4 and bio
diaphragm ethanol

Chlorine from chlorine-alkali electrolysis Hexamethylene diamine via Adiponitrile
membrane

Chlorine from chlorine-alkali electrolysis amalgam | Hexamethylene diamine via adipic acid

Acetic acid from vinyl acetate Hydrochloric acid primary from chlorine
Acetic acid from methanol Hydrochloric acid by-product allyl chloride
Acrylamide catalytic hydrolysis Hydrochloric acid by-product chlorobenzene
Acrylamide enzymatic hydration Hydrochloric acid by-product

epichlorohydrine

AH salt 63% HMDA from adipic acid Hydrochloric acid by-product Methylene
diisocyanate

AH salt 63% HMDA from acrylonitrile Hydrogen Cracker

Ammonium sulphate by-product acetone Hydrogen Steam reforming fuel oil s

cyanhydrin

Ammonium sulphate by-product Caprolactam Hydrogen Steam reforming natural gas

Benzene from pyrolysis gasoline Maleic anhydride from n-butane

Benzene from toluene dealkylation Maleic anhydride by-product phthalic
anhydride
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Benzene by-product BTX Maleic anhydride from benzene

Benzene by-product ethine Methyl methacrylate from acetone and
hydrogen cyanide

Butanediol from ethine, Hz2 Cracker, allotherm Methyl methacrylate spent acid recycling

Butanediol from ethine Hz2 Steam ref. natural gas, | Oleic acid from palm oil
autotherm

Chlorodifluoroethane from 1,1,1-Trichloroethane | Oleic acid from rape oil

Chlorodifluoroethane by-product Dichloro-1- Phenol by toluene oxidation
fluoroethane

Dichlorpropane by-product epichlorohydrin Phenol by-product acetone
Dichlorpropane by-product dichlorpropane Phosphoric acid (54 %)

Ethanol catalytic hydrogenation with phosphoric Phosphoric acid (100%)

acid

Ethanol hydrogenation with nitric acid Propylene oxide Cell Liquor
Ethylene glycol by-product Ethylene oxide Propylene oxide Chlorohydrin process
Ethylene glycol of Ethene + oxygen via EO Propylene oxide Oxirane process
Ethylene glycol from Ethyleneoxide Toluene from pyrolysis gasoline
Ethylene oxide by-product carbon dioxide Toluene by-product BTX
Ethylene oxide by-product ethylene glycol via Toluene by-product styrene
CO2/methane

Ethylene oxide by-product ethylene glycol via Xylene from pyrolysis gasoline

CO2/methane with CO2 use

Ethylene-t-Butylether from C4 Xylene from reformate

The following figure shows the resulting maximum errors across all analyzed materials and
substances. Here, the respective countries of origin are kept constant and only the technology route
is varied. The figure shows the maximum errors across the various chemicals analyzed, as well as
the 90% and 10% percentiles.
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500%

400%

300%

200%

100%

0% -
-100% :
-200%
PED AP EP GWP POCP

\10% percentile 34% 57% 61% 71% -66%
‘choose min -96% -94% -93% -96% -96%
‘choose max 2409% 1596% 1332% 2609% 2731%
‘90% percentile 52% 132% 156% 248% 197%

Figure C-13: Maximum errors regarding randomly chosen technology

Again, two cases were calculated for each country, assuming that the actual technology route of the
supplier is unknown in a given LCA project: choosing the technology-specific dataset with the lowest
burden while the one with the highest burden would have been appropriate (‘choose min’;
uncertainty = (min-max/max)) and vice versa (‘choose max’; uncertainty = (max-min)/min). The
resulting values are therefore again the relative ‘worst-case errors’ possible based on the available
datasets.

Figure B-13 shows that when assuming that the country of origin for a certain substance is known
and the specific technology route is not, the errors of the related impacts falls between -71% and
+248% for 90% of all chemical substances for which different technologies are available in the
MLC Database. Comparing the values to the ones in the previous part conceming geography, it is fair
to state that it is worse to have an undefined specific technology route than an undefined country of
origin, since all values are higher for the latter.
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