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1. MEErP Task 1, Scope

1.1. Scope

The product scope for this study is aligned with the scope proposed in the 2024 JRC
Preparatory Study on Imaging Equipment!, however consumables were excluded from the
analysis. In other words, the scope of this study of critical raw materials (CRMs), recycled
content and recyclability is only on the equipment itself, not the cartridges, containers, drums
or other consumables associated with imaging equipment.

The table below sets out the scope proposal in the JRC report (JRC, 2024), with one significant
modification on consumables. Definitions for the terms used in this table appear in section 1.2
of this report.

Table 1. Scope of coverage of this CRM and Recycled Content Study

Device In Scope Out of Scope
General Devices intended for Devices intended for
household and office use professional use or other than

household and office use

Printers, multi-function printers | Standard format (up to A3) Large format

and copiers Devices designed to operate
on three-phase power

Scanner All scanners

Fax Machine All fax machines

Digital duplicators All digital duplicators

Mailing Machine All mailing machines

Consumables All consumables

The scope of this study is devices that are primarily used in an office or a household
environment. For this reason, Table 1 shows that products intended to be used in professional
environments or environments other than in offices and households have been excluded.
Professional equipment are generally large machines, weighting at least 180 kg, with features
such as large format printing, high volume throughput, high resolution, high weight paper, and
potentially with other features such as hole punching, stapling and so-on. This combination of
features draws a clear distinction between professional equipment and typical products used
today in offices and households. Furthermore, the patterns of use of professional equipment
is different from imaging equipment used in consumer and office environments.

Document scanners and fax machines are considered to be within scope, since their use is
primarily in households and offices. However, digital duplicators and mailing machines are
excluded from the scope because their intended market / use is primarily professional
applications where the use patterns will differ from household and office products.

" European Commission, Joint Research Centre, Bernad Beltran, D., Alfieri, F. and Spiliotopoulos, C., Imaging equipment and its
consumables. Preparatory Study for Ecodesign., Publications Office of the European Union, Luxembourg, 2024,
https://data.europa.eu/doi/10.2760/389662 , JRC134590.
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Finally, for this mini-study evaluating CRM, recycled content and recyclability, every
consumable designed to be installed into, used with, or emptied onto any of the devices
included in the scope shown in Table 1 is excluded from the scope. In other words — all the
consumabiles (including cartridges, containers, drums, waste toner containers, fuser units and
transfers units) — are out of scope of this mini-study.

1.2. Definitions of Categories of Imaging Equipment

The following definitions are from the 2024 JRC report and are provided to clarify the scope
of coverage and use of terminology in this mini-study. To review the development of these
definitions from the various source documents, please see JRC, 2024.

Imaging equipment device (or ‘device’) — a product for office or domestic use, or
both, and whose function is one or both of the following: (a) to produce a printed image,
either from a digital image or from a hardcopy, through a scanning/copying process;
or (b) to produce a digital image from a hard copy through a scanning/copying process.

Printer — a device intended to apply ink or toner to a substrate in response to a digital
signal.

Multi-function printer — a printer with an operating part to apply ink or toner on a
substrate, and also providing additional functions such as faxing, scanning or copying.

Copier - a device whose sole function is to produce paper duplicates from paper
originals

Scanner - a device whose primary function is to convert paper originals into electronic
images

Fax machine (or ‘fax’) - a device whose primary functions are scanning hard copy
originals for electronic transmission to remote units and receiving similar electronic
transmissions to produce hard copy output

Professional imaging product — a device marketed as intended for producing
deliverables for sale, with all of the following features:
a) Supports paper with basis weight greater than or equal to 141 g/m2;
b) A3-capable;

c) Print speed: if product is monochrome, monochrome product speed
equal to or greater than 86 ipm; or if product is colour, colour product
speed equal to or greater than 50 ipm;

d) Print resolution of 600 x 600 dots per inch or greater for each colour
e) Weight of the base model greater than 180 kg;

And five of the following additional features for colour products or four for
monochrome products, included standard with the Imaging Equipment product or
as an accessory:

f) Paper capacity equal to or greater than 8,000 sheets;
g) Digital front-end (DFE);
h) Hole punch;
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i) Perfect binding or ring binding (or similar, such as tape or wire binding,
but not staple saddle stitching);

i) Dynamic random access memory (DRAM) equal to or greater than
1,024 MB.

k) Final-party colour certification (e.g., IDEAlliance Digital Press
Certification, FOGRA Validation Printing System Certification, or Japan
Colour Digital Printing Certification, if product is colour capable); and

[) Coated paper compatibility.

Standard format — products designed for standard-sized media (e.g., Letter, Legal,
Ledger, A3, A4, B4), including those designed to accommodate continuous form media
between 210 mm and 406 mm wide. Standard-size products may also be capable of
printing on small-format media. (A3-capable: Standard Format products with a paper
path width equal to or greater than 275 mm)

Large format - products designed for A2 media and larger, including those designed
to accommodate continuous form media greater than or equal to 406 mm wide. Large-
format products may also be capable of printing on standard-size or small-format
media.

1.3. Definitions of Circularity Concepts

The JRC 2024 preparatory study sets out definitions of key circularity aspects for imaging
equipment, some of which are relevant to this mini-study. The list below provides the relevant
terms and definitions from that source (JRC, 2024).

Durability - Ability to function as required, under defined conditions of use,
maintenance and repair, until a limiting state is reached (EN45552:2020)

Reliability - Probability that a product functions as required under given conditions,
including maintenance, for a given duration without limiting event (EN45552:2020)

Repair - Process of returning a faulty product to a condition where it can fulfil its
intended use (EN45552:2020)

Upgrade - Process of enhancing the functionality, performance, capacity, or aesthetics
(EN45552:2020)

Reuse - Process by which a product or its parts, having reached the end of their first
use, are used for the same purpose for which they were conceived (EN45552:2020)

Remanufacturing and refurbishing - Industrial process which produces a product
from used products or used parts where at least one change is made which influences
the safety, original performance, purpose or type of the product. (EN45553:2020)

Note 1 to entry: The product created by the remanufacturing process may be
considered a new product when placing on the market. Refer to the EU Blue
Guide [1] for additional information.
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Note 2 to entry: Refurbishing is a similar concept to remanufacturing except
that it does not involve substantial modifications influencing safety, original
performance, purpose or type of the product. It is not covered by this standard.

Remanufactured Imaging Equipment: Products ... which has been returned to a
“like new” state of the base model, including energy performance, by the manufacturer,
utilizing new and/or reused components from the original equipment manufacturer
(Energy Star v3.2)

Recycling - Recovery operation of any kind, by which waste materials are reprocessed
into products, materials or substances whether for the original or other purposes
excluding energy recovery (EN45555:2019)

Critical Raw Materials - Critical raw material CRM materials which, according to a
defined classification methodology, are economically important, and have a high-risk
associated with their supply (EN45558:2019)

Post-consumer recycled content - the amount of post-consumer recycled material
that goes into the manufacturing of a new product (EN45557:2020)

Among the definitions listed above, it is important to highlight how product modification by
refurbishing and remanufacturing processes can influence the consideration of products as
legally as “new products” or as “second hand products”. This distinction has an effect on the
applicability of ecodesign and energy labelling requirements, which are only applicable at the
moment of placing products on the market.

1.4. Standards

The following are a sample of standards included in the JRC 2024 study which are applicable
to the imaging equipment being evaluated in this study.

IEC 60068-2-31:2008. Environmental testing - Part 2-31: Tests: Rough handling shocks,
primarily for equipment-type specimens.

This standard establishes a test procedure for simulating the effects of rough handling shocks,
primarily in equipment-type specimens, the effects of knocks, jolts and falls which may be
received during repair work or rough handling in operational use. This procedure does not
simulate the effects of impacts received during transportation as loosely constrained cargo
and does not simulate the effects of shock applied to installed equipment.

EN 45552:2020. General method for the assessment of the durability of energy-related
products.

This standard provides a comprehensive framework for assessing the durability of products,
ensuring they meet the highest standards of quality and longevity. The standard establishes
a general method for evaluating the durability of energy-related products. Durability not only
affects the product's performance and reliability but also its environmental impact and cost-
effectiveness. By adhering to the guidelines set forth in this standard, manufacturers can
ensure that their products are designed to last, reducing waste and promoting sustainability.
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EN 45553:2020. General method for the assessment of the ability to remanufacture
energy-related products.

This standard provides a comprehensive framework for assessing the remanufacturability of
energy-related products. The standard offers a structured approach to evaluate the potential
for remanufacturing, ensuring that products can be reused, refurbished, and reintroduced into
the market with minimal environmental impact. This not only helps in reducing waste but also
in conserving resources, ultimately leading to cost savings and increased profitability.

EN 45554:2020. General methods for the assessment of the ability to repair, reuse and
upgrade energy-related products.

This standard provides a comprehensive framework for assessing the ability to repair, reuse,
and upgrade energy-related products. This standard is an essential tool for manufacturers,
engineers, and sustainability experts who are committed to enhancing the lifecycle of their
products while minimizing environmental impact. This standard outlines general methods for
evaluating the repairability, reusability, and upgradability of energy-related products. It
provides detailed guidelines and methodologies that help stakeholders in the energy sector to
improve product design and lifecycle management.

EN 45555:2019. General methods for assessing the recyclability and recoverability of
energy-related products.

This standard provides comprehensive guidelines and methodologies for evaluating the
recyclability and recoverability of energy-related products, ensuring that they meet the
necessary environmental standards and contribute to a circular economy. It helps to provide
a structured approach to assess their potential for recycling and recovery. By following the
guidelines in this standard, companies can ensure that their products are designed with end-
of-life considerations in mind, promoting a more sustainable approach to product
development.

EN 45557:2020. General method for assessing the proportion of recycled material
content in energy-related products.

This standard provides a comprehensive methodology for assessing the proportion of recycled
material content in energy-related products. It is an essential tool for companies aiming to
enhance their environmental responsibility and transparency. The standard offers a structured
approach to evaluate and report the recycled material content, thereby supporting
manufacturers in their efforts to reduce the ecological footprint of their products. This standard
not only aids in compliance with environmental regulations but also enhances the marketability
of products by aligning them with consumer demand for sustainable solutions.

EN 45558:2019. General method to declare the use of critical raw materials in energy-
related products.

This standard is intended to provide a means for information on the use of CRMs to be
exchanged up and down the supply chain and with other relevant stakeholders. The standard
is intended for use by any public, private or social enterprises involved in the production of
energy-related products (including SMEs) and other organisations in the product supply chain.
It is also relevant to European market surveillance and trade authorities as well as European
policy makers. This standard is horizontal in nature, and can be applied directly to any type of
energy-related product. This document sets out a standardised format for reporting use of
CRMs in energy-related products.
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prTS 50752:20YY Design for recycling guidelines for styrenics and polyolefins products
and parts in electrical and electronic equipment, with focus on ABS, PP and PS

This draft technical specification describes the best practices and technical solutions that
manufacturers of electrical and electronic equipment (EEE) can adopt during the design
phase, to enable consistent and effective recycling of styrenics and polyolefins plastics
composing the equipment, during the Waste of Electrical and Electronic Equipment (WEEE)
management.

IEEE 1680.2 Standard for Environmental Assessment of Imaging Equipment

A set of environmental performance criteria for the design of imaging equipment, enabling
suppliers to gain market recognition for efforts to reduce the environmental impact of EEE.
Also intended to support government, professional and consumer purchasers in the
identification of products that demonstrate environmental leadership. This standard is
available free of charge on this link. This standard is referenced by EPEAT and Blue Angel.

EN/ISO 11469 Generic Identification and Marking of Plastics Products

This standard specifies a system of uniform marking of products fabricated from plastic. This
marking system is intended to help identify plastics products for subsequent decisions
concerning handling, waste recovery or disposal. Generic identification of the plastics is
provided by the symbols and abbreviated terms given in ISO 1043-1, ISO 1043-2, ISO 1043-3
and ISO 1043-4.

1.5. Legislation

As a product group, imaging equipment has had a Voluntary Agreement (VA) under the
Ecodesign Directive since 2013. The Commission, however, evaluated the benefits of
regulating imaging equipment and concluded that it was appropriate to do so (see Ecodesign
and Energy Labelling Working Plan 2022-20242). That decision was followed by a Preparatory
Study published by the JRC in 2024 and — at the time of this writing — an on-going analytical
study to develop those requirements, which this analysis on CRMs, recycled content and
recyclability will directly support.

In addition to the on-going work under Ecodesign, there are other relevant regulations and
voluntary instruments that are also applicable to some aspects of the life cycle of imaging
equipment. In particular:

e Standby Regulation
¢ RoHS Directive
e REACH Regulation
e WEEE Directive

2 Ecodesign and Energy Labelling Working Plan 2022-2024, DG Energy, European Commission. Published 30 March 2022.
Link: https://energy.ec.europa.eu/publications/ecodesign-and-energy-labelling-working-plan-2022-2024 _en
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1.5.1 Standby Regulation

Commission Regulation (EU) No 2023/8263 of 17 April 2023 set down ecodesign requirements
for off mode, standby mode, and networked standby energy consumption of electrical and
electronic household and office equipment. The energy-efficiency requirements are set out in
Annex IIl of (EU) 2023/826 and enter into force on 9 May 2025. These standby requirements
are set out below:

1. Energy efficiency requirements:

(a) Power consumption in off mode: Power consumption of equipment in off mode shall
not exceed 0,50 W. Two years after the application of this Regulation, the power
consumption of equipment in off mode shall not exceed 0,30 W.

(b) Power consumption in standby mode: The power consumption of equipment in any
condition providing only a reactivation function, or providing only a reactivation function
and an indication of enabled reactivation function, shall not exceed 0,50 W.

The power consumption of equipment in any condition providing only information or
status display, or providing only a combination of reactivation function and information
or status display, or providing only a reactivation function and an indication of enabled
reactivation function and information or status display shall not exceed 0,80 W, except
for household tumble driers covered by Commission Regulation (EU) No 932/2012 (1)
for which this value shall be 1,00 W.

Networked equipment that has one or more standby modes shall comply with the
requirements for those standby modes when all wired network ports are disconnected
and all wireless network ports are deactivated.

(c) Power consumption in networked standby: The power consumption of HiNA
equipment or equipment with HiNA functionality, in networked standby shall not exceed
8,00 W. Two years after the application of this Regulation, the power consumption of
HINA equipment or equipment with HiNA functionality in networked standby shall not
exceed 7,00 W.

The power consumption of networked equipment, other than HINA equipment or
equipment with HiNA functionality, in networked standby shall not exceed 2,00 W.

The power consumption limits shall not apply to:

— large format printing equipment;

— desktop thin clients, workstations, mobile workstations, and small-scale servers as
defined in Regulation (EU) No 617/2013.

Imaging equipment within the scope of this review study will fall within the requirements of this
updated standby regulation, (EU) No 2023/826. Also, it should be noted that “large format
printing equipment™ is not covered in the scope of the standby power regulation.

3 Commission Regulation (EU) No 2023/826 of 17 April 2023 laying down ecodesign requirements for off mode, standby mode,
and networked standby energy consumption of electrical and electronic household and office equipment pursuant to Directive
2009/125/EC of the European Parliament and of the Council and repealing Commission Regulations (EC) No 1275/2008 and
(EC) No 107/2009; Link: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R0826

4 The definition of this term is provided in (EU) No 2023/826: “Large format printing equipment’ means printing equipment
designed for printing on A2 media and larger, including equipment designed to accommodate continuous-form media of at least
406 mm width.”
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An industry association commented in response to this that EuroVAPrints (EVAP) provided
data by model classification to the commission in 2024 that demonstrated a minimum standby
mode of 1.5W for Imaging Equipment is the best that can be achieved. For larger A4 and A3
devices it is not possible to achieve the stated 0.8W in standby mode.

This issue will be investigated further by the Team conducting the Review Study of Imaging
Equipment.

1.5.2 RoHS Directive

The RoHS Directive (RoHS 3, EU Directive 2015/863) aims to prevent the risks posed to
human health and the environment related to the management of electronic and electrical
waste. It does this by restricting the use of certain hazardous substances in products that can
be substituted by safer alternatives. These restricted substances include heavy metals, flame
retardants and plasticizers.

The RoHS Directive 2011/65/EUs currently restricts the use of ten substances: lead, cadmium,
mercury, hexavalent chromium, polybrominated biphenyls (PBB) and polybrominated diphenyl
ethers (PBDE), bis(2-ethylhexyl) phthalate (DEHP), butyl benzyl phthalate (BBP), dibutyl
phthalate (DBP) and diisobutyl phthalate (DIBP).

All products with an electrical and electronic component, unless specifically excluded, have to
comply with these restrictions. The scope of the Restriction of Hazardous Substances
Directive 2011/65/EU (RoHS) fully applies to the imaging equipment covered in this study.

1.5.3 REACH Regulation

The Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) Regulation
(EC) No 1907/2006 (European Commission, 2006) aims to improve the protection of human
health and the environment from the risks that can be posed by chemicals. REACH
establishes procedures for collecting and assessing information on the properties and hazards
of substances. REACH applies to all chemical substances, including those in articles such as
electrical appliances.

REACH calls for the progressive substitution of the most dangerous chemicals (referred to as
"Substances of Very High Concern") when suitable alternatives have been identified. SVHCs
are defined as:

1. Substances meeting the criteria for classification as carcinogenic, mutagenic or toxic
for reproduction (CMR) category 1A or 1B in accordance with the CLP Regulation.

2. Substances which are persistent, bio-accumulative and toxic (PBT) or very persistent
and very bio-accumulative (vPvB) according to REACH Annex XIII.

5 EuroVAprint ASBL is a non-profit association established in 2011 that brings together all of the major manufacturers of imaging
equipment that operate in Europe. The association provides the legal and administrative means to supervise the implementation
and monitoring of the Imaging Equipment Voluntary Agreement aimed at curbing the environmental footprint of imaging
equipment.

6 Consolidated text: Directive 2011/65/EU of the European Parliament and of the Council of 8 June 2011 on the restriction of the
use of certain hazardous substances in electrical and electronic equipment (recast) (Text with EEA relevance), Link: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02011L0065-20250101
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3. Substances on a case-by-case basis, which cause an equivalent level of concern as
CMR or PBT/vPvB substances.

Once a substance is identified as an SVHC, it is included in the Candidate List of substances
of very high concern for Authorisation.” ECHA regularly assesses the substances from the
Candidate List to determine which ones should be included in the Authorisation List (Annex
XIV). Once a substance is included in an Authorisation List, this can be used/produced only
with authorisation under certain circumstances for defined applications.

A Restrictions List (Annex XVII) is also periodically revised. Once a substance is included in
the Restrictions List, specific or general uses of such substance are prohibited.

Article 33 of REACH establishes the right of consumers to be able to obtain information from
suppliers on substances in articles. Suppliers of articles are obliged to provide
industrial/professional users or distributors with certain pieces of information on articles
containing substances with irreversible effects on human health or the environment.

1.5.4 WEEE Directive

The WEEE Directive (Directive 2012/19/EU) lays down measures to protect the environment
and human health by preventing or reducing the adverse impacts of the generation and
management of waste from electrical and electronic equipment (WEEE) and by reducing
overall impacts of resource use and improving the efficiency of such use in accordance with
Articles 1 and 4 of Directive 2008/98/EC (the ‘general’ waste directive).

The WEEE Directive explicitly cross-references the Ecodesign Directive 2009/125/EC directly
in Article 4, and sets out other relevant requirements for products covered within the scope of
this study on imaging equipment.

- Article 4. Product Design

EU member states shall take appropriate measures so that the ecodesign
requirements facilitating re-use and treatment of WEEE established in the framework
of the Ecodesign Directive are applied and producers do not prevent, through specific
design features or manufacturing processes, WEEE from being re-used, unless such
specific design features or manufacturing processes present overriding advantages,
for example, with regard to the protection of the environment and/or safety
requirements (WEEE, Art. 4).

7 Candidate List of substances of very high concern for Authorisation; published in accordance with Article 59(10) of the
REACH regulation, European Chemicals Agency (ECHA), Link: https://echa.europa.eu/candidate-list-table
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Article 5. Separate Collection

1.

Member States shall adopt appropriate measures to minimise the disposal of
WEEE in the form of unsorted municipal waste, to ensure the correct treatment of
all collected WEEE and to achieve a high level of separate collection of WEEE,
notably, and as a matter of priority, for temperature exchange equipment
containing ozone-depleting substances and fluorinated greenhouse gases,
fluorescent lamps containing mercury, photovoltaic panels and small equipment
[...]e

For WEEE from private households, Member States shall ensure that:

(a) systems are set up allowing final holders and distributors to return such waste
at least free of charge. [...]

(b) when supplying a new product, distributors are responsible for ensuring that
such waste can be returned to the distributor at least free of charge on a one-
to-one basis as long as the equipment is of equivalent type and has fulfilled the
same functions as the supplied equipment [...].

(d) [...] producers are allowed to set up and to operate individual and/or collective
take-back systems for WEEE from private households provided that these are
in line with the objectives of this Directive;

Article 7 Collection rate

From 2019, the minimum collection rate to be achieved annually shall be 65 % of the
average weight of EEE placed on the market in the three preceding years in the
Member State concerned, or alternatively 85 % of WEEE generated on the territory of
that Member State.

Article 11 Recovery targets

1.

Regarding all WEEE separately collected in accordance with Article 5 (see above)
and sent for treatment [...], Member States shall ensure that producers meet the
minimum targets set out in Annex V (see below).

The achievement of the targets shall be calculated, for each category, by dividing
the weight of the WEEE that enters the recovery or recycling/preparing for re-use
facility, after proper treatment ¢ [...] with regard to recovery or recycling, by the
weight of all separately collected WEEE for each category, expressed as a
percentage.

8 Definitions from Directive 2008/98/EC, article 3:

‘municipal waste’ means: (a) mixed waste and separately collected waste from households, including paper and cardboard, glass,
metals, plastics, bio-waste, wood, textiles, packaging, waste electrical and electronic equipment, waste batteries and
accumulators, and bulky waste, including mattresses and furniture; (b) mixed waste and separately collected waste from other
sources, where such waste is similar in nature and composition to waste from households;

‘collection’ means the gathering of waste, including the preliminary sorting and preliminary storage of waste for the purposes of
transport to a waste treatment facility

‘separate collection’ means the collection where a waste stream is kept separately by type and nature so as to facilitate a specific
treatment;

% Proper treatment, other than preparing for re-use, and recovery or recycling operations shall, as a minimum, include the removal
of all fluids and a selective treatment in accordance with Annex VII.

10
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- Article 15 Information for treatment facilities

1.

In order to facilitate the preparation for re-use and the correct and environmentally
sound treatment of WEEE, including maintenance, upgrade, refurbishment and
recycling, Member States shall take the necessary measures to ensure that
producers provide information free of charge about preparation for re-use and
treatment in respect of each type of new EEE placed for the first time on the Union
market within one year after the equipment is placed on the market. This
information shall identify, as far as it is needed by centres which prepare for re-use
and treatment and recycling facilities in order to comply with the provisions of this
Directive, the different EEE components and materials, as well as the location of
dangerous substances and mixtures in EEE. It shall be made available to centres
which prepare for re-use and treatment and recycling facilities by producers of EEE
in the form of manuals or by means of electronic media (e.g. CD-ROM, online
services).

- Annex VII, Selective treatment for materials and components of WEEE

1. As a minimum the following substances, mixtures and components have to be

removed from any separately collected WEEE:

— polychlorinated biphenyls (PCB) containing capacitors [...] '°,

— mercury containing components, such as switches or backlighting lamps,
— batteries,

— printed circuit boards of mobile phones generally, and of other devices if the
surface of the printed circuit board is greater than 10 square centimetres,

— toner cartridges, liquid and paste, as well as colour toner,
— plastic containing brominated flame retardants,

— asbestos waste and components which contain asbestos,
— cathode ray tubes,

— chlorofluorocarbons (CFC), hydrochlorofluorocarbons (HCFC) or
hydrofluorocarbons (HFC), hydrocarbons (HC),

— gas discharge lamps,

— liquid crystal displays (together with their casing where appropriate) of a
surface greater than 100 square centimetres and all those back-lighted with
gas discharge lamps,

— external electric cables,
— components containing refractory ceramic fibres [...],
— components containing radioactive substances [...],

— electrolyte capacitors containing substances of concern (height > 25 mm,
diameter > 25 mm or proportionately similar volume).

0 Single phase induction motors used in fridges need capacitors for starting (and some use them also for running). The capacitors
are usually electrolytic, and the older ones can contain polychlorinated biphenyls (PCBs). PCBs were banned in Europe in 1987,
so by now, very few fridges should arrive to recyclers with PCB containing capacitors.

Electrolytic capacitors can contain CRMs depending on the type: aluminium, tantalum, niobium, manganese oxide or titanium
oxide, silver, graphite, paper, rubber, electrolyte e.g. ethylene glycol (EG) or y-butyrolactone (GBL). For motor starting, aluminium
electrolytic capacitors with non-solid electrolyte seem to be most frequently used.

1"
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These substances, mixtures and components shall be disposed of or recovered in
compliance with Directive 2008/98/EC.

2. The following components of WEEE that is separately collected have to be treated
as indicated:

— cathode ray tubes: the fluorescent coating has to be removed,

— equipment containing gases that are ozone depleting or have a global warming
potential (GWP) above 15, such as those contained in foams and refrigeration
circuits: the gases must be properly extracted and properly treated. Ozone-
depleting gases must be treated in accordance with Regulation (EC) No
1005/2009,

— gas discharge lamps: the mercury shall be removed.

3. Taking into account environmental considerations and the desirability of preparation
for re-use and recycling, points 1 and 2 shall be applied in such a way that
environmentally-sound preparation for re-use and recycling of components or whole
appliances is not hindered.

1.6. Voluntary schemes

This summary of the voluntary schemes is adapted from the JRC’s Preparatory Study (JRC,
2024). This presents the different aspects covered in voluntary schemes for imaging
equipment.

1.6.1 Voluntary Agreement for Imaging Equipment

In the context of the Ecodesign Directive, a Voluntary Agreement is established when
manufacturers agree to abide by a common level of environmental performance. Voluntary
Agreements are entered into when such actions are likely to deliver the policy objectives faster
or in a less costly manner.

Imaging equipment has been regulated with such a Voluntary Agreement (VA) under the
Ecodesign Directive since 2013. However, in the most recent Ecodesign and Energy Labelling
Working Plan 2022-2024, the Commission’s analysis found that mandatory requirements were
warranted:

“‘Regarding imaging equipment, the Commission has assessed the revision of the
Voluntary Agreement proposed by representatives of the sector and concludes that
accepting this revision would not achieve the objectives considered in the Circular
Economy Action Plan (CEAP), and cannot be considered compliant with the guidelines
on self-regulatory instruments in particular regarding the possible re-use of
consumables. As announced in the CEAP, the Commission will launch the preparation
of regulatory measures for this product group.”

The 2020 Circular Economy Action Plan (European Commission, 2020) referred to this
product group, stating that ‘Printers and consumables such as cartridges will be covered [by
the upcoming Ecodesign Working Plan] unless the sector reaches an ambitious voluntary
agreement within the next six months’.

12
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Between 2019 and 2021, the industry made a new VA proposal, including cartridges and
containers, as well as other recommendations made by different stakeholders, including
material efficiency requirements. This proposal was published in April 2021. The VA proposed
by the imaging equipment industry in 2021 (Eurovaprint, 2021) was evaluated by the JRC on
behalf of DG Environment (DG ENV). In this evaluation (Bernad-Beltran and Alfieri, 2022), DG
JRC identified various improvements from the current VA, such as the inclusion of cartridges
within the scope of the document and the enhancement of resource efficiency commitments
applicable to printers, including design for dismantling rules and a comprehensive list of spare
parts. However, the analysis also identified some issues of concern regarding compliance with
self-regulation criteria and with the level of ambition required by the CEAP.

Based on evaluation conducted by the DG JRC, the European Commission considered that
the VA proposal, despite the improvements introduced, had not reached the ambitious
objectives in terms of circularity mandated by the CEAP and decided to work on mandatory
regulatory measures under the Ecodesign Directive. Based on this decision, the imaging
equipment was included in the list of new measures under the Ecodesign and Energy Labelling
Working Plan 2022-2024 (European Commission, 2022).

Despite not endorsing the VA proposed by the industry in 2021, the JRC identified several
aspects that may the basis for the development of new implementing measures in this sector,
such as:

o Energy consumption requirements, default delay times and automatic duplexing
capability, at the same level as in Energy Star v3.2

Availability of n-up printing

Design for recycling and for easy dismantling of devices

Availability of spare parts for devices

Availability of software and firmware updates

Cartridge design requirements, in terms of reusability

Product information requirements

1.6.2 The EU GPP Criteria for Imaging Equipment

EU Green Public Procurement (GPP) is a voluntary instrument. It relies on the purchasing
power of public authorities to promote environmentally friendly goods, services and works.
Currently, there is EU GPP criteria for a number of products groups, including imaging
equipment (Kaps et al, 2020).

The scope of the GPP Criteria for imaging equipment includes products marketed for office or
domestic use, or both, and whose function is one of the following:

a) to produce a printed image in the form of paper document or photo through a marking
process either from a digital image, provided by a network/card interface or from a
hardcopy through a scanning/copying process

b) to produce a digital image from a hard copy through a scanning/copying process

The Criteria explicitly exclude devices such as digital duplicators, mailing machines and fax
machines.

The GPP Criteria for imaging equipment include 26 Technical Specifications, divided between

Core (minimum level of ambition) and Comprehensive (highest level of ambition). It also
contains 9 Award Criteria and 7 Contract Performance Clauses.

13
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The criteria are focused on both the environmental performance of devices and consumables.
As a few relevant examples, it contains Technical Specifications on topics such as:

Post-consumer recycled content: The percentage of postconsumer recycled plastic
content, calculated as a percentage of total plastic (by weight), must be declared.
Device firmware updates: Any firmware update must not prevent the use of
reused/remanufactured consumables.

Reusability of consumables: cartridges or containers must not be designed to limit the
ability to reuse/remanufacture. Examples of features which are deemed to limit the
ability to remanufacture, or promote non-reuse, include, but are not limited to:
cartridges or containers covered by patents or licence agreements which include
statements that seek to limit remanufacturing; statements on the cartridge or container,
or packaging, which declare, or imply, that the product is not designed to be
remanufactured.

Printing quality: any cartridges or containers must meet all requirements behind at least
one widely recognised cartridge/container quality standard

Beyond those, there is also criteria on topics such as energy efficiency, design for
disassembly, substance and noise emissions, hazardous substances, warranties, take-back
systems, etc.

1.6.3 Critical Raw Materials Act

Annex | of the Critical Raw Materials Act [8] lists the strategic raw materials, and Annex Il the
critical raw materials. The list is presented in the table below.

According to the Phase 1 analysis that looked at prioritising the products to be evaluated in
Phase 2, the five most important critical raw materials for imaging equipment are Palladium,
Bismuth, Bauxite/Aluminium, Antimony and coking coal (in that order).

Table 2: List of strategic and critical raw materials (source: Critical Raw Materials Act [8], annex | and

)

Raw Material / Element Crliltlical _Raw Strategic Raw Material
aterial

Antimony X

Arsenic X

Bauxite/alumina/aluminium X X

Baryte X

Beryllium X

Bismuth X X

Boron X x (metallurgy grade)
Cobalt X X

Coking coal X

Copper X X

14
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Raw Material / Element Crli’tliactaelrilz?w Strategic Raw Material
Feldspar X
Fluorspar X
Gallium X X
Germanium X X
Hafnium X
Helium X
Heavy rare earth elements " X
Light rare earth elements 12 X
Rare earth elements for permanent magnets X
(Nd, Pr, Tb, Dy, Gd, Sm, & Ce)
Lithium X x (battery grade)
Magnesium X x (metal)
Manganese X x (battery grade)
Graphite X x (battery grade)
Nickel — battery grade X X
Niobium X
Phosphate rock X
Phosphorus X
Platinum group metals '3 X X
Scandium X
Silicon metal X X
Strontium X
Tantalum X
Titanium metal X X
Tungsten X X
Vanadium X

" The CRM Act does not further define this, but heavy rare earth elements should include Y (Yttrium), Gd (Gadolinium), Tb
(Terbium), Dy (Dysprosium), Ho (Holmium), Er (Erbium), Tm (Thulium), Yb (Ytterbium), and Lu (Lutetium)

2 The CRM Act does not further define this, but light rare earth elements should include La (Lanthanum), Ce (Cerium), Pr
(Praseodymium), Nd (Neodymium), Pm (Promethium), Sm (Samarium) and Eu (Europium).

¥ The CRM Act does not further define this, but platinum group metals (PGM) should include: Pd (Palladium), Pt (Platinum), Rh
(Rhodium), Ru (Ruthenium), Ir (Iridium) and Os (Osmium).
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Among the provisions of the CRM Act there are two which are directly relevant for this study
on imaging equipment™;

Paragraph (52)

(52) Member States retain important competences in the field of circularity, for
example in the area of waste collection and treatment systems. Those
competences should be used to increase collection and recycling rates for
waste streams with a high potential for recovery of critical raw materials,
including electronic waste, making use for example of financial incentives such
as discounts, monetary rewards or deposit-refund systems while preserving the
integrity of the internal market. With a view to increasing the use of secondary
critical raw materials, this could also include differentiated producer
responsibility fees, provided such fees exist in national law, to benefit products
containing a larger share of secondary critical raw materials recovered from
waste recycled in accordance with environmental standards established in
Union law. Such secondary critical raw materials recovered from waste should
include recovery carried out in accordance with third-country standards that
offer an equivalent protection to Union standards. Member State authorities
should also make a difference as buyers of critical raw materials and of
products containing them, and national research and innovation programmes
provide significant resources to increase the state of knowledge and
technology for critical raw materials circularity as well as material efficiency.
Finally, Member States should promote the recovery of critical raw materials
from extractive waste by improving the availability of information and by
addressing legal, economic and technical barriers. A possible solution that
Member States should look into are risk-sharing mechanisms between
operators and the Member State to promote recovery from closed waste
facilities. The Board should also facilitate the exchange of best practices
between Member States, on the design and implementation of their national
programmes.

- Article 26, National measures on circularity

1. Each Member State shall, [...], adopt [...] measures designed to:
[...]

(c) increase the collection, sorting and processing of waste with relevant critical raw
materials recovery potential 5, including metal scraps, and ensure their infroduction
into the appropriate recycling system, with a view to maximising the availability and
quality of recyclable material as an input to critical raw material recycling facilities.

(d) increase the use of secondary critical raw materials, including through measures
such as taking recycled content into account in award criteria related to public
procurement or financial incentives for the use of secondary critical raw materials.

(e) increase the technological maturity of recycling technologies for critical raw
materials and promote circular design, materials efficiency and substitution of

4 The following are extracts or summaries of the legal text. See the act itself for the precise text. Link: https:/eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=0J:L_202401252

5 The Commission has to define by May 2025 which products, components and waste streams shall at least be considered as
having a relevant critical raw materials recovery potential.
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critical raw _materials in products and applications, at least by including support
actions to that effect under national research and innovation programmes.

5. Member States shall identify separately, and report, the quantities of components
containing relevant amounts of critical raw materials removed from waste electrical
and electronic equipment and the quantities of critical raw materials recovered from
such equipment.

1.6.4 EPEAT Ecolabel

EPEAT is a non-profit organisation that works to accelerate the adoption of sustainable
electronics globally. It is owned and operated by the Global Electronics Council and has
received formal recognition for meeting the requirement of ISO 14024, the international
standard for ecolabels. EPEAT offers a free online Registry which identifies thousands
products from across a broad range of manufacturers. EPEAT qualification criteria are
developed through a voluntary consensus process with a balance of stakeholders. The criteria
look across the entire electronics life cycle, from materials extraction to end-of-life, including
climate change, chemicals of concern, circularity and sustainable use of resources, and
responsible sourcing. Manufacturers and/or brands interested in participating in EPEAT must
first work with a conformity assurance body to prove they meet EPEAT criteria before their
products are listed in the Registry.

Consumers can freely search the EPEAT Registry for products based on product category,
manufacturer, the country in which the product is expected to be used, and/or by EPEAT tier
level (Bronze, Silver, and Gold). The EPEAT Bronze, Silver and Gold tiers make it easier for
consumers to find sustainable options and while also fostering innovation and healthy
competition between participating brands. EPEAT Gold identifies that products meet the most
stringent criteria for sustainability. Products in the EPEAT Silver and Bronze tiers also must
meet a broad, robust set of criteria, making them more sustainable products.

The EPEAT Registry for Imaging Equipment is available on this link, and as of 1 July 2025
has 3855 models listed in the database.

1.6.5Blue Angel: Environmentally Friendly Printers and
Multifunction Devices (DE-UZ 219)

The Blue Angel — the environmental label from the German federal government — has been
working since 1978 to set stringent standards for environmentally friendly, healthy and durable
products and services. The Blue Angel is Germany‘s best known environmental label and
offers consumers a high level of trust that the products receiving this label are more
environmentally sustainable. Blue Angel defines a set of criteria and manufacturers apply to
the programme to gain certification for their products. For imaging equipment, the specific
design criteria for the current scheme (DE-UZ 219) can be found on this link. That page also
provides a searchable database of compliant products, which as of 1 July 2025 contains 1451
models.

Blue Angel describes its label as follows:

Printers and multifunction devices are complex devices with a diverse range of functions
and are used on a daily basis in both a private and work environment. The low energy
consumption of devices certified with the Blue Angel supports climate change mitigation.
The contribution of electrophotographic devices to indoor pollution by ultrafine dust is small
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in the workplace or at home and will be further reduced gradually. In addition, the devices
must comply with strict requirements with respect to the selection of materials and the
recyclable design of the products. The criteria for the selection of materials in the devices
also stipulate that a minimum level of recycled plastic must be used. Low-pollutant
materials must also be used in the plastic parts to reduce the impact on the environment
and the risks to human health. Furthermore, these devices have a low energy consumption
and thus make a significant contribution to climate protection. Last but not least, those
companies who sell printers and multifunction devices certified with the Blue Angel are
also obligated to gradually fulfil ambitious social standards during the production process
and comply with due diligence requirements in the supply chains for conflict materials by
2024 at the latest.

2. MEErP Task 2, Markets

This section offers a very brief look at the market data estimates for imaging equipment,
derived from the Ecodesign Impact Accounting (EIA) study. This EIA gathers data from all
products regulated by Ecodesign and Energy Labelling regulations. It provides estimates of
sales, stock, volumes, efficiencies, electricity consumption, GHG emissions, prices, costs,
business revenues and jobs.

EIA data are based on EU28 data from the 2019 Impact Assessment [5], the 2016 review
study [4] and the underlying Excel file, converted to EU27 by applying Brexit factors (see the
EIA annual report). The data until 2015-2018 *¢ can be considered ‘historical’, while data for
later years are projections made at the time of the last study.

2.1. Imaging Equipment Sales and Stock

Table 3 presents the estimated sales of imaging equipment in five-year increments from 2010
through 2050. These data are presented in thousands of units and show an anticipated
reduction in sales. Between 2025 and 2050, overall sales are projected to decrease by
approximately 23%. Within that time period, monochromatic laser printers are projected to
reduce sales by 81% while colour laser printers do the opposite, they are expected to increase
sales by 15%. All other categories are expected to reduce by 23 to 24%.

6 The 2016 review study used data available in 2015. The 2019 impact assessment used these data but may have updated
some of the data up to 2018.
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Table 3. Sales of Imaging Equipment by Type, EIA 2024 (BAU, thousands of units)

Type 2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Inkjet Printer 8,306 822| 786| 748| 711| 74| 640| 605| 571
Inkjet MFD 10669 | 12,740 12,186 | 11,588 | 11,021 | 10481 | 9.970| 9460 8,950
Laser Printer 2054| 2034| 1545| 1217| 978| 768| 587| 406| 226
mono
tgﬁ)irrp””ter 1142 1332| 1669| 1840| 1929| 1,999| 2038| 2078| 2117
Laser Copier 828 204 ) ) ) ) ) ) )
mono
Laser Copier
colour 166 298 ) ) ) ) ) ) )
'r'na::(; MFD 1379| 1843| 1760| 1674| 1592| 1512| 1436| 1361| 1,286
Laser MFD 1380| 1.844| 1761| 1675| 1593| 1516| 1440| 1365| 1,290
colour

TOTAL | 26,825| 21,117 | 19,707 | 18,741 | 17,823 | 16,949 | 16,112 | 15,276 | 14,439

Table 4 presents the estimated installed stock of imaging equipment in five-year increments
between 2010 and 2050. These data are presented in thousands of units, and show a
projected reduction in the installed stock despite an expected increase in the number of
households in the EU-27 over that same time period. Between 2025 and 2050, the overall
stock is expected to decrease by 22%. Within that anticipated reduction, monochromatic laser
printers are projected to reduce by 78% while colour laser printers are expected to increase
in stock by 20%. All other categories are expected to reduce by 20 to 23%
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Table 4. Stock (EU-27) of Imaging Equipment by Type, EIA 2024 (BAU, thousands of units)

Type 2010 2015 2020 2025 2030 2035 2040 2045 2050
Inkjet Printer | 36,002 | 15,619| 4,008| 3,815| 3,628 | 3,445| 3,269| 3,096| 2,923
Inkjet MFD 40,004 | 53,944 | 62,117 | 59,125 | 56,227 | 53,483 | 50,873 | 48,322 | 45,771
Laser Printer | 12,115| 10,585| 8,645| 6,790| 5,396 | 4,260| 3,297 | 2,393| 1,489
mono
Laser Printer 3,981 6,253 | 9,077 | 10,476 | 11,277 | 11,784 | 12,111 | 12,347 | 12,583
colour
Laser Copier 3,761 2,243 490 - - - - - -
mono
Laser Copier 592 1,567 1,018 - - - - - -
colour
Laser MFD 6,843 | 9,648 | 10,816 | 10,299 | 9,794| 9,309| 8,844| 8,393 | 7,942
mono
Laser MFD 6,852 | 9,656| 10,823 | 10,305| 9,800| 9,325| 8,868| 8,416| 7,964
colour

TOTAL (110,149 |109,515 {106,994 {100,809 | 96,121 | 91,606 | 87,262 | 82,967 | 78,672

2.2. Imaging Equipment Usage in the EU-27

Table 5 presents the estimated number of pages printed across the EU-27 in five-year
increments between 2010 and 2050. These data are presented in billions of pages, and project
a reduction in number of pages over the time period shown. Between 2025 and 2050, the
overall number of printed pages is expected to reduce by approximately 35%.
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Table 5. Images (pages) printed per year by EU Stock, by Type, EIA 2024 (BAU, billions of pages)

Type 2010 2015 2020 2025 2030 2035 2040 2045 2050
Inkjet Printer 29.0 9.0 1.7 1.3 1.1 1.0 0.9 0.8 0.8
Inkjet MFD 32.3 31.0 25.9 19.6 16.8 15.4 14.2 13.2 12.5
Laser Printer 273.6| 170.1 101.0 63.0 45.3 34.2 25.7 18.3 11.4
mono
Laser Printer 89.9| 1004 | 106.1 97.2 94.6 94.7 94.5 94.6 96.0
colour
Laser Copier 84.9 36.0 5.7 - - - - - -
mono
Laser Copier 13.4 25.2 11.9 - - - - - -
colour
Laser MFD 154.5| 155.0| 126.4 95.6 82.2 74.8 69.0 64.3 60.6
mono
Laser MFD 154.7 | 155.1 126.5 95.6 82.2 75.0 69.2 64.5 60.7
colour

TOTAL | 832.3| 681.8| 505.2| 372.4| 322.2| 2951 | 273.4| 255.9| 2419

2.3. Electricity Consumption of Imaging Equipment in the EU-

27

Table 6 presents the estimated electricity consumption of the installed stock of imaging
equipment in five-year increments between 2010 and 2050. These data are presented in
terawatt-hours per annum, for the business as usual scenario. Due to the reduction in stock
and improving performance of the products themselves, the electricity consumed by imaging
equipment is expected to reduce over this time period, from 10.94 TWh in 2025 to 8.99 TWh
in 2050. This represents a reduction of 18% over that time period in the business as usual

case.
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Table 6. Electricity Consumption of EU Stock, by Type, EIA 2024 (BAU, Terawatt-hours per year)

Type 2010 2015 2020 2025 2030 2035 2040 2045 2050
Inkjet Printer 0.53 0.18 0.05 0.04 0.04 0.04 0.04 0.04 0.03
Inkjet MFD 0.88 0.95 1.09 1.04 0.99 0.94 0.89 0.85 0.80
Laser Printer 2.31 1.76 1.44 1.13 0.90 0.71 0.55 0.40 0.25
mono
Laser Printer 1.18 1.63 2.36 2.72 2.93 3.06 3.15 3.21 3.27
colour
Laser Copier 1.15 0.60 0.13 - - - - - -
mono
Laser Copier 0.21 0.49 0.32 - - - - - -
colour
Laser MFD 2.09 2.58 2.89 2.75 2.62 2.49 2.36 2.24 2.12
mono
Laser MFD 2.47 3.05 3.41 3.25 3.09 2.94 2.80 2.65 2.51
colour

TOTAL 10.81 11.23| 11.69| 1094| 10.57| 10.18 9.79 9.39 8.99

22




CRM and Recycled Content, Imaging Equipment

3. MEErP Task 3, Product usage

In this task, the review study would look at how much the product being evaluated is used.
However, for the purposes of the work being conducted in this study of critical raw materials,
recycled content and recyclability, the usage of the product is less relevant.

The upcoming review study on imaging equipment will provide updates on product usage in
their analysis, it is therefore not included in this report.
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4. MEErP Task 4, Technologies

In this task, the review study would assess both current and anticipated technological
improvements in the product being evaluated. For the purposes of the work being conducted
in this study, apart from product re-design to incorporate recycled content, development of
more efficient printers and improvements in print quality are outside of scope. Thus, for this
study on critical raw materials, recycled content and recyclability, the degree of technological
innovation of imaging equipment is less relevant.

The upcoming review study on imaging equipment will provide updates on technological
innovation in their analysis, and this is therefore not included in this report.
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5. MEErP Task 5, Environment and Economics

5.1. Bill-of-Materials for base cases

In the review of imaging equipment, seven base case representative models are being
developed for analysis:

e BC1: Small Office, Laser A4 colour printer, 26 ipm
¢ BC2: Small Office, Laser A4 mono printer, 42 ipm
o BCa3: Large Office, Laser A4 colour printer, 52 ipm
e BC4: Large Office, Laser A4 mono printer, 70 ipm
¢ BC5: Large Office, Laser A3 colour printer, 80 ipm
o BCG6: Large Office, Laser A3 mono printer, 90 ipm
e BC7: Household, Inkjet A4 colour printer, 15 ipm

For the CRM and recycled content mini-study, the team selected two of base case models
that are under consideration by the Review Study Team. These two models were selected in
order to represent a popular model used in the professional environment and a popular model
used in the household setting. For the professional (office) environment, the base case model
BC5 - Large Office, Laser A3 colour printer, 80 ipm was selected. For the household
(domestic) setting, the only base case model from this sector was used, base case model BC7
— Household, Inkjet A4 colour printer, 15 ipm. The table below provides a high-level breakdown
/ comparison between the different material types found in the two representative models
selected for these two product groups.

Table 7: Materials Weight Allocation for the two Basecase Models Evaluated for Imaging Equipment

BC5: Large Office A3 Colour Laser BC7: Household A4 Colour Inkjet

A

Electronics
6%

Electronics
5%

Plastics
32%

Plastics
67%

Metals
61%

For the large office A3 colour laser printer
(BC5), the total weight of the printer is 85.8 kg,
excluding packaging material used in shipping.
Breaking down the printer into groups of

For the household A4 colour inkjet (BC7), the
total weight of the printer is 2.2 kg, excluding
any packaging material used in shipping.
Breaking down the printer into its material types,
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material types, metals represent 61% of the the largest share is plastics, which represent
mass (52.6 kg), plastics are 32% (27.2 kg), 67% of the mass (1.6 kg), followed by metal at
electronics are 5% (4.4 kg), and other materials | 19% (0.5 kg), other material at 8% (0.2 kg) and
are 2% (1.6 kg). electronics at 6% (0.1 kg).

This study uses the new 2024 EcoReportTool (ERT)”, developed for use in assessing
products under the Ecodesign for Sustainable Products Regulation (ESPR). A representative
model of a product group is selected, and the bill of materials associated with that
representative model is matched with items within the ERT. The matched items have unit
environmental impacts provided which are part of the assessment, and recycled material
options available. In the new ERT, there is virgin material (V) and recycled material (R), each
with their own dataset of unit environmental impacts. Table 8 and Table 9 present the BoM for
the large office A3 colour laser printer and household A4 colour inkjet printer, respectively. For
the factors R1 (recycled content), R2 (recyclability or recycling output rate) and A (allocation
factor), see section 5.2.

" MEErP _Ecoreport tool_v1.7.xlsx; European Commission, Joint Research Centre, Eynard, U., Ardente, F., Gama Caldas, M.,
Spiliotopoulos, C. and Mathieux, F., Ecoreport tool - Manual, Publications Office of the European Union, Luxembourg, 2024,
https://data.europa.eu/doi/10.2760/473257, JRC133597.
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Table 8: Bill of Materials for Large Office A3 Colour Laser Printer and corresponding entries in the EcoReportTool

A3 Laser (BC5) Weight Material Virgin material Recycled material
R1 R2 A
Component (grams) | Category dataset dataset
PA 6.6 197.13 Plastics ) . L ) 31-Nylon fibre, recycled, mechanical, post- 0% 0% 50%
PA 6.6-GF30 40.8 Plastics pro1d1ust3i/c|>cr)1nn?ifb:trpelggtugl"znlcl)gtso gbg";w consumer washing, drﬁing, shredding, Idrum 0% 0% 50%
. ’ .. T rotating spinning production mix, at plant
polyketone GF30 16.5 Plastics electricity Erec/ErecEoL, efficiency 90% 0% 0% 50%
PET 28.47 Plastics } 41-Polyethylene terephthalate (PET) granulate | 0% 0% 50%
PET-(GF+MD)40 FR(17) | 26.4 Plastics pﬁgggﬁﬁgﬁ'E)Z;z:jegzwﬂztiesgsggf secondary ; no metal fraction from post- 0% | 0% |50%
PET-(GF+MD)40FR(17) | 157.7 Plastics ethylene glycol and terephthalic acid C:gllsgtinzqztri;a;tri’d\ljl;i\gr? sr:::(]gatg ;?:rtjtlzt(l)?’/: , 0% | 0% |50%
production mix, at plant petrochemical based recycling rate
13-Polymethyl methacrylate (PMMA) 40-Recycling of post-consumer waste
. granulate bulk polymerisation, from methyl |polypropylene (PP) collection, sorting, transport, o o o
PMMA 1015 Plastics methacrylate production mix, at plant 1.18 washing, granulation, pelletization production 0% 0% 50%
g/cm3 mix, at plant 48,9% recycling rate
PC 188.76 Plastics  [14-Polycarbonate (PC) granulate Technology [33-Polycarbonate (PC), recycled, post-consumer| 0% 0% 50%
mix, dipenyl carbonate route and phosgene |chemical recycling, depolymerisation, hydrolysis
PC-GF20 96.2 Plastics route production mix, at plant 1.20-1.22  |production mix, at plant Erec/ErecEoL, efficiency| 0% 0% 50%
g/cm3 80%
16-Polypropylene (PP), petrochemical based 35;5;3'{}?;0%“3?5’ rzﬁﬁ%ﬂn pos;f;?;ﬁmer
PP 14.89 Plastics polymerisation of bio-fossil propylene : 9. arying, 9. P 9. 0% 0% 50%
production mix, at plant petrochemical based production mix, at plant Erec/ErecEoL, efficiency
’ 90%
PPE+PS-GF20 476.9 Plastics 17-Polystyrene production, high impact 40-Recycling of post-consumer waste 0% 0% 50%
. polymerisation of styrene production mix, at polyprqpylene (PP).COHECt'On.‘ sqnlng, transport,
PS-HI 672.3 Plastics lant 1.05 a/em3 washing, granulation, pelletization production 0% 0% 50%
P 209 mix, at plant 48,9% recycling rate
(ABS+PC)-GF20 FR(40) 47.2 Plastics . . 0% 0% | 50%
ABS 17752.23] Plastics | _T-Acrvionttrile Butadiene Styrene (ABS) | 35 Recyciing plastic Acrylonitrile-butadiene- | 0% | 0% | 50%
ABS+PC 3780.76 Plastics or combi%e)c/i processes’ oro dScti)é)n mix. at styrene (ABS), waste management, technology | 0% 0% 50%
FRBS.GrA0 | 6946 | Plasties plnt ™ 0| o% T 50%
- . 0 0 0
20-Polyurethane flexible foam reaction of
Thermoplastic polyurethane 15.11 Plastics toluene diisocyanate (TD_I) with Iong_—chalr_1 not available 0% 0% 50%
elastomer polyether polyol and foaming production mix,
at plant 18- 53 kg/m3
POM 1189.69 Plastics 300-Polyoxymethylene (POM) {GLO} | not available 0% 0% | 50%
POM-CD10 7.9 Plastics polymerisation of formaldehyde and 0% 0% | 50%
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A3 Laser (BC5) Weight Material Virgin material Recycled material
R1 R2 A
Component (grams) | Category dataset dataset
polymerisation of trioxane with a small volume
POM-GF25 60.1 Plastics of co-polymer | production mix, at plant | 0% 0% | 50%
petrochemical based | LCl result
304-Chloroprene rubber (Neoprene) based | 305-Recycled Chloroprene rubber (Neoprene)
chloroprene rubber 4.46 Plastics {GLO} | emulsion pc_)lyme_rlsatlon of based {GLO} | emulsmn poly.merlsatlon of 0% 0% 50%
chloroprene | production mix, at plant | chloroprene | production mix, at plant |
petrochemical based | LCI result petrochemical based | LCI result
306-Isoprene rubber (IR) {GLO} | solution 307-Recycled Isoprene rubber (IR) {GLO} |
isoprene rubber 445 Plastics process reaction betwegn forrpaldehyde and solutlon. process reaction be’gween' formaldehyde 0% 0% 50%
isobutylene | production mix, at plant | and isobutylene | production mix, at plant |
petrochemical based | LCI result petrochemical based | LCI result
308-Polybutylene terephtalate (PBT) {GLO} | | 309-Recycled Polybutylene terephtalate (PBT)
: . polymerisation of terephthalic acid (TPA) and {GLO} | polymerisation of terephthalic acid (TPA)| ., o o
PBT-GF30 55 Plastics | ™14 butanediol (BDO) | production mix, at | and 1,4-butanediol (BDO) | production mix, at | °7° | 0% | 50%
plant | petrochemical based | LCI result plant | petrochemical based | LCI result
Liquid Crystal Polymer 36 Plastics 0% 0% 50%
PPS 0.4 Plastics ) . ) . 0% 0% | 50%
PPS-(GF+MD)65 98 Plastics 316-polyphenylene sulfide production 317-Recycled polyphenylene sulfide production 0% 0% 50%
PPS-GF30 18.2 Plastics 0% 0% | 50%
6-Ethylene propylene dien elastomer (EPDM)
EPDM Rubber 0.26 Plastics copolynjerlza.tlon of ethyler;e and propylerle 39-Recycling of post-industrial waste EPDM 0% 0% 50%
production mix, at plant 69% ethylene, 38% rubber
propylene
9-LDPE granulates Polymerisation of 29_"\2:’8?]%”8'2/ piﬁlye;r;x:aedn d?rfLDZIﬁgtir;ﬁycled
LDPE 14 Plastics | ethylene production mix, at plant 0.91- 0.96 1Shing, drying, 9, P 9 0% | 0% |50%
) . production mix, at plant Erec/ErecEoL, efficiency
g/cm3, 28 g/mol per repeating unit 90.3%
. 0
310-Bronze {GLO} | copper ore mining and |311-Recycled Bronze {GLO} | copper ore mining
Bronze 64 Metals processing, electrolysis, alloying | single and processing, electrolysis, alloying | single 0% 0% | 50%
route, at plant | CuSn10 | LCI result route, at plant | CuSn10 | LCI result
52-Aluminium ingot mix (high purity) primary 123-Recycling of aluminium mtq aluminium ingot
. . i ) . - from post-consumer collection, transport, o o o
Aluminum 814.66 Metals production, aluminium casting single route, at . . - 0% 50% | 20%
o pretreatment, remelting production mix, at plant
plant 2.7 g/cm3, >99% Al U . o
aluminium waste, efficiency 90%
copper 64.97 Metals 61-Copper Concentrate (Mining, mix 12 . . 30% | 50% | 20%
T - 4-Recycling of copper from clean scrap;
copper 0.1 Metals techn.olo.glelzs), copper ore m|n|-ng and collection, transport, pretreatment; production 30% 50% | 20%
processing; single route, at plant; Copper - mix, at plant; copper content in input scrap 90%
Copper Wire (0.6 mm) 461.25 Metals gold - silver - concentrate (28% Cu; 22.3 Au » atplant, copp o P P >l 30% | 50% | 20%
. copper losses 1%
gpt; 37.3 Ag gpt)
AINiCo magnet (estimation)| 487.57 Metals not available 0% 0% 20%
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A3 Laser (BC5) Weight Material Virgin material Recycled material R1 R2 A
Component (grams) | Category dataset dataset
68-Ferrite (iron ore) iron ore mining and
Iron oxide (ferrite) (Fe203)| 6.62 Metals processing production mix, at plant 5.00 30% | 50% | 20%
g/cm3
stainless steel 179.4 Metals . . 126-Secondary steel slab electric arc furnace | 30% | 50% | 20%
. . . 86-Sta|rjless §tee| hot rolleq hot rolling route, from steel scrap, secondary production o o o
stainless steel spring wire | 462.21 Metals production mix, at plant stainless steel single route, at plant carbon steel 30% | 50% | 20%
87-Steel cold rolled coil blast furnace route 126-Secondary steel slab electric arc furnace
low carbon steel bar 13647.04 Metals . route, from steel scrap, secondary production | 30% 50% | 20%
single route, at plant carbon steel .
single route, at plant carbon steel
88-Steel electrogalvanized coil steel sheet | 126-Secondary steel slab electric arc furnace
steel wire rod 8.64 Metals electrogalvanization single route, at plant 1.5 | route, from steel scrap, secondary production | 30% | 50% | 20%
mm sheet thickness, 0.02 mm zinc thickness single route, at plant carbon steel
90-Steel sheet cold rolling - thickness 2.5mm| 126-Secondary steel slab electric arc furnace
steel sheet EG 5788.03 Metals steel cold rolling process single route, at plant| route, from steel scrap, secondary production | 30% | 50% | 20%
thickness 2.5 mm single route, at plant carbon steel
steel sheet zinc coated | 30598.23 Metals 30% | 50% | 20%
Cable 1-core power 18AWG . 176-End of life of cable, high current Recycling
PVC (16 g/m) D2.9 447.88 | Electronics 132-Cabile, high current technology mix of copper and precious metals (Ag, Au, Pd, Pt) 0% 0% 50%
Cable 1-core signal 24AWG production mix, at plant high current, 1m, 13 from electronics production mlixl, at plant
PVC (4.5 gim) D1.4 1469.7 | Electronics g/m recycling processes: 95- 98% efficiency, scrap | 0% 0% 50%
) ) incineration: 11.0 MJ/kg NCV
16 AWG (PVC)=100g/m . 177-End of life of cable, three-conductor cable o o o
(3 core wire) 402 Electronics 133-Cable, three-conductor cable technology| Recycling of copper and precious metals (Ag, 0% 0% | 0%
Cable 3-core mains power mix production mix, at plant three-conductor | Au, Pd, Pt) from electronics production mix, at
10A/13A 16AWG PVC (100| 97.5 Electronics cable, 1m, 60 g/m plant recycling processes: 95- 98% efficiency, 0% 0% 50%
g/m) D8 scrap incineration: 11.0 MJ/kg NCV
Capacitor Ceramic 0.00 Electronics 0% 0% 50%
Capacitor Ceramic 0.00 Electronics ) . . ) 0% 0% | 50%
Capacitor Ceramic 0.01 Electronics 178-End of life of cgpamtor ceramic Recycling of 0% 0% 50%
Capacitor Ceramic 0.00 Electronics 134-Capacitor ceramic technology mix co?per and precious meta_ls (Ag, Au, Pd, Pt) 0% 0% | 50%
- - " . . . rom electronics production mix, at plant
Capacitor Ceramic 0.19 Electronics |production mix, at plant capacitor, micc, 6 mg . ' o g 0% 0% 50%
- - " recycling processes: 95- 98% efficiency, scrap
Capacitor Ceramic 0.37 Electronics incineration: 11.0 MJ/kg NCV 0% 0% | 50%
Capacitor Ceramic 0.59 Electronics 0% 0% 50%
Capacitor Ceramic 0.39 Electronics 0% 0% 50%
Capacitor tantal SMD E 0.93 Electronics 179-End of life of Capacitor SMD Recycling of | 0% 0% 50%
Capacitor Al-Elko axial THT 0.7 Electronics 135-Capacitor SMD technology mix copper and precious metals (Ag, Au, Pd, Pt) 0% 0% 50%
Capacitor Al-Elko radial production mix, at plant SMD capacitor, 12.5 from electronics production mix, at plant
1.35 Electronics g recycling processes: 95- 98% efficiency, scrap | 0% 0% | 50%

THT

incineration: 11.0 MJ/kg NCV
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A3 Laser (BC5) Weight Material Virgin material Recycled material
R1 R2 A
Component (grams) | Category dataset dataset
Diode power DO214/219 | 4 16 | Ejoctronics 186-End of life of Diode Metal electrode leadless| 0% | 0% | 50%
(93mg) 4.3x3.6x2.3 . : .
- > - 143-Diode Metal electrode leadless face fface (NMELF) Recycling of copper and precious——; 3 o
Diode signal DO214/219 0.04 Electronics ; . 0% 0% | 50%
Diode sianal (mMELF) front-end and back-end processing metals (Ag, Au, Pd, Pt) from electronics
805?2%/2'33/8523 0.01 Electronics |of the wafer, including Czochralski method of |production mix, at plant recycling processes: 95-| 0% 0% 50%
- - silicon growing production mix, at plant 40 mg| 98% efficiency, scrap incineration: 11.0 MJ/kg
Diode signal 0.06 | Electronics NCV 0% | 0% |50%
SOD123/323/523 )
Coil multilayer chip 0402 0.02 Electronics 0% 0% 50%
Coil multilayer chip 1812 0.1 Electronics 0% 0% 50%
Resistor flat chip 0.00 Electronics 0% 0% | 50%
Resistor flat chip 0.01 Electronics . . . . 0% 0% | 50%
Resistor flat chip 0.13 Electronics . . . 187-End of life of flat chip resistor Recycling of 0% 0% | 50%
- — - - 144-Flat chip resistor technology mix copper and precious metals (Ag, Au, Pd, Pt) o o o
Resistor thick film flat chip 0.02 Electronics . . ; . . - 4 0% 0% 50%
Resistor thick film flat chi 012 Electroni production mix, at plant 1 piece of resistor flat from electronics production mix, at plant 0% 0% 509
esistor thick Tim Tat chip - ectronics chip 1206 (9.2mg) recycling processes: 95- 98% efficiency, scrap 2 = =
Resistor thick film flat chip 0.15 Electronics incineration: 11.0 MJ/kg NCV 0% 0% | 50%
Resistor thick film flat chip | 0.23 Electronics Y 0% 0% | 50%
Resistor THT MBB 0.98 Electronics 0% 0% 50%
Resistor THT MBE 0.70 Electronics 0% 0% 50%
Thermistor SMD PTC 0.1 Electronics 0% 0% 50%
151-Light Emitting Diode (LED) front-end and| 1 20-=nd of life of Light Emitting Diode (LED)
LED SMD low-efficiency back-end processing of the wafer, including Recycling of copper and precious metals (Ag,
0.05 Electronics ! " P Au, Pd, Pt) from electronics production mix, at | 0% 0% 50%
max 50mA Czochralski method of silicon growing . . o -
roduction mix. at plant 5 mm. 350 m plant recycling processes: 95- 98% efficiency,
P -atp ’ 9 scrap incineration: 11.0 MJ/kg NCV
192-End of life of Light Emitting Diode (LED),
153-Light Emitting Diode (LED), low power | low power Recycling of copper and precious
LED SMD high-efficiency . front-end and back-end processing of the metals (Ag, Au, Pd, Pt) from electronics o o o
max 0.5A 0.01 Electronics wafer, including Czochralski method of silicon|production mix, at plant recycling processes: 95- 0% 0% 50%
growing production mix, at plant 59 mg 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
Transistor signal SOT223 8 0.81 Electronics . . . 193-E'nd of life of Mediulm power transistor 0% 0% 50%
leads 155-Medium power transistor semiconductor semiconductor Recycling of copper and
Transistor signal SOT23 3 . front-end and back-end processing of the |precious metals (Ag, Au, Pd, Pt) from electronics| ., o o
leads 039 Electronics wafer, including Czochralski method of silicon|production mix, at plant recycling processes: 95- 0% 0% 50%
TranSIStorISelgg:I SOT238 033 Electronics growing production mix, at plant 4.8 g 98% efficiency, scrar:\llgizllneratlon. 11.0 MJ/kg 0% 0% 50%
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A3 Laser (BC5) Weight Material Virgin material Recycled material
R1 R2 A
Component (grams) | Category dataset dataset
194-End of life of Plastic axial diode,
163-Plastic axial diode, Semiconductor front- Semiconductor Recycling of copper and
Diode power THT DO35 . end and back-end processing of the wafer, |precious metals (Ag, Au, Pd, Pt) from electronics| ., o o
(150mg) D1.76x3.77 1.29 Electronics including Czochralski method of silicon production mix, at plant recycling processes: 95- 0% 0% 50%
growing production mix, at plant 1.12 g 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
Printed Wiring Board 1- 195-End of life of Populated Printed wiring board
layer rigid FR4 with HASL | 177.35 | Electronics | 164-Printed wiring board (PWB) (2-layer) via (PWB) (2-layer) Recycling of copper and 0% 0% | 50%
finish (Subtractive method) the subtractive method (as opposed to precious metals (Ag, Au, Pd, Pt) from electronics
Printed Wiring Board 2- additive method) production mix, at plant 2- |production mix, at plant recycling processes: 95-
layer rigid FR4 with HASL | 37.69 | Electronics layer, 1.32 kg 98% efficiency, scrap incineration: 11.0 MJ/kg | 0% 0% | 50%
finish (Subtractive method) NCV
Populated printed wiring . 196-End of life of Populated Printed wiring board| ., o 0
oar -Printed wiring boar -layer) via -layer) Recycling of copper an
board 803.6 Electronics 165-Printed wiring board (PWB) (8-1 . PWB) (8-] R i f d 0% 0% 50%
Printed Wiring Board 4- . the subtractive method (as opposed to precious metals (Ag, Au, Pd, Pt) from electronics| ., o o
layer rigid FR4 158.90 | Electronics additive method) production mix, at plant 8- |production mix, at plant recycling processes: 95- 0% 0% 50%
Printed Wiring Board 8- . layer, 3.08 kg 98% efficiency, scrap incineration: 11.0 MJ/kg o o o
layer rigid FR4 134.44 | Electronics NCV 0% 0% 50%
Coil miniature wound 1.29 Electronics 198-End of life of SMD coil Recycling of copper | 0% 0% 50%
SDR0302 . . . . .
——— 167-SMD coil technology mix production mix,| and precious metals (Ag, Au, Pd, Pt) from
Coil miniature wound . . A ) . ) . 0 0 )
0.27 Electronics at plant 1 piece of Coil miniature wound electronics production mix, at plant recycling 0% 0% 50%
SDR1006 DRA 11 D . % effici
Coll miniature wound ) S 006 (1.16g) D9.8 x 5.8 processes: 9_5- 9231Ajoel\/||‘cjz}<;nc,\)l/bs\./crap : - -
SRR0804 1.81 Electronics incineration: 11. g 0% 0% 50%
201-End of life of Switch <1 Ampere Recycling
. . Qu . of copper and precious metals (Ag, Au, Pd, Pt)
Key switch Dip (79mg) 0.11 Electronics 170 S.WltCh.< 1 Ampere technology mix from electronics production mix, at plant 0% 0% | 50%
11.39x4.5x1.5 production mix, at plant < 1 Ampere, 79 mg . ' o L
recycling processes: 95- 98% efficiency, scrap
incineration: 11.0 MJ/kg NCV
2End of life of Switch > 1 Ampere Recycling of
. Qi . copper and precious metals (Ag, Au, Pd, Pt)
Key switch tact (242mg) 0.46 Electronics 17 $wﬂch > 1 Ampere technology mix from electronics production mix, at plant 0% 0% 50%
6.2x6.3x1.8 production mix, at plant > 1 Ampere, 242 mg . ' o .
recycling processes: 95- 98% efficiency, scrap
incineration: 11.0 MJ/kg NCV
IC BGA 144 0.34 Electronics 0% 0% 50%
IC BGA 144 0.63 Electronics 0% 0% | 50%
IC BGA 256 2.92 Electronics . . 0% 0% | 50%
IC QFP 32 0.20 Electronics 312-Generic IC 313-Recycled Generic IC 0% 0% 50%
ICSO 8 1.36 Electronics 0% 0% | 50%
IC SSOP 14 0.13 Electronics 0% 0% | 50%
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A3 Laser (BC5) Weight Material Virgin material Recycled material
R1 R2 A

Component (grams) | Category dataset dataset
IC SSOP 24 0.18 Electronics 0% 0% 50%
IC TQFP 32 1.50 Electronics 0% 0% 50%
IC TQFP 44 0.95 Electronics 0% 0% 50%
IC TSSOP 8 0.04 Electronics 0% 0% 50%
IC WLP CSP 196 0.78 Electronics 0% 0% 50%

Coin cell (Li/Poly-
carbonmonofluoride - 3.2 Electronics 318-battery cell, Li-ion, LiMn204 319-Recycled battery cell, Li-ion, LiMn204 0% 0% | 50%
RB0.8; RS0.65)
10.1" Liquid Crystal Display 594 Electronics 320-liquid crystal display production, 321-Recycled liquid crystal display production, 0% 50% | 50%
(LCD) unmounted unmounted
Mlgro Speaker (2g, 15.49 Electronics 322-9Iectronlp compqnent production, 323-Recypled elegtronlc cpmponent production, 0% 0% 50%
dynamic, Nd magnet, SMD) passive, mobile, earpiece and speaker passive, mobile, earpiece and speaker
IC TSSOP 16 0.39 Electronics o o 0% 0% | 50%
IC TSSOP 8 045 Electronios 326-IC, DRAM (50% of SoC) 327-Recycled IC, DRAM (50% of SoC) 0% 0% 150%
Glass 161812 | Others | 222-9lass fiber technology mix production not available 0% | 0% | 50%
mix, at plant 1 kg
324-Metal body quartz oscillator {GLO} | [325-Recycled Metal body quartz oscillator {GLO}

Oscillator crystal (500mg) 3 Others technology mix | production mix, at plant | 1 | | technology mix | production mix, at plant | 1 0% 0% | 50%

11.05x4.65x2.5

piece of Oscillator crystal (750mg)

11.35x4.65x3.6 | LCI result

piece of Oscillator crystal (750mg)
11.35x4.65x3.6 | LCI result
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Table 9: Bill of Materials for A4 Colour Inkjet Printer (BC7) and corresponding entries in the EcoReportTool

A4 Inkjet (BC7) | Weight Material Virgin material Recycled material
R1 | R2 A
Component (grams) | Category dataset dataset
14-Polycarbonate (PC) granulate Technology 33-Polycarbonate (PC), recycled, post-consumer
PC 32 Plastics  |mix, dipenyl carbonate route and phosgene route chemical recycling, depolymerisation, hydrolysis 0% | 0% |50%
production mix, at plant 1.20-1.22 g/cm3 production mix, at plant Erec/ErecEoL, efficiency 80%
16-Polypropylene (PP), petrochemical based 35-Polypropylene, recycled, post-consumer washing,
PP 2 Plastics | polymerisation of bio-fossil propylene production | drying, shredding, pelletizing production mix, at plant | 0% | 0% | 50%
mix, at plant petrochemical based Erec/ErecEolL, efficiency 90%
1-Acrylonitrile Butadiene Styrene (ABS) emulsion 36-Recycling plastic Acrylonitrile-butadiene-styrene
ABS 1,276 Plastics polymerisation, bulk polymerisation or combined ’ 0% | 0% | 50%
. . (ABS), waste management, technology mix
processes production mix, at plant
22-PVC granulates, low density polymerisation of : . .
Cable PVC 208.6 Plastics vinyl chloride production mix, at plant 62 g/mol 37-Recycling plastic (PVC.)’ waste management, 0% | 0% |50%
. . technology mix, at plant
per repeating unit
26-Silicone, high viscosity hydrolysis and
Silicate 2 Plastics methanolysis of dimethyldichloro silane not available 0% | 0% |50%
production mix, at plant >30 000 centi Poise
2-Aramid fiber low-temperature solution 40-Recycling of post-consumer waste polypropylene
. polymerisation of m-phenylene diamine with | (PP) collection, sorting, transport, washing, granulation, | ., o o
PPO 28 Plastics isophthaloyl chloride production mix, at plant pelletization production mix, at plant 48,9% recycling 0% | 0% | 50%
petrochemical based rate
POM 42 Plastics 300-POM not available 0% | 0% |50%
4-Epoxy plastic polymerisation of liquid epoxy
Epoxy 6 Plastics resins with a latent hardener (amine) production not available 0% | 0% |50%
mix, at plant petrochemical based
6-Ethylene propylene dien elastomer (EPDM)
. copolymerization of ethylene and propylene ) . ’ . o o o
Rubber 4 Plastics production mix, at plant 69% ethylene, 38% 39-Recycling of post-industrial waste EPDM rubber 0% | 0% |50%
propylene
N P . 0, 0, 0,
Copper 8 Metals 61 popper Concentra'te. (Mining, mix .| 124-Recycling of copper from clean scrap; collection, 30% | 50% | 20%
technologies); copper ore mining and processing; transport, pretreatment; production mix, at plant; copper
Cable copper 89.4 Metals single route, at plant; Copper - gold - silver - SN ’ o ’ No 30% | 50% | 20%
concentrate (28% Cu; 22.3 Au gpt; 37.3 Ag gpt) content in input scrap 90%, copper losses 1%
. 68-Ferrite (iron ore) iron ore mining and . o o o
Ferrite 10 Metals processing production mix, at plant 5.00 g/cm3 not available 0% | 0% |20%
85-Stainless steel cold rolled hot rollin 128-Steel cast part alloyed electric arc furnace route,
Stainless steel 54 Metals 9 from steel scrap, secondary production single route, at | 30% | 50% | 20%

production mix, at plant stainless steel

plant carbon steel
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A4 Inkjet (BC7) | Weight Material Virgin material Recycled material R1 | R2 A
Component (grams) | Category dataset dataset
88-Steel electrogalvanized coil steel sheet 128-Steel cast part alloyed electric arc furnace route,
Galvanized steel 280 Metals electrogalvanization single route, at plant 1.5 mm| from steel scrap, secondary production single route, at | 30% | 50% | 20%
sheet thickness, 0.02 mm zinc thickness plant carbon steel
90-Steel sheet cold rolling - thickness 2.5mm 128-Steel cast part alloyed electric arc furnace route,
Spring steel 20 Metals steel cold rolling process single route, at plant | from steel scrap, secondary production single route, at | 30% | 50% | 20%
thickness 2.5 mm plant carbon steel
133-Cable, three-conductor cable technology mix 1YZf-Eg;jp%frlg?lgf;rae?:lii’u?rrr?;glc;n(% ctc;\rucaFE)cI‘e Fii’t()e?r):)crlr;ng
Cables 81.6 Electronics | production mix, at plant three-conductor cable, lectroni ducti X at plant 9: I ’ .| 0% | 0% | 50%
1m, 60 g/m electronics production mix, at plant recycling processes:
95- 98% efficiency, scrap incineration: 11.0 MJ/kg NCV
179-End of life of Capacitor SMD Recycling of copper
. 135-Capacitor SMD technology mix production | and precious metals (Ag, Au, Pd, Pt) from electronics o o o
Components 13 Electronics mix, at plant SMD capacitor, 12.5 g production mix, at plant recycling processes: 95- 98% 0% | 0% | 50%
efficiency, scrap incineration: 11.0 MJ/kg NCV
145-Glass SMD diode front-end and back-end |188-End of life of Glass SMD diode Recycling of copper
Other 0.1 Electronics processing'of the wafer, includiqg Czqchralski and prgcioug metals (Ag, Au, .Pd, Pt) from e.Iectronigs 0% | 0% |50%
method of silicon growing production mix, at plant| production mix, at plant recycling processes: 95- 98%
130 mg efficiency, scrap incineration: 11.0 MJ/kg NCV
204-End of life of TFT LCD display panel, color
Recycling of copper and precious metals (Ag, Au, Pd,
LCD 20.3 Electronics 154-Liquid Crystal Display (LCD) Pt) from electronics production mix, at plant recycling | 0% | 0% | 50%
processes: 95- 98% efficiency, scrap incineration: 11.0
MJ/kg NCV
195-End of life of Populated Printed wiring board (PWB)
Printed Wiring _ 164-Printeq wiring board (PWB) (2-layer) y!a the | (2-layer) Recycling of copper and prepious_metals (Ag,
Boards (PWB) 44 4 Electronics subtractive method (as opposed to additive Au, Pd, Pt) from electronics production mix, at plant 0% | 0% |50%
method) production mix, at plant 2-layer, 1.32 kg recycling processes: 95- 98% efficiency, scrap
incineration: 11.0 MJ/kg NCV
Glass 180 Others 222-glass fiber technology mix production mix, at not available 0% | 0% |50%

plant 1 kg
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5.2. Recycling parameters for the EcoReportTool

5.2.1 Simplified Circular Footprint Formula

The 2024 ERT calculates the environmental impacts of raw materials, excluding the end-of-
life (EoL) phase, using a simplified version of the Circular Footprint Formula (CFF)  *:

(1-R1) x Ev + R1 x (A x Erec + (1-A) x Ev).
The impacts at end-of-life due to material recycling are computed from:
(1-A) x R2 x Erec.

The benefits at end-of-life due to material recycling (avoidance of virgin material use) are
computed from:

For non-electronics: - (1-A) x R2 x Ev

For electronics: - CF x Amount x (1-A) x R2 x SUM (Credits for Cu, Au, Pd, Pt,
Ag)

where:

Ev the virgin material impact for the environmental parameter, computed
as the total input material mass (kg) multiplied by the unit impact for the
applicable virgin material dataset for the environmental parameter
(impact/kg).

Erec the recycled material impact for the environmental parameter,
computed as the total input material mass (kg) multiplied by the unit
impact for the applicable recycled material dataset for the environmental
parameter (impact/kg).

R1 (recycled content): the proportion of material in input to the production
that has been recycled from a previous system.

R2 (recycling output rate): the proportion of the material in the product that
will be recycled in a subsequent system. R2 considers the efficiencies
in the collection and recycling processes. R2 shall be measured at the
output of the recycling plant.

A the allocation factor apportions the burdens and credits between
supplier and user of recycled materials. The “A” factor in the CFF
allocates impacts and/or benefits between use of recycled materials as
input (i.e. recycled content) and recycling at the end-of-life (i.e. recycling
output rate). It avoids a situation of potential double counting due to
recycled materials coming from these products being subsequently
used in other products, or vice versa.

For electronics, a more complex formula is used to compute recycling benefits:

8 MEErp _Ecoreport tool_v1.7.xlsx

European Commission, Joint Research Centre, Eynard, U., Ardente, F., Gama Caldas, M., Spiliotopoulos, C. and Mathieux, F.,
Ecoreport tool - Manual, Publications Office of the European Union, Luxembourg, 2024,
https://data.europa.eu/doi/10.2760/473257, JRC133597.

® The ERT does not consider the impacts from incineration (with or without heat recovery), nor of landfilling, fugitive, or missing
masses at EoL.
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- For electronics, the amount of material in input to the production is often defined in
square metres, linear metres or items. A conversion factor CF is used to convert the
amount to a mass in kg.

- Each virgin material dataset for electronics has material credits defined for copper
(Cu), gold (Au), palladium (Pd), platinum (Pt) and silver (Ag). These credits can be
interpreted as mass shares. E.g. for dataset 133 (cable), the credit for copper is 0.195.

- Each material credit is multiplied by the unit impact for the considered parameter in the
virgin material dataset for Cu (61), Au (75), Pd (81), Pt (82) or Ag (84), and the sum is
multiplied by the recycled mass share CF x Amount x (1-A) x R2.

- Hence, for electronics, the recycling benefit is not related to e.g. avoided virgin cables,
PWBs or LEDs, but to avoided virgin Cu, Au, Pd, Pt and Ag.

The ERT provides default values for R1, R2 and A that the user can accept or overwrite. The
values for these parameters are discussed in the following sections. The values used are
shown in Table 8.

5.2.2 Allocation factor A

The current study uses the default values for allocation factor A, which are 20% for metals and
50% for all other material types. Hence, for recycling of metals, only 20% of the benefits are
assigned to the production phase, and 80% to the EoL phase. For plastic, electronics, and
other materials the allocation is 50% production and 50% EoL.

5.2.3 Factor R1, recycled content

Plastics

For plastics, the ERT default value for factor R1 (recycled content) is 0%. PlasticsEurope =
states that EEE products consumed 3.1 Mt of plastics in 2022, of which 3.2% (0.1 Mt) came
from post-consumer recycled plastic. It is uncertain if this share would also be representative
for imaging equipment, although many of the major brands are working on developing
pioneering models that incorporate post-consumer recycled plastic (e.g. Epson, Hewlett
Packard, Lexmark).

For the base case A3 colour laser printer, plastics constitute 32% or about 27.2 kilograms of
the total mass of the machine. Table 10 provides a breakdown by type of plastic, including
mass in kilograms, percentage of total plastic mass and percentage of total mass of all
materials. Of these, Acrylonitrile Butadiene Styrene (ABS) is the most common, at 87.4% of
the mass and 23.8 kilograms. Next is Polyoxymethylene (POM) at 4.6% of mass and 1.26
kilograms. Polystyrene (PS) is the third most common at 4.2% and 1.15 kilograms. Next is
polycarbonate (PC) at 1.0% and 0.28 kilograms, followed by Nylon at 0.9% and 0.25
kilograms. Polyethylene terephthalate (PET) and other remaining plastics are all less than 1%
of the mass of plastic. For all the plastics, the default assumption is 0% recycled plastic
content, which when viewed across the whole industry seems reasonable and thus has been
used as the reference scenario.

20 https://plasticseurope.org/wp-content/uploads/2024/11/PE_TheFacts 24 digital-1pager.pdf
https://plasticseurope.org/knowledge-hub/the-circular-economy-for-plastics-a-european-analysis-2024/
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Table 10. Plastics used in the basecase A3 Colour Laser Printer (BC5) mass and percentages

[FENELEIS VL] Percent of Total
Plasti Mass of Plastic | Plastic Mass of
astic Type - Mass of A3
[kilograms] A3 Colour Col L
Laser olour Laser

Acrylonitrile Butadiene Styrene (ABS) 23.8 87.4% 27.7%
Polyoxymethylene (POM) 1.26 4.6% 1.5%
Polystyrene (PS) 1.15 4.2% 1.3%
Polycarbonate (PC) 0.28 1.0% 0.3%
Nylon 0.25 0.9% 0.3%
Polyethylene terephthalate (PET) 0.21 0.8% 0.2%
Other plastic 0.26 1.0% 0.3%

For the base case A4 colour inkjet printer, plastics constitute 67% of the total mass of the
machine, or approximately 1.60 kilograms. Of these, Acrylonitrile Butadiene Styrene (ABS) is
the most common, at 80% of the mass and 1276 grams. PVC is second at 13% and 209
grams, followed by Polyoxymethylene (POM) at 2.6% and 42 grams. Polycarbonate is next at
2.0% and 32 grams, and the remaining plastics are 2.6% in total, and 42 grams. As for the A3
colour laser printer, the default assumption is 0% recycled plastic content (R1), which when
viewed across the whole industry seems reasonable and thus has been used as the reference

scenario.

Table 11. Plastics used in the basecase A4 Colour Inkjet Printer (BC7) mass and percentages

Mass of Plastic Percent Total Plastic Percent of Total
Plastic Type [grams] Mass of A4 Colour Mass of
g Inkjet A4 Colour Inkjet
Acrylonitrile Butadiene 1,276.0 79.7% 53.4%
Styrene (ABS)
Polyvinyl chloride (PVC) 208.6 13.0% 8.7%
Polyoxymethylene (POM) 42.0 2.6% 1.8%
Polycarbonate (PC) 32.0 2.0% 1.3%
Nylon 28.0 1.7% 1.2%
Other plastic 14.0 0.9% 0.6%
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In ECO scenarios, differing percentages of recycled plastic content (R1) were considered, with
the percentages increased (i.e., 10%, 30%, 100%) and the differences in environmental
impacts were recorded.

Metals

For the base case A3 colour laser printer, metals are the heaviest overall material in the
product, constituting 61% of the total mass of the printer, or 52.6 kilograms of metal. Of these,
steel is the most common metal, with 50.7 kilograms or about 96.4% of the metal content.
Aluminium is the second most common at 0.81 kilograms or 1.5% of total mass of metals.
Next is copper, at 0.53 kilograms or about 1%. Iron is the fourth most common metal at 0.49
kilograms or about 0.9% of the metals. The remaining metals are 0.07 kilograms which is 0.1%
of the total mass of metals. In the basecase (reference) scenario, it is estimated that 30% of
the steel, aluminium, copper and iron are derived from recycled sources. All other metals are
either 0% recycled or do not have a recycled option.

For the base case A4 colour inkjet printer, metals constitute 19% of the total mass of materials
at 0.46 kilograms. Of the various types of metal in this printer, the largest quantity is steel at
approximately 0.35 kilograms or 77% of the total mass of metals. Copper is the second most
common metal at 0.10 kilograms or 21.1%. Iron is third at 0.01 kilograms and 2.2% of mass.

In the ECO scenarios analysed for this study, adjustments were made to the recycled content
of the metals (R1 values). Eurostat (End-of-Life Recycling Input Rates (EOL-RIR))> publishes
estimates of rate at which certain materials are incorporating recycled content. The report
doesn’t cover all the materials of interest, however it does cover some of the important ones.
The published value of recycled content (R1) in the Eurostat report for 2019 and 2022 (the
most recent year available) are shown in the table below. The ERT had default values for
copper and iron is 0%, even though Eurostat found that these metals did incorporate recycled
content. The table below presents the Eurostat values for 2019 and 2022, the default values
for the ERT analytical tool, and finally the values that were used in this analysis for imaging
equipment: 30% for aluminium, copper and iron.

Table 12. End-of-life recycling input rates, Eurostat, EcoReport Tool and Imaging Equipment

e S EcoReport Tool Imaging Equipment
Metal estimate for estimate for 17 fp | | R:CIJ gl quip
2019 2022 v.1.7 default values (R1 values used)
Aluminium 12% 32% 30% 30%
Copper 17% 55% 0% 30%
Iron 32% 31% 0% 30%

Electronics

For the base case A3 colour laser printer, the electronics are approximately 5% of the mass,
or 4.37 kilograms. Of all the electronic parts, the wiring in the printer is the heaviest,
constituting 55% of the total mass of the electronics (2.4 kilograms). Printed wiring boards
(PWB) are the next heaviest component, representing 30% of the mass of electronics (1.3
kilograms). The third most heavy electronics component is the LCD display which is 13.6% or

2! Eurostat, 2023. “Contribution of recycled materials to raw materials demand - end-of-life recycling input rates (EOL-RIR)”,
online data code: cei_srm010 DOI: 10.2908/cei_srm010; last updated 11/05/2023. Accessed February 2025. Link:
https://ec.europa.eu/eurostat/databrowser/view/cei_srm010$defaultview/default/table?lang=en
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0.59 kilograms. The remaining components are less than 1% of the electronic mass, and are
just 0.04 kilograms.

For the base case A4 colour inkjet printer, the electronics are the lightest component
constituting just 6% of the total mass of the machine (0.15 kilograms). Of all the electronic
parts in this printer, the wiring is the heaviest, constituting 55% of the total mass of the
electronics, or 0.08 kilograms. Printed wiring boards are the second heaviest electrical item,
at 30% of the electronics, or 0.04 kilograms. The third most heavy electronics component is
the LCD display which is 13.8% or 0.02 kilograms. The remaining components are less than
1% of the electronic mass, and are just 1.4 grams.

For both the A3 colour laser printer and the A4 inkjet printer, the working assumption is that
all the electronics being incorporated into the printers are new, therefore the R1 recycled
content is set to 0% for all components on both basecase printers. This is a reasonable
assumption, as new machines placed on the market are built with new components.

Other

Both bills of material for the A3 colour laser printer and the A4 inkjet printer contain other
components which constitute a very minor part of the overall mass of the respective printers.
For the A3 colour laser printer, glass fibre is nearly 100% of the total mass (1.62 kilograms)
and for the A4 colour inkjet, glass fibre is 0.018 kilograms. Both are assumed to have 0%
recycled content (R1).

5.2.4 Factor R2, recycling output rate

The ERT specifies that the value for R2 (recycling output rate) shall take into account the
efficiencies in the collection and recycling processes.

Plastics

Based on bill of materials for the two base case model printers (i.e., A3 colour laser and A4
colour inkjet), the most popular plastic — by far — used in printers is Acrylonitrile Butadiene
Styrene (ABS). Beyond this plastic, there is some use of POM, PVC, PS and PC, but these
are all much smaller fractions of the plastic used in the printers. In the ERT, all three of these
plastic types have their recycling output rates (R2) set to 0%. In the absence of any evidence
to the contrary, this was the value used for all plastic types. The other plastic types that are
used are only found in trace amounts and thus it would not seem worthwhile to separate them
at end of life, thus these are also assumed to have nothing recycled, i.e., R2=0%.

Metals

Based on the bill of materials, the most important metal in imaging equipment is steel — by a
wide margin (77% and 96% for the A3 colour laser printer and A4 colour inkjet printer,
respectively). On a mass of metal basis, copper is important and there is some aluminium in
the A3 colour laser, but these are all much less than steel portion of the metals.

For aluminium and steel, the ERT gives a default value of the recovered (recycled) output rate,
R2, of 85%. The ERT'’s default R2 values for magnesium is “n.a.” for not available and for
copper it is set to 0%. However, it should be noted that if a printer is being recycled to recover
the metals, the recycler would also work to recover the copper — which has a good value - so
this assumption is incorrect.
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For imaging equipment, in our reference scenario, we have set the recycling rate (R2) for
these metal types, steel, aluminium and copper at 50% which is aligned with the ERT recovery
rate (R2) for electronics.

Electronics

For all electronics, the ERT establishes a default value of recovery of electronics (R2) at 50%.
This includes the LCD display, printed wiring boards, connectors, cables, capacitors, coils and
other parts. This default collection rate (R2) in the ERT seems reasonable for the sector and
therefore has not been adjusted.

5.3. Mass distributions for the baseline

Figure 1 shows the distribution of masses over all the material types for the A3 colour laser
printer BC5, based on the bill of materials presented in section 5.1.

Wiring Board Other metal Other ElectronicGlass fibre
1.5% ’ Components ° 1.9%
Copper Cabies
0.6% _\Y%\
Aluminium _—— _g ABS

0.9% 27.7%

A3 Colour Laser
85.8 kg
raw P
-~y — P 13%

T —
0.2% 0.3%
Nylon

0.3%

Steel

59.1% _
Other plastic

0.3%

Figure 1: Percentage of total mass per material type for the A3 colour laser printer, BC5

Applying the baseline factors R1 (recycled content) of section 5.2.3 to the A3 colour laser
printer (BC5j), approximately 15.8 kilograms, or about 18% of the materials in the printer are
derived from recycled sources, all from metals. Figure 2 shows the proportions of virgin (blue)
and recycled (orange) materials used in the A3 colour laser printer.
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Figure 2: Virgin and recycled material inputs for A3 colour laser printer, BC5

Due to the scale of the y-axis to show the steel component in the printer, the following figure
zooms in on the other materials, setting the y-axis to a limit of 4 kilograms so the other
materials can be viewed.
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Figure 3: Zoom-in on input virgin and recycled materials for A3 colour laser printer, BC5

Applying the baseline factors R2 (recycled at end of life) of section 5.2.4, approximately 29.2
kilograms, or about 34% of the materials in the laser printer, are recovered at end of life. Figure
4 presents the total material inputs (purple) to the recycling outputs (green). The main sources
of recycling output are steel and some electronics.
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Figure 4: Total material input and recycled material output for A3 colour laser printer, BC5

Due to the scale of the y-axis to show the steel component in the printer, Figure 5 zooms in,
setting the y-axis to a limit of 4 kilograms so the other materials can be viewed.
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Figure 5: Zoom-in on total material input and recycled material output for A3 colour laser printer, BC5

Figure 6 shows the distribution of masses over all the material types for the base case A4
colour inkjet printer, BC7, based on the bill of materials presented in section 5.1.
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Figure 6: Percentage of total mass per material type for the base case A4 colour inkjet printer, BC7

Applying the baseline factors R1 (recycled content) of section 5.2.3 to the base case A4 colour
inkjet printer (BC7), approximately 0.14 kilograms, or about 6% of the materials in the printer
are derived from recycled sources, all from metals. Figure 7 shows the proportions of virgin
(blue) and recycled (orange) materials used in the inkjet printer.
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Figure 7: Virgin and recycled material in input, A4 colour inkjet printer, BC7
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Applying the baseline factors R2 (recycled at end of life) of section 5.2.4, approximately 0.39
kilograms, or about 17% of the materials in the inkjet printer, are recovered at end of life.
Figure 8 presents the total material inputs (purple) to the recycling outputs (green). The main
sources of recycling output are steel, copper, cables, and glass fibre.
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Figure 8: Total material input and recycled material output, A4 colour inkjet printer, BC7

5.4. Environmental impacts for the baseline models

The baseline environmental impacts for the base case A3 colour laser printer (BC5) have been
computed using the 2024 EcoReportTool version 1.7. They are based on the BoM and factors
R1, R2 and A of Table 8. Only impacts from raw materials and end-of-life impacts and credits
have been considered 2.

Figure 9 gives the shares of each material category in the environmental impacts for raw
materials and end-of-life impacts and credits for the reference scenario. Although electronic
components (PCBs, cables, LED) represent only 5% of the weight of the laser printer, they
have the highest environmental impact shares for most parameters (green shaded bars). The
two exceptions are ‘ozone depletion’ (primarily from other, which is glass), and ‘land use’
(primarily from metals). For ‘land use’ the impact from electronics is reported as negative,
which is considered an error, so it has been zeroed out.

2 The current study focuses on material aspects. The impacts from manufacturing, distribution, use and repair and maintenance
will be added later in the ongoing review study. They are assumed not to change due to requirements on recycled material
content.
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Figure 9: Shares of environmental impacts by material category for A3 colour laser printer (BC5)

To provide more detail on these impacts, the results are presented in tabular form below with
the percentages of impact directly underneath the values. Due to the number of environmental
indicators, the results are divided into two parts. The first part gives the mass and the impacts
for the first 8 environmental parameters; the second part gives the impacts for the remaining
8 parameters =. Table 13 shows the total impacts, i.e. the sum of raw material impact, EoL
impact and EoL credit for virgin material avoidance (negative impact), and the impact shares,
per material category. Impact shares larger than 50% have been shaded in light blue.

2 Impacts for ‘primary energy consumption’ are not shown, because here they are the same as for ‘resource use, fossil'.
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Table 13: Reference Environmental impacts for A3 colour laser printer (BC5), computed using 2024

ERT, including impacts from raw materials and end-of-life impacts and benefits

Photo-
Climate Human Human lonising | chemical
. Ozone . toxicity, | Particulat | radiation, ozone Acidifi-
Material Mass change, . toxicity, . -
depletion non- e matter | human | formation, | cation
total cancer
cancer health human
health
Units kg kg CO2 | kg CFC- CTUh CTUh 'dl§ease kBq U235| kg NMVOC | mol H+
eq 11 eq incidence eq eq eq
Plastics 27.21 86.234 0.000 0.000 0.000 0.000 3.365 0.203 0.218
share 31.7% 26.0% 1.1% 10.5% 8.9% 13.6% 21.9% 23.1% 2.6%
Metals 52.58 33.662 0.000 0.000 0.000 0.000 3.236 0.073 0.132
share 61.3% 10.2% 0.1% 40.0% 6.5% 14.1% 21.1% 8.3% 1.6%
Electronics 4.37 208.402 0.000 0.000 0.000 0.000 8.441 0.597 7.965
share 5.1% 62.9% 35.7% 49.2% 84.4% 71.2% 55.0% 67.9% 95.7%
Others 1.62112 3.060 0.000 0.000 0.000 0.000 0.304 0.006 0.010
share 1.9% 0.9% 63.1% 0.2% 0.2% 1.1% 2.0% 0.7% 0.1%
Total 85.78 331.36 0.000 0.000 0.000 0.000 15.346 0.879 8.326
Eutrophi- Eutrophi- Eutrophi- Ecotoxi- RESEITED
. ) ) . . Land use, Resource
Material cation, cation, cation, city, Water use . :
terrestrial freshwater marine freshwater| YS€ HITEES || UEs, sl
and metals
m3 water
. eq. of
Units mol N eq kg P eq kg N eq CTUe pt deprived kg Sb eq MJ
water
Plastics 0.680 0.001 0.069 1151.63 | 120.96 0.000 0.000 2255.658
share 22.1% 3.4% 20.8% 39.2% 1.3% 0.0% 0.2% 43.7%
Metals 0.235 0.000 0.022 286.40 | 8595.6 6.003 0.001 384.294
share 7.6% 0.1% 6.5% 9.8% 92.0% 28.2% 5.1% 7.5%
Electronic 2.140 0.043 0.240 1481.67 | 619.9 0.000 0.020 2476.470
s
share 69.6% 96.4% 72.1% 50.4% 6.6% 0.0% 94.6% 48.0%
Others 0.020 0.000 0.002 17.542 4.684 0.939 0.000 41.231
share 0.7% 0.2% 0.6% 0.6% 0.1% 4.4% 0.1% 0.8%
Total 3.076 0.044 0.333 2937.25 | 9341.2 21.28 0.021 5157.65

Figure 10 gives the shares of each material category in the environmental impacts for raw
materials and end-of-life impacts and credits for the A4 colour inkjet printer (BC7) reference
scenario. Although electronic components (PCBs, cables, LED) represent just 6% of the total
materials weight of the inkjet printer, they have a very significant environmental impact across
the various indicators (green shaded bars). The other major environmental impacts are caused
by the plastics used in the printer (blue shaded bars), however the plastic represents nearly
70% of the total materials weight. For ‘land use’ the impact from electronics is reported as
negative which is considered an error, so this result has been zeroed out.
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Figure 10: Shares of environmental impacts by material category for A4 colour inkjet printer, BC7

To provide more detail on these impacts, the results are presented in tabular form below with
the percentages of impact directly underneath the values. On the following page, Table 14
shows the total impacts, i.e. the sum of raw material impact, EoL impact and EoL credit for
virgin material avoidance (negative impact), and the impact shares, per material category.
Impact shares larger than 50% have been shaded in light blue.
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Table 14: Reference Environmental impacts for A4 colour inkjet printer, BC7, computed using 2024

ERT, including impacts from raw materials and end-of-life impacts and benefits

Photo-
Climate Human Human lonising | chemical
. Ozone L toxicity, | Particulat | radiation, ozone Acidifi-
Material Mass change, . toxicity, . .
depletion non- e matter [ human | formation, | cation
total cancer
cancer health human
health
Units kg kg CO2 | kg CFC- CTUh CTUh .d/s'ease kBq U235| kg NMVOC | mol H+
eq 11 eq incidence eq eq eq
Plastics 1.60 5.637 0.000 0.000 0.000 0.000 0.337 0.013 0.014
share 67.0% 43.1% 1.7% 6.6% 32.7% 23.7% 49.5% 39.3% 23.8%
Metals 0.46 0.990 0.000 0.000 0.000 0.000 0.096 0.002 0.005
share 19.3% 7.6% 0.0% 45.9% 8.0% 14.0% 14.2% 6.5% 8.9%
Electronics 0.15 6.130 0.000 0.000 0.000 0.000 0.213 0.018 0.038
share 6.2% 46.8% 0.2% 47 2% 58.2% 59.6% 31.4% 52.3% 65.5%
Others 0.18 0.333 0.000 0.000 0.000 0.000 0.033 0.001 0.001
share 7.5% 2.5% 98.0% 0.3% 1.0% 2.7% 4.9% 1.9% 1.8%
Total 2.39 13.091 0.000 0.000 0.000 0.000 0.680 0.034 0.059
Eutrophi- Eutrophi- Eutrophi- Ecotoxi- REEEITED
. ) ) . . use, Resource
Material cation, cation, cation, city, Land use [Water use . .
; . minerals | use, fossils
terrestrial freshwater marine freshwater
and metals
m3 water
. eq. of
Units mol N eq kg P eq kg N eq CTUe pt deprived kg Sb eq MJ
water
Plastics 0.043 0.000 0.016 102.171 8.052 0.000 0.000 136.616
share 37.9% 76.0% 70.7% 77.4% 0.8% 0.0% 0.6% 61.4%
Metals 0.007 0.000 0.001 3.180 961.415 0.000 0.000 11.605
share 6.4% 0.4% 2.9% 2.4% 97.9% 0.0% 19.2% 5.2%
Electronic 0.060 0.000 0.006 24.717 12.231 0.000 0.001 69.835
5
share 53.7% 20.8% 25.4% 18.7% 1.2% 0.0% 80.0% 31.4%
Others 0.002 0.000 0.000 1.929 0.513 0.000 0.000 4.499
share 2.0% 2.8% 0.9% 1.5% 0.1% 0.0% 0.2% 2.0%
Total 0.113 0.000 0.023 131.998 | 982.212 0.000 0.001 222.554

5.5. Material costs for virgin vs. recycled plastic

According to information gathered during stakeholder interviews (see Figure 11) the price
difference between virgin and post-consumer recycled plastic has varied over the last five
years. Virgin plastic is linked to the global price of oil while recycled plastic is linked to plastic
recovery rates from waste streams and capacity within the recycling industry to process and
prepare recyclates. Figure 11 provides the virgin and post-consumer recycled resin price for
Acrylonitrile Butadiene Styrene (ABS) and High Impact Polystyrene (HIPS). The graph shows
that by the end of 2024, the differences between virgin and post-consumer recycled ABS and

HIPS material costs were small.
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Figure 11: Comparison of prices for virgin and post-consumer recycled HIPS and ABS plastics

Figure 12 provides a comparison of four different plastics between the recycled price and the
virgin price, presented in Euros per tonne for December 2024. For HDPE, injection moulding
quality, the recycled plastic is €970 Euros/tonne while the virgin material is €1690 Euros/tonne.
This represents a 42% reduction per tonne for the post-consumer recycled HDPE per tonne
when compared to virgin HDPE.
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What is the current price of post-

. Virgin
consumer recycled plastics? o
Prices in EUR/t
Trend December 2024 ‘Outlook
Type Price Change Range Market | Pricetrend  Market
+ Dependent on type & application HDPE
* Current indication — price of recycled plastic ca. 40% lower than virgin Blow moulding -10 1545-1675 balanced |stable balanced
(long) (long)
10 1700-1760 balanced |stable balanced
Recycled (iong) (iong)
Polymer prices in EUR/t Injection moulding -10  1625-1756 balanced |stable balanced
lon: lon:
December 2024 (long) (long)
Type Price Change CPE pipe
. Pipe 80 1,965 o 1915 - 2,015 balanced |stable balanced
rHDPE Pipe above 830 black | 935.00  -10.00
(long) (long)
{HDPE blow moulding e Pipe 100 2,045 0 1870-2120 balanced |stable balanced
coloured (long) (long) (long)
rHDPE inj. moulding grade balanced EVA
black 1030.00 (long) Vinyl acetate 18% 2330 10 2240-2420 balnced |stable balanced
PP homopolymer black 880.00- balanced |little change balanced (long) (long)
PP
PP copolymer black 1,000.00- balanced | little change balanced
ag0 Homopolymer injectio -10 1480-1630 balonced |stable balanced
(long) (long)
Homopolymer film -10  1590-1680 balanced |stable balanced
(long) (long)
Copolymer injection =10 1,690 - 1,800 balanced |stable balanced
(long) (long)

Copolymer film 1740 -10 1690 - 1,790 balanced |stable balanced

Figure 12: Comparison of prices for virgin and post-consumer recycled plastics

Additional pricing information on virgin and recycled plastics was gathered from Plastics
Information Europe (PIE) and Market Report Plastics (MRP). These data confirmed the price
differences shown in Figure 12. Table 15 provides a comparison of the virgin and post-
consumer prices for recycled plastics in the EU from February 2025. Where comparisons can
be made, the cost per ton is lower for recycled material.

For polystyrene (PS), the Plastics Information Europe (PIE) price of virgin material ranges
from 2090 to 2250 Euro, whereas the recycled price is from 1020 to 1150 Euro, representing
a reduction of approximately 50% per ton when comparing recycled to virgin material.
According to Market Report Plastics (MRP), polystyrene ranges from 1660 to 1810 Euro per
ton, while the recycled polystyrene is 610 to 840 Euro, or approximately 60% less expensive
per ton.

For polypropylene (PP), the MRP price of virgin material ranges from 1380 to 1510 Euro per
ton, while the recycled is 240 to 870 per ton, a cost per ton reduction of 60-80%, depending
on which one is selected.

For polyvinylchloride (PVC), the MRP price of virgin material ranges from 1110-1340 Euro per
ton, while the recycled is priced at 290 to 410 Euro per ton, for PVC-P regrind and PVC-U
regrind, respectively. This represents a savings of 67-76% when comparing the price of virgin
plastic with recycled.
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Table 15 Comparison of prices for virgin and post-consumer recycled plastics, February 2025
Source: Plastics Information Europe (PIE) and Market Report Plastics (MRP)

Prices in EUR/ton R T et
Jan/Feb 2025 PIE 24, virgin MRP %, virgin PIE, recycled MRP, recycled
€ 2090-2140 € 1660-1710 €610
(GPPS) (PS crystal clear) (regrind)
Polystyrene € 2160-2240 € 1790-1810 € 1020-1150 €840
(PS) (HIPS injection) (HIPS) (black rHIPS) (granulate)
€ 2180-2250
(HIPS film/sheet)
€ 1380-1460 € 240
(homopolymer) (bale goods)
Polypropylene € 1430-1510 € 550
(PP) (copolymer) (regrind)
€870
(granulate)
o € 1620-1690 €650
Acrylonitrile (industrial, black) (regrind)
Butadiene Styrene
(ABS) € 1220
(regranulates)
€1110-1210 €290
Polyvinylchloride (tube grade) (PVC-P regrind)
(PVC) € 1240-1340 €410
(film/cables) (PVC-U regrind)

During the interviews with manufacturers who are designing new models of imaging
equipment to incorporate post-consumer recycled plastic, one of the engineers said their
company was motivated to incorporate PCR plastic into their product lines for two principal
reasons: (1) it helps with marketing their products to environmentally concerned consumers;
and (2) it reduces their bill of materials since recycled plastic is less expensive per tonne. The
engineer also commented on some of the differences in quality between virgin and recycled
plastic that can occur, particularly for lighter shades of plastic including potential colour shifts
or speckles of darker plastic. One solution to that issue was to use inks to dye the plastic to a
dark shade such that any impurities causing colour variation in the recycled plastic are no
longer visible to the end-user. Another engineer indicated that they were studying the potential
to apply a thin layer of virgin plastic over parts made from PCR, and thereby avoiding any
aesthetic issues associated with unwanted variability in the appearance of PCR.

While these represent published prices of post-consumer recycled plastic, in response to this
draft report several stakeholders commented that these prices do not represent the final prices
of recycled compounds (“recompounds”) that are suitable for use in imaging equipment and
other appliances. Stakeholders noted that, particularly in the cases of ABS and PP, a
stabilisation process is needed, and mechanical properties must be adjusted and enhanced
through blending with a certain amount of virgin material or the addition of fillers. The additional

2 Plastics Information Europe (PIE), website visited April 2025: https://pieweb.plasteurope.com/default.aspx?pageid=200

% Plasticker, the home of Plastics, website visited April 2025: https:/plasticker.de/preise/marktbericht _en.php
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processing steps and ingredients results in a higher final price than that of the initial regrinds
and regraulates published in the MRT. While a price of <1000€ per tonne might be correct for
crude raw material from recycled feedstocks, a recompounded PCR technical engineering
plastic ready for use in Imaging Equipment (or other appliances) would have to take into
account further refining steps that would affect the final pricing. They estimated that the
compounding process incurs a surcharge of at least 300-500€ per tonne with additional costs
depending on the desired additive content, filler content and qualification process.

Another stakeholder provided a similar comment, noting that the analysis should be based on
the overall costs rather than a simple price comparison. They find that direct comparisons of
recyclates and virgin materials is not appropriate because it doesn’t reflect the higher costs of
recycled material including (1) logistics and collection, (2) investment in new technology, (3)
energy consumption, (4) market dynamics, (5) cost levels and competitiveness and (6) quality
and processing. These comments are broadly in line with the earlier ones, that a more robust
comparison around the incorporation of recycled plastic into imaging equipment would be
advantageous.

A European industry association commented the recycled material prices questioning whether
these data actually relate to the same plastic materials being used in imaging equipment. They
note that there are many grades of plastic material even within the same resin type which are
used for different functions, quality and any other factors. These grades that are suitable for
use in imaging equipment are limited, and they request that the Team — when conducting its
full analysis - compare virgin materials and recycled materials of the same (or suitably similar)
grade for imaging equipment to confirm the feasibility of the recycled material contents
requirement. Additionally, the associated commented that in reality, recycled materials are
more expensive than virgin, noting that example that polystyrene is 2090-2250 EUR/tonne
while recycled polystyrene is around 3000 EUR/tonne. They also noted that recycled materials
have issues with strength, colour and moulding defects, contributing to higher material and
manufacturing costs.

An industry association commented that in their experience, recycled plastic is more
expensive than virgin material due to: (1) complex supply chain and quality control; (2)
addressing chemical substance regulations (not knowing what is contained in the materials
recovered from consumers); and (3) parts for imaging equipment must be highly flame
resistant because they are potential ignition and heat sources inside the products.

Given the points stakeholders made on the draft report for Imaging Equipment, the team
conducting the review study for imaging equipment will gather improved estimates of final,
comparable prices of recycled plastic to use in their analysis of potential policy options for the
regulation.

5.6. Critical Raw Materials

The most recent list of Critical Raw Materials (CRMs) and Strategic Raw Materials (SRMs)
were amended most recently by Regulation (EU) 2024/1252. The CRM list consists of raw
materials meeting the requirements according to the published EU criticality methodology,
while the Strategic Raw Materials (SRM) are primarily relevant for the green and digital
transition as well as defense and aerospace applications. The updated list of CRMs and SRMs
is given below. All materials listed are CRMs and those marked with a star (“*”) are also
SRMs:

Antimony; arsenic; bauxite/alumina/aluminum; baryte; beryllium; bismuth*; boron*;
cobalt*; coking coal; copper®; feldspar; fluorspar; gallium*; germanium®*; hafnium;
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helium; heavy rare earth elements*; light rare earth elements*; lithium*; magnesium;
manganese®; graphite*; nickel — battery grade*; niobium; phosphate rock;
phosphorus; platinum group metals®; scandium; silicon metal*; strontium; tantalum;
titanium metal*; tungsten* and vanadium.

Other non-CRM materials with high environmental impacts are e.g. gold, lead, molybdenum,
rhenium, selenium, silver, tellurium and zinc.

The prioritization scores for environmental impacts have been examined for all materials
together and separately per material category (plastics, ferrous metals, non-ferrous metals,
coating / plating, electronics and miscellaneous).

For imaging equipment, the Phase 1 analysis identified the top five CRMs in this order:
e Palladium
e Tin
e Bismuth
e Bauxite/Aluminum
e Antimony

Imaging equipment have most of their CRMs contained in the materials used on printed circuit
boards (PCBs) inside the machines. However, PCBs are challenging to recycle because of
the variety of materials they contain, including precious metals (e.g., gold, silver, and
palladium), base metals (e.g., copper, aluminum, and tin), and hazardous substances (e.g.,
lead, mercury, epoxy resin containing brominated flame retardants)® Corroborating these
findings. Other researchers? found that PCBs contain the following:

¢ Antimony: found in some lead-containing solders;

e Beryllium: small amounts found in connectors using as a copper-beryllium alloy
(typically 98% copper, 2% beryllium);

e Cadmium: small amounts used in plated contacts and switches;

e Chlorine and/or Bromine: brominated and inorganic flame retardants may be in the
PCBs; and

e Lead: found in solder and some electronic components.

Researchers found that mechanical treatment and separation of PCBs is essential for effective
resource recovery and recycling, for both economic viability and environmental protection.
According to one study that looked at material composition, waste PCBs contained
approximately 30% metallic material, 40% organic resin materials and about 30% glass fibers
used to reinforce the boards. > Of these, the metallic material consists of metals bound up in

%Hosseini, Pooya; Klauson, Artur; Hendrickx, Brent; Goljandin, Dmitri; Duflou, Joost R. (2024): Sustainable e-waste recycling:
environmental impact assessment of novel waste PCBs separation. In: 2024 19th Biennial Baltic Electronics Conference (BEC):
IEEE, S. 1-7.

27 Tsydenova, Oyuna & Bengtsson, Magnus. (2009). Environmental and Human Health Risks Associated with the End-of-Life
Treatment of Electrical and Electronic Equipment; Institute for Global Environmental Strategies (IGES), Integrated Waste
Management and Resource Efficiency Project, 2108-11 Kamiyamaguchi, Hayama, Kanagawa, 240-0115, Japan. Link:
https://www.researchgate.net/publication/281368370 Environmental and Human Health Risks Associated with the End-of-
Life Treatment of Electrical and Electronic_Equipment

% Hosseini, Pooya; Klauson, Artur; Hendrickx, Brent; Goljandin, Dmitri; Duflou, Joost R. (2024): Sustainable e-waste recycling:
environmental impact assessment of novel waste PCBs separation. In: 2024 19th Biennial Baltic Electronics Conference (BEC):
IEEE, S. 1-7.

Zlonela Birloaga, Ida De Michelis, Francesco Ferella, Mihai Buzatu, Francesco Veglio; Study on the influence of various factors
in the hydrometallurgical processing of waste printed circuit boards for copper and gold recovery; Waste Management, Volume
33, Issue 4,, 2013, Pages 935-941, ISSN 0956-053X, https://doi.org/10.1016/j.wasman.2013.01.003.
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the circuitry (mainly copper), solder and lead frames (tin, iron and lead) and integrated circuits
(gold, silver and palladium).® As an illustration of this, one paper found that a waste PCB from
a computer contains 20% copper as well as 250 grams of gold and 110 grams of palladium
per ton of waste PCBs. *

At this point in time two CRMs - namely, copper and aluminum, are regularly recovered from
waste streams and re-introduced to the supply chain, offsetting virgin (mined) copper and
aluminum. A number of research projects have been looking at recovery of CRMs from waste
PCBs, and in particular, the recovery of palladium and antimony. Indeed, there specialist
recycling companies who have started to recover palladium, as it can be collected as a by-
product of the copper recovery process without significant extra cost. Therefore, beyond
copper and aluminum which are already recovered, a third CRM that might be promoted by
policy measures that support its recovery and reuse is palladium.

lbid.

31 Martinez-Ballesteros, Guadalupe; Valenzuela-Garcia, Jesus Leobardo; Gomez-Alvarez, Agustin; Encinas-Romero, Martin
Antonio; Mejia-Zamudio, Flerida Adriana; Rosas-Durazo, Aaron de Jesus; Valenzuela-Frisby, Roberto (2021): Recovery of Ag,
Au, and Pt from Printed Circuit Boards by Pressure Leaching. In: Recycling 6 (4), S. 67. https://doi.org/10.3390/recycling6040067
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6. MEErP Task 6, Design Options

6.1. Introduction and Timeline

This chapter describes the assessment of design options, linked to potential future Ecodesign
requirements that would be considered by the study team conducting the review of the
regulations for imaging equipment. These design options include:

- Recycled plastic content in imaging equipment;
- Recyclability of imaging equipment at end of life; and
- Recycled content and recyclability of Critical Raw Materials used in imaging equipment

This mini study on recycled content, recyclability and CRM for imaging equipment had a limited
schedule and budget, therefore it relied primarily on interviews with stakeholders, preliminary
data collection and EcoReport Tool analyses that will be handed over to the review study team
working on imaging equipment for DG Environment. It is expected that the parallel review
study team will conduct further investigations into these and other policy options, conduct
additional data collection and analysis, and address any comments received from this
stakeholder consultation, incorporating the final recommendations into the Commission’s
Working Document for a new regulation on imaging equipment.

6.2. Design options for recycled plastic content in
products/parts

In order to support the development of a circular economy, it is desirable to require the use of
recycled plastics in new products. Ideally, these recycled plastics would be derived from post-
consumer recycled (PCR) sources. Under these circumstances, requiring the use of PCR
plastic is likely to stimulate post-consumer waste collection and investment in recycling
capacity by increasing demand for recycled materials. Other sources of recycled plastic
include post-industrial recycled (i.e., at the end of the manufacturing line, but before the plastic
leaves the factory) and pre-consumer (i.e., before the consumer purchases the product).

Several stakeholders called for including post-industrial recyclates (PIR) as well as pre-
consumer recyclates, if the only alternative is incineration. These sources of recycled plastic
are less contaminated, are more attractively priced, and offer some environmental and
economic benefit over virgin material, in particular a reduction in CO, emissions. While it is
recognised that this approach would provide flexibility in the supply chain, the introduction of
mandatory pre-consumer waste recovery practices are not expected to benefit from additional
requirements. To a large extent, manufacturers already recover and reuse PIR off-cuts and
sprues® in order to off-set the use of virgin materials in their production lines and to avoid
waste disposal (or incineration) costs. Furthermore, allowing for PIR to be used in lieu of PCR
will not stimulate investment in the PCR industries and therefore will not transition Europe
toward its circular economy objectives.

32 A sprue is an excess piece of plastic that remains attached to a plastic part in an injection mould system. This excess plastic
is made up of the same plastic in the finished part and must be trimmed off before the part can be used.
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Instead, the analysis conducted in this mini-study focused on PCR plastics and is aligned with
article 7 of the packaging and packaging waste regulation (PPWR)= and article 29 of the
Critical Raw Materials Act.

If they have not already done so, recyclers would have to set up and maintain an accounting
system of incoming waste materials, such that they could provide documentation on the
traceability of the origins of recycled material from post-consumer waste streams. Such
traceability would be important for market surveillance authorities later when recycled plastic
requirements are in place and need to be verified.

Finally, one stakeholder commented that if the Commission were to consider requirements
based on recycled plastic — whether post-consumer and/or post-industrial recyclates — then
the definitions of these terms need to be improved. This stakeholder commented that they find
that the definitions provided in international standards, such as EN 17615:2022, DIN SPEC
91446 (June 2021, Chapter 6.2), or EN 45557:2020, to be ambiguous and leave suppliers with
considerable room for interpretation. In some cases, this could result in unscrupulous suppliers
to misnaming or even greenwashing their products. The review study team for imaging
equipment should take note of this concern and consult with relevant stakeholders on how to
improve the definitions of post-consumer recyclates and/or post-industrial recyclates to try and
mitigate this risk of regulatory circumvention.

An industry association requested that the Commission consider accepting reused parts and
biobased plastics in place of PCR. They noted that the re-use of components or assemblies
was not given sufficient consideration in either the main report or the specific imaging
equipment report, and that reuse could be an alternative to recycled and biobased plastics,
providing an example from the EPEAT ecolabel requirement: “post-consumer reused OR
recycled AND/OR biobased plastic content divided by the total weight of plastic in the product”.

The Study Team conducting the review of imaging equipment will investigate the potential for
the reuse of parts and assemblies in imaging equipment, and in particular consumables such
as toner cartridges. The scope of this mini-study did not include consumables, where it is
understood a lot of reuse and remanufacturing / refurbishing of used cartridges exists.

6.2.1 Policy Options for recycled plastic content requirements
There are four possible approaches that could be used to set out requirements on recycled
plastic content of imaging equipment:
1. Based on the total mass of the finished product;
2. Based on the total mass of plastic in the finished product;
3. Based on the total mass of plastic in a specific component or part in the product; or
4. Based on specific type(s) of plastic used in the finished product.

Stakeholders provided comments on which of these they thought would be the most
appropriate. Those comments are discussed below, after an example of each of these
options. While these examples are written as single level on a certain date, these same options
could also be given in two or more stages of a regulatory measure if the requirements were

33 REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on packaging and packaging waste, amending
Regulation (EU) 2019/1020 and Directive (EU) 2019/904, and repealing Directive 94/62/EC, Brussels, 4 December 2024, PE-
CONS 73/24

34 Critical Raw Materials Act: REGULATION (EU) 2024/1252 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11
April 2024 establishing a framework for ensuring a secure and sustainable supply of critical raw materials and amending
Regulations (EU) No 168/2013, (EU) 2018/858, (EU) 2018/1724 and (EU) 2019/1020, OJ 3.5.2024
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drafted to phase-in gradually over time. The phrase “new imaging equipment models” was
selected to reflect the fact that the requirements would apply to new models that are first
placed on the market on or after the date given. In other words, the requirement(s) would not
apply to products that were first placed on the market prior that date and are still offered for
sale.

Option 1: Based on the total mass of the finished product

For this option, the requirements could be drafted to read as follows:

Starting on 1 January 20XX, any new imaging equipment models placed on the market
shall contain at least XX% of recycled plastic recovered from post-consumer waste. This
percentage of recycled plastic shall be calculated as the mass of post-consumer recycled
plastic contained in the product divided by the total mass of the product as sold, excluding
packaging.

Option 2: Based on the total mass of plastic in the finished product

For this option, the requirements could be drafted to read as follows:

Starting 1 January 20XX, any new imaging equipment models placed on the market shall
contain at least XX% of recycled plastic recovered from post-consumer waste. This
percentage of recycled plastic shall be calculated as the mass of post-consumer recycled
plastic contained in the product divided by the total mass of plastic (both virgin and
recycled) contained in the product as sold, excluding packaging.

Option 3: Based on the total mass of plastic in a specific component or part in the product;

For this option, the requirements could be drafted to read as follows:

Starting 1 January 20XX, any new imaging equipment models placed on the market shall
contain at least XX% of recycled content in the plastic used for the casing of the imaging
equipment.

The casing of the imaging equipment could be replaced with, for example, the paper tray, the
structural frame or other easily identifiable component part.

Option 4: Based on specific type(s) of plastic used in the finished product

For this option, the requirements could be drafted to read as follows:

Starting 1 January 20XX, any new imaging equipment models placed on the market shall
contain at least the following percentages of recycled content recovered from post-
consumer waste, for the plastic types indicated, if they are present in the product:

- Polystyrene (PS), any type XX%
- Polypropylene (PP) YY%
- Acrylonitrile butadiene styrene (ABS) ZZ%

The percentage recycled content shares shall be computed as the mass of post-consumer
recycled plastic contained in the product for the plastic type concerned divided by the total
plastic mass contained in the imaging equipment as placed on the market, for the plastic
type concerned, excluding packaging.

As noted above, stakeholders provided feedback on these four possible approaches setting
mandatory recycled plastic content in imaging equipment. All comments received
recommended the selection of Option 2, whereby the recycled content is determined on the
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basis of the total mass of plastic in the finished product. Some of the reasons provided for
this include: (1) it provides flexibility to the manufacturer in terms of the plastic they choose to
substitute; (2) it is already calculated using IEEE 1680.2 for EPEAT and Blue Angel; and (3) it
is aligned with the approach already followed in the Packaging and Packaging Waste
Regulation (PPWR). One industry association endorsed Option 2 stating that the requirements
and procedures for calculating should align with EPEAT and Blue Angel, and the regulation
should begin with the disclosure (information) about the PCR (Post-Consumer Recycled)
content.

One commenter noted that polymer-specific quotas must be avoided (Option 4) because it
restricts the economic scope of the manufacturers and other actors in the supply chain. It was
also noted by another manufacturer that “finished product” should be defined as the model as
sold, excluding consumables because consumables have their own targets. Other
commenters also rejected this Option for similar reasons.

One of the industry associations commented that they believe the ecodesign requirement
should be information disclosure only, and that remanufacturing and parts reuse should be
recognised as an alternative to recycling. They call for a mechanism to be incorporated that
would recognise reused parts as a contribution to the recycled percentage. They believe that
the tiered approach should begin with the implementation of information disclosure regarding
the use of PCR plastic.

A manufacturer of imaging equipment commented that if any mandatory requirement is
introduced, it should be very modest and implemented gradually over time following a tiered
approach. Having a gradual approach would ensure suppliers have sufficient time to adjust
their production processes and sourcing strategies to avoid significant disruptions.
Progressive tiers will enable companies to incorporate higher percentages of PCR as
technologies and supply-chains improve. This allows for continuous improvement and
adaptation, enabling businesses to meet evolving environmental goals effectively.

Another stakeholder commented that they do not support the introduction of a standard for
recycled plastic content at this stage. They believe that the priority should be on the
improvement of transparency through disclosure of information. That said, they also noted that
their preference of the options above would be for the calculation based on the total mass of
plastic in the finished product.

The Study Team conducting the review of Imaging Equipment will conduct further
investigations into these options, taking into account all of the above input and comments.

6.2.2 Impact reduction due to recycled content

This section discusses the reduction in environmental impacts for a unit product when the
post-consumer recycled content (factor R1) for plastics is raised from 0% (baseline) to 10%
and to 30%. These levels have been selected as being representative of realistic levels for
recycled content for imaging equipment — and specifically, printers. Data are for a unit product
of base case A3 colour laser printer (BC5) and A4 colour inkjet (BC7) with the BoM presented
earlier in this chapter. As the reduction increases linearly with the recycled content, these data
can later be multiplied by a factor to simulate the effect of higher recycled content requirements
(see chapter 7 on scenario analysis).

Like the previously reported impacts for the baseline, only impacts from input materials, EoL
impacts and EoL benefits are considered (no manufacturing, distribution, use, repair and
maintenance). Please see section 7.1 in this report for a comparison of the material and EoL
impacts relative to energy-in-use.
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Compared to the baseline, only the factors R1 for recycled content have been changed.
Factors R2 (recycling output) and A (allocation factor) remain the same. This implies that EoL
impact and EoL benefit do not change compared to the baseline: only the impact of materials
in input to the production changes with R1. Table 16 provides the top-level reduction of
environmental impacts compared to the reference case, when 10% and 30% recycled content
(instead of 0%) is used for plastics. As before, the table is split in two parts, showing results
for different impact categories.

The total mass of the A3 colour laser printer is 85.8 kg, of which about 32% is plastic. When
the plastic in that printer is replaced with 10% and 30% post-consumer recycled plastic, the
environmental impact of the printer reduces by a few percent. The reason for this limited
impact is due to the significant amount of metal in the printer (61% of the total materials) and
the high environmental impact of the electronics.

Table 16: Summary of the reduction of environmental impacts compared to the baseline, when using
10% and 30% recycled content in input to the production for plastics for A3 colour laser printer (BC5)

.. Photochemic
Climate Human Human (onfiig] al ozone
. Ozone - L Particulate| radiation, . Acidifi-
Material change, . toxicity, toxicity, formation, )

depletion matter human cation

total cancer non-cancer human

health
health
Units kg CO2 | kg CFC-11|  ~p)p CTUR disease | kBq U235 | kg NMVOC | eq
eq eq incidence eq eq
10% recycled plastic (R1)

Change: 3.86 0.00 0.00 0.00 0.00 0.10 0.01 0.01
Reference| 331.36 0.00 0.00 0.00 0.00 15.35 0.88 8.33
% change| 1.16% 0.02% 0.42% 0.47% 0.68% 0.67% 1.03% 0.13%

30% recycled plastic (R1)
Change: 11.58 0.00 0.00 0.00 0.00 0.31 0.03 0.03
Referenc | 331.36 0.00 0.00 0.00 0.00 15.35 0.88 8.33
e
% | 3.49% 0.05% 1.25% 1.40% 2.04% 2.02% 3.08% 0.40%
change
. . . Resource
. EUterh" Eutrgphl— EUtr.OPh'_ Ecotoxicity,| Land use, Resource
Material cation, cation, cation, Water use . )
; ; freshwater | use minerals |use, fossils
terrestrial | freshwater marine
and metals
m3 water
. eq. of
Units mol N eq kg P eq kg N eq CTUe pt deprived kg Sb eq MJ
water
10% recycled plastic (R1)
Change: 0.03 0.00 0.00 53.21 4.97 -2.15 0.00 108.82
Reference 3.08 0.04 0.33 2,937.3 | 9,341.2 21.28 0.02 5,157.65
% change| 1.04% 0.15% 0.99% 1.81% 0.05% | -10.12% 0.25% 2.11%
30% recycled plastic (R1)

Change: 0.10 0.00 0.01 159.62 14.91 -6.46 0.00 326.47

Reference 3.08 0.04 0.33 2,937.25 | 9,341. 21.28 0.02 5,157.65
2
% change | 3.13% 0.44% 2.96% 5.43% 0.16% | -30.36% 0.75% 6.33%

Table 17 provides the top-level reduction of environmental impacts of the A4 colour inkjet
printer compared to the reference case, when 10% and 30% recycled content (instead of 0%)
is used for plastics. As before, the table is split in two parts, showing results for different impact
categories.
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The total mass of the inkjet printer is 2.4 kg, of which about 67% is plastic. When the plastic
in that printer is replaced with 10% and 30% post-consumer recycled plastic, the
environmental impacts per printer reduces by a few percentage points. The reason this impact
is more significant than some of the other basecase models is because plastic represents
such a significant part of the printer’'s material.

Table 17: Summary of the reduction of environmental impacts compared to the baseline, when using
10% and 30% recycled content in input to the production for plastics for A4 colour inkjet printer, BC7

lonisin Photochemic
Climate Human Human . 1Ising al ozone
. Ozone . . Particulate | radiation, . e
Material change, . toxicity, toxicity, formation, [Acidification
depletion matter human
total cancer non-cancer human
health
health
Units kg CO2 | kg CFC-11 CTUh CTUh .d/s.ease kBq U235 | kg NMVOC mol H+ eq
eq eq incidence eq eq
10% recycled plastic (R1)
Change:| 0.23 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Reference| 13.09 0.00 0.00 0.00 0.00 0.68 0.03 0.06
% change| 1.79% 0.03% 0.26% 1.37% 0.80% 1.62% 1.57% 0.94%
30% recycled plastic (R1)
Change: 0.70 0.00 0.00 0.00 0.00 0.03 0.00 0.00
Reference 13.09 0.00 0.00 0.00 0.00 0.68 0.03 0.06
% change | 5.36% 0.09% 0.78% 4.10% 2.41% 4.86% 4.71% 2.81%
. . . Resource
. N v Ecotoxicity,| Land use, Resource
Material cation, cation, cation, Water use . .
5 : freshwater | use minerals | use, fossils
terrestrial | freshwater marine
and metals
m3 water
. eq. of
Units mol N eq kg P eq kg N eq CTUe pt deprived kg Sb eq MJ
water
10% recycled plastic (R1)
Change: 0.00 0.00 0.00 4.81 0.29 -0.14 0.00 6.21
Reference 0.11 0.00 0.02 132.00 982.21 -0.18 0.00 222.55
% change| 1.59% 3.07% 3.36% 3.65% 0.03% 77.33% 0.02% 2.79%
30% recycled plastic (R1)
Change: 0.01 0.00 0.00 14.44 0.86 -0.41 0.00 18.62
Reference 0.11 0.00 0.02 132.00 -0.18 0.00 222.55
982.21
% change 4.76% 9.20% 10.08% 10.94% 0.09% | 231.98% 0.05% 8.37%

6.3. Design options for recyclability

Another measure to support the development of a circular economy in Europe is to promote
design options that facilitate recyclability of products at the end of life. This includes techniques
such as designing products to be more easily disassembled, for parts and materials to be
individually marked to facilitate sorting (and potential re-use), and to easily identify and recover
any critical raw materials (CRMs) from the waste stream.

The overall recyclability calculation for the EU market is based on two key factors — the
collection rate of used imaging equipment and the percentage of that recovered used
equipment that can ultimately be separated, sorted and recycled. In the EcoReport Tool, the

60




CRM and Recycled Content, Imaging Equipment

percentage recyclability referenced only takes into consideration the second of these factors
— namely, the amount of material that can be recovered from a unit at the end of life. The
levels discussed in Chapter 5 contemplate 10% and 30% recyclability, meaning that 10% or
30% of the material contained in the finished product at end of life is recovered for reuse.

For imaging equipment, recyclers will make a decision on separation before shredding mainly
on economic grounds. If a component or material is valuable and easy to access and separate,
this will be done, otherwise it will be shredded together with the rest, and the materials will be
recovered from post-shredder separation processes. The advantage to separating before
shredding is that it will enable the recycler to isolate or increase the concentration of a desired
material as opposed to having it diluted with all the other material of the product. Another
reason to separate before shredding can be that a component could cause problems in the
shredder (e.g. high-energy Li-ion batteries can cause a fire in the shredder).

Product separation of parts such as PCB boards or metal frames can be useful especially if
the separated components or materials are subsequently processed on separate recycling
lines or sold to a specialist recycler. If the separated components are processed in-house,
additional parallel processing lines may be necessary, or the main processing lines would
alternately have to process the different material types.

To provide an indication of how this approach could be implemented in a policy context — that
is, increasing the recyclability of the imaging equipment at its end of life — Table 18 sets out a
system by which products are designed for disassembly. This is a point scoring system based
on the approach set out in the draft on study to create a recyclability index for photovoltaic
panels and inverters. This could result in a set of policy options that the review study team
could look into establishing for imaging equipment, for example having a minimum required
score or potentially an information requirement with a view that requirement being made
mandatory in the next review of the imaging equipment regulation.
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Table 18. Overview of approaches to address recyclability at end of life for imaging equipment

Type Parameter Principle Benefit
Information on Scoring based on presence of clear | Easy ID of
presence (or and durable information on substances that
absence) of presence (or absence) of might hinger
substances of substances of concern recycling or need
concern special care
Dismantling Scoring based on information Manufacturer
information and provided (e.g., a dismantling map, facilitates

Service-related Parameters

condition for access

step-by-step instructions for priority
parts)

dismantling and
further recovery of
materials

Information on
composition

Scoring based on disclosure of
material composition of the product;
points based on percentage of
mass of product disclosed

Recyclers get
valuable information
regarding expected
yield

Information on CRMs
and SRMs

Scoring based on disclosure of the
quantity and location of CRMs and
SRMs in the product

Recyclers get
valuable information
regarding expected
yield
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Number of steps for
the dismantling of
priority parts
(dismantling depth)

Scoring based on the number of
dismantling steps (N) to reach and
remove specific priority parts

Number of steps to
dismantle a
component can be a
proxy of the
disassembly
complexity

Type of tools needed
to dismantle priority
parts

Level of complexity in terms of tools
needed for dismantling a priority
part, from low to high complexity.
No tools, basic tools, commercial
tools, proprietary tools.

Tools needed to
dismantle a
component can be a
proxy of the
disassembly
complexity

Material based parameters

Level of concentration
of hazardous
substances and other
substances affecting
the recycling process

Scoring based on different
concentration levels of substances
(e.g. Antimony or F-containing
materials, brominated flame
retardants). Scores from maximum
in case of total avoidance to lower
scores based on the level of
presence.

Avoid / reduce the
cost and risks linked
to depollution
activities

Selection of materials
based on recyclability
complexity

Score based on positive design for
recyclability / easiness to be
recycled.

Materials that by
themselves are easy
to recycle and
reduce costs at the
end of life

Combination of
materials used /
homogeneity

Scoring based on the way different
materials are combined in single
parts and aims to award design
based on homogeneous or
separable materials

Different materials in
a component can
mean more difficult
material separation
for recycling

62




CRM and Recycled Content, Imaging Equipment

The design options considered are intended to facilitate the recovery of materials at the end
of life — including critical raw materials (CRMs) — and thereby achieve the targets modelled in
in the EcoReport Tool for the assumed recyclability rates.

Measures for consideration include:

e Design for disassembly — enable the separation of different material types used in a
single part or component;

¢ Require marking the different types of plastic to facilitate sorting (similar to what is done
for packaging);

o PCBs larger than 10 cm? and boards containing batteries or wet capacitors should be
easily removable for recyclers;

o Forbid the use of halogenated flame retardants, and require a marking for plastics
containing flame retardants, like the regulation for electronic displays

Recyclers seem to be in favour of measures that facilitate the identification and separation of
components before shredding. Recyclers may support this approach because it will afford
them more options in the future, and could increase the economic viability of further process
automation.

Industry provided a general remark on the dismantling procedure, required tools and
recyclability discussed in this section. From pilot studies conducted by the industry
association, it was concluded that the recovery of high-quality feedstocks for WEEE plastic
recycling does indeed benefit from dismantling processes prior to appliance shredding.
However, the association expressed concern that manual dismantling and pre-processing has
two disadvantages: (1) it is primarily a manual labour activity which increases costs, making
the reclaimed material uncompetitive; and (2) waste treatment must be suitable at large scale
operations, and that is not feasible with largely manual processes. The industry association
concluded that waste treatment operators rely on their established technologies and
infrastructure, which does not include a high degree of pre-processing of the products and
therefore these targets would be challenging.

One stakeholder commented that no substances, especially those considered hazardous, are
added in excess in a product. The concentrations of these substances correspond to minimum
required levels to ensure safety and proper functioning of the product. This stakeholder also
called for clarification as to which of these substances might be considered to hinder recycling,
noting that emerging technologies to deal with end-of-life such as gasification could be applied
to these substances and thereby address the barrier to recycling. Finally, they note that its
necessary to consider available alternatives and substitutes for these substances, because in
some cases there are no alternatives available on the market.

Another stakeholder commented that the Commission should consider harmonising to
requirements already identified in the Blue Angel programme for Imaging Equipment (DE-UZ
219%, Chapter 3) which includes: (1) requirements regarding design for disassembly, (2)
requirements concerning a material selection for recyclability and (3) reusability of
components and assemblies. This section also covers energy consumption, particle
emissions, noise and other aspects relating to the use and impact of this equipment in an
office or home. Furthermore, this stakeholder noted that where possible, it is advantageous
for the Commission to harmonise with programmes and processes already in please from
voluntary schemes like Blue Angel because there are many manufacturers already
participating in the programme, thus reducing burden on industry while enabling the EU to
achieve its sustainability objectives.

35 Link to DE-UZ 219: https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20219-202101-en%20Criteria-V4.pdf
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It should be noted that the Blue Angel scheme offers guidance on the treatment of halogenated
polymers and halogenated organic compounds added as flame retardants to plastics. For
convenience, this section setting out this section (only) of the Blue Angel voluntary
requirement for imaging equipment is reproduced below. For the full section, please follow
the hyperlink to DE-UZ 219.

3.2.1 Hazardous substances in casings and casing parts: Material requirements
for plastics

Halogenated polymers and halogenated organic compounds added as flame
retardants are not permitted.

The following shall be exempt from this rule:

» fluoroorganic additives (e.g. anti-dripping agents) used to improve the physical
properties of plastics, provided that they do not exceed a proportion of 0.5
percent by mass;

» fluorinated plastics such as e.g. PTFE;

» plastic parts with a mass of less than or equal to 25 g. However, they must not
contain PBBs (polybrominated biphenyls), PBDEs (polybrominated diphenyl!
ethers) or chlorinated paraffins. (this exemption does not apply to control panel
keys.)

» Special plastic parts located close to heating and fuser elements. However,
they must not contain PBBs, PBDEs or chlorinated paraffins.

» Large-sized plastic parts that are verifiably reused and are marked according
to 3.1.1.2, [sic], no. 9. However, they must not contain PBBs, PBDEs or
chlorinated paraffins.

The flame-retardant materials used in plastic parts with a mass greater than 25 grams
must be communicated to RAL gGmbH in confidence and identified using their CAS
numbers.

In addition, no substances must be added to the plastics as constituent components
that meet at least one of the conditions stated in Table 6:

Table 6: Conditions for the exclusion of substances from materials in casings and casing parts

Hazard class Hazard category CLP Regulation (EC) No. 1272/2008
Carcinogenicity Carc. 1A, 1B H350 May cause cancer.

Carcinogenicity Carc. 1A, 1B H350i May cause cancer if inhaled.

Germ cell mutagenicity |Muta. 1A, 1B H340 May cause genetic defects.

Reproductive toxicity Repr. 1A, 1B H360 May damage fertility or the unborn child.
Substances included in the so-called “list of candidates” in accordance with Article 59 of the REACH Reg-
ulation. The version of the list of candidates at the time of application is valid.®

The stated requirements also apply to any recycled materials used.

An industry representative recommended that the Commission look into the treatment of
halogenated flame retardants in the Green Public Procurement (GPP) criteria for Imaging
Equipment. This stakeholder commented that Halogenated Flame Retardants are critical in
certain situations to ensure safety and manufacturing, noting that fusers operate at extremely
high temperatures and require flame retardants to safely operate. The GPP criteria are set out
in a Commission Staff Working Document, SWD(2020) 148 final, “EU green public
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procurement criteria for imaging equipment, consumables and print” and can be downloaded
on this link.*® The GPP criteria set out certain exemptions which are broadly aligned with the
Blue Angel criteria.

An industry association commented that (alternative) non-halogen flame retardants can have
technical issues such as:

e Problems with thermal stability and processability: They are easily decomposes during
high-temperature molding, causing discoloration, gas generation, and failure in
molding.

o Insufficient flame-retardant performance: To obtain the same flame-retardant
performance, non-halogenated frame retardants are needed to be added more than
that in the case of halogen-based flame-retardants.

This association continues to note that given the large amount of non-halogenated flame-
retardant required to meet flame-retardancy standards such as UL94 V-0 and LOI, it is
sometimes difficult to achieve the necessary flame resistance. They conclude that these
problems are the part of reasons why they believe it is impossible to find substitutes for
halogenated flame-retardants.

Taking into account all of the above, the study team conducting the review of the Imaging
Equipment regulation will look into these issues further and investigate the potential for
alignment with existing voluntary ecolabel schemes, in particular, Blue Angel and the Green
Public Procurement criteria.

6.3.1 Impact reduction due to recyclability of plastic

This section discusses the reduction in environmental impacts for a unit product when the
recyclability at end of life (factor R2) for plastics is raised from 0% (baseline) to 10% and to
30%. Data are for a unit product of base case A3 colour laser printer (BC5) and A4 colour
inkjet printer (BC7) with the BoM presented earlier in this chapter. As the reduction increases
linearly with the recycled content, these data can later be multiplied by a factor to simulate the
effect of higher recycled content requirements (see chapter 7 on scenario analysis).

Like the previously reported impacts for the baseline, only impacts from input materials, EoL
impacts and EoL benefits are considered (no manufacturing, distribution, use, repair and
maintenance).

Compared to the baseline, only the factors R2 for recyclability have been changed. Factors
R1 (recycled content) and A (allocation factor) remain the same. Table 19 provides the top-
level reduction of environmental impacts compared to the reference case, when 10% and 30%
recyclability (instead of 0%) is used for plastics. As before, the table is split in two parts,
showing results for different impact categories.

The total mass of the A3 colour laser printer is 85.8 kg, of which about 32% is plastic. When
the plastic in that printer is recovered at the end of life, the environmental impacts per A3 laser
printer reduce by a few percent. The reason for this small change is due to the small quantity
of plastic in the base case reference A3 laser printer and the high environmental impact of the
electronics.

®Link to the Imaging Equipment GPP criteria:  https://circabc.europa.eu/ui/group/44278090-3fae-4515-bcc2-
44fd57c1d0d1/library/a57a14a0-f4db-425b-8f72-4b5c8d874162/details
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Table 19: Summary of the reduction of environmental impacts compared to the baseline, when the
recyclability of plastics is increased to 10% and 30% by mass for A3 colour laser printer (BC5)

lonisin Photochemic
Climate Human Human : 1sing al ozone
. Ozone . - Particulate | radiation, . e
Material change, " toxicity, toxicity, formation, |Acidification
depletion matter human
total cancer non-cancer human
health
health
Units kg CO2 | kg CFC-11 CTUR CTUh .d/s.ease kBq U235 | kg NMVOC mol H+ eq
eq eq incidence eq eq
10% recyclability of plastic (R2)

Change:| 3.9774 0.0000 0.0000 0.0000 0.0000 0.1814 0.0090 0.0110
Reference| 331.3575| 0.0000 0.0000 0.0000 0.0000 15.3462 0.8786 8.3255
% change| 1.20% 0.02% 0.42% 0.44% 0.67% 1.18% 1.02% 0.13%

30% recyclability of plastic (R2)

Change: 0.0000 0.0000 0.0000 0.0000 0.5443 0.0270 0.0329

11.9323
Referenc 0.0000 0.0000 0.0000 0.0000 15.3462 0.8786 8.3255

e | 331.357

5
% 3.60% 0.05% 1.25% 1.32% 2.02% 3.55% 3.07% 0.39%
change
Eutrophi- Eutrophi- Eutrophi- Ecotoxi- ResaUTEE
. . ) ) . use, Resource
Material cation, cation, cation, city, Land use |Water use . .
5 ; minerals |use, fossils
terrestrial | freshwater marine freshwater
and metals
m3 water
. eq. of
Units mol N eq kg P eq kg N eq CTUe pt deprived kg Sb eq MJ
water
10% recyclability of plastic (R2)

Change:| 0.0319 0.0001 0.0033 72.9156 | 3.7652 | -2.0581 0.0000 111.1428
Reference| 3.0764 0.0442 0.3332 2,937.25 | 9,341.2 | 21.2760 0.0214 | 5,157.6523
% change| 1.04% 0.14% 0.98% 2.48% 0.04% -9.67% 0.01% 2.15%

30% recyclability of plastic (R2)
Change: 0.0958 0.0002 0.0098 218.747 | 11.295 | -6.1742 0.0000 333.4283
Reference 3.0764 0.0442 0.3332 9,341.2 | 21.276 0.0214 5,157.65
2,937.25
% change 3.11% 0.43% 2.95% 7.45% 0.12% - 0.03% 6.46%
29.02%

Table 20 provides the top-level reduction of environmental impacts compared to the reference
case, when 10% and 30% recyclability of plastics (instead of 0%) is used. As before, the table
is split in two parts, showing results for different impact categories.

The total mass of the inkjet printer is 2.4 kg, of which about 67% is plastic. When the plastic
in that printer is recovered at end of life at two different levels - 10% and 30% - the
environmental impacts per printer reduces by a few percentage points. Part of the reason for
this relatively small change is due to the high environmental impact of the electronics.
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Table 20: Summary of the reduction of environmental impacts compared to the baseline, when the
recyclability of plastics is increased to 10% and 30% by mass for A4 colour inkjet printer, BC7

Cli lonising | Photochemi-
. IS (0) Hu'm.an Hu'm.an Particulate | radiation cal ozone L
Material change, d zoqe toxicity, toxicity, ’ . Acidification
total epletion cancer non-cancer matter r;uman formation,
ealth human health
Units | kg CO2 eg k% 1CF C-1 crun cTun | disease | kBq U235 | kg NMVOC | 0 1y, o0
eq incidence eq eq
10% recyclability of plastic (R2)
Change:| 0.2338 0.0000 0.0000 0.0000 0.0000 0.0110 0.0005 0.0005
Reference| 13.0907 0.0000 0.0000 0.0000 0.0000 0.6798 0.0337 0.0586
% change| 1.79% 0.03% 0.26% 1.37% 0.80% 1.62% 1.57% 0.94%
30% recyclability of plastic (R2)

Change: 0.7013 0.0000 0.0000 0.0000 0.0000 0.0330 0.0016 0.0016
Reference 13.0907 0.0000 0.0000 0.0000 0.0000 0.6798 0.0337 0.0586
% change 5.36% 0.09% 0.78% 4.10% 2.41% 4.86% 4.71% 2.81%

Eutrophi- Eutrophi- Eutrophi- Ecotoxi- Resource | Resource
Material cation, cation, cation, city, Land use| Water use |use, minerals use,
terrestrial | freshwater marine freshwater and metals fossils
m3 water
j eq. of
Units mol N eq kg P eq kg N eq CTUe pt degrive d kg Sb eq MJ
water
10% recyclability of plastic (R2)
Change:| 0.0018 0.0000 0.0008 4.8146 0.2861 -0.1375 0.0000 6.2074
Reference| 0.1126 0.0003 0.0228 131.9978 -0.1778 0.0007 222.5542
982.212
0
% change| 1.59% 3.07% 3.36% 3.65% 0.03% 77.33% 0.02% 2.79%
30% recyclability of plastic (R2)
Change: 0.0054 0.0000 0.0023 14.4437 -0.4125 0.0000
0.8584 18.6223
Reference 0.1126 0.0003 0.0228 132.0 -0.1778 0.0007
982.21 222.554
2
% change 4.76% 9.20% 10.08% 10.94% 0.09% | 231.98% 0.05% 8.37%
6.4. Impact reduction from both recycled content and

recyclability of plastic

This section discusses the reduction in environmental impacts for a unit product when both
the recycled content (R1) factor and the recyclability at end of life (R2) factor for plastics are
increased from 0% (baseline) to 10%, 30% and 100%. Like the previously reported impacts
for the baseline, only impacts from changing the material inputs (i.e., plastic) and the EoL
impacts and the EoL benefits are considered (no manufacturing, distribution, use, repair and
maintenance). Compared to the baseline, both factors R1 and R2 have been adjusted. The A
(allocation factor) remains the same.

Figure 13 presents the results for two of the sixteen environmental indicators, Climate change
and Ecotoxicity Freshwater. Plastic constitutes 32% of the total mass of the printer, therefore
the impacts of increasing recycled content and recyclability have a measurable effect on the
overall environmental impact of the materials used in this laser printer.
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Climate change, total Ecotoxicity, Freshwater
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Figure 13: Impact Improvement of Climate Change and Ecotoxicity (Freshwater) for increasing
recycled content and recyclability of the basecase A3 colour laser printer (BC5)

Table 21 presents the numerical results for all environmental indicators for the basecase A3
colour laser printer. There are a range of impacts, with the ones most improved including
resource use fossil, ecotoxicity freshwater, climate change, eutrophication terrestrial and
photochemical ozone formation. The water use metric increases consumption however, the
only one of the metrics to go in the higher impact direction. In general, however, most of the

environmental indicators indicate modest changes with the increasing quantities of recycled
plastic and higher levels of recyclability.
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Table 21: Environmental indicators for recycled / recyclability plastic for A3 colour laser printer (BC5)

PEF Impact categories

Climate change, total

Ozone depletion

Human toxicity, cancer

Human toxicity, non-cancer
Particulate matter

lonising radiation, human health
Photochemical ozone formation, hui
Acidification

Eutrophication, terrestrial
Eutrophication, freshwater
Eutrophication, marine
Ecotoxicity, freshwater

Land use

Water use

Resource use, minerals and metals
Resource use, fossils

Content 0%,
recyclability 0%

Content 10%,
recyclability 0%

Content 30%,
recyclability 0%

Content 100%,
recyclability 0%

-11.6%
-0.2%
-4.2%
-4.7%
-6.8%
-6.7%

-10.3%
-1.3%

-10.4%
-1.5%
-9.9%

-18.1%
-0.5%
101%
-2.5%

-21.1%

Content 0%,
recyclability 10%

Content 10%,
recyclability 10%

-2.4%
0.0%
-0.8%
-0.9%
-1.4%
-1.9%
-2.1%
-0.3%
-2.1%
-0.3%
-2.0%
-4.3%
-0.1%
20%
-0.3%
-4.3%

Content 30%,
recyclability 10%

-4.7%
-0.1%
-1.7%
-1.8%
-2.7%
-3.2%
-4.1%
-0.5%
-4.2%
-0.6%
-3.9%
-7.9%
-0.2%
40%
-0.8%
-8.5%
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Content 100%,
recyclability 10%

Content 0%,
recyclability 30%

-3.6%
-0.1%
-1.2%
-1.3%
-2.0%
-3.5%
-3.1%
-0.4%
-3.1%
-0.4%
-3.0%
-7.4%
-0.1%
29%
0.0%
-6.5%

Content 10%,
recyclability 30%

-4.8%
-0.1%
-1.7%
-1.8%
-2.7%
-4.2%
-4.1%
-0.5%
-4.2%
-0.6%
-3.9%
-9.3%
-0.2%
39%
-0.3%
-8.6%

Content 30%,
recyclability 30%

-7.1%
-0.1%
-2.5%
-2.7%
-4.1%
-5.6%
-6.2%
-0.8%
-6.2%
-0.9%
-5.9%
-12.9%
-0.3%
59%
-0.8%
-12.8%

Content 100%,
recyclability 30%

-15.2%
-0.2%
-5.4%
-6.0%
-8.8%

-10.3%

-13.3%
-1.7%

-13.5%
-1.9%

-12.8%

-25.6%
-0.7%
130%
-2.5%

-27.6%

Content 0%,
recyclability 100%

-12.0%
-0.2%
-4.2%
-4.4%
-6.7%

-11.8%

-10.2%
-1.3%

-10.4%
-1.4%
-9.8%

-24.8%
-0.4%

97%
-0.1%
-21.5%

Content 10%,
recyclability 100%

-13.2%
-0.2%
-4.6%
-4.9%
-7.4%

-12.5%

-11.3%
-1.5%

-11.4%
-1.6%

-10.8%

-26.6%
-0.5%
107%
-0.3%

-23.7%

Content 30%,
recyclability 100%

-15.5%
-0.2%
-5.4%
-5.8%
-8.8%

-13.8%

-13.3%
-1.7%

-13.5%
-1.9%

-12.8%

-30.3%
-0.6%
127%
-0.8%

-27.9%

Content 100%,
recyclability 100%

-42.6%
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For the representative A4 colour inkjet printer (BC7), Figure 14 presents the results for two of
the sixteen environmental indicators, Climate change and Ecotoxicity, Freshwater. Plastic
constitutes 67% of the total materials mass of the printer, thus the impacts of increasing
recycled content and recyclability have a more noticeable impact.

Climate Change, Total Ecotoxicity, Freshwater
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Figure 14: Impact Improvement of Climate Change and Ecotoxicity (Freshwater) for increasing
recycled content and recyclability of the basecase A4 colour inkjet printer (BC7)

Table 22 presents the numerical results for all environmental indicators for the basecase inkjet
printer. The range of impacts varies from more environmentally damaging (e.g., Ozone
depletion, Water use) to being more environmentally friendly (e.g., Ecotoxicity freshwater;
Photochemical ozone formation; Eutrophication, terrestrial and marine). In general, however,
most of the environmental indicators indicate improvements (less impact) with the increasing
quantities of recycled plastic and higher levels of recyclability. The results for water

consumption need to be investigated separately and are perhaps uncertain due to the ERT
tool being used.
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PEF Impact categories

Climate change, total

Ozone depletion

Human toxicity, cancer

Human toxicity, non-cancer
Particulate matter

lonising radiation, human health
Photochemical ozone formation, hui
Acidification

Eutrophication, terrestrial
Eutrophication, freshwater
Eutrophication, marine
Ecotoxicity, freshwater

Land use

Water use

Resource use, minerals and metals
Resource use, fossils

Table 22: Environmental indicators for recycled / recyclability of plastic in A4 colour inkjet printer (BC7)
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6.4.1 Analysis of the Impacts of Different Types of Plastic

This section conducts a comparison of the different types of plastic to understand which types
are the most important for imaging equipment according to the actual amount of plastic in the
two basecase models analysed.

Table 23 shows the types of plastic that are used in the two base case models analysed, the
A3 colour laser printer and the A4 colour inkjet. Both printers have a majority of Acrylonitrile
Butadiene Styrene (ABS). For both printers, Polyoxymethylene (POM) is the second most
common plastic — but only constitutes less than 5% of the plastic incorporated into these
basecase models.

Table 23: Plastic used in the base case A3 colour laser (BC5) and A4 colour inkjet (BC7) printers

A3 Colour A3 Colour A4 Colour A4 Colour
Types of Plastic Laser Laser Inkjet Inkjet
[grams] (% plastics) [grams] (% plastics)
Acrylonitrile Butadiene Styrene (ABS) 23,786 87.4% 1,276 79.7%
Polyoxymethylene (POM) 1,258 4.6% 42 2.6%
Polyvinyl chloride (PVC) -- -- 209 13.0%
Polystyrene (PS) 1,149 4.2% -- --
Polycarbonate (PC) 285 1.0% 32 2.0%
Nylon 254 0.9% 28 1.7%
Polyethylene terephthalate (PET) 213 0.8% -- --
Other 265 1.0% 14 0.9%
TOTAL: 27,209 100% 1,601 100%

Two scenarios that were analysed with the ERT v.1.7 on the A3 Colour Laser Printer (BC5):

e Scenario 1: 30% post-consumer recycled plastic and 30% recyclability at end of life
(see Table 24)

e Scenario 2: 100% post-consumer recycled plastic and 100% recyclability at end of life
(see Table 25)

As before, the results table is split in two parts, showing all the results across the various
impact categories. If a particular metric increased instead of decreasing, it was given an “n/a”
for not applicable. The percentages shown for the different plastics are the percentages
reduction in environmental impact relative to reference case. In general, there is no significant
difference between the reduction in environmental indicators for the different types of plastic.
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Table 24: Summary of the percentage change in environmental impacts compared to the baseline,
when using 30% recycled content and 30% recyclability for the basecase A3 Colour Laser Printer

(BC)5)
. lonisin Photochemi-
M . Climate Ozone Humgn Hu_m.an Particulate radiatio%, cal ozone e
aterial change, d " toxicity, toxicity, 3 Acidification
total epletion cancer non-cancer matter human formation,
health  |human health
Units | kgco2eq| K9 CFCTT | cryp CTUR disease |y p. (1535 6q| kg NMVOC eq| mol H+ eq
eq incidence
30% recycled plastic (R1) and 30% recyclability (R2)
ABS 27% 10% 29% 29% 25% 12% 25% 26%
POM 30% 30% 30% 30% 30% 30% 30% 30%
PS 9% 151% 32% 27% 44% 115% 37% 42%
PC 22% n/a 26% 23% 24% 44% 29% 28%
Nylon n/a n/a n/a n/a n/a 25% n/a n/a
PET 24% 30% 29% 29% 30% n/a 29% 29%
Other 7% 0% 16% 7% 4% 21% 6% 7%
plastic
Materi Eutrophi- | Eutrophi- | Eutrophi- Ecotoxicity,| Land Resource Resource
aterial cation, cation, cation, freshwater | use Water use |use, minerals use. fossils
terrestrial | freshwater marine res and metals ’
ma3 water eq.
Units mol N eq kg P eq kg N eq CTUe pt of deprived kg Sb eq MJ
water
30% recycled plastic (R1) and 30% recyclability (R2)
ABS 27% 25% 27% 29% 21% n/a 26% 28%
POM 30% 30% 30% 30% n/a 30% 30% 30%
PS 35% 9% 36% 30% 9% 16% 32% 38%
PC 28% n/a 28% 29% n/a 25% n/a 30%
Nylon n/a n/a n/a n/a n/a n/a n/a 4%
PET 29% 29% 29% 29% 26% 28% 30% 28%
Other 8% 1% 8% 2% 3% 1% 1% 16%
plastic
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Table 25: Summary of the percentage change in environmental impacts compared to the baseline,
when using 100% recycled content and 100% recyclability for the basecase A3 Colour Laser Printer

(BC)5)
lonising Photochemic
. Climate Ozone Hu.m.an Hu.m.an Particulate | radiation, al ozone Acidifi-
Material | change, " toxicity, toxicity, formation, ;
depletion matter human cation
total cancer | non-cancer human
health
health
Units  |kgCcO2eq| K9 Cqu 11\ cTun CTUR igéfj:;fe KkBq U235 eq| kg NMVOC eq| mol H+ eq
100% recycled plastic (R1) and 100% recyclability (R2)
ABS| 89% 32% 95% 97% 83% 41% 82% 87%
POM| 100% 100% 100% 100% 100% 100% 100% 100%
PS| 31% 502% 107% 91% 148% 383% 122% 139%
PC| 72% n/a 85% 78% 82% 148% 95% 92%
Nylon n/a n/a n/a n/a n/a 83% n/a n/a
PET| 80% 99% 98% 97% 99% n/a 98% 98%
Other| 23% 1% 53% 23% 13% 70% 20% 24%
plastic
. Eutrophi- | Eutrophi- | Eutrophi- Ecotoxicity,| Land Resource Resource
Material cation, cation, cation, Water use |use, minerals :
. . freshwater use use, fossils
terrestrial | freshwater | marine and metals
m3 water eq.
Units mol N eq kg P eq kg N eq CTUe pt of deprived kg Sb eq MJ
water
100% recycled plastic (R1) and 100% recyclability (R2)
ABS 89% 85% 89% 97% 72% n/a 87% 93%
POM 100% 100% 100% 100% n/a 100% 100% 100%
PS 115% 31% 119% 100% 30% 52% 105% 127%
PC 94% n/a 95% 98% n/a 82% n/a 101%
Nylon n/a n/a n/a n/a n/a n/a n/a 13%
PET 98% 98% 98% 97% 88% 92% 100% 94%
Other plastic 26% 2% 26% 5% 10% 3% 3% 55%

In response to the analysis presented in this section, a manufacturer of imaging equipment
commented that responsibly sourced bio-based plastic content should also be included among
different types of plastics. They noted that in the February Communication on the Clean
Industrial Deal, the section addressing the Circular Economy Act includes a clear endorsement
of bio-based materials.

This comment will be provided to the Review Team conducting the study of Imaging
Equipment. One approach would be to look at the respective life-cycle assessment (LCA)
impacts of bio-based plastic compared to alternatives.

6.5. Design options for Critical Raw Materials

Critical Raw Materials (CRMs) and Strategic Raw Materials (SRMs) are found mainly in the
electronic components of and the electric motors contained in imaging equipment. The
economic value of these components is limited and consequently they are not always being
removed before shredding. However, where they are separated prior to shredding, they can
be delivered to companies specialising in processing and recycling them.

Recyclers have stated that before setting recycled content requirements on CRMs, the
economics of their recycling should be addressed.
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For the moment no recycled content requirements for CRMs and SRMs have been assessed
in this study. For copper and aluminium such requirements are not necessary, these two
CRMs are already recovered and recycled as much as economically justified.

For the moment no recyclability requirements for CRMs and SRMs have been assessed in
this study. Recyclability of CRMs and SRMs from depends on collection rates (which are
beyond the scope of this study), and to a lesser extent on the recycling rate of printed circuit
boards. Recyclers state that the latter is already high.

Considering the lack of information on the types and quantities of CRMs and SRMs, setting
information requirements could be relevant, however, considering the expected small
quantities, and the considerable traceability effort for recyclers, it requires further evaluation.

An industry association commented in response to this conclusion that they fully agree with
the fact that no measures are proposed on the recycled content requirements or recyclability
requirements for CRMs and SRMs. They believe that mandatory recycled content targets are
not appropriate for non-ferrous metals, many of which already achieve high recycling
efficiency, and the market demand is expected to grow significantly under the EU Green Deal.
The association noted that unlike other materials, primary and secondary metals are of
identical quality and value, and are often processed together for technical reasons, making
fixed recycled content targets impractical. They conclude that recycled content is highly sector-
specific and must be supported by a mature, available secondary market. For metals, uptake
is already driven by market demand and material availability. Imposing mandatory thresholds
could unintentionally divert recycled materials between sectors, disrupting existing circular
value chains.
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7. Estimates of Magnitude of Impacts

7.1. Comparison of Materials vs. Energy in Use

Estimates of product lifetime and power consumption and operating hours in various energy
consumption modes were derived from a 2019 report published by the European Commission,
“Revision of Voluntary Agreement on Imaging Equipment, Task 1-7 Final Report”.*” Using
those estimates, the total electricity consumption over the lifetime of the product was estimated
in order to compare the environmental footprint of the materials used in the product with the
energy in use phase.

The values for lifetime, and the hours in operation and power consumed in on-mode, standby-
mode and off-mode were input into ERT. The electricity mix selected in the ERT was 243-
Electricity grid mix 1kV-60kV technology mix consumption mix, to consumer 1kV-60kV. The
inputs for the two base case models are shown in the table below. These estimates may be
revised in the future and are only being used in this study to provide a basis for comparison.
The annual operating hours in on-mode for the laser printer is estimated at 200 hours, which
is approximately 45 minutes per day on average for a working year (i.e., 260 weekdays per
year). The annual operating hours in on-mode for the inkjet printer is estimated at 12 hours,
which equates to approximately 2 minutes per day on average, spread over the whole year
(i.e., 365 days per year).

Table 26: Service life, power consumption and operating hours for base case imaging equipment

Modelling input estimate A3 Colou_r Laser, BC5 A4 Colour Inkj_et, BC7
(Office use) (Domestic)
Product (service) life in years 6 yrs 5yrs
On-mode power consumption (watts) 500 W 50w
On-mode number of hours per year 200 hr 12 hr
Standby-mode power consumption (watts) 3w 11W
Standby-mode number of hours per year 2000 hr 1200 hr
Off-mode power consumption (watts) 0.1W 01w
Off-mode number of hours per year 6560 hr 6000 hr
Hard off-mode power consumption (watts) ow ow
Hard off-mode number of hours per year 0 hr 1548 hr
Annual energy consumption (kWh/yr) 106.7 kWhlyr 2.5 kWhlyr

Given the above inputs, the ERT estimates the environmental impacts of the materials and
end-of-life (including impacts and credits) and the environmental impacts of the energy
consumed while in use, assuming an average electricity mix. The figures below present the
results for the basecase (for plastic, 0% recycled content, 0% recyclability) scenario. The
orange shaded portions of the environmental impact represent the impact from energy-in-use

37 Revision of Voluntary Agreement on Imaging Equipment, Task 1-7, Final Report, Baijia Huang, Peter Martin Skov Hansen,
Larisa Maya-Drysdale, Jonathan Wood (Viegand Maagee A/S), contract no.. ENER/C3/FV 2017-438/16/FWC 2015-619
LOT3/07/S12.777115, October 2019. Link to publication.
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and the blue shaded portions represent the impact from the materials and end-of-life
treatment. These impacts are over the whole lifetime of the printers, as defined from the
estimates in the table above (6 years for the A3 colour laser printer and 5 years for the A4
colour inkjet). The relative share of the impacts vary substantially with the different
environmental indicators.

Figure 15 shows that the environmental impacts for an A3 colour laser printer are slightly
greater for the materials than the energy-in-use over its six year lifetime. For some indicators,
energy-in-use dominates, while for others, its materials and end-of-life treatment.
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Figure 15: Environmental impacts comparison for materials and end-of-life and energy-in-use for the
basecase A3 colour laser printer (BC5)

For the A4 colour inkjet printer, the same comparison was made and is shown in Figure 16.
Due to the fact that the wattage consumption on an ink jet printer is very low and the operating
hours in the domestic setting are also low, the total energy consumption in a given year is only
2.5 kilowatt-hours. This means that the environmental impacts of the inkjet printer in this end-
user setting are dominated by the materials, not the energy consumption.
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Figure 16: Environmental impacts comparison for materials and end-of-life and energy-in-use for the
basecase A4 colour inkjet printer (BC7)

7.2. Savings Potential Compared to Sales & Stock in 2030

This section provides an estimate of relative order of environmental benefit for the measures
considered in recycled plastic and recyclability of plastic for the sales and stock of the two
base case printers in 2030. These benefit calculations consider two conditions: 10% recycled
plastic content with 10% recyclability at end of life, and 30% recycled plastic content with 30%
recyclability at end of life. The benefits calculated for the representative base case inkjet
printer and laser printer are then multiplied by the projected sales and stock in 2030 to estimate
the magnitude of the savings potential overall from these two measures. Adjustments can
easily be made to these estimates. From the table of sales and stock, we have combined the
plain printers and the multi-function devices (MFDs) in each format, as these are both popular
models.

Table 27: Sales and Stock estimates in 2030 for inkjet and laser basecase printers

Type 2030 §a|es 2030 Sales | 2030 Stock 2030 Stock
[units] [percent] [units] [percent]
Inkjet Printers and MFDs 11,732,000 66% 59,855,000 62%
Colour Laser Printers and MFDs 3,522,000 20% 21,077,000 22%
Other types of Printer and MFD 2,570,000 14% 15,190,000 16%
Totals 17,824,000 96,122,000

Given the above shipment and stock estimates, the ERT provides estimates the environmental
impacts of the materials and end-of-life (including impacts and credits). Considering these
estimates and only adjusting the two parameters — the recycled plastic content and the
recyclability at end of life — per unit benefits were calculated for the base case printers. While
there are sixteen environmental indicators in the ERT, we have selected carbon dioxide
emissions as our reference point because it is considered more easily comparable to other
analyses and policy measures.
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The table below presents these values, which are 0.47 kg of CO, savings for the 10%/10%
scenario for the A4 colour inkjet model, and approximately 3 times larger at 1.40 kg/CO2
savings for the 30%/30% scenario. The larger A3 colour laser printer has more plastic, and
therefore has more savings per unit, with 7.84 kg CO; savings for the 10%/10% scenario and
23.51 kg CO2 savings for the 30%/30% scenario. Now, multiplying each of these individual
(per unit) savings by the sales and stock of printers and MFDs in 2030, an estimate of the
overall order of magnitude from these measures is quantified and shown in the table below.

Table 28: COZ2 savings estimates in 2030 for the inkjet and laser basecase printers

GHG Savings /

Policy Scenario unit 2030 Sales 2030 Stock
[kg CO; eq] [tonnes COz eq] | [tonnes CO; eq]

A4 Inkjet: 10% PCR plastic content &

10% recyclability at end of life 0.47 5,485 27,984
A4 Inkjet: 30% PCR plastic content &

30% recyclability at end of life 1.40 16,455 83,953
A3 Laser: 10% PCR plastic content &

10% recyclability at end of life 7.84 27,598 165,157

. 0 H

A3 Laser: 30% PCR plastic content & 23 51 82.794 495,470

30% recyclability at end of life

Combining the savings from both basecase models analysed, approximately 33,000 metric
tonnes of CO2 would be saved for the 10%/10% scenario if all sales in 2030 incorporated
those requirements. If (hypothetically) the entire stock of inkjet and laser printers switched
overnight to incorporate this measure, the combined savings would be approximately 190,000
metric tonnes of CO; savings. It is recognised, however, that the in reality the change in stock
would happen gradually over time as the models are replaced, also taking into account the
possibility of over-compliance (i.e., products designed to contain more recycled content than
required).

The values for the 30% / 30% scenario approximately triple those estimates for 10% / 10%
scenario, with approximately 99,000 metric tonnes of CO; savings for the 2030 sales and
approximately 580,000 metric tonnes of CO; savings for the 2030 stock.

Table 29: Estimates of Virgin Plastic Avoided through use of PCR Plastic

Virgin Plastic avoided Virgin Plastic avoided in
Policy S . gr Annum in 2030 Stock in 2030 if 100%
olicy Scenario p e T
s [kilotonnes]
10% PCR plastic content for A4 colour
S . 11.5 66.9
inkjet and A3 colour laser printers
o :
30-/0 ECR plastic content for A{f colour 34.4 200.7
inkjet and A3 colour laser printers
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Getting in touch with the EU

In person

All over the European Union there are hundreds of Europe Direct centres. You can
find the address of the centre nearest you online (european-
union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union.
You can contact this service:

— by freephone: 00 8006 7 8 9 10 11 (certain operators may charge for these
calls),

— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us_en.

Finding information about the EU

Online

Information about the European Union in all the official languages of the EU is
available on the Europa website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple
copies of free publications can be obtained by contacting Europe Direct or your
local documentation centre (european-union.europa.eu/contact-eu/meet-us_en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all
the official language versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU
institutions, bodies and agencies. These can be downloaded and reused for free, for
both commercial and non-commercial purposes. The portal also provides access to
a wealth of datasets from European countries.
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