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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 draft Impact
Assessment of Personal Computers that is on-going at this time. The following products,
powered both directly from the mains alternating current (AC) including via an external or
internal power supply (i.e., desktops) or by batteries (i.e., notebooks (laptops)):

o Desktop computers;

o Integrated desktop computers;

o Notebook computers (including tablet computers);
o Workstations;

e Thin clients;

e Small-scale servers.

1.2. Definitions of Personal Computers (EU No 617/2013)

Products and components that are within the scope of the existing ecodesign Regulation
(617/2013) on computers and computer servers are defined as:

Computers: Computer means a device, which performs logical operations and processes
data, is capable of using input devices and outputting information to a display, and normally
includes a central processing unit (CPU) to perform operations. If no CPU is present, then the
device must function as a client gateway to a computer server, which acts as a computational
processing unit.

Computer servers: Computer server means a computing product that provides services and
manages networked resources for client devices, such as desktop computers, notebook
computers, desktop thin clients, internet protocol (IP) telephones, or other computer servers.
A computer server is typically placed on the market for use in data centres and office/corporate
environments. A computer server is primarily accessed via network connections, and not
through direct user input devices, such as a keyboard or a mouse. A computer server has the
following characteristics:

(a) is designed to support computer server operating systems (OS) and/or hypervisors,
and targeted to run user-installed enterprise applications;

(b) supports error-correcting code (ECC) and/or buffered memory (including both buffered
dual in-line memory modules (DIMMs) and buffered on board (BOB) configurations);

(c) is placed on the market with one or more AC-DC power supply(ies);

(d) all processors have access to shared system memory and are independently visible to
a single OS or hypervisor.

Desktop computers: Desktop computer means a computer where the main unit is intended
to be located in a permanent location and is not designed for portability and which is designed
for use with an external display and external peripherals such as a keyboard and mouse.

Integrated desktop computers: Integrated desktop computer means a computer in which
the computer and the display function as a single unit, which receives its AC power through a
single cable. Integrated desktop computers come in one of two possible forms:
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(1) a product where the display and the computer are physically combined into a single
unit; or

(2) a product where the display is separated from the computer, but it is connected to the
main chassis by a direct current (DC) power cord. An integrated desktop computer is
intended to be located in a permanent location and is not designed for portability.
Integrated desktop computers are not primarily designed for the display and reception
of audio-visual signals.

Notebook computers (including tablet computers, slate computers and mobile thin clients):

o Notebook computer means a computer designed specifically for portability and to be
operated for extended periods of time either with or without a direct connection to an
AC power source. Notebook computers utilise an integrated display, with a viewable
diagonal screen size of at least 22.86 cm (9 inches) and are capable of operation on
an integrated battery or other portable power source.

¢ Tablet computer means a product, which is a type of notebook computer that includes
both an attached touch-sensitive display and an attached physical keyboard.

¢ Slate computer means a type of notebook computer that includes an integrated touch-
sensitive display but does not have a permanently attached physical keyboard;

¢ Mobile thin client means a type of notebook computer that relies on a connection to
remote computing resources (e.g. computer server, remote workstation) to obtain
primary functionality and has no rotational storage media integral to the product.
Products that would otherwise meet the definition of notebook computer but have idle
state power demand of less than 6 W are not considered to be notebook computers
for the purposes of this Regulation.

Desktop thin clients: Desktop thin client means a computer that relies on a connection to
remote computing resources (e.g. computer server, remote workstation) to obtain primary
functionality and has no rotational storage media integral to the product. The main unit of a
desktop thin client must be intended for use in a permanent location (e.g. on a desk) and not
for portability. Desktop thin clients can output information to either an external or, where
included with the product, an internal display.

Workstations: Workstation means a high-performance, single-user computer primarily used
for graphics, Computer Aided Design, software development, financial and scientific
applications among other computer intensive tasks, and which has the following
characteristics:

(a) has a mean time between failures (MTBF) of at least 15,000 hours;
(b) has error-correcting code (ECC) and/or buffered memory;
(c) meets three of the following five characteristics:

(1) has supplemental power support for high-end graphics (i.e. peripheral component
interconnect (PCI)-E 6-pin 12 V supplemental power feed);

(2) its system is wired for greater than x4 PCI-E on the motherboard in addition to the
graphics slot(s) and/or PCI-X support;

(3) does not support uniform memory access (UMA) graphics;
(4) includes five or more PCI, PCI-E or PCI-X slots;

(5) is capable of multi-processor support for two or more CPU (must support physically
separate CPU packages/sockets, i.e. not met with support for a single multi core
CPU).
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Mobile workstation: Mobile workstation means a high-performance, single- user computer
primarily used for graphics, Computer Aided Design, software development, financial and
scientific applications among other compute intensive tasks, excluding game play, and which
is designed specifically for portability and to be operated for extended periods of time either
with or without a direct connection to an AC power source. Mobile workstations utilise an
integrated display and are capable of operation on an integrated battery or other portable
power source. Most mobile workstations use an external power supply and most have an
integrated keyboard and pointing device. A mobile workstation has the following
characteristics:

(a) has a mean time between failures (MTBF) of at least 13,000 hours;

(b) has at least one discrete graphics card (dGfx) meeting the G3 (with FB Data Width >
128-bit), G4, G5, G6 or G7 classification;

(c) supports the inclusion of three or more internal storage devices;
(d) supports at least 32 GB of system memory.

Small-scale servers: Small-scale server means a type of computer that typically uses
desktop computer components in a desktop form factor but is designed primarily to be a
storage host for other computers and to perform functions such as providing network
infrastructure services and hosting data/ media, and which has the following characteristics:

(a) is designed in a pedestal, tower, or other form factor similar to those of desktop
computers such that all data processing, storage, and network interfacing is contained
within one box;

(b) is designed to be operational 24 hours per day and 7 days per week;

(c) is primarily designed to operate in a simultaneous multi-user environment serving
several users through networked client units;

(d) where placed on the market with an operating system, the operating system is
designed for home server or low-end server applications;

(e) is not placed on the market with a discrete graphics card (dGfx) meeting any
classification other than G1.

External power supply means a device, which has the following characteristics:

(a) is designed to convert alternating current (AC) power input from the mains power
source input into lower voltage direct current (DC) or AC output;

(b) is able to convert to only one DC or AC output voltage at a time;
(c) is intended to be used with a separate device that constitutes the primary load;

(d) is contained in a physical enclosure separate from the device that constitutes the
primary load;

(e) is connected to the device that constitutes the primary load via a removable or hard-
wired male/female electrical connection, cable, cord or other wiring; and

(f) has nameplate output power not exceeding 250 Watts.

Internal power supply means a component designed to convert AC voltage from the mains
to DC voltage(s) for the purpose of powering the computer or computer server and has the
following characteristics:

(a) is contained within the computer or computer server casing but is separate from the
main computer or computer server board;

(b) the power supply connects to the mains through a single cable with no intermediate
circuitry between the power supply and the mains power; and
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(c) all power connections from the power supply to the computer or computer server

components, with the exception of a DC connection to a display in an integrated
desktop computer, are internal to the computer casing.

Internal DC-to-DC converters used to convert a single DC voltage from an external power
supply into multiple voltages for use by a computer or computer server are not considered
internal power supplies.

Discrete Graphics Card (dGfx) means a discrete internal component containing one or more
graphics processing units (GPUs) with a local memory controller interface and local graphics-
specific memory and falling into one of the following categories:

(a) G1 (FB_BW < 16);

(
(c
(d
(e
(f

b) G2
) G

) G4
) G5

) G

(16 < FB_BW < 32);

3 (32 <FB_BW < 64);

(64 <FB_BW < 96);

(96 <FB_BW < 128);

6 (FB_BW > 128 (with FB Data Width < 192-bit));

(g) G7 (FB_BW > 128 (with FB Data Width = 192-bit)).

Frame buffer bandwidth (FB _BW) means the amount of data that is processed per second
by all GPUs on a dGfx, which is calculated using the following formula:

Frame buffer bandwidth = (Data Rate x Data Width)/(8 x 1 000)

Where:

(a) frame buffer bandwidth is expressed in GigaBytes/ second (GB/s);

(b) data rate is the effective memory data frequency in MHz;

(c) data width is the memory frame buffer (FB) data width, expressed in bits (b);
(d) ‘8’ converts the calculation into Bytes;

(e) dividing by 1 000 converts Megabytes into Gigabytes.

Internal storage means a component internal to the computer, which provides non-
volatile storage of data.

Product type means desktop computer, integrated desktop computer, notebook computer,
desktop thin client, workstation, mobile workstation, small-scale server, computer server,
blade system and components, multi-node server, server appliance, game console, docking
station, internal power supply or external power supply.

Relevant products that are defined in the Regulation, but not within scope include:

Game console means a mains-powered standalone device, which is designed to
provide video game playing as its primary function. A game console is typically
designed to provide output to an external display as the main game-play display. Game
consoles typically include a CPU, system memory and a graphics processing unit(s)
(GPU), and may contain hard drives or other internal storage options, and optical
drives. Game consoles typically utilise handheld controllers or other interactive
controllers as their primary input device rather than an external keyboard or mouse.
Game consoles do not typically include conventional personal computing operating
systems but instead utilise console-specific operating systems. Handheld gaming
devices, with an integrated display as the primary game-play display, and which
primarily operate on an integrated battery or other portable power source rather than
via a direct connection to an AC power source, are considered to be a type of game
console.
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o Docking station means a discrete product designed to be connected to a computer
in order to perform functions such as expanding connectivity or consolidating
connections to peripheral devices. Docking stations may also facilitate charging of
internal batteries in the connected computer.

1.3. Definitions of Circularity Concepts

The list below provides the relevant terms and definitions from that a JRC report that looked
at imaging equipment. (JRC, 2024) These definitions are universal, and would also apply to
personal computers.

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.

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.

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)

" IEC defines “Durability” as “<of an item> ability to perform as required, under given conditions of use and maintenance, until the
end of useful life”. Link to definition: https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-01-21

2 |EC defines “Refurbishing” as: “functional or aesthetical maintenance or repair of an item to restore to original, upgraded, or
other predetermined form and functionality.” Link to definition:
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=904-04-09
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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 is a sample of standards included in the JRC 2024 imaging equipment
preparatory study and these are applicable to the personal computers 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.

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
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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.

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.

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
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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

1.5.1 Ecodesign Directive

The Ecodesign Directive® provides consistent EU-wide rules for improving the environmental
performance of products placed on the EU market. The Directive’s main aim is to provide a
framework for reducing the environmental impacts of products throughout their entire life cycle.
As many of the environmental impacts associated with products are determined during the
design phase, the Ecodesign Directive aims to bring about improvements in environmental
performance through mandating changes at the product design stage.

The Ecodesign Directive is a framework directive, not directly setting minimum requirements:
the aims of the Directive are implemented through product-specific Regulations, directly
applicable in all EU member states. For a product category to be covered under the Ecodesign
Directive it needs to:*

¢ have a significant volume of sales (indicatively 200,000 units per year throughout the
Union market)

¢ have a significant environmental impact

e present significant potential for improvement in environmental impact (without
incurring excessive costs)

Increasing energy efficiency is an important objective of the EU policy®. A crucial policy
instrument for achieving the 2030 EU climate and energy targets is the setting of minimum
efficiency requirements for products — through ecodesign —, in combination with
informing customers about their energy performance and durability — through energy
labelling.

Ecodesign and Energy Labelling regulations are key contributors in product policy supporting
the Energy Union objectives and the transition to a Circular Economy. The Commission has
flagged in the Ecodesign Working plan 2016-2019 that ecodesign implementing measures
should cover resource efficiency aspects where appropriate, to ensure greater durability,
accessibility, design for disassembly and reparability of products entering the market and
therefore contribute to the transition towards a more circular economy.

Since the coming into force of the first ecodesign directive in 2005, a variety of energy-
consuming product groups such as washing machines, refrigerators, etc. have been covered
by ecodesign and energy labelling regulations. Moreover, each ecodesign and energy

3 Directive 2009/125/EC of the European Parliament and of the Council of 21 October 2009 establishing a framework for the
setting of ecodesign requirements for energy-related products (recast); at http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32009L0125&from=EN

4 Article 15.2 of Ecodesign Directive 2009/125/EC.

5 More information about EU policy efforts to improve energy efficiency available at https://ec.europa.eu/energy/en/topics/energy-
efficiency
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labelling regulation contains provisions for its future evaluation and possible revision, taking
into account the experience gained with their implementation and technological progress.

There are market barriers that hamper the introduction and uptake of more energy efficient
and more long-lasting products. It is desirable for policies to address these barriers since they
lead, from the point of view of the consumer and society, to unrealised economically viable
energy savings. Behavioural failures refer to the cognitive limitations and biases that prevent
consumers and investors to appreciate rationally the benefits of energy efficiency (°). Market
failures arise from the fact that many impacts and aspects of energy supply or resource use
are not brought into market prices (). Market barriers such as lack of information and
awareness or financing challenges result in economically rational energy savings not being
realised or more sustainable choices not being made.

The EU Ecodesign Directive aims to address these barriers by setting performance
requirements to remove the worst performing products from the market. The assessment aims
to ensure that the minimum requirements are set at the level of Least Life Cycle Cost (LLCC).
These harmonised requirements have specifically addressed energy efficiency and have led
to significant reductions in energy use of household and industrial products. Being set at EU
level, they have avoided subjecting industry to multiple national rules.

Energy labelling rules complement ecodesign requirements. These provide information to
potential users with the aim of encouraging them to purchase products that have a better
energy performance than the minimum (8). This has helped consumers to reduce their energy
bills by easily identifying and comparing more energy efficient appliances. Nearly 80 % of the
EU public recognise the label and say it has influenced their purchase decision (°).

The impact of these measures is estimated through the Ecodesign Impact Accounting ('°). It
is estimated that in 2020 the combined ecodesign and energy labelling measures contributed
a quarter of the energy savings and a third of the greenhouse gas emissions reductions to
achieve the EU’s 20-20-20 climate and energy policy goals.

Actually, computers were among the first product categories being subject to an Ecodesign
Preparatory Study back in 2007('"), but it took 6 years until adoption of Commission
Regulation (EU) No 617/2013 of 26 June 2013, which set requirements on computers and
computer servers. It was to be reviewed three and a half years after entry into force (i.e. by
January 2017) and is part of the Ecodesign Working Plan 2016-2019. A review study
(https://computerregulationreview.eu/) was completed only in 2018. The information and data
evidence gathered within this study show a clear need of reviewing, updating and simplifying
the Ecodesign requirements in force. However, the study could not provide a solution for one
of the crucial objectives, i.e. identifying a testing method of the energy efficiency of computers
while performing “relevant” work.

EU Regulation 617/2013/EU - Ecodesign Requirements for Computers and Computer
Servers ('?) includes requirements on annual typical energy consumption (TEC), operational

(°) DellaValle N., Bertoldi P. (2021) “Toward a more situated energy efficiency policy agenda”.
(") E.g. impacts on air pollution, biodiversity, resource use, climate change and energy security

(®) An upfront possibly higher purchase cost can be fully covered by savings over the product lifetime: the break-even point
between different models and costs depends on subjective aspects such as the intensiveness of use,

(®)Special Eurobarometer 492. “Europeans’ attitudes on energy policy report. European Commission September 2019.

(%) Ecodesign impact accounting annual report 2020

(") In reality energy efficiency aspects during the “use phase” had been tacked since the Energy Star Agreement with US EPA
in 2001, as computers have been, for a number of years and in the lack of a suitable energy efficiency regulatory framework, the
first an only product covered in the Agreement, endorsing in the EU the requirements set in the US Energy Star.

("?) http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2013:175:0013:0033:EN:PDF



https://computerregulationreview.eu/
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https://op.europa.eu/en/publication-detail/-/publication/568cac02-5191-11ec-91ac-01aa75ed71a1/language-en
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:175:0013:0033:EN:PDF
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modes and power management enabling as well as energy efficiency requirements on internal
power supply units. The Regulation applies to a range of computers including:

e desktop computers;

e integrated desktop computers;

¢ notebook computers (including tablet computers, slate computers and mobile thin
clients);

o desktop thin clients;

e workstations;

e mobile workstations;

e small-scale servers;

e computer servers.

The Ecodesign Regulation on computers entered into force on July 17, 2013 with some
requirements applying from that date whilst other requirements were phased in over the
following 18-months. Regulation 617/2013 was inspired by the Energy Star specifications
Version 10, but that framework designed for a preliminary compliance verification, proved to
be not suitable in the EU context, where random ex post verification is the compliance control
strategy.

As in Energy Star, to which it is deeply inspired, Regulation 617/2017 only caps the energy
use when the computer is in “idle” state, i.e. when doing no computation or activity. As in the
Energy Star specifications, no requirements on reliability, durability, repairability or
recyclability are set.

1.5.2 Related Legislation

Commission Regulation (EU) No 2023/826" 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 Il 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 0,560 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

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
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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 HiINA functionality in networked standby shall not
exceed 7,00 W.

The power consumption of networked equipment, other than HiINA 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.

The EU Computer Regulation (617/2013/EU) explicitly pulls desktops, integrated desktops
and some notebooks out of scope of the Standby Directive as the ecodesign regulation on
computers includes more appropriate requirements on power management, sleep mode, off
mode and lowest power state. Laptops that use less than 6W in idle or have displays with a
diagonal length less than 22.86 cm (9 inches) remain within scope of the Standby Regulation.

Regulation (EU) 2019/1782 - Ecodesign requirements for External power supplies ()
includes no-load condition electric power demand and average active efficiency for all external
power supplies (EPS) with an output of less than 250 W and supplying only one output voltage
at a time. The EPS Regulation only applies to EPS that are intended to be used to power
household and office electrical and electronic equipment.

The EU Ecodesign Regulation (617/2013/EU) explicitly states that any EPS that are placed
on the EU market with computers are covered by EU Regulation 2019/1782. The regulation is
currently under revision with the goal to complement the amended Radio Equipment Directive
(see next) as regards interoperability of external power supplies.

Directive (EU) 2022/2380 on radio equipment ('%) sets requirements for the so-called common
charger. From April 28, 2026 laptops are required to be compatible with USB-PD power
supplies and an option to acquire a laptop without external power supply (unbundled) has to
be offered to the consumer.

Regulation (EU) 2023/1717 ('®) amends the Radio Equipment Directive and sets technical
specifications for the charging receptacle and charging communication protocol for all the

(") http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2009:093:0003:0010:EN:PDF

(®) Directive (EU) 2022/2380 of the European Parliament and of the Council of 23 November 2022 amending Directive
2014/53/EU on the harmonisation of the laws of the Member States relating to the making available on the market of radio
equipment (Text with EEA relevance). Link: https://eur-lex.europa.eu/eli/dir/2022/2380/oj/eng

(") Commission Delegated Regulation (EU) 2023/1717 of 27 June 2023 amending Directive 2014/53/EU of the European
Parliament and of the Council as regards the technical specifications for the charging receptacle and charging communication
protocol for all the categories or classes of radio equipment capable of being recharged by means of wired charging (Text with
EEA relevance) https://eur-lex.europa.eu/eli/reg_del/2023/1717/oj/eng



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:093:0003:0010:EN:PDF
https://eur-lex.europa.eu/eli/dir/2022/2380/oj/eng
https://eur-lex.europa.eu/eli/reg_del/2023/1717/oj/eng

CRM and Recycled Content, Personal Computers

categories or classes of radio equipment capable of being recharged by means of wired
charging, including laptops.

EU Regulation 1907/2006/EC - REACH Regulation (') addresses chemicals, and their safe
use, and aims to improve the protection of human health and the environment through a
system of Registration, Evaluation, Authorisation and Restriction of Chemicals. The REACH
Regulation places greater responsibility on industry to manage the risks from the chemicals
they manufacture, import and market in the EU. Companies are required to demonstrate how
substances can be used safely and risk management measures must be reported to users.
The REACH Regulation also establishes procedures for collecting and assessing information
on the properties and hazards of substances and requires that companies register their
substances in a central database. The entries in the database are then assessed to determine
whether the risks of the substances can be managed. The REACH Regulation allows for some
chemicals to be determined “substances of very high concern (SVHC)” due to their large
potential negative impacts on human health or the environment. The European Chemicals
Agency must be notified of the presence of SVHCs in certain products and the use of SVHCs
may then be subject to prior authorisation. Substances can also be banned were risks are
deemed to be unmanageable. As such, REACH encourages substitution of the most
dangerous chemicals when suitable alternatives have been identified.

As REACH applies to all chemical substances, in theory, it also covers the chemicals that are
used in computers and associated products that are within scope of this review project.

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/EU' 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 computer equipment covered in this study.

The RoHS Directive explicitly states that “IT and telecommunications equipment” are within
scope and so the computers and associated products that are within scope of this review
project are also within scope of the RoHS Directive.

Ecodesign requirements for computers could therefore be used to assist the RoHS Directive
aims via the introduction of product design requirements that contribute to the reduction of the
use of hazardous substances. This could include requirements such as labelling of hazardous
materials that are subject to exemptions under the RoHS Directive.

Regulation (EU) 2023/1542 — Battery Regulation ('°), aims to make batteries sustainable
throughout their entire life cycle — from the sourcing of materials to their collection, recycling

(") http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02006R1907-20140410&from=EN

8 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

("°) https://eur-lex.europa.eu/eli/req/2023/1542/0j
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and repurposing. Products incorporating portable batteries shall be designed to ensure that
those batteries are readily removable and replaceable by the end-user at any time during the
lifetime of the product. A portable battery shall be considered readily removable by the end-
user where it can be removed from a product with the use of commercially available tools,
without requiring the use of specialised tools, unless provided free of charge with the product,
proprietary tools, thermal energy, or solvents to disassemble the product. Furthermore,
products incorporating portable batteries shall ensure that those products are accompanied
with instructions and safety information on the use, removal and replacement of the batteries.
Those instructions and that safety information shall be made available permanently online, on
a publicly available website, in an easily understandable way for end-users. (Art. 11,
paragraph 1). Other Union Law, such as ecodesign regulations, might set requirements
ensuring a higher level of protection of the environment and human health relating to the
removability and replaceability of portable batteries by end-users. Where appliances are
specifically designed to operate primarily in an environment that is regularly subject to
splashing water, water streams or water immersion, and that are intended to be washable or
rinseable products incorporating portable batteries may be designed in such a way as to make
the battery removable and replaceable only by independent professionals (Art. 11, paragraph
2).

The Cyber Resilience Act (EU) 2024/2847 (*°) defines requirements on software security
updates to fix identified vulnerabilities. When placing a product with digital elements on the
market, and for the expected product lifetime or for a period of five years from the placing of
the product on the market, whichever is shorter, manufacturers shall provide for mechanisms
to securely distribute updates to ensure that exploitable vulnerabilities are fixed or mitigated
in a timely manner, and shall ensure that, where security patches or updates are available to
address identified security issues, they are disseminated without delay and free of charge,
accompanied by advisory messages providing users with the relevant information, including
on potential action to be taken (Art. 10 and Annex |, No. 2). Information to the use shall
comprise, among others, the type of technical security support offered by the manufacturer
and until when it will be provided, at the very least until when users can expect to receive
security updates (Annex Il). Given that the expected product lifetime of computers should not
be expected to be less than 5 years, the minimum security update requirement for computers
can be read to be 5 years according to the CRA. The CRA does not regulate functionality
updates.

EU Directive 2014/30/EU - Electromagnetic Compatibility Directive (*') (EMC) ensures
that electrical and electronic equipment, i.e., including computers, does not generate, or is not
affected by, electromagnetic disturbance. The Directive requires that products must not emit
unwanted electromagnetic interference and must be protected against a normal level of
interference.

EU Directive 2014/35/EU - Low Voltage Directive (*?) (LVD) covers health and safety risks
on electrical equipment operating with an input or output voltage of between 50 and 1000 V
for alternating current, and 75 and 1500 V for direct current. It applies to a wide range of
electrical equipment for both consumer and professional usage.

Regulation (EU) 2023/988 - General Product Safety Regulation (*}) (GPSR) requires all
products on the EU market to be safe, irrespective of their sale channel or country of origin.
This means manufacturers must make sure that the products they place on the market are

(%) https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022PC0454

(¥') http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0030&locale=en
(%) https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0035

(%) https://eur-lex.europa.eu/eli/req/2023/988/0j



http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0030&locale=en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0035
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safe by design and comply with EU product safety rules. A product is considered safe if —
when used normally or as intended (including the length of time it is used) — it does not pose
any risk or only presents minimal risks acceptable for its use. To meet the general safety
requirement under the GPSR, the manufacturer must conduct a risk analysis of the product.
This analysis, also known as a risk assessment, evaluates the potential risks to consumer
health and safety and also takes into account all relevant aspects of the product. The
manufacturer should draw up technical documentation describing all potential risks of the
product and how they have been eliminated or mitigated.

US-EPA Energy Star programme focusses on the energy efficiency of a variety of products
including many types of computers. The programme has also been adopted in several other
countries including Australia, Canada and Japan. Although this legislation is not relevant in
the EU, Energy Star has a significant influence in the market place because the specifications
behind the programme are de-facto mandatory considerations in US central government
procurement contracts. Given its large influence in the marketplace, the corresponding
databases and use of established test procedures, Energy Star is often used as the basis for
regulatory measures on computer energy efficiency. Although the Energy Star does not make
use of a testing method really assessing the energy efficiency of computers, but simply
capping energy use while the computer is not performing relevant work, some alignment in
minimal requirements of EU Regulations and Energy Star specifications may reduce burden
on manufacturers exporting the same computer models to the EU an US market. The
European Union (EU) and the United States of America (US) signed an Energy Star *
agreement in 2001, the aim of which was to implement in the EU a ready-made programme,
on a voluntary basis. The Energy Star initially only covered computers and was later extended
to a few more (**). The current Ecodesign Regulation on computers is heavily inspired to the
Energy Start specifications version 5.2, of 2009.

A specific clause in the EU-US agreement was inhibiting the EU from introducing a labelling
program on the products in the scope of the Agreement. As the EU-Energy Star board gave
priority to an EU labelling scheme, would it be introduced, it meant that the product group had
to exit the EU-US Agreement. The agreement expired in 2018 (%°).

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

(%) computer monitors and signage displays, imaging products, servers, and uninterruptible power supplies

(%) Would the Agreement not expire, computer monitors and signage displays had to be excluded from Energy Star when
they were included in the scope of the Electronic Display Regulation. Similarly would have happened if labelling was proposed
for Enterprise servers and con Computers, leaving no product part of the agreement.
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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 Computers is available under the “Computers & Displays” tab on this
link. Filtering for Desktops, Integrated Desktops, Notebooks and Workstations, as of 1 July
2025 EPEAT has 23,586 computer models listed in its database. According to one of the
stakeholders who participates in the EPEAT programme, there are required (lower) and
optional (more ambitious) criteria for use of post-consumer recycled plastic in computers and
displays, as set out below:

e Required: Disclosure of post-consumer reused or recycled and/or biobased plastic
content divided by the total weight of plastic in the product
o Required: Minimum post-consumer reused or recycled and/or biobased plastic content
divided by the total weight of plastic in the product
o Desktop: 15% Workstation: 15%
o Integrated Desktop computer: 15%
o Display: 15%
o Notebook computer and tablet/slate: 2%
o Optional: Higher post-consumer reused, recycled and/or biobased plastic content
o Desktop: 35% - 45% Workstation: 35-45%
Integrated Desktop computer: 40 - 50%
Display: 50 - 85%
Notebook computer & tablet/slate: 10-20%

o O O

Blue Angel: Computers and Keyboards (DE-UZ 78)

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 computers, keyboards and mice,
the specific design criteria for the current scheme (DE-UZ 78) can be found on this link.>

Published in July 2024, Blue Angel describes its label for computers and keyboards as follows:

The manufacture of computers, notebooks and keyboards does not only require a
great amount of energy but also plenty of resources the production of which is
associated with significant environmental impacts. The resources are usually very
scarce materials, such as rare earth elements, gold, indium, cobalt or tantalum. They
are extremely important for modern technologies but their availability is not
guaranteed. With a view to a resource-efficient economy the aim is to allow long-time
use of computers in order to derive the greatest possible benefit from the resources
used once. Blue Angel eco-labelled computers meet this requirement because they
are, for example, repairable and upgradable.

Also, Blue Angel eco-labelled computers and keyboards meet stringent requirements
for recyclable design and material selection, thus creating favourable framework
conditions for an efficient recovery of the materials used and helping to conserve
natural resources.

% Blue Angel for Computers, keyboards and mice: https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20078-
202410-en-criteria-V1.pdf



https://www.epeat.net/search-computers-and-displays
https://www.epeat.net/search-computers-and-displays
https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20078-202410-en-criteria-V1.pdf
https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20078-202410-en-criteria-V1.pdf
https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20078-202410-en-criteria-V1.pdf
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To protect users' health, the plastic parts of the devices are exclusively made of
particularly low-emission materials.

In addition to the mandatory and voluntary programmes discussed above, there are some
additional mandatory regulations which need to be taken into consideration by suppliers when
they place a product on the market in Europe:

Regulation (EU) 2019/2021 laying down ecodesign requirements for electronic
displays (¥) includes in the scope computer monitors and signage displays and sets in
particular, material efficiency requirements, such as design for dismantling, recycling and
recovery, Marking of plastic components, Halogenated flame retardants and Design for repair
and reuse. Considering that in most cases an integrated desktop computer, aka All-in-One
(AiQ) is not easily distinguishable from a computer monitor or from a small/medium signage
monitor, once sorted at WEEE plants that process electronic displays (%), the same material
efficiency requirements should also apply to AiO computers.

EU Directive 2012/19/EU on Waste Electrical and Electronic Equipment (WEEE Directive)
implements the principle of "extended producer responsibility” where producers of EEE are
expected to take responsibility for the environmental impact of their products at the end of life.
As such, the WEEE Directive aims to reduce environmental impacts through setting targets
for the separate collection, reuse, recovery, recycling and environmentally sound disposal of
WEEE.

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).

Article 4 of the WEEE Directive refers to the Ecodesign Directive 2009/125/EC for more
efficiently tacking upstream what would be cumbersome downstream: Ecodesign
requirements facilitating the re-use, dismantling and maximizing the yield of recoverable
materials should be laid down in the framework of measures implementing the Ecodesign
Directive in order to optimise re-use and recovery since the product design, thus taking into
account the whole product life cycle.

As EEE, computers and many associated products fall under the scope of the WEEE Directive.
Ecodesign requirements for computers could therefore be used to assist the WEEE Directive
aims via the introduction of product design requirements that enhance reuse, material
recovery and effective recycling.

1.5.3 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.

(%) https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019R2021

(%) An AiO computer may be also be regarded as a computer monitor with integrated computer and, especially an old
model, is unlikely to be recognised and differently treated by automated machinery or even by workers.
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Table 1: List of strategic and critical raw materials (source: Critical Raw Materials Act [8], annex | and Il)

Raw Material / Element CrIiJIiactaelriI::w Str:nt:tg;::i;aw
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
Feldspar X
Fluorspar X
Gallium X X
Germanium X X
Hafnium X
Helium X
Heavy rare earth elements #° X
Light rare earth elements 3° X
Rare earth elements for permanent X
magnets (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

2 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)

%0 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).
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Raw Material / Element CrIiJIiactaelrgfw Str:nt:?;::i:aw
Niobium X
Phosphate rock X
Phosphorus X
Platinum group metals ' X X
Scandium X
Silicon metal X X
Strontium X
Tantalum X
Titanium metal X X
Tungsten X X
Vanadium X

Among the provisions of the CRM Act there are two which are directly relevant for this study
on personal computers®:

31 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).

%2 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=0OJ:L_202401252



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401252
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401252
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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 #, 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
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.

3 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.



CRM and Recycled Content, Personal Computers

A computer manufacturer commented that the CRM Act primarily addresses EU supply risks
for renewable energy and electric mobility. They also commented that the study’s Phase 1
prioritisation for CRMs in computers neglected socio-economic and environmental aspects in
the supply chains, including human rights risks and carbon emissions from extraction and
transport. Finally, they noted that procurement of CRMs found in computers (and imaging
equipment) are done mainly in Asia, therefore it is not clear how CRM supply risk in the EU is
linked to the prioritisation of CRMs in computers (or imaging equipment).



CRM and Recycled Content, Personal Computers

2. MEErP Task 2, Markets

This section offers a very brief look at the market data estimates for personal computers,
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. Computers Sales and Stock

Table 2 presents the estimated sales of personal computers in five-year increments from 2010
through 2050. These data are presented in thousands of units and show anticipated sales
growth over time. Between 2025 and 2050, overall sales are projected to increase by 39%.
Within that time period, notebook computers are expected to grow by 55% and integrated
desktops by 45%. Workstations grow by 40% and desktop computers by 12%, with all other
categories having 0 to 1% growth.

Table 2. EU27 Sales of Personal Computers by Type, EIA 2024 (BAU, thousands of units)

Type 2010 2015 2020 2025 2030 2035 2040 2045 2050
Desktop 24,091 12,744 14,255 19,669 20,969 21,725 21,979 22,063 22,091
Integrated 964 510 570 787 960 1,079 1,121 1,136 1,140
Desktop
Notebook 48,278 42,570 42,464 56,033 70,666 81,151 84,953 86,242 86,669
Tablet (non- 503 8,736 7,500 7,667 7,667 7,667 7,667 7,667 7,667
slate)

Thin client 1,347 1,308 1,381 1,394 1,403 1,408 1,409 1,410 1,410

Integrated 135 131 138 139 140 141 141 141 141

Thin Cli.

Small-scale 133 168 170 171 172 173 173 173 173

Server

Workstation 646 795 908 1,087 1,301 1,445 1,495 1,512 1,518
TOTAL 76,097 66,962 67,386 86,947 | 103,278 | 114,787 | 118,939 | 120,344 | 120,809

Table 3 presents the estimated installed stock of personal computers in five-year increments
between 2010 and 2050. These data are presented in thousands of units, and show a
projected growth in the installed stock. Between 2025 and 2050, the overall stock is expected
to increase by 52%. Within that time period, the stock of notebook computers are expected to

34 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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grow by 71% and integrated desktops by 68%. Workstations grow by 54% and desktop
computers by 30%, with all other categories having 1 to 2% growth, except for tablet

computers (non-slate) which are forecast to have slightly negative (-1%) change in stock.

Table 3. Stock (EU-27) of Personal Computers by Type, EIA 2024 (BAU, thousands of units)

Type 2010 2015 2020 2025 2030 2035 2040 2045 2050
Desktop 156,355 | 110,524 81,096 | 101,772 | 121,914 | 128,400 | 131,222 | 132,163 | 132,473
Integrated 6,255 4,423 3,244 4,071 5,241 6,163 6,618 6,777 6,830
Desktop
Notebook 184,321 | 224,187 | 212,868 | 253,027 | 324,064 | 388,748 | 418,749 | 429,189 | 432,678
Tablet (non- 1,499 30,138 36,874 38,733 38,333 38,333 38,333 38,333 38,333
slate)

Thin client 6,750 6,607 6,765 6,944 6,997 7,032 7,045 7,049 7,051

Integrated 677 662 677 693 698 702 703 704 704

Thin CIi.

Small-scale 813 1,029 1,178 1,195 1,202 1,207 1,209 1,210 1,210

Server

Workstation 4,358 4,956 5,876 6,871 8,215 9,551 10,267 10,520 10,604
TOTAL | 361,027 | 382,525 | 348,578 | 413,307 | 506,664 | 580,136 | 614,147 | 625,945 | 629,884

2.2. Electricity Consumption of Computers in the EU-27

Table 4 presents the estimated electricity consumption of the installed stock of personal
computers in five-year increments between 2010 and 2050. These data are presented in
terawatt-hours per annum, for the business as usual scenario. Although there is a 52%
increase in stock, the expectation is that the power consumption will be approximately the
same in real terms. The projected power consumption in 2025 for personal computers is 20.3
TWh and in 2050 it is 20.1 TWh, even though there are over 200 million more computers
expected to be in service in 2050. On a per unit (computer) energy consumption basis, this
represents a reduction of 35% over that time period in the business as usual case. Please
note too that this calculation is only about actual electricity consumption by computers, it does
not take into account the calculation power or performance of computers in 2050 vs. 2025.
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Table 4. Electricity Consumption of Computers, EU27 Stock, by Type, EIA 2024 (BAU, Terawatt-

hours per year)

Type 2010 2015 2020 2025 2030 2035 2040 2045 2050
Desktop 20.80 13.93 8.82 9.79 10.84 10.61 10.23 9.68 9.08
Integrated 0.89 0.60 0.41 0.53 0.69 0.80 0.82 0.80 0.77
Desktop
Notebook 7.26 8.26 6.72 7.33 7.70 7.82 8.09 7.96 7.68
Tablet (non- 0.05 0.72 0.72 0.52 0.38 0.38 0.37 0.37 0.36
slate)

Thin client 0.52 0.39 0.29 0.28 0.27 0.26 0.25 0.25 0.24

Integrated 0.12 0.09 0.07 0.06 0.06 0.06 0.06 0.06 0.05

Thin Cli.

Small-scale 0.1 0.13 0.13 0.12 0.1 0.10 0.09 0.09 0.08

Server

Workstation 1.36 1.45 1.55 1.67 1.89 2.07 2.07 1.97 1.83
TOTAL 31.11 25.55 18.72 20.30 21.95 22.10 21.99 21.16 20.09




CRM and Recycled Content, Personal Computers

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 personal computers 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 personal computers are outside of scope. Thus, for this study on critical raw
materials, recycled content and recyclability, the degree of technological innovation of
personal computers is less relevant.

The upcoming review study on personal computers 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 personal computers, seven base case representative models are being
developed for analysis:

BC1: Tablet computers

BC2: (all other) laptops

BC3: Laptops with browser-based applications (i.e, Chromebooks)
BC4: Integrated desktop computers

BC5: Desktop computers

BC6: Desktop with registered memory (i.e., “workstations”)

BC7: Small scale servers

For the CRM and recycled content analysis, the team selected two of the seven base case
models: BC-2 (all other) laptops and BC5 Desktop computers as these are among the most
common computers and have two different formats — i.e., the notebook being portable and
incorporating a screen while the desktop being designed not to be moved and without a
screen. The definitions of these two product types are given below:

Desktop computer means a computer where the main unit is intended to be located
in a permanent location and is not designed for portability and which is designed for
use with an external display and external peripherals such as a keyboard and mouse.

Notebook computer means a computer designed specifically for portability and to be
operated for extended periods of time either with or without a direct connection to an
AC power source. Notebook computers utilise an integrated display, with a viewable
diagonal screen size of at least 22.86 cm (9 inches) and are capable of operation on
an integrated battery or other portable power source.

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.
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Table 5: Materials Weight Allocation for the two Basecase Models Evaluated for Computers

BC2 Laptop (Notebook) Computer

BC5 Desktop Computer

Other
2%

Plastics
15%

Electronics
33%

Metals
50%

Electronics
18%

Plastics
32%

For the laptop computer (BC2), the total weight
of the computer is 2.9 kg, excluding packaging
material used in shipping. Breaking down the
computer into groups of material types, metals
represent 50% of the mass (1.4 kg), electronics
are 33% (0.9 kg), plastics are 15% (0.4 kg) and
other materials are 2% (0.06 kg).

For the desktop computer (BC5), the total weight
of the computer is 5.8 kg, excluding any
packaging material used in shipping. Breaking
down the computer into its material types, the
largest share is metals, which represents 50% of
the mass (2.9 kg), followed by plastics at 32%
(1.8 kg) and electronics at 18% (1.0 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 6 and Table 7.present the BoM for
the laptop computers and desktop computers, respectively. For the factors R1 (recycled
content), R2 (recyclability or recycling output rate) and A (allocation factor), see section 0.

3 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 6: Bill of Materials for base case 2 (BC2) Laptop Computer and corresponding entries in the EcoReportTool

Weight Material Virgin material Recycled material
SEPHEIE R (R El (grams) Category dataset dataset R 2
12-Polyethylene terephthalate (PET), 34-Polyethylene terephthalate (PET), recycled,
. . petrochemical based polymerisation of ethylene semi-mechanical, post-consumer washing, o o o
Membrane foil 0.01 Plastics glycol and terephthalic acid production mix, at plant| drying, shredding, pelletizing production mix, at 0% | 0% | 50%
petrochemical based plant Erec/ErecEoL, efficiency 80%
13-Polymethyl methacrylate (PMMA) granulate bulk| __#0-Recycling of post-consumer waste
. . . . polypropylene (PP) collection, sorting, transport, | ~, o o
Light guide panel 10 Plastics polymerisation, from methyl methacrylate . . A : 0% | 0% |50%
. . washing, granulation, pelletization production
production mix, at plant 1.18 g/cm3 : o ;
mix, at plant 48,9% recycling rate
Plastic housing 8 Plastics
fan, blades etc. 10 Plastics . |33-Polycarbonate (PC), recycled, post-consumer
Back housing (PC+ABS) 21.38 Plastics 14—Rolycarbonate (PC) granulate Technology mix, chemical recycling, depolymerisation, hydrolysis | -, o o
- dipenyl carbonate route and phosgene route . " . 0% | 0% |50%
Bezel 25 Plastics roduction mix. at plant 1.20—1.22 g/cm3 production mix, at plant Erec/ErecEoL, efficiency
keys 35 Plastics P catplant 1.28-1.229 80%
Casing, various parts 300 Plastics
1-Acrylonitrile Butadiene Styrene (ABS) emulsion 36-Recycling plastic Acrylonitrile-butadiene-
Front housing (PC+ABS) 22.95 Plastics polymerisation, bulk polymerisation or combined | styrene (ABS), waste management, technology | 0% | 0% | 50%
processes production mix, at plant mix
20-Polyurethane flexible foam reaction of toluene
Plastic adhesive 0.05 Plastics | diisocyanate (TDI) with long-chain polyether polyol not available 0% | 0% |50%
and foaming production mix, at plant 18- 53 kg/m3
26-Silicone, high viscosity hydrolysis and
Rubber sealings 25 Plastics methanolysis of dimethyldichloro silane production not available 0% | 0% |50%
mix, at plant >30 000 centi Poise
46-Aluminium ingot (copper main solute) primary | 117-Secondary aluminium ingot (copper main
heat pipe / heat sink 40 Metals production, aluminium casting and alloying single |solute) secondary production, aluminium casting | 30% | 85% | 20%
route, at plant 2.7 g/cm3 and alloying single route, at plant 2.7 g/cm3
aluminum 0.6 Metals
thermal paste 4 Metals L s . . 123-Recycling of aluminium into aluminium ingot
- 52-Aluminium ingot mix (high purity) primary -
mechanical parts 80 Metals . - . . - from post-consumer collection, transport, o o o
- - production, aluminium casting single route, at plant - ) - 30% | 85% | 20%
Casing, various parts 300 Metals 27 a/cm3. >99% Al pretreatment, remelting production mix, at plant
Casing, machining losses 19 ’ ° aluminium waste, efficiency 90%
’ . 600 Metals
aluminum
Screws 5 Metals 55-Brass anode furnace and casting, from copper | 99-Brass, recycled, post-consumer die casting,
connectors 20 Metals and zinc, primary production single route, at plant |from copper and zinc, primary production mix, at| n.a. | n.a. | 20%

8.41- 8.86 g/cm3

plant 8.41- 8.86 g/cm3
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Material

Virgin material

Recycled material

e e e (grams) Category dataset dataset S| e o
copper 0.1 Metals  |61-Copper Concentrate (Mining, mix technologies); 124-Recycling of copper from clean scrap;
fan, motor 5 Metals copper ore mining and processing; single route, at | collection, transport, pretreatment; production 0% | 0% |20%
Copper coil 6 Metals plant; Copper - gold - silver - concentrate (28% Cu;| mix, at plant; copper content in input scrap 90%,
Copper foils and shields 15 Metals 22.3 Au gpt; 37.3 Ag gpt) copper losses 1%
Coils 15 Metals  |68-Ferrite (iron ore) iron ore mining and processing . o o o
coils 15 Metals production mix, at plant 5.00 g/cm3 not available 0% | 0% |20%
Gold bond wires (0,5mg) 0 Metals 102-Gold, recycled, pre-consumer collection
other IC gold (entered as 5 75-Gold (primary route) primary route, underground » recyclec, p . o
0.01 Metals . . . . transport, dismantling, shredding, separation, o
mg) mining and leaching production mix, at plant 19.32 i ducti . | 1932 a/om3. | M@ | Na. 20%
SoC, RAM, NAND gold glem3 remelting pro uct!on mp(,lat plant 19.32 g/cm3,
’ ’ 0.02 Metals recycling efficiency 98%
(entered as 20 mg)
Casing, mld'-frame, 200 Metals 77-MggneS|um Plldgeo'n Process, primary 106-Magnesium, recygled (pre consumer, na. | na. | 20%
Magnesium production production mix, at plant 1.74 g/cm remelting)
83-Rare earth concentrate mining, concentration,
Magnet 10 Metals roasting, refining production mix, at plant not available na. | na. | 20%
concentrated
steel 0.2 Metals
SCrews 0 Metals 126-Secondary steel slab electric arc furnace
Metal cover 10 Metals 85-Stainless steel cold rolled hot rolling production P ryl d (;J ) 0% | 85% | 20%
n board steel sheets (EMI mix, at plant stainless steel route, from steel scrap, secondary production o |85% °
° shields) 15 Metals ’ single route, at plant carbon steel
Steel parts, EMC shielding 30 Metals
Metal clips 0.56 Metals 86-Stainless steel hot rolled hot rolling oroduction 126-Secondary steel slab electric arc furnace
fan, motor housing 15 Metals . . ap route, from steel scrap, secondary production 0% | 85% | 20%
- mix, at plant stainless steel -
Hinge 40 Metals single route, at plant carbon steel
177-End of life of cable, three-conductor cable
133-Cabile, three-conductor cable technology mix | Recycling of copper and precious metals (Ag,
cable 48 Electronics |production mix, at plant three-conductor cable, 1m,| Au, Pd, Pt) from electronics production mix, at | 0% |50% | 50%
60 g/m plant recycling processes: 95- 98% efficiency,
scrap incineration: 11.0 MJ/kg NCV
passive components on flex 0.06 Electronics 178-End of life of capacitor ceramic Recycling of
passive components (SMD) 0.1 Electronics ) . . . . copper and precious metals (Ag, Au, Pd, Pt)
Passive components 12 Electronics 134 Capa.mtor ceramic technology mix production from electronics production mix, at plant recycling] 0% | 50% | 50%
mix, at plant capacitor, micc, 6 mg . o - L 3
. t 12 Electroni processes: 95- 98% efficiency, scrap incineration:
passive components ectronics 11.0 MJ/kg NCV
180-End of life of Capacitor, electrolyte Recycling
136-Capacitor, electrolyte technology mix of copper and precious metals (Ag, Au, Pd, Pt)
Capacitors 9.5 Electronics |production mix, at plant electrolyte, hight <2 cm, 9.5|from electronics production mix, at plant recycling| 0% | 50% | 50%

g

processes: 95- 98% efficiency, scrap incineration:

11.0 MJ/kg NCV
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Weight

Material

Virgin material

Recycled material

e e e (grams) Category dataset dataset S| e o
182-End of life of Capacitor, Tantalum Recycling
i . . .| of copper and precious metals (Ag, Au, Pd, Pt)
tantalum capacitors 5 Electronics 138 Cara?;'t:tr’ Lanr;tiaall;glterﬁhcnaolgg?{on:|)(() %roductlon from electronics production mix, at plant recycling| 0% | 50% | 50%
-atp P 909 processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
183-End of life of Connector for printed wiring
various connectors, incl. 139-Connector for printed wiring board (PWB) boaﬁé;\gB&ReXxdg‘c? gft)c forg;r)nere;r;?ro%iglous
board-to-board connectors, 50 Electronics technology mix production mix, at plant 1 PWB ducti 9 ’I ’ i .95 0% | 50% | 50%
SO-DIMM. USB connector, 0.005kg pro uctlo'n'mlx, at p ant. recycling processes: 95-
’ ’ 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
USB Connector 1.79 Electronics 184-End of life of Connector Peripheral
140-Connector Peripheral Component Interconnect Cg(r)npc;r:zn; dlnteirecgglr}secr:]t“(altDaClsl)(ius Efcgzlmlgt)()f
. (PCI) bus technology mix production mix, at plant 1 pp ' P . S (g, Au, Fd, P 0% |50% | 50%
Plugs 3.83 Electronics PCI bus connector. 0.00255 k from electronics production mix, at plant recycling
T 9 processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
Sensor chip, 0,1cm?® 0.03 Electronics
C;g:ﬁllgis ?gi E:ggt:gz:gz 141-Controller board 206-Recycling of controller board 0% | 50% | 50%
Battery 3.08 Electronics
186-End of life of Diode Metal electrode leadless
143-Diode Metal electrode leadless face (MMELF) |face (nMELF) Recycling of copper and precious
. . front-end and back-end processing of the wafer, metals (Ag, Au, Pd, Pt) from electronics o o o
diodes 0.36 Electronics including Czochralski method of silicon growing | production mix, at plant recycling processes: 95- 0% | 50% | 50%
production mix, at plant 40 mg 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
keyboard backlights 0.59 Electronics . . - .
y o 153-Light Emitting Diode (LED), low power front- 192-End of “fe. of Light Emitting D'Ode. (LED), low
end and back-end processin‘g of the wafer power Recycling of copper and precious metals
. . ; o ! (Ag, Au, Pd, Pt) from electronics production mix, | 0% | 50% | 50%
including Czochralski method of silicon growing | i - 95. 98% effici
production mix, at plant 59 mg at plant recycling processes: 95- o efficiency,
LED backlights 708 Electronics scrap incineration: 11.0 MJ/kg NCV
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Weight

Material

Virgin material

Recycled material

e e e (grams) Category dataset dataset S| e o
204-End of life of TFT LCD display panel, color
Display 14" (16:9, 539 Recycling of copper and precious metals (Ag,
play N 421.8 Electronics 154-Liquid Crystal Display (LCD) Au, Pd, Pt) from electronics production mix, at | 0% |50% | 50%
cm2), LCD . ; o -
plant recycling processes: 95- 98% efficiency,
scrap incineration: 11.0 MJ/kg NCV
PCB, THT/SMD, single- . 195-End of life of Populated Printed wiring board
sided (18cm?) 238 Electronics (PWB) (2-layer) Recycling of copper and
Flex boards (30cm?) 39.6 Electroni 164-Printed wiring board (PWB) (2-layer) via the recious metals (Ag, Au, Pd, Pt) from electronics
ex boards {Joem - ectronics subtractive method (as opposed to additive P ducti ix_at gl. t, ’ i .95 0% | 50% | 50%
. method) production mix, at plant 2-layer, 1.32 kg production mix, at plant recycling processes. 9o+
PCB, flex board 52.8 Electronics ’ ’ 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
PCB, 6-layers; flex included 0.09 Electronics
above
Battery PCB 0.46 Electronics 196-End of life of Populated Printed wiring board
CPU substrate 123 | Electronics | 165-Printed wiring board (PWB) (8-layer) via the | (PWB) (8-layer) Recycling of copper and
. e precious metals (Ag, Au, Pd, Pt) from electronics| ., o o
subtractive method (as opposed to additive ; ; . . 0% | 50% | 50%
Display PCB 3.08 Electronics | method) production mix, at plant 8-layer, 3.08 kg production mix, at plant recycling processes: 95-
) ’ T 98% efficiency, scrap incineration: 11.0 MJ/kg
PCB 30.8 Electronics NCV
PCB substrate, 10-layers, .
0.0675m2 207.9 Electronics
198-End of life of SMD coil Recycling of copper
167-SMD coil technology mix production mix, at and precious metals (Ag, Au, Pd, Pt) from
Coil 11.6 Electronics | plant 1 piece of Coil miniature wound SDR1006 electronics production mix, at plant recycling 0% | 50% | 50%
(1.16g) D9.8 x 5.8 processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
solder on flex 0.4 Electronics
199-End of life of Solder paste Recycling of
) . copper and precious metals (Ag, Au, Pd, Pt)
solder 3 Electronics 168 Solder_ Pastg (SnAg3.5Cu0.7) technology mix from electronics production mix, at plant recycling] 0% | 50% | 50%
production mix, at plant 1 kg of solder paste . o - L 3
processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
solder 3 Electronics
CPU SoC (1,7cm? die size) 3.36 Electronics 300-IC SoC not available n.a. | n.a. | 50%
RAM 16GB (2cm? die size) 0.0004 Electronics 302-IC, DRAM (50% of SoC) 303-Recycled IC, DRAM (50% of SoC) n.a. | n.a. | 50%
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Weight

Material

Virgin material

Recycled material

e e e (grams) Category dataset dataset S| e o
2
SSD 512GB (10cm*total | 555 | Ejectronics
die size)
Graphics CPU/SoC 0.0003 Electronics
ICs 0.001 Electronics , , o
other ICs (10cm? total die ) 306-Generic IC 307-Recycled Generic IC na. | na. | 50%
. 0.002 Electronics
size)
Cover glass 6 Others 222-glass fiber technology mix production mix, at not available n.a. | n.a. | 50%
plant 1 kg
Table 7: Bill of Materials for base case 5 (BC5) Desktop Computer and corresponding entries in the EcoReportTool
Desktop (BC5) Weight Material Virgin material Recycled material
R1 | R2 | A
Component (grams) Category dataset dataset
Casing, various parts 800 Plastics 33-Pol bonate (PC ed ¢
14-Polycarbonate (PC) granulate Technology mix, ch:arr?iggfrreg;jir?g( de);;c:ﬁ/%(;rei)sét?gns ﬁ; dnri?y;z;r
fan, blades etc. 30 Plastics dipenyl carbonate route and phosgene route ; " ’ ’ - 0% | 0% |50%
: - production mix, at plant Erec/ErecEoL, efficiency
production mix, at plant 1.20-1.22 g/cm3 80%
Back housing (PC+ABS) 100 Plastics
Casing, various parts 800 Plastics 1-Acrylonitrile Butadiene Styrene (ABS) emulsion | 36-Recycling plastic Acrylonitrile-butadiene-
polymerisation, bulk polymerisation or combined | styrene (ABS), waste management, technology | 0% | 0% | 50%
Front housing (PC+ABS) 100 Plastics processes production mix, at plant mix
Casing, various parts 800 Metals
) L s . . 123-Recycling of aluminium into aluminium ingot
Casing, Machining losses 52 Alumlnlum ".‘9°t mlx_(hlgh purity) primary - from post-consumer collection, transport, o o o
. 100 Metals production, aluminium casting single route, at plant ; ) - 30% | 85% | 20%
aluminum o pretreatment, remelting production mix, at plant
2.7 g/cm3, >99% Al g, . o
aluminium waste, efficiency 90%
thermal paste 8 Metals
Screws 5 Metals 55-Brass anode furnace and casting, from copper | 99-Brass, recycled, post-consumer die casting,
and zinc, primary production single route, at plant from copper and zinc, primary production na. | na. | 20%
connectors 20 Metals 8.41- 8.86 g/cm3 production mix, at plant 8.41- 8.86 g/cm3
Copper foils and shields 15 Metals 0% | 0% |20%
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Desktop (BC5) Weight Material Virgin material Recycled material
R1 | R2 | A
Component (grams) Category dataset dataset
fan, motor 10 Metals  |61-Copper Concentrate (Mining, mix technologies); 124-Recycling of copper from clean scrap;
copper ore mining and processing; single route, at | collection, transport, pretreatment; production
. , plant; Copper - gold - silver - concentrate (28% Cu;| mix, at plant; copper content in input scrap 90%,
heat pipe / heat sink 100 Metals 22.3 Au gpt; 37.3 Ag gpt) copper losses 1%
coils 30 Metals 68-Ferrite (iron ore) iron ore mining and pr in
e S processno
Coils 30 Metals ’ '
SoC, RAM, NAND gold
o%, ’ g0 0.05 Metals . . 102-Gold, recycled, pre-consumer collection,
(entered as 50 mg) 75-Gold (primary route) primary route, underground . . . :
L . . ; transport, dismantling, shredding, separation, o
mining and leaching production mix, at plant 19.32 i ducti . lant 19.32 g/cm3. | M@ | n-a. 20%
ther IC gold (entered as 10 g/em3 remelting pro uct!on ml?(,.atpant .32 g/cm3,
© 9 mg) 0.01 Metals recycling efficiency 98%
Steel parts, EMC shielding 1500 Metals
board steel sheets (EMI
on board steel sheets ( 50 Metals . . . 126-Secondary steel slab electric arc furnace
shields) 85-Stainless steel cold rolled hot rolling production : o o o
. . route, from steel scrap, secondary production | 0% | 85% | 20%
mix, at plant stainless steel single route, at plant carbon steel
Metal casing 200 Metals 9 ’
Screws 5 Metals
fan, motor housi 30 Metal ) . . - i
an, motornousing cals 86-Stainless steel hot rolled hot rolling production 1261 S?condetlry Isteel slab elecc:nc arc fcl;mf?ce 0% | 85% | 20%
mix, at plant stainless steel route, from steel scrap, secondary production o o o
Metal clips 0.56 Metals ’ single route, at plant carbon steel
177-End of life of cable, three-conductor cable
133-Cable, three-conductor cable technology mix | Recycling of copper and precious metals (Ag,
cable 150 Electronics |production mix, at plant three-conductor cable, 1m,| Au, Pd, Pt) from electronics production mix, at | 0% |50% | 50%
60 g/m plant recycling processes: 95- 98% efficiency,
scrap incineration: 11.0 MJ/kg NCV
passive components 15 Electronics 0% | 50% | 50%
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Desktop (BC5) Weight Material Virgin material Recycled material
R1 | R2 | A
Component (grams) Category dataset dataset
passive components on flex 0.06 Electronics 178-End of life of capacitor ceramic Recycling of
. . 134-Capacitor ceramic technology mix production copper anq precious .metal.s (Ag, Au, Pd, Pt.)
Passive components 15 Electronics : . from electronics production mix, at plant recycling
mix, at plant capacitor, micc, 6 mg . o s L L2
processes: 95- 98% efficiency, scrap incineration:
passive components (SMD) 0.18 Electronics 11.0 MJ/kg NCV
180-End of life of Capacitor, electrolyte Recycling
136-Capacitor, electrolyte technology mix of copper and precious metals (Ag, Au, Pd, Pt)
Capacitors 28.50 Electronics |production mix, at plant electrolyte, hight <2 cm, 9.5|from electronics production mix, at plant recycling| 0% |50% | 50%
g processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
182-End of life of Capacitor, Tantalum Recycling
) . . .| of copper and precious metals (Ag, Au, Pd, Pt)
tantalum capacitors 5 Electronics 138 Capgcﬂor, Tantalum technology mix production from electronics production mix, at plant recycling] 0% | 50% | 50%
mix, at plant tantalum capacitor, 0.5 g . o - L 3
processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
183-End of life of Connector for printed wiring
. . . . board (PWB) Recycling of copper and precious
various connectors, incl. 139-Connector for printed wiring board (PWB) metals (Ag, A, Pd, Pt) from electronics
board-to-board connectors, 100 Electronics technology mix production mix, at plant 1 PWB . 29, A, 1, - ] 0% | 50% | 50%
production mix, at plant recycling processes: 95-
SO-DIMM, USB connector, 0.005kg o - L Z
98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
Plugs 3.83 Electronics 184-End of life of Connector Peripheral
140-Connector Peripheral Component Interconnect Component Intercqnnect (PCI) bus Recycling of
. . . copper and precious metals (Ag, Au, Pd, Pt) o o o
(PCI) bus technology mix production mix, at plant 1 from electronics production mix. at olant recvelin 0% |50% | 50%
USB Connector 1.79 Electronics PCI bus connector, 0.00255 kg P 2P yeing

processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
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Desktop (BC5) Weight Material Virgin material Recycled material R1 | R2 A
Component (grams) Category dataset dataset
186-End of life of Diode Metal electrode leadless
143-Diode Metal electrode leadless face (MMELF) |face (nMELF) Recycling of copper and precious
. . front-end and back-end processing of the wafer, metals (Ag, Au, Pd, Pt) from electronics o o o
diodes 12 Electronics including Czochralski method of silicon growing | production mix, at plant recycling processes: 95- 0% | 50% | 50%
production mix, at plant 40 mg 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
189-End of life of Hard disk drive, for desktop
148-Hard disk drive, for desktop computer computer Recycling of copper and pregious
Hard disk drive 315 Electronics | technology mix production mix, at plant 1 piece of dme.tals (Ag, Au,l Pd, Pt) frlc?m electronlcs. 95 0% |50% | 50%
HDD pro uctlo.n.mlx, at pl ant. recycling processes: 95-
98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
Flex boards (30cm?) 39.6 Electronics 195-End of life of Populated Printed wiring board
o L : . (PWB) (2-layer) Recycling of copper and
164 Prlnteq wiring board (PWB) (2-layer) via the precious metals (Ag, Au, Pd, Pt) from electronics| ., o o
. subtractive method (as opposed to additive ; ; . . 0% | 50% | 50%
PCB, THT/SMD, single- 6.6 Electroni method) production mix, at plant 2-layer, 1.32 kg production mix, at plant recycling processes: 95-
sided (18cm?) : ectronics ’ yer. 1. 98% efficiency, scrap incineration: 11.0 MJ/kg
NCV
PCB substrate, 10-layers, .
595m? (MicroATX) 183.37 Electronics
196-End of life of Populated Printed wiring board
. L . PWB) (8-layer) Recycling of copper and
PCB, SO-DIMM (1x SO- ; 165-Printed wiring board (PWB) (8-layer) via the ( ,
6.25 Elect
DIMM Form Factor) ectronics subtractive method (as opposed to additive precious met?'s (Ag, Au, Pd, P.t) from electrqnlcs 0% | 50% | 50%
method) production mix, at plant 8-layer, 3.08 kg production mix, at plant recycling processes: 95-
PCB 30.8 El . ’ T 98% efficiency, scrap incineration: 11.0 MJ/kg
. ectronics NCV
CPU substrate 1.23 Electronics
198-End of life of SMD coil Recycling of copper
167-SMD coil technology mix production mix, at and precious metals (Ag, Au, Pd, Pt) from
Coil 23.2 Electronics | plant 1 piece of Coil miniature wound SDR1006 electronics production mix, at plant recycling 0% | 50% | 50%

(1.16g) D9.8 x 5.8

processes: 95- 98% efficiency, scrap incineration:
11.0 MJ/kg NCV
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Desktop (BC5) Weight Material Virgin material Recycled material R1 | R2 A
Component (grams) Category dataset dataset
solder 5 Electronics 199-End of life of Solder paste Recycling of

168-Solder Paste (SnAg3.5Cu0.7) technology mix |, COPPSr and precious metals (Ag, Au, Pd, PY)

solder on flex 0.4 Electronics . ) from electronics production mix, at plant recycling] 0% | 50% | 50%
production mix, at plant 1 kg of solder paste processes: 95- 98% efficiency, scrap incineration:
solder 5 Electronics 11.0 MJ/kg NCV

CPU SoC (2cm? die size) 4 Electronics
ICs 1 Electronics 300-IC SoC not available n.a. | n.a. | 50%

Graphics CPU/SoC 0.0003 Electronics
RAM 16GB (8cm? die size) 16 Electronics 302-IC, DRAM (50% of SoC) 303-Recycled IC, DRAM (50% of SoC) n.a. | na. | 50%

2
SSD 512(1%53522)“ total 20 Electronics 304-IC, NAND (60% of SoC) 305-Recycled IC, NAND (60% of SoC) na. | na. |50%
R .

other ICs (;iggr)n total die 30 Electronics
306-Generic IC 307-Recycled Generic IC n.a. | na. | 50%

small ICs 2 Electronics

Battery (BIOS) 25 Electronics 308-LCO battery 309-Recycled LCO battery n.a. | na. | 50%
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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) % 3

(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:

3% 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.

37 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 6 and Table 7.

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 personal computers, although many of the major brands are working on developing
pioneering computer models that incorporate post-consumer recycled plastic (e.g., Acer,

For the base case laptop (notebook) computer, plastics constitute 15% or about 440 grams of
the total mass of the machine. Table 8 provides a breakdown by type of plastic, including mass
in grams, percentage of total plastic mass and percentage of total mass of all materials. Of
these, polycarbonate (PC) is the common plastic, representing 92% of the plastic mass at
399.4 grams. Acrylonitrile Butadiene Styrene (ABS) is the second most common, at 5.3% of
the mass and 23 grams. Polymethyl methacrylate (PMMA) is the third most common, at 2.3%
and 10 grams. The other three plastics — silicone, polyethylene terephthalate (PET) and
polyurethane flexible foam reaction of toluene diisocyanate (TDI) — are all less than 1%. For
four of the plastics selected (PC, ABS, PMMA and PET), 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. For two of the plastics (Silicone and TDI), there
are no recycled plastic options available in the database, thus the default assumption is 0%.

38 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/



https://www.acer.com/sustainability/en/circular-economies-and-innovation/product-life-cycle/circular-production-and-recycled-materials
https://www.apple.com/uk/environment/
https://www.dell.com/en-uk/lp/dt/sustainable-devices
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 8. Plastics used in the basecase laptop computer (BC2) mass and percentages

. Percent Total
Plastic Type Mas[s ?::L?Stlc Plastic Mass of I;near:ser;tftfaTct);al
9 Laptop ptop

Polycarbonate (PC) 3994 92% 13.9%
Acrylonitrile Butadiene Styrene 23.0 5.3% 0.8%
(ABS)
Polymethyl methacrylate (PMMA) 10.0 2.3% 0.3%
Silicone 25 0.6% 0.1%
Polyurethane flexible foam 0.05 0.0% 0.0%
reaction of toluene diisocyanate
(TDI)
Polyethylene terephthalate (PET) 0.01 0.0% 0.0%

For the base case desktop computer, plastics constitute 32% of the total mass of the machine,
or approximately 1.83 kilograms. Of these, polycarbonate (PC) is the common plastic,
representing 51% of the plastic mass at 930 grams. Acrylonitrile Butadiene Styrene (ABS) is
the second most common, at 49% of the mass and 900 grams. For both plastics, (PC and
ABS), 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.

Table 9. Plastics used in the base case desktop computer (BC5) mass and percentages

Percent Total

Plastic Type

Mass of Plastic

Plastic Mass of

Percent of Total

[grams] Desktop Mass of Desktop
Polycarbonate (PC) 930.0 51% 16%
Acrylonitrile Butadiene Styrene 900.0 49% 16%

(ABS)

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 laptop (notebook) computer, metals constitute 50% or about 1.430
kilograms of the total mass of the machine. Of these, aluminium is the most common metal,
with 1025 grams or about 72% of the metal content. Magnesium is the second most common
at 200 grams or 14% of total mass of metals. Next is stainless steel, at 116 grams or about
8%. Ferrite (iron ore) is the fourth most common metal at 30 grams or about 2% of the metals.
Copper is the next, at 26 grams and 2%, followed closely by brass at 25 grams and 2%. There
are 10 grams of rare earths (1%) and 30 milligrams of gold, at 0.002% of the total mass of
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metals. In the basecase (reference) scenario, it is estimated that 30% of the aluminium is
derived from recycled sources. All other metals are either 0% recycled (i.e., magnesium,
stainless steel, copper, gold) or do not have a recycled option (i.e., ferrite (iron ore) and rare
earths).

For the base case desktop computer, metals constitute 50% of the total mass of materials at
2.90 kilograms. Of the various types of metal in this computer, the largest quantity is stainless
steel at approximately 1.78 kilograms or 62% of the total mass of metals. Aluminium is the
second most common metal at 908 grams or 31.6%. Copper is the third most common metal,
at 125 grams and 4.3% of total mass of metal. Ferrite (iron ore) is fourth at 35 grams and 1.2%
of mass. Finally, brass and gold are the last two metals in the bill of materials, with 25 grams
(0.9%) and 60 milligrams (0.002%), respectively.

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, iron and magnesium as 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 personal computers: 30% for aluminium, copper and iron and 10% for
magnesium.

Table 10. End-of-life recycling input rates, Eurostat, EcoReport Tool and Personal Computers

Eurostat Eurostat EcoReport Tool Personal
Metal estimate for estimate for vAaT defzult values Computers (R1
2019 2022 e values used)
Aluminium 12% 32% 30% 30%
Copper 17% 55% 0% 30%
Iron 32% 31% 0% 30%
Magnesium 13% 13% 0% 10%

Electronics

Computers contain a lot of electronic parts and components. The bill of materials for the base
case models of the laptop and desktop computers are discussed below.

For the base case laptop (notebook) computer, the electronics are approximately 33% of the
mass, or 940 grams. Of all the electronic parts, the liquid crystal display on the laptop is the
heaviest, constituting 45% of the total mass of the electronics (422 grams). Printed wiring
boards (PWB) are the next heaviest component, representing 36% of the mass of electronics
(338 grams). Third most heavy are connectors for printing wiring boards, which are around
5.9% of the mass (56 grams). Cables are the next most significant component, at 5.1% (48
grams), followed by capacitors at 4.1% (39 grams). A SMD coil is next at 1.2% (11.6 grams).
The remaining components are each less than 1% of the total mass of electronics, including
diodes, solder paste, a controller board, and IC chips.

3% 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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For the base case desktop computer, the electronics are the lightest component constituting
18% of the mass (1040 grams). Of all the electronic parts in this basecase desktop computer,
the hard disk drive is the heaviest, constituting 30% of the total mass of the electronics, or 315
grams. Printed wiring boards are the second heaviest electrical item, at 26% of the electronics,
or 268 grams. Next is cables at 14.5% or 150 grams, followed by 106 grams of connectors
(10.2%). Integrated circuit chips are the next heaviest item at 73 grams or 7% of mass,
followed by capacitors at 6% and 64 grams. Internal batteries are next, at 25 grams (2.4%),
followed by an SMD coil at 23 grams and 2.2% of the mass of electronics.

For both laptop computers and desktop computers, the working assumption is that all the
electronics being incorporated into the computers are new, therefore the R1 recycled content
is set to 0% for all components on both basecase computers. This is a reasonable assumption,
as new machines placed on the market are built with new components.

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. The default values incorporated into the
ERT were not adjusted for this analysis of personal computers.

Plastics

Based on bill of materials for the two base case model computers (i.e., laptop and desktop),
the most popular plastics used in personal computers are polycarbonate (PC) and Acrylonitrile
Butadiene Styrene (ABS). Beyond these two types of plastic, there is some use of Polymethyl
methacrylate (PMMA), but in our analysis, that was only found in the laptop model, not the
desktop. 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 three
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 metals in laptop computers are aluminium,
magnesium, and stainless steel. On a mass of metal basis, the remaining metals are 2% or
less. For a desktop computer, the most important metals are stainless steel, aluminium and
copper. The remaining metals are 1.2% or less of the mass of metal.

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 computer 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.

For computers — both laptops and desktops — in our reference scenario, we have therefore set
the recycling rate (R2) for these four metal types, aluminium, copper, magnesium and
stainless steel to 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, SMD
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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 laptop computer,
BC2, based on the bill of materials presented in section 5.1.
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Figure 1: Percentage of total mass per material type for laptop (notebook) computer, BC2

Applying the baseline factors R1 (recycled content) of section 5.2.3 to laptop computers (BC2),
approximately 0.4 kilograms, or about 14% of the materials in the laptop are derived from

recycled sources, all from metals. Figure 2 shows the proportions of virgin (blue) and recycled
(orange) materials used in the laptop computer.



CRM and Recycled Content, Personal Computers

1200
W Virgin content
1000 B Recycled content
800
v
E 600
(&)
400
200 I I
C S5 B L & o & & > B © & S
& & I I N - - N P T S
P& & o LS
T EESE L © Qb%%o{&c"%
o % - OO A 8] '
S & Ve &

Figure 2: Virgin and recycled material in input, baseline, laptop computer BC2

Applying the baseline factors R2 (recycled at end of life) of section 5.2.4, approximately 1.2
kilograms, or about 42% of the materials in the laptop, are recovered at end of life. Figure 3
presents the total material inputs (purple) to the recycling outputs (green). The main sources
of recycling output are aluminium, LCD display, wiring boards, magnesium and steel.
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Figure 3: Total material input and recycled material output, baseline, laptop computer (BC2)

Figure 4 shows the distribution of masses over all the material types for the base case desktop
computer, BC5, based on the bill of materials presented in section 5.1.
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Figure 4: Percentage of total mass per material type for the base case desktop computer, BC5

Applying the baseline factors R1 (recycled content) of section 5.2.3 to base case desktop
computers (BC5), approximately 0.86 kilograms, or about 15% of the materials in the desktop
are derived from recycled sources, all from metals. Figure 5 shows the proportions of virgin
(blue) and recycled (orange) materials used in the desktop computer.
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Figure 5: Virgin and recycled material in input, baseline, base case desktop computer BC5



CRM and Recycled Content, Personal Computers

Applying the baseline factors R2 (recycled at end of life) of section 5.2.4, approximately 2.0
kilograms, or about 34% of the materials in the desktop computer, are recovered at end of life.
Figure 6 presents the total material inputs (purple) to the recycling outputs (green). The main
sources of recycling output are steel, aluminium, hard disk drive, printed wiring board and
cables.
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Figure 6: Total material input and recycled material output, baseline, base case desktop computer
(BC5)

5.4. Environmental impacts for the baseline models

5.4.1 Laptop computer

The baseline environmental impacts for base case laptop computer (BC2) are given below.
These results have been calculated using the 2024 EcoReportTool version 1.7. They are
based on the BoM and factors R1, R2 and A of .
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Table 6. Only impacts from raw materials and end-of-life impacts and credits have been
considered .

Figure 7 provides 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 approximately one-third of the weight of the laptop
computer, 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.
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Figure 7: Shares of environmental impacts by material category, for laptop computer (BC2)

To provide more detail (i.e., with absolute values in the relevant units) 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 11 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.

40 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.

4 Impacts for ‘primary energy consumption’ are not shown, because here they are the same as for ‘resource use, fossil’.



CRM and Recycled Content, Personal Computers

Table 11: Reference Environmental impacts for base case laptop computer (BC2), computed using
2024 ERT, including impacts from raw materials and end-of-life impacts and benefits

. Photo-
. lonising .
Material | Mass g:':;]at: Ozone tHO;‘(IrQI‘{‘” t';;’([;?” Particulate| radiation, C';‘;g‘r;‘;a' Acidifi-
5 depletion o i matter human 3 cation
total cancer [non-cancer formation,
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 0.43 1.882 0.000 0.000 0.000 0.000 0.059 0.007 0.008
share 14.8% 1.9% 0.0% 0.7% 1.4% 1.5% 1.5% 2.1% 0.2%
Metals 1.52 12.461 0.000 0.000 0.000 0.000 1.378 0.027 0.058
share 51.6% 12.5% 1.1% 9.6% 5.4% 7.3% 35.0% 8.0% 1.4%
Electronics| 0.92 85.481 0.000 0.000 0.000 0.000 2.489 0.301 4.103
share 31.5% 85.5% 6.9% 89.6% 93.1% 91.2% 63.2% 89.8% 98.4%
Others 0.06 0.111 0.000 0.000 0.000 0.000 0.011 0.000 0.000
share 2.0% 0.1% 92.0% 0.0% 0.1% 0.1% 0.3% 0.1% 0.0%
Total 2.93 99.935 0.000 0.000 0.000 0.000 3.938 0.336 4.170
. Eutrpphi- Eutrpphi- Eutrpphl- Ecotoxicity, Resqurce Resource
Material cation, cation, cation, Land use |Water use| use, minerals .
; : freshwater 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
Plastics 0.023 0.000 0.002 29.662 1.660 0.359 0.000 43.392
share 2.2% 0.5% 2.2% 4.9% 0.5% 1.9% 0.0% 3.8%
Metals 0.096 0.000 0.009 292.205 | 409.509 3.521 0.002 148.552
share 9.0% 0.3% 8.8% 48.6% 113.8% 18.3% 29.7% 12.9%
Electronics 0.941 0.001 0.089 278.680 0.000 15.276 0.004 961.466
share 88.7% 99.0% 89.0% 46.4% 0.0% 79.6% 70.3% 83.3%
Others 0.001 0.000 0.000 0.643 0.171 0.035 0.000 1.500
share 0.1% 0.2% 0.1% 0.1% 0.0% 0.2% 0.0% 0.1%
Total 1.06 0.001 0.10 601.19 359.74 19.19 0.006 1154.9

5.4.1 Desktop computer

Figure 8 gives the shares of each material category in the environmental impacts for raw
materials and end-of-life impacts and credits for the desktop computer (BC5) reference
scenario. Although electronic components (PCBs, cables, LED) represent less than one-fifth
of the total materials weight of the desktop computer, they have the highest environmental
impact shares for most parameters (green shaded bars). The four exceptions are ‘human
toxicity, cancer’, ‘ecotoxicity, freshwater’, ‘land use’ and ‘resource use, minerals and metals’
where the impact of metals dominate the impact in the reference case. For ‘land use’ the
impact from electronics and for ‘water use’ the impact from plastics is reported as negative
which is considered an error, so these two results have been zeroed out.
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Figure 8: Shares of environmental impacts by material category, for desktop computer (BC5)

To provide more detail (i.e., with absolute values in the relevant units) 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 12 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 12: Reference Environmental impacts for basecase desktop computer (BC5), computed using
2024 ERT, including impacts from raw materials and end-of-life impacts and benefits

. Photo-
. lonising )
. Climate | o one | Human | Human \o. o late| radiation, | "™ | Acidifi-
Material| Mass | change, . toxicity, toxicity, ozone .
depletion matter human . cation
total cancer [non-cancer formation,
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| 1.83 6.867 0.000 0.000 0.000 0.000 0.232 0.022 0.025
share |31.9% 4.7% 2.0% 0.6% 5.4% 4.8% 7.9% 9.2% 0.1%
Metals | 2.87 15.326 0.000 0.000 0.000 0.000 1.275 0.048 0.152
share |50.2% | 10.4% 19.1% 75.1% 11.9% 20.7% 43.3% 20.0% 0.3%
Electro-| 1.03 | 124.815 0.000 0.000 0.000 0.000 1.436 0.169 45.238
nics
share |17.9% | 84.9% 78.9% 24.3% 82.6% 74.5% 48.8% 70.8% 99.6%
Others 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
share 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 5.73 | 147.008 0.000 0.000 0.000 0.000 2.942 0.239 45.415
Eutrophi- Eutrophi- Eutrophi- - Resource
. . . - Ecotoxicity, . Resource
Material| cation, cation, cation, Land use | Water use |use, minerals .
. X freshwater 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
Plastics 0.073 0.000 0.007 100.634 7.480 -1.224 0.000 168.590
share 9.7% 0.2% 9.7% 18.5% 0.6% -5.0% 0.0% 9.4%
Metals 0.163 0.000 0.015 266.973 |1263.175| 4.189 0.004 183.128
share 21.5% 0.1% 20.8% 49.1% 106.8% 17.0% 87.6% 10.2%
Electron 0.522 0.013 0.049 176.034 0.000 21.662 0.001 14404
ics
share 68.9% 99.8% 69.5% 32.4% 0.0% 88.0% 12.3% 80.4%
Others 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
share 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 0.758 0.013 0.070 543.6 1183.3 24.626 0.005 1792.1
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5.5. Material costs for virgin vs. recycled plastic

According to information gathered during stakeholder interviews (see Figure 9) the 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 9 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 9: Comparison of prices for virgin and post-consumer recycled HIPS and ABS plastics

Figure 10 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 recycied p astics? [
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 bolanced |stable balanced
Recycled (1ong) (iong)
Polymer prices in EUR/t Injection moulding -0 1625-1755 balanced |stable balanced
lon, lon:
December 2024 (long) (long)
Type Price Change Range Market, Market DPE pipe
. I Pipe 80 1,965 0 1915-2015 balanced |stable balanced
FHDPE Pipe above 930 black | 935.00  -10.00 decreasing
(long) (long)
FHDPE blow moulding e Pipe 100 2,045 0 1970-2120 balanced |stable balanced
coloured (long) (long) (long)
rHDPE inj. moulding grade 910.00 - balanced |decreasing  balanced EVA
| 1 0 I
black 080.00 (long) Vinyl acetate 18% 2,330 10 2240- 2420 balanced |stable balanced
PP homopolymer black 880.00 - balanced |little change balanced (long) (long)
PP
PP copolymer black little change  balanced
Homopolymer injectio -10 1,480-1630 balonced | stable balanced
(long) (long)
Homopolymer film -10  1590-1690 balanced |stable balanced
(long) (long)
Copolymer injection -10 1690-1800 balonced |stable balanced
(long) (long)
Copolymer film 1740 <10 1680-1780 balanced |stable balanced

Figure 10: 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 10. Table 13 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.


https://pieweb.plasteurope.com/default.aspx?pageid=200
https://pieweb.plasteurope.com/default.aspx?pageid=200
https://plasticker.de/preise/marktbericht_en.php
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Table 13 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 B orfroef D ot
Jan/Feb 2025 PIE 42, virgin MRP %4, 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 consumer electronics 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 personal computers 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

43 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 regranulates 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 computers 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 computers would be
advantageous.

Given these comments, the study team for the computer review will need to look at gathering
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/aluminium; baryte; beryllium; bismuth*; boron*;
cobalt*; coking coal; copper*; feldspar; fluorspar; gallium*; germanium®; hafnium;
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 personal computers, the Phase 1 analysis identified the top five CRMs in this order:

Tantalum

Cobalt

Palladium
Bauxite/Aluminium
Magnesium

Computers 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
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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:

e 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
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.

An industry association commented that they do not recommend making any requirement on
the recovery and reuse of palladium. Their rationale is that computer manufacturers have no
direct relationship with smelters and won’t be able to control the material flow for end of life
recovery beyond one or two layers below.

“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.

4 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

46 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.

“"lonela 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.

“8Ibid.

4 Martinez-Ballesteros, Guadalupe; Valenzuela-Garcia, Jesus Leobardo; Gémez-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 design options, linked to potential future Ecodesign requirements,
that would be considered by the study team conducting the review of the regulations for
computers. These design options include:

- Recycled plastic content in personal computers;
- Recyclability of personal computers at end of life; and
- Critical Raw Materials used in personal computers

This mini study on recycled content, recyclability and CRM for personal computers 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 personal computers for DG Energy. It is expected that the 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 personal computers.

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.

50 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 needs 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 personal computers 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 the main 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 computers will investigate these issues further in
the full review of the computer regulation.

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 personal computers:

Based on the total mass of the finished product;
Based on the total mass of plastic in the finished product;

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

o N =

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 drafted

5" 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

52 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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to phase-in gradually over time. The phrase “new personal computer 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 personal computer 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 personal computer 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 personal computer models placed on the market that
have a plastic casing shall contain at least XX% of recycled content in the plastic used for
that casing.

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 personal computer 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) 7%

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 product as placed on the market, for the plastic type
concerned, excluding packaging.

Stakeholders provided feedback on these four policy options setting mandatory recycled
plastic content in computers. Most comments received recommended Option 2, whereby the
recycled content is determined on the basis of the total mass of plastic in the finished product.
Some of the reasons for this include: (1) it provides flexibility to the manufacturer in terms of
which plastic they choose to substitute; (2) it is already calculated using IEEE 1680.2 for
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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.

Another industry association commented that Option 3 is reasonable, but that it would be
important to consider that a non-plastic chassis would be exempted, thus reducing the
potential environmental benefit of introducing these requirements. Their preference was for
Option 2 in order to maximise the benefits of introducing recycled content requirements. By
targeting the total mass of plastic in the finished product, the calculation would account for all
plastics in the finished product and is not prescriptive about the material selection.

Another industry association commented that Option 1 would work if there were specific
exemptions for materials and components where PCR cannot be used in plastics such as:
PCBs, labels, cables and wires, connectors, PCB electronic components, optical components,
ESD components, EMI components, external enclosure and specialised parts such as hinges,
fans, motors and cooling assemblies. They also called for bio-based materials to be allowed
as it is similar to PCR in plastic.

A manufacturer of computers suggested selecting options 3 or 4, allowing for the best targeted
requirements on the parts with the highest mass share (housing) or types of plastics for which
quality recycled plastic is most likely to be available. This manufacturer suggested not focusing
exclusively on post-consumer recycled plastic, but rather to allow for both “pre” and “post”
consumer recycled plastic as well as bioplastics. This manufacturer also cautioned against
arbitrary geographic restrictions on eligible recycled materials which risks fragmenting markets
and undermining environmental outcomes. Finally, they also suggested starting with modest
requirements and gradually increasing over time to allow the supply chain to build-up.

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.

An industry association commented that design methodology calculations should take into
consideration performance and safety and that manufacturers should get points for positive
attributes such as re-use and more recyclable content.

The Study Team conducting the review of the Computers regulation will conduct further
investigations into these options, taking into account all of the above input and comments.
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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 computers. Data are for a unit product of base case laptop computer
(BC2) and desktop computer (BC5) 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.

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 14 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 laptop is 2.93 kg, of which about 15% is plastic. When the plastic in that
computer is replaced with 10% and 30% post-consumer recycled plastic, the environmental
impacts per laptop reduce by tenths of a percent. The reason for this limited impact is due to
the small quantity of plastic in the base case reference laptop and the high environmental
impact of the electronics.
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Table 14: 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 laptop computer (BC2)

Climate Human Human . lonising AplEnziits. e

Material change Ozoqe toxicity toxicity, non- Faliiellis radiation ozone Ac@ﬂ-
" | depletion ’ ’ matter ’ formation cation

total P cancer cancer human health !
human health
Units | K9 CO2 |kg CFC-1T1 - opyyp CTUh disease | 5. (1535 6q | kg NMVOC eq| MO
eq eq incidence eq
10% recycled plastic (R1)

Change:| 0.07 -0.00 0.00 0.00 0.00 0.00 0.00 0.00
Reference| 99.93 0.00 0.00 0.00 0.00 3.94 0.34 4.17
% change| 0.07% -0.02% 0.03% 0.03% 0.06% 0.11% 0.10% 0.01%

30% recycled plastic (R1)

Change: 0.20 -0.00 0.00 0.00 0.00 0.01 0.00 0.00
Reference 99.93 0.00 0.00 0.00 0.00 3.94 0.34 4.17
% change | 0.20% -0.07% 0.10% 0.09% 0.18% 0.32% 0.30% 0.03%

Eutrophi- Eutrophi- Eutrophi- Ecotoxicity Resource use, Resource
Material cation, cation, cation, P hwater, Land use | Water use | minerals and use. fossils
terrestrial freshwater marine res metals ’
m3 water
Units | molNeq | kgPeq kgNeq | CTUe pt dgg}i\‘/’; s | Kkasbeq MJ
water
10% recycled plastic (R1

Change: 0.00 -0.00 0.00 1.45 -0.01 0.01 -0.00 2.19
Reference 1.06 0.00 0.10 601.19 359.74 19.19 0.01 1,154.91
% change| 0.10% -0.04% 0.10% 0.24% 0.00% 0.07% 0.00% 0.19%

30% recycled plastic (R1

Change: 0.00 -0.00 0.00 4.35 -0.02 0.04 -0.00 6.56
Reference 1.06 0.00 0.10 601.19 359.74 19.19 0.01 1,154.91
% change 0.31% -0.13% 0.30% 0.72% -0.01% 0.22% -0.01% 0.57%

Table 15 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 desktop is 5.73 kg, of which about 32% is plastic. When the plastic in
that computer is replaced with 10% and 30% post-consumer recycled plastic, the
environmental impacts per desktop reduce by a few percentage points. The reason for this
limited impact is due to the small quantity of plastic in the base case reference laptop and the

high environmental impact of the electronics.




CRM and Recycled Content, Personal Computers

Table 15: 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 desktop computer (BC5)

Climate Human Human . lonising FIBEEETIEE] e
Material change Ozoqe toxicity toxicity, non- FEIUEIEI radiation ozone Ac@ﬂ-
' | depletion ’ ’ matter ’ formation cation
total P cancer cancer human health :
human health
Units kg COZ | kg CFC- 1 oryp CTUh disease |y p. 11235 eq | kg NMVOC eq| MO ¥
eq 11eq incidence eq
10% recycled plastic (R1)
Change:| 0.27 -0.00 0.00 0.00 0.00 0.01 0.00 0.00
Reference| 147.01 0.00 0.00 0.00 0.00 2.94 0.24 45.41
% change| 0.18% | -1.02% 0.02% 0.25% 0.19% 0.38% 0.42% 0.00%
30% recycled plastic (R1)

Change: 0.81 -0.00 0.00 0.00 0.00 0.03 0.00 0.00
Reference | 147.01 0.00 0.00 0.00 0.00 2.94 0.24 45.41
% change | 0.55% | -3.05% 0.07% 0.74% 0.58% 1.15% 1.27% 0.01%

Eutrophi- Eutrophi- Eutrophi- Ecotoxicity Resource use, Resource
Material cation, cation, cation, f hwater’ Land use| Water use | minerals and use. fossils
terrestrial | freshwater marine res metals ’
m3 water eq.
Units mol N eq kg P eq kg N eq CTUe pt of deprived kg Sb eq MJ
water
10% recycled plastic (R1
Change: 0.00 -0.00 0.00 4.92 0.15 -0.07 -0.00 8.23
Reference 0.76 0.01 0.07 543.64 |1,183.28 24.63 0.00 1,792.09
% change| 0.45% -0.01% 0.45% 0.90% 0.01% -0.30% -0.01% 0.46%
30% recycled plastic (R1

Change: 0.01 -0.00 0.00 14.75 0.46 -0.22 -0.00 24.70
Reference 0.76 0.01 0.07 543.64 1,183.3 24.63 0.00 1,792.09
% change 1.34% -0.02% 1.35% 2.71% 0.04% -0.89% -0.04% 1.38%

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 personal computers and the percentage of that recovered used
equipment that can ultimately be separated, sorted and recycled. In the EcoReport Tool, the
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 personal computers, recyclers generally separate 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 enables 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).
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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 personal computer at its end of life — Table 16 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 personal computers, 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 personal computer regulation.
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Table 16. Overview of approaches to address recyclability at end of life for personal computers

Type

Parameter

Principle

Notes

Service-related Parameters

Information on
presence (or
absence) of
substances of
concern

Scoring based on presence of clear
and durable information on
presence (or absence) of
substances of concern

Easy ID of
substances that might
hinger recycling or
need special care

Dismantling
information and
condition for access

Scoring based on information
provided (e.g., a dismantling map,
step-by-step instructions for priority
parts)

Manufacturer
facilitates 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

e
Q
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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
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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);

e 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 computer manufacturer commented that introducing a separate recyclability index
appears limited and potentially redundant. Commenting on the index, they find that many of
the parameters related to product serviceability are expected to be addressed through existing
or proposed information requirements.

A recycler commented that the dismantling parameter should refer to hazardous components
like battery, capacitor, cartridge, PCB and any other hazardous component that could
contaminate the recycling process. Once these are removed, the equipment can be shredded
and separated effectively.

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 it is
necessary to consider available alternatives and substitutes for these substances, because in
some cases there are no alternatives available on the market.

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

53 An industry association commented that “easily removable” is a subjective phrase and may lead to inconsistent outcomes.
They did not propose alternative wording.
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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.

A computer manufacturer commented on the criteria for the recyclability index, giving detailed
feedback on each of the criteria. They highlighted the importance that the regulation must be
grounded in state-of-the-art recycling, based on international standards and calibrated to avoid
undermining product quality, innovation and economic viability. Their comments addressed
(1) service related parameters, (2) disassembly related parameters and (3) material related
parameters.

Service-related parameters:

¢ Information on Substances of Concern (SoC): SoC is too broad to be meaningful for
recyclers; suggest limiting it to dust/breathing hazards, batteries or pyrophoric
materials like magnesium;

e Dismantling information: focusing on WEEE Annex VII components (PCBs >10cm?,
external cables, battery, displays >100cm?) is sufficient;

¢ Information on composition: composition information is difficult to collect and process
and is not always meaningful for recyclers. Suggest focusing on information about
CRMs and SRMs above a certain weight threshold; and

¢ Information on CRMs and SRMs: useful, but to be workable must be combined with
minimum mass thresholds.

Disassembly related parameters:

¢ Number of steps for dismantling of priority parts: recommend focusing on time instead,
since time relates more directly to challenges faced by recyclers and can be easily
verified;

o Tools needed to dismantle priority parts: Most tools used by recyclers are basic tools,
but we believe new tools and processes can result in better enclosed, typically more
durable designs. Recyclers can be expected to invest into new tools with a view to
improve their process outputs.

Material related parameters:

e Level of concentration of substances affecting the recycling process: this criterion is
focused on the right aspects, however it should focus on SoC for recyclers such as
dust/breathing hazards, batteries, and high pyrophoric materials like Magnesium.

o Materials selection based on recyclability: seems difficult to implement because it
requires a standard including database of common recycling technologies with their
associated input restrictions, and an update mechanism is needed to account for
process improvements.

e Combination of materials used /homogeneity: nearly no parts in consumer electronics
are truly homogenous, and some material mixes have minimal impact on the overall
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recycling rate. Additionally, this would require long lists and wide exemptions to take
stock of trade-offs with functionality and reliability. We suggest to abstain from this
parameter.

A stakeholder commented that this report seemed to place emphasis on disassembly,
however they felt that this was not economically viable in Europe. They commented that in
practice, only hazardous components such as batteries, toner, motors and cables are typically
removed, with the remainder of the products being shredded. Consequently, PRE believes
that design for recyclability should focus on the use of easily recyclable plastics (such as ABS,
PS, HIPS, and PP) and the avoidance of REACH-listed substances, flame retardants, and
other materials that hinder recycling compatibility.

A stakeholder commented that recyclers must be able to easily identify the presence of
substances of concern in plastic components. They noted that ensuring a material density
above 1.12 g/cm?® supports effective separation through flotation techniques that are widely
used by recyclers across Europe and rely on density differences in water baths (for example
XRF) ensuring proper separation. This approach also helps prevent contamination and
supports the application of state-of-the-art recycling technologies.

Taking into account all of the above input from stakeholders, the study team conducting the
review of the Personal Computers 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 laptop computer (BC2) and desktop computer
(BC5) 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 17 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 base case laptop is 2.93 kg, of which about 15% is plastic. When the
plastic in that computer is recovered at the end of life, the environmental impacts per laptop
reduce by a few tenths of a percent. The reason for this very small change is due to the small
quantity of plastic in the base case reference laptop and the high environmental impact of the
electronics.



CRM and Recycled Content, Personal Computers

Table 17: 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 a laptop computer (BC2)

. - Photochemical
Climate o Human Human Particulate lonising ozone Acidi-
Material change, d zone toxicity, [ toxicity, non- a radiation, . L
total epletion cancer cancer matter human health A formation, fication
uman health
Units | kg CO2 eq k% 1CeF ;3' CTUh CTUh igéfj:,ffe kBq U235 eq | kg NMVOC eq m‘;’qH *
10% recyclability of plastic (R2)
Change:| 0.0674 | -0.0000 0.0000 0.0000 0.0000 0.0041 0.0003 0.0004
Reference| 99.9349 | 0.0000 0.0000 0.0000 0.0000 3.9377 0.3356 4.1697
% change| 0.07% -0.02% 0.03% 0.03% 0.06% 0.11% 0.10% 0.01%
30% recyclability of plastic (R2)
Change: 0.2021 -0.0000 0.0000 0.0000 0.0000 0.0124 0.0010
0.001
2
Reference | 99.9349 | 0.0000 0.0000 0.0000 0.0000 3.9377 0.3356
4.169
7
% change 0.20% -0.07% 0.10% 0.09% 0.18% 0.32% 0.30% 0.03
%
Eutrophi- Eutrophi- | Eutrophi- Ecotoxicity Resource use, Resource
Material cation, cation, cation, f | Land use | Water use | minerals and .
. - reshwater use, fossils
terrestrial | freshwater marine metals
m3 water
i eq. of
Units molNeq | kgPeq | kgNeq CTUe pt degn.ve s | kasSbeq MJ
water
10% recyclability of plastic (R2)
Change: 0.0011 -0.0000 0.0001 1.4511 -0.0079 0.0138 -0.0000 2.1872
Reference 1.0606 0.0014 0.0997 601.1903 19.1912 0.0057 1,154.9
359.7403
% change 0.10% -0.04% 0.10% 0.24% 0.00% 0.07% 0.00% 0.19%
30% recyclability of plastic (R2)
Change: 0.0033 -0.0000 0.0003 4.3534 | -0.0238 0.0414 -0.0000 6.5616
Reference 1.0606 0.0014 0.0997 601.19 359.74 | 19.1912 0.0057 1,154.91
% change 0.31% -0.13% 0.30% 0.72% -0.01% 0.22% -0.01% 0.57%

Table 18 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 desktop is 5.73 kg, of which about 32% is plastic. When the plastic in
that computer is recovered at end of life at two different levels - 10% and 30% - the
environmental impacts per desktop reduce by a few percentage points. The reason for this
very small change is due to the small quantity of plastic in the base case reference laptop and
the high environmental impact of the electronics.
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Table 18: 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 a desktop computer (BC5)

Climate o Human Human Particulat lonising Photochemical Acidifi
Material change, d zlort'!e toxicity, toxicity, non- a '?t’l ate radiation, ozone formation, C't. n-
total epletion cancer cancer matter human health | human health cation
Units kg COZ | kg CFC-| oy CTUh disease |\ po (935 6q | kg NMVOC eg |0 H*
eq 11eq incidence eq
10% recyclability of plastic (R2)

Change:| 0.27 -0.00 0.00 0.00 0.00 0.01 0.00 0.00
Reference| 147.01 0.00 0.00 0.00 0.00 2.94 0.24 45.41
% change| 0.18% | -1.02% 0.02% 0.25% 0.19% 0.38% 0.42% 0.00%

30% recyclability of plastic (R2)
Change: 0.81 -0.00 0.00 0.00 0.00 0.03 0.00 0.00
Reference | 147.01 0.00 0.00 0.00 0.00 2.94 0.24
45.41
% change | 0.55% | -3.05% 0.07% 0.74% 0.58% 1.15% 1.27% 0.01
%
Eutrophi- | Eutrophi- Eutrophi- Ecotoxicity Resource use, |Resource
Material cation, cation, cation, freshwater’ Land use| Water use | minerals and use,
terrestrial | freshwater marine metals fossils
m3 water eq.
Units molNeq | kgPeq kg N eq CTUe pt of deprived kg Sb eq MJ
water
10% recyclability of plastic (R2)

Change: 0.00 -0.00 0.00 4.92 0.15 -0.07 -0.00 8.23

Reference 0.76 0.01 0.07 543.64 1,183.28 24.63 0.00 1,792.09
% change| 0.45% -0.01% 0.45% 0.90% 0.01% -0.30% -0.01% 0.46%
30% recyclability of plastic (R2)
Change: 0.01 -0.00 0.00 14.75 0.46 -0.22 -0.00 24.70
Reference 0.76 0.01 0.07 543.64 1,183 24.63 0.00
1,792.0
9
% change 1.34% -0.02% 1.35% 2.71% 0.04% -0.89% -0.04% 1.38%

6.4. Impact reduction from both recycled content and
recyclability of plastic

This section discusses the combined 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 11 presents the results for two of the fifteen environmental indicators, Climate change
and Ecotoxicity, Freshwater. Plastic only constitutes 15% of the total mass of the laptop,
therefore the impacts of increasing recycled content and recyclability have a limited effect on
the overall environmental impact of the materials used in this laptop.
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Climate change, total Ecotoxicity, Freshwater
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Figure 11: Impact Improvement of Climate Change and Ecotoxicity (Freshwater) for increasing
recycled content and recyclability of the basecase laptop computer (BC2)

Table 19 presents the numerical results for all environmental indicators for the basecase
laptop computer. The range of impacts varies from slightly more environmentally damaging
(e.g., ozone depletion, resource use, minerals and metals) to being more environmentally
friendly (e.g., ecotoxicity, freshwater, or resource use, fossils). In general, however, most of
the environmental indicators indicate very modest changes with the increasing quantities of
recycled plastic and higher levels of recyclability.
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Table 19: All environmental indicators for recycled / recyclability plastic for a laptop computer (BC5)
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Climate change, total 0.0% -0.1% -0.2% -0.7% -0.1% -0.1% -0.3% -0.8% -0.2% -0.3% -04% -0.9% -0.7% -0.8% -0.9% -1.4%
Ozone depletion 00% 00% 01% 02% 00% 00% 01% 03% 0.1% 01% 01% 03% 02% 0.3% 0.3% 0.5%

Human toxicity, cancer 0.0% 0.0% -0.1% -0.3% 0.0% -0.1% -0.1% -0.4% -0.1% -0.1% -0.2% -0.4% -0.3% -0.4% -04% -0.7%
Human toxicity, non-can 0.0% 0.0% -0.1% -0.3% 0.0% -0.1% -0.1% -0.3% -0.1% -0.1% -0.2% -0.4% -0.3% -0.3% -0.4% -0.6%
Particulate matter 0.0% -0.1% -0.2% -0.6% -0.1% -0.1% -0.2% -0.7% -0.2% -0.2% -0.4% -0.8% -0.6% -0.7% -0.8% -1.2%
lonising radiation, huma 0.0% -0.1% -0.4% -1.2% -0.1% -0.2% -0.5% -1.4% -0.4% -0.5% -0.7% -1.6% -1.2% -1.4% -1.6% -2.5%
Photochemical ozone for 0.0% -0.1% -0.3% -1.0% -0.1% -0.2% -04% -1.1% -03% -04% -0.6% -13% -1.0% -1.1% -1.3% -2.0%
Acidification 0.0% 0.0% 0.0% -0.1% 0.0% 00% 00% -0.1% 0.0% 0.0% -0.1% -0.1% -0.1% -0.1% -0.1% -0.2%
Eutrophication, terrestriic 0.0% -0.1% -0.3% -1.0% -0.1% -0.2% -04% -1.1% -03% -04% -0.6% -13% -1.0% -1.1% -1.3% -2.1%
Eutrophication, freshwat 0.0% 0.0% 0.1% 04% 0.0% 0.1% 02% 05% 01% 02% 03% 05% 04% 05% 05% 0.8%
Eutrophication, marine 0.0% -0.1% -0.3% -1.0% -0.1% -0.2% -04% -1.1% -0.3% -04% -0.6% -13% -1.0% -1.1% -1.3% -2.0%
Ecotoxicity, freshwater 0.0% -0.3% -0.9% -3.1% -0.3% -0.6% -1.2% -3.4% -09% -1.2% -1.8% -4.0% -3.1% -3.4% -4.0%  -6.1%
Land use 0.0% 0.0% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 0.0%
Water use 0.0% -0.1% -0.2% -0.8% -0.1% -0.2% -0.3% -0.8% -0.2% -0.3% -0.5% -1.0% -0.8% -0.8% -1.0% -1.5%
Resource use, minerals ¢ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% 0.1% 0.1%
Resource use, fossils 0.0% -0.2% -0.6% -1.9% -0.2% -04% -0.8% -2.1% -0.6% -0.8% -12% -25% -1.9% -2.1% -2.5% -3.9%
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For the representative desktop computer (BC5), Figure 12 presents the results for two of the
fifteen environmental indicators, Climate change and Ecotoxicity, Freshwater. Plastic
constitutes 32% of the total materials mass of the desktop, thus the impacts of increasing
recycled content and recyclability have more impact than the laptop base case model.

Climate change, total Ecotoxicity, Freshwater
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Figure 12: Impact Improvement of Climate Change and Ecotoxicity (Freshwater) for increasing
recycled content and recyclability of the basecase desktop computer (BC5)

Table 20 presents the numerical results for all environmental indicators for the base case
desktop computer. 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 very modest changes with the
increasing quantities of recycled plastic and higher levels of recyclability.
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Table 20: All environmental indicators for recycled / recyclability plastic for a desktop computer (BC5)
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Climate change, total 0.0% -0.2% -0.6% -1.8% -0.2% -0.4% -0.7% -2.0% -0.6% -0.7% -1.1% -2.4% -1.8% -2.0% -2.4% -3.7%
Ozone depletion 0.0% 1.0% 3.0% 102% 1.0% 2.0% 4.1% 11.2% 3.0% 4.1% 6.1% 13.2% 10.2% 11.2% 13.2% 20.3%
Human toxicity, cancer 0.0% 0.0% -0.1% -0.2% 0.0% 0.0% -0.1% -0.3% -0.1% -0.1% -0.1% -0.3% -0.2% -0.3% -0.3% -0.5%
Human toxicity, non-cancer 0.0% -0.2% -0.7% -2.5% -0.2% -0.5% -1.0% -2.7% -0.7% -1.0% -1.5% -3.2% -2.5% -2.7% -3.2% -4.9%
Particulate matter 0.0% -0.2% -0.6% -1.9% -0.2% -0.4% -0.8% -2.1% -0.6% -0.8% -1.2% -2.5% -1.9% -2.1% -2.5% -3.9%

lonising radiation, human health 0.0% -0.4% -1.2% -3.8% -0.4% -0.8% -1.5% -4.2% -1.2% -1.5% -2.3% -5.0% -3.8% -4.2% -5.0% -7.7%
Photochemical ozone formation, 0.0% -0.4% -1.3% -4.2% -0.4% -0.8% -1.7% -4.6% -13% -1.7% -2.5% -5.5% -4.2% -4.6% -5.5% -8.4%

Acidification 0.0% 0.0% 0.0% 0.0% 00% 00% 00% 00% 00% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Eutrophication, terrestrial 0.0% -04% -13% -45% -04% -0.9% -1.8% -49% -13% -1.8% -2.7% -5.8% -4.5% -4.9% -5.8% -8.9%
Eutrophication, freshwater 0.0% 0.0% 0.0% 0.1% 0.0% 00% 0.0% 0.1% 0.0% 00% 00% 01% 0.1% 0.1% 0.1% 0.2%
Eutrophication, marine 0.0% -0.5% -1.4% -4.5% -0.5% -0.9% -1.8% -5.0% -1.4% -1.8% -2.7% -5.9% -4.5% -5.0% -5.9% -9.0%
Ecotoxicity, freshwater 0.0% -0.9% -2.7% -9.0% -0.9% -1.8% -3.6% -9.9% -2.7% -3.6% -5.4% -11.8% -9.0% -9.9% -11.8% -18.1%
Land use 0.0% 0.0% 0.0% -0.1% 0.0% 0.0% -0.1% -0.1% 0.0% -0.1% -0.1% -0.2% -0.1% -0.1% -0.2% -0.3%
Water use 0.0% 03% 09% 3.0% 03% 06% 12% 33% 09% 12% 18% 3.9% 3.0% 33% 39% 59%

Resource use, minerals and metc 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1% 0.1% 0.2% 0.1% 0.1% 0.2% 0.3%
Resource use, fossils 0.0% -05% -1.4% -4.6% -0.5% -0.9% -1.8% -5.1% -1.4% -1.8% -2.8% -6.0% -4.6% -5.1% -6.0% -9.2%
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A computer manufacturer commented that for both laptops and desktop computers, setting a
minimum post consumer recycled plastic requirement at 10% could send a signal to the market
and create post consumer recycled plastic demand. However, they felt that a 30% post
consumer recycled plastic requirement would not bring significant environmental impact
reduction as shown in the results table of the Phase 2 study.

The Blue Angel programme establishes minimum requirements for percentage of post-
consumer recycled plastic to be incorporated into personal computers as part of their
specification, DE-UZ 078 which was published in July 2024. Among other specifications in
section 3.4.2 (Selection of materials: Plastics), there is a table which sets out that if the
following parts are made from plastic, the proportion of post-consumer recycled materials must
not be lower than the minimum limits stated below:

Table 21: Minimum proportion of post-consumer recycled materials

Relevant components, if made Minimum proportion of DQSt'
Product group . consumer recycled materials
of plastic g
in % by mass
* Housing
Portabl { ° Fans 10%
ortable computers «  Keyboards o
e Trackpad
. * Housing
Stationary computers 35%
Fans
| kevboard Housing 359
External keyboards Keyboards Yo
Housing
External mice Keys 35%
e Scroll wheels

A plastic recycling company commented that the recyclability scoring of plastics should be
based on a minimum threshold of potentially recyclable material within the equipment, noting
that materials such as ABS, PS, HIPS and PP are widely recycled. They commented that
increasing their use to a minimum threshold will enhance overall recyclability rates and
consequently the availability of PCR. The company recommended the Commission consider
a benchmark of minimum 70% monomaterial content of recyclable plastics in a product.

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 personal computers according to the actual amount of plastic in the
two basecase models analysed.

Table 22 shows the types of plastic that are used in the two base case models analysed, the
laptop and desktop computer. Both computers have a majority of polycarbonate (PC), the
laptop significantly so. For both computers, Acrylonitrile Butadiene Styrene (ABS) is the
second most common plastic — for these desktop computers have much more than laptops,
both in terms of quantity and percentage of overall plastic.


https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20078-202410-en-criteria-V1.pdf
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Table 22: Types of plastic used in the base case laptop (BC2) and desktop (BC5) computers

UTEaE i HEEHE [ZTEL?S] (%,L;?lgt;ﬁ:s) I[D;;m;? (°/oD;Isakst?i£s)
Polycarbonate (PC) 3994¢ 91.8% 930g 51%
Acrylonitrile Butadiene Styrene (ABS) 2309 5.3% 900 g 49%
Polymethyl methacrylate (PMMA) 1009 2.3% - --
Silicone 25¢g 0.6% -- --
Toluene diisocyanate (TDI) 0.05¢ 0.01% -- -
Polyethylene terephthalate (PET) 0.01g 0.002% - --

TOTAL: 4349¢g 100% 1830.0 g 100%

Given that the laptop computer had more types of plastic, this one was analysed to assess
the impact across the different types of plastic. However, two of the plastics — Silicone and
TDI — both do not have recycled options and are not recyclable, so they were simply entered
as “n/a” in the table.

Two scenarios that were analysed with the ERT v.1.7:

e Scenario 1: 30% post-consumer recycled plastic and 30% recyclability at end of life
(see Table 23)

e Scenario 2: 100% post-consumer recycled plastic and 100% recyclability at end of life
(see Table 24)

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 23: Summary of the percentage change in environmental impacts compared to the baseline,
when using 30% recycled content and 30% recyclability for the basecase laptop computer (BC2)

Climate Human Human 8 lonising Photochemical e
Material | change, dggltoa?ign toxicity, toxicity, non- Pag;:'g?te radiation, ozone formation, ﬁgltcljclnfr:-
total cancer cancer human health | human health
Units | kg CO2eq | K9 C; c-11 CTUR CTUR igéfj:jfe KkBq U2356q | kg NMVOC eq ’"‘;’q”*
30% recycled plastic (R1) and 30% recyclability (R2)
PMMA 18% 66% 30% 28% 36% 62% 35% 34%
PC 22% n/a 26% 23% 24% 44% 29% 28%
Silicone n/a n/a n/a n/a n/a n/a n/a n/a
TDI n/a n/a n/a n/a n/a n/a n/a n/a
PET 15% n/a 20% 23% 18% 27% 26% 24%
ABS 27% 10% 29% 29% 25% 12% 25% 26%
Eutrophi- | Eutrophi- Eutrophi- - Resource use,
Material catiopn, catiopn, catiopn, ECOtOX'C'ty’ Land use| Water use | minerals and Resourcg use,
; . reshwater fossils
terrestrial | freshwater marine metals
m3 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)
PMMA 33% 13% 33% 30% 21% n/a 32% 36%
PC 28% n/a 28% 29% n/a 25% n/a 30%
Silicone n/a n/a n/a n/a n/a n/a n/a n/a
TDI n/a n/a n/a n/a n/a n/a n/a n/a
PET 26% 28% 26% 27% 21% 21% 28% 26%
ABS 27% 25% 27% 29% 21% n/a 26% 28%
PMMA 33% 13% 33% 30% 21% n/a 32% 36%

Table 24: Summary of the percentage change in environmental impacts compared to the baseline,
when using 100% recycled content and 100% recyclability for the basecase laptop computer (BC2)

Climate Human Human . lonising e -
Material | change Ozoqe toxicit toxicity, non- Particulate radiation ozone Ac'qm'
ge. depletion Y, Y, matter ’ formation cation
total P cancer cancer human health h '
uman health
Units  |kg CO2 eq| kg CFC-11 eq CTUh CTUh igéfj:’ffe kBq U235eq | kg NMVOC eq | mol H+ eq
100% recycled plastic (R1) and 100% recyclability (R2)
PMMA| 61% 219% 100% 92% 120% 208% 115% 115%
PC| 72% n/a 85% 78% 82% 148% 95% 92%
Silicone n/a n/a n/a n/a n/a n/a n/a n/a
TDI n/a n/a n/a n/a n/a n/a n/a n/a
PET| 50% n/a 67% 75% 59% 91% 87% 81%
ABS| 89% 32% 95% 97% 83% 41% 82% 87%
Eutrophi- | Eutrophi- Eutrophi- Ecotoxicity Resource use, |Resource
Material cation, cation, cation, f ‘ILand use| Water use minerals and use,
. - reshwater :
terrestrial | freshwater marine metals fossils
Units | molNeq | kgPeq kg N eq CTUe pt ggp"r‘;jg;g'te"rf kg Sb eq MJ
100% recycled plastic (R1) and 100% recyclability (R2)
PMMA 109% 45% 111% 100% 71% n/a 106% 121%
PC 94% n/a 95% 98% n/a 82% n/a 101%
Silicone n/a n/a n/a n/a n/a n/a n/a n/a
TDI n/a n/a n/a n/a n/a n/a n/a n/a
PET 88% 92% 88% 91% 70% 71% 94% 85%
ABS 89% 85% 89% 97% 72% n/a 87% 93%
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In response to the analysis presented in this section, a manufacturer of computers 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.

A manufacturer of computers commented that infact, recycled post-consumer ABS is the most
common recycled plastic in personal computers. The second most comment in ABS and the
third most common is polycarbonate.

An industry association commented that additional plastics used in IT products are PC/ABS,
TPU and TPE. They also noted that 100% post-consumer recycled plastic in IT products is
not technically feasible.

These comments will be provided to the Review Team conducting the study of Personal
Computers. 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
waste PCBs and electronic components of personal computers. The economic value of these
components includes some precious metals like gold and silver, as well as some critical raw
materials such as copper and aluminium. Palladium is emerging as a CRM that is recoverable
as part of the recovery of copper. There can also be rare earths in the magnets used in
magnetic hard disk drives, although these hard drives are becoming less common in the
market. Where the key parts of computers can be separated prior to shredding, these
separated materials 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. For CRMs, distinguishing between pre-
consumer and post-consumer recycled material could not be feasible.

For the moment no recycled content requirements for CRMs and SRMs are proposed. 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 are proposed. 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



CRM and Recycled Content, Personal Computers

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.

Another industry association commented that it would take significant time for manufacturers
to be able to declare the use of CRMs in products even if only required for providing
information about content and location in the product.

One manufacturer of computers commented that they believe requirements on CRMs should
be adopted. They recommend that the Commission’s review team investigate benefits of
increasing recycled content of critical raw materials such as aluminium, cobalt, copper, glass,
gold, lithium, rare earth elements, steel, tantalum, tin, titanium, tungsten, and zinc. They also
commented that pre-consumer and post consumer should both be acceptable.
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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 adapted from an internal draft of the computers impact assessment.
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.

Table 25: Service life, power consumption and operating hours for laptop and desktop base case

computers
Laptop Desktop
Modelling input estimate computer computer
(BC2) (BC5)
Product (service) life in years 5.1 yrs 6.1 yrs
On-mode power consumption (watts) 30w 65 W
On-mode number of hours per year 2000 hr 2000 hr
Standby-mode power consumption (watts) 0.87 W 1.66 W
Standby-mode number of hours per year 2000 hr 2000 hr
Off-mode power consumption (watts) 0.37 W 0.57 W
Off-mode number of hours per year 4760 hr 4760 hr

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 base case (for plastic, 0% recycled content, 0% recyclability) scenario. The
orange shaded portions of the environmental impact represent the impact from energy-in-use
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 computer, as defined from the
estimates in the table above (5 years for a laptop and 6 years for a desktop). The relative
share of the impacts vary substantially with the different environmental indicators.

Figure 13 shows that the environmental impacts for the laptop computer are roughly 50/50,
when comparing materials and end-of-life treatment with energy-in-use. For some indicators,
energy-in-use dominates, while for others, its materials and end-of-life treatment.
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Figure 13: Environmental impacts comparison for materials and end-of-life and energy-in-use for the
base case laptop computer (BC2)

For the desktop computer, the same scenario was calculated and a very similar result was
found. Some environmental impact indicators are dominated by the energy-in-use and
others are more heavily impacted by the materials incorporated into the computer.
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Figure 14: Environmental impacts comparison for materials and end-of-life and energy-in-use for the
base case desktop computer (BC5)
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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 laptops and
desktop computers in 2030. These benefit calculations consider two combinations: 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
model laptop and desktop computer 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, it is
clear that these two formats (laptop and desktop) constitute the vast majority of the personal
computer market (i.e., approximately 88% of the total PC market).

Table 26: Sales and Stock estimates in 2030 for laptop and desktop basecase computers

Type 2030 $a|es 2030 Sales 2030 S.tOCK 2030 Stock
[units] [percent] [units] [percent]
Laptop Computer 70,666,000 68% 324,064,000 64%
Desktop Computer 20,969,000 20% 121,914,000 24%
Other types of Computer 11,642,849 11% 60,686,061 12%
Totals 103,277,849 506,664,061

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 laptop and
desktop computers. 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 considered.

The table below presents these values, which are 0.13 kg of CO2 savings for the 10%/10%
scenario for laptops, and approximately 3 times larger at 0.40 kg/CO2 savings for the
30%/30% scenario. The desktop has more plastic, and therefore has more savings per unit,
with 0.54 kg CO. savings for the 10%/10% scenario and 1.62 kg CO2 savings for the 30%/30%
scenario. Now, multiplying each of these individual (per unit) savings by the sales and stock
in 2030, an estimate of the overall order of magnitude from these measures is quantified and
shown in the table below.

Table 27: CO2 savings estimates in 2030 for laptop and desktop basecase computers

Policy Scenario GHG Savings / unit 2030 Sales 2030 Stock
[kg COz eq] [tonnes CO; eq] [tonnes CO; eq]
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Combining laptop and desktop savings, approximately 20,000 metric tonnes of CO, would be
saved for the 10%/10% scenario if all sales in 2030 incorporated those requirements. If
(hypothetically) the entire stock of laptops and desktops switched overnight to incorporate this
measure, the combined savings would be approximately 110,000 metric tonnes of COo.. 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 are approximately triple those of the estimates for 10%
/ 10%, with approximately 60,000 metric tonnes of CO: savings for the 2030 sales and

approximately 330,000 metric tonnes of CO; savings for the 2030 stock.

Table 28: Estimates of Virgin Plastic Avoided through use of PCR Plastic

Virgin Plastic avoided

Virgin Plastic avoided in Stock

desktop computers (BC5)

Policy Scenario per Annum in 2030 in 2030 if 100% converted
[kilotonnes] [kilotonnes]
10% PCR plastic content for
notebook computers (BC2) and 6.6 34.9
desktop computers (BC5)
30% PCR plastic content for
notebook computers (BC2) and 19.8 104.7
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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: 00 800 6 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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