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Glossary 

Name Description 

ABS Acrylonitrile butadiene styrene 

AI Artificial Intelligence 

APR Association of Plastic Recyclers 

BFR Brominated flame retardants 

CARACAL Competent Authorities for REACH and Classification and Labelling 

CEAP Circular Economy Action Plan 

CEFLEX A circular economy for flexible packaging 

CEN Comité Européen de Normalisation 

CLP Classification, Labelling and Packaging 

CMR Carcinogenic, mutagenic or toxic for reproduction 

COREPLA Collection and Recycling of Plastic Packaging  

COTREP Centre of resources and expertise on household plastic packaging recyclability 

CP/CPk  process capability measurements 

CPA Circular Plastics Alliance 

CPD Catalytic Pressure-less Depolymerisation 

CPMT Centre for Polymer and Material Technologies 

CRT Cathode ray tube  

CTQ Critical to quality 

DSD Duales System Deutschland 

EC European Commission 

ECHA European Chemicals Agency 

ECVP Environmental Claim Validation Procedure 

EDD Ecodesign Directive 

EEE Electric and electronic equipment  

EFSA European Food Safety Authority 

EN European Norm 

EPBP European PET Bottle Platform 

EPEAT Electronic Product Environmental Assessment Tool 

EPR Extended producer responsibility  

EPS Expanded Polystyrene 

ErP Energy-related products 

ESCR Environmental Stress Cracking Resistance 

ESR Electronics Shredder Residue 

EU European Union 

EuPIA European Printing Ink Association) 

EUR Euro 

EVOH Ethylene-vinyl alcohol copolymer 

EXPRA Extended Producer Responsibility Alliance 

FR Flame retardant 

GEC Green Electronics Council 

GPP Green Public Procurement 

HBB Hexabromobiphenyl 

HBCD Hexabromcyclododecan 
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HDPE High-density polyethylene 

HIPS High Impact Polystyrene 

ICT Information and communications technology 

IEEE Institute of Electrical and Electronics Engineers 

IF Imagination Factory 

IK Industrievereinigung Kunststoffverpackungen e.V 

IML In-Mold-Labeling 

IP Ingress Protection 

IPD Integral product development 

IT Information Technology 

KIDV Kennisinstituut Duurzaam Verpakken 

LDA Large Domestic Appliances 

LDPE Low-density polyethylene  

LIBS Laser induced breakdown spectroscopy  

Li-ion  Lithium-ion 

MDS Magnetic density separation 

MIR Mid Infrared 

MPO Polyester polyols based on 2-methyl-1,3-propanediol 

Mt Metric tonnes 

NIR Near-Infrared 

OECD Organisation for Economic Co-operation and Development 

OEM Original equipment manufacturer  

OPRL On-Pack Recycling Label  

PA Polyamide 

PBB Polybrominated Biphenyls 

PBDE Polybrominated Diphenyl Ethers 

PBT Polybutylene terephthalate 

PC Personal Computer 

PC Polycarbonate 

PC/ABS Polycarbonate/Acrylonitrile butadiene styrene 

PCB Printed circuit board 

PCB Polychlorinated biphenyl 

PCR Post-Consumer Recycled 

PE Polyethylene 

PEF Product Environmental Footprint 

PET Polyethylene terephthalate 

PETG Polyethylene terephthalate glycol-modified 

PIC Prior Informed Consent 

PIR Post-industrial recycled 

PMMA Poly(methyl methacrylate) 

PO Polyolefin 

PolyCE Post-Consumer High-Tech Recycled Polamers For a Circular Economy 

POM Polyoxymethylene 

POP Persistent organic pollutants 

PP Polypropylene 

PPO Poly(p-phenylene oxide) 
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PS Polystyrene 

PSA Pressure-sensitive adhesive 

PTFE Polytetrafluoroethylene 

PU Polyurethane 

PUR Polyurethane 

PVC Polyvinyl chloride 

PVDC Polyvinylidenchlorid 

rABS recycled ABS 

RDF Refuse-derived fuel 

REACH Regulation on the Registration, Evaluation, Authorisation and Restriction of 
Chemicals 

rHIPS recycled HIPS 

RoHS Restriction of hazardous substances 

SAN Styrene-acrylonitrile resin 

SEBS  Styrol-Ethylen-Butylen-Styrol 

SIN Sibstitute it now 

SPI Sustainable Policy Initiative 

SVHC Substances of very high concern  

TBBPA Tetrabrombisphenol A 

TPE Thermoplastic elastomer 

TPV Thermoplastic vulcanizates 

TV Television 

UL Underwriters Laboratories 

UN United Nations 

UNEP United Nations Environmental Programme 

UNESDA Union of European Beverages Associations 

UP Unsaturated polyester resins 

vPvB persistent and very bio-accumulative 

WEEE Waste electrical and electronic equipment  

WRAP Waste & Resources Action Programme 
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Executive Summary 

The annual global plastics production has increased from 1.5 million tonnes in 1950 to 359 million 
tonnes in 2018 (Statista 2020). Today, the European plastics industry has a yearly turnover of more 
than 360 billion EUR and employs more than 1.6 million people (Plastics Europe 2019).  Society 
has benefited tremendously from the plastics revolution and the large amount of functionalities that 
this material offers. While innovation in the plastics industry makes it possible to use less materials 
for the same functionality, the increased diversity and complexity of plastics used in modern 
applications, such as electrical and electronic equipment (EEE), has a huge downside at the later 
stages of the product’s lifecycle. 

Waste electrical and electronic equipment (WEEE) is considered one of the fastest-growing waste 
streams in the EU and on the global level. According to the latest Global E-Waste Monitor, a record 
53.6 million metric tonnes (Mt) of electronic waste was generated worldwide in 2019, up 21 % in 
just five years (Forti V. et al. 2020). Today, the main economic driver for WEEE recycling stems 
from the recovery of precious metals such as gold, silver or palladium, and copper. WEEE plastics 
recycling still represents a major challenge, since the plastic fraction is composed of a complex mix 
of many different polymers and additives. According to the European Commission (EC), more than 
80 % of a product’s environmental impact is determined at the design stage (European Commission 
2012b). Therefore, the initial design of the electrical appliances, and electronic goods is key for 
being recycled at their end of life and concepts such as “design for environment” or “design for 
recycling” are needed to meet the recyclers’ requirements. However, not only design FOR, but also 
design FROM recycling plays a key role in closing the material loops. In order to increase the share 
of recyclates in higher-value applications, such as electrical and electronic equipment, guidelines, 
and standards on responsible design and minimum quality are needed (CEN/CENELEC 2020).  

This report is organised in three main parts. First, the current policy and legal background is 
presented and supplemented by information about recent standardisation and labelling activities at 
the global and European level. Several existing initiatives and guidelines are presented and 
accompanied by fact sheets in the Annex. Second, two complementary design strategies aiming to 
enhance the circular flow of products and materials are presented. The “design for recycling” 
strategy shows best practices during the product development process, following the sequential 
design phases of material selection, part, and product design. The “design from recycling” strategy 
looks to what extent new products can be manufactured using recycled plastics. The new Drop-In 
Approach™ provides a practical tool for product developers to start designing with recycled plastics. 
A complexity flowchart helps designers to focus on priority parts and a six step material approval 
approach allows them to gradually reduce the risk that is linked to using recycled plastics.  

While these strategies are usually followed separately, this report combines them in comprehensive 
guidelines that are presented on a product and on a part level. On both levels of the guidelines are 
subdivided into: 

1. Avoidance of hazardous substances 

2. Enabling easy access and removal of hazardous or polluting components 

3. Using of recyclable materials that will be recycled by WEEE recyclers 

4. Using of material combinations and connections that allow easy liberation 

5. Using of recycled materials 

The guidelines allow optimising the design of a product in such a way that all valuable materials are 
effectively recovered with current recycling technologies at the end of life.  

The third part of the report shows how the guidelines were applied in practice in the different PolyCE 
demonstrators.  

This deliverable is the outcome of Task 8.1 and Task 8.2 of the PolyCE project. It brings together 
different aspects concerning the integration of life cycle thinking into product development and 
provides concrete guidelines for using post-consumer recycled plastics in new electronic 
applications. The guidelines target designers and engineers who are already experienced with 
plastics as well as product engineers that are eager to learn where and how to start applying 
recycled plastics. 
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1 Introduction and objectives 

The annual global plastics production has increased from 1.5 million tonnes in 1950 to 359 million 
tonnes in 2018 (Figure 1). Today, the European plastics industry has a yearly turnover of more than 
360 billion EUR and employs more than 1.6 million people (Plastics Europe 2019).  

 

Figure 1: Global plastics production worldwide, in million metric tons (Statista 2020) 

Society has benefited tremendously from the plastics revolution and the large number of 
functionalities that this material offers. Nowadays, plastics can be found in all sectors and in 
countless applications. They help preserving food, contribute to weight reduction in new cars, and 
are used as robust housings for consumer electronics or as insulating materials in the building 
sector. While innovation in the plastics industry makes it possible to use less materials for the same 
functionality, the increased diversity and complexity of plastics used in modern applications, such 
as electrical and electronic equipment, has a huge downside at the later stages of the product’s 
lifecycle. 

Waste electrical and electronic equipment (WEEE) is considered one of the fastest-growing waste 
streams in the EU and on the global level. According to the latest Global E-Waste Monitor, a record 
53.6 million metric tonnes (Mt) of electronic waste was generated worldwide in 2019, up 21 % in 
just five years (Forti V. et al. 2020). Today, the main economic driver for WEEE recycling stems 
from the recovery of precious metals such as gold, silver or palladium, and copper. WEEE plastics 
recycling still represents a major challenge, since the plastic fraction is composed of a complex mix 
of many different polymers and additives.  

Existing recycling technologies in mechanical and chemical recycling have been advancing in the 
past and continue to progress further. However, the increasing complexity of the WEEE plastics 
mix which constitutes the recyclers’ feedstock makes it even more challenging to recover all the 
different polymers for technical or economic reasons. Therefore, the initial design of the electrical 
appliances and electronic goods is key for being recycled at their end of life and concepts such as 
“design for environment” or “design for recycling” are needed to meet the recyclers’ requirements.  

However, not only design FOR, but also design FROM recycling plays a key role in closing the 
material loop. The use of post-consumer recyclates in electrical and electronic equipment still poses 
a number of special challenges. This includes in particular diverse material-related quality 
requirements, e.g. the impact resistance, tensile strength, rigidity, processability, or insulating 
properties. These requirements must also be met by recycled plastics if they are to be used within 
the existing device design and the established production processes. Another basic requirement 
for the use of plastic recyclates is compliance with defined limit values for harmful substances (e.g. 
RoHS, REACH). The challenges lie particularly in the reliable procurement of quality-assured raw 
materials that originate from appropriately optimized preparation processes. 

The availability and prices for such quality-assured secondary materials are decisive factors for the 
replacement of primary materials. However, the systematic exchange of changed material 
properties and processing parameters between recyclers and manufacturers as well as possible 
requirements for product redesign and changes in manufacturing processes can make a relevant 
contribution to the solution. "Design from recycling" addresses this strategy, as a simple 
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replacement of virgin plastics with recycled materials is usually not possible due to different material 
properties.  

In December 2015, the European Commission (EC) presented its first Circular Economy Action 

Plan (CEAP) (European Commission 2015), which had the ambition to close the loop of product 

lifecycles through more sustainable production, distribution, consumption, and waste management. 

As one part of the implementation of the CEAP, the EC adopted a Europe-wide Strategy for Plastics 

in the Circular Economy in January 2018 (European Commission 2018a). This strategy has the 

ambition to transform how plastics and plastics products are designed, produced, used, and 

recycled in the future. In December 2019, the EC presented The European Green Deal, which is 

Europe’s new growth strategy.  It aims to “transform the EU into a fair and prosperous society, with 

a modern, resource-efficient and competitive economy where there are no net emissions of 

greenhouse gases in 2050 and where economic growth is decoupled from resource use“ (European 

Commission 2019b).  One part of the Green Deal is the second CEAP that was published in March 

2020 and which reinforces the Commissions strategy towards more resource-efficient electronics 

and better plastics recycling (European Commission 2020a). 

The EC's new CEAP provides for a legislative initiative for a sustainable product policy, the core of 

which is to "expand the Ecodesign Directive beyond energy-related products so that the Ecodesign 

framework is applied to the broadest possible range of products and contributes to the circular 

economy” (European Commission 2020a). Among other aspects, this initiative should also aim to 

increase the proportion of recycled materials in products without compromising their performance 

and safety. The Action Plan does not explicitly state the goal of increasing the content of plastic 

recyclates in products in the current scope of the Ecodesign Directive, but it does for the areas of 

packaging, building materials, and vehicles. The vehicle application area can compete with the use 

of post-consumer recycled (PCR) plastic in the electrical and electronic equipment sector and 

absorb quantities of recycled materials - or, in the sense of a market pull, also lead to the expansion 

of recycling capacities, which could then also improve material availability for the electrical and 

electronics sector. The Action Plan also aims to improve the framework conditions for the secondary 

raw materials market in order to improve the availability and quality of recyclates. 

Today, most of the recyclates coming out of European recycling plants are used in so-called ‘bulk 

products’, in the building and construction sector, mainly for quality reasons. In order to increase 

the share of recyclates in higher-value applications, such as packaging, automotive and electrical, 

and electronic equipment, guidelines and standards on responsible design and minimum quality 

are needed (CEN/CENELEC 2020). There is a strong need for such guidelines and standards to 

be issued at and harmonized across the European level to avoid the severe fragmentation that 

would be caused, if individual Member States were to implement their own isolated versions, 

regardless of one another.  

The main objective of this deliverable is to provide guidelines on plastics life cycle thinking in new 
electronic products taking into account design FOR and design FROM recycling strategies. These 
guidelines aim to complement the fundaments provided already by existing initiatives with the 
evidence from the PolyCE research, development, and demonstration activities. The goal is to 
support designers and manufacturers of electrical and electronic equipment. However, the 
methodology can also be transferred to other sectors. 
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2 Circular Economy – Turning waste into resources 

Governments, companies, and citizens alike are seeking to change the way our economic model 

operates today by moving from a linear to a circular economy. A circular economy is a system that 

designs out waste and pollution, keeps products and materials in use, and regenerates natural 

systems (Ellen McArthur Foundation 2013). All over the world governments work on new regulatory 

frameworks that put sustainable development at the forefront. Innovative companies distinguish 

themselves from competitors by integrating sustainability in the core of their strategy and develop 

new business models that are environmentally sound, socially inclusive, and economically 

profitable. Latest research and business experience shows that embedded sustainability efforts 

result in a positive impact on business performance (Tensie Whelan and Carly Fink). More than 

ever, citizens are asking for environmentally sound and sustainable goods and services. As an 

example, more than 90% of Europeans say that protecting the environment is important to them 

personally (European Commission 2020c). The same tendency has been confirmed by the social 

experiment performed under the PolyCE framework (PolyCE 2019). 

2.1 Policy Background 

This chapter provides a short overview over the current policy framework regarding recycled 

plastics and plastics recycling on EU level. 

2.1.1 First Circular Economy Action Plan and the EU Plastics Strategy 

In December 2015, the European Commission (EC) presented its first Circular Economy Action 
Plan (CEAP) with the ambition to close the loop of product lifecycles through more sustainable 
production, distribution, consumption, and waste management (European Commission 2015). 

As one part of the implementation of the 

CEAP, the EC adopted a Europe-wide 

Strategy for Plastics in the Circular 

Economy in January 2018. This strategy 

has the ambition to transform how 

plastics and plastics products are 

designed, produced, used, and recycled 

in the future. Within this strategy, the EC 

commits to “developing, where 

appropriate, product requirements under 

the Ecodesign Directive that take 

account of circular economy aspects, 

including recyclability (Figure 2). This will 

make it easier to recycle plastics used in 

a wide variety of electrical appliances 

and electronic goods“. (European 

Commission 2018a) 

 

Figure 2: Circular Economy 

The strategy also comes with ambitious targets for the next years. As an example, the revised 

Packaging and Packaging Waste Directive set a recycling target for plastic packaging to 50% by 

2025 and to 55% by 2030 (European Commission 2018d). Furthermore, one goal of the Strategy 

is to ensure that all plastic packaging put on the market is recyclable by 2030 (design FOR 

recycling). Besides relative targets, the Plastics Strategy also put forward some absolute targets 

that are not only linked to packaging, but to all plastic using sectors. Annex III of the Strategy set 

the objective to “ensure that by 2025 10 million tonnes of recycled plastics find their way into new 

products on the EU market” (design FROM recycling), against less than 4 million tonnes in 2016 

(Figure 3). 

From the figure below, it becomes clear that reaching the 10 million tonnes target will be 

challenging. In 2016, around 8.4 million tonnes of plastics were collected for recycling in Europe. 
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However, this constitutes merely the input material of the European recycling plants. After the 

recycling process, the resulting output mass is generally 1.5-2 times lower. This is not solely due to 

plastic losses during recycling. It can also be related to contaminations like organic residues and 

labels that were until recently counted within the mass of the collected/sorted plastics and are 

typically heavier than the plastics themselves. This is expected to change with the implementation 

of the 2018 Amendment to Packaging and Packaging Waste Directive. For this reason not only the 

collection systems must be significantly improved in the coming years, but much of the collected 

plastics must also be diverted from energy recovery and landfill to existing and new recycling plants 

in order to meet the 10 million tonnes target. 

 

Figure 3: From plastics demand to recycled plastics demand in Europe, 2016, million tonnes 
(European Commission 2019a) 

Current activities of the European Commission within the framework of the European Plastics 
Strategy focus on plastics that are already being recycled in large quantities in the EU. These are 
polyolefins, especially PE and PP, and also PET, PVC, and EPS. Of these polymers, only PP is of 
greater relevance for the electrical and electronics sector, while the other plastics used in electrical 
and electronic equipment are not the focus of this strategy, but are certainly already being recycled.  

Since stakeholder engagement will be crucial to reach the targets, the EC announced on 11th 

December 2018 the launch of the Circular Plastics Alliance (CPA) that gathers public and private 

stakeholders in the plastics value chain to promote voluntary actions and commitments for more 

recycled plastics (Figure 4).  

 

Figure 4: Launch of the Circular Plastics Alliance (European Commission 2018c) 

The Alliance covers the full plastics value chain and includes more than 245 signatories (as of 
November 2020) representing industry, academia, and public authorities. New stakeholders can 
join the alliance by signing its declaration, committing to the alliance's shared vision, and to 
contributing to its operational work. The list of signatories is regularly updated and is available on 
the initiative’s website. The stakeholders made pledges to use or produce more recycled plastics. 
The overall goal is to reach the 10 million tonnes target by 2025, as set out in Annex III of the 
Strategy. The following Figure 5 shows the commitments for action and scheduled deliverables of 
the CPA. 
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Figure 5: Commitments for action and deliverables as included in the declaration of the CPA 
(European Commission 2020b) 

A first assessment of the pledges in March 2019 showed that while the European recycling industry 

could theoretically deliver around 11 million tonnes of recycled plastics by 2025, the pledges from 

the demand side reached only 6.4 million tonnes and would therefore miss the target by 3.6 million 

tonnes (European Commission 2019a). 

Many of the pledging brand owners indicated, however, that they could dramatically increase the 

pledged amount if a suitable quality of recycled plastics would be available at a competitive price. 

These quality requirements are multi-dimensional and can be linked to material properties, 

geometry, moulding, and the production processes.  

At the same time in October 2018, the Ellen McArthur Foundation in collaboration with the UN 

Environment Programme, the Global Commitment unites businesses, governments, and other 

organisations from around the world launched the New Plastics Economy. It is a vision of a circular 

economy for plastics, in which plastics never become waste. The signatory group now exceeds 

1000 organisations (Ellen McArthur Foundation 2018).  

2.1.2 The European Green Deal and the second Circular Economy Action Plan 

The European Green Deal, Europe’s new growth strategy was presented by the Commission on 
11th December 2019. It focuses on the fight against climate change and other environmental 
objectives in areas such as transport, energy, pollution, agriculture, circular economy, and 
biodiversity. The Green Deal has the objective to “transform the EU into a fair and prosperous 
society, with a modern, resource-efficient and competitive economy where there are no net 
emissions of greenhouse gases in 2050 and where economic growth is decoupled from resource 
use “ (European Commission 2019b). 

For this ambitious transformation to be successful, all sectors of the economy need to be involved. 
Figure 6 illustrates the main objectives of the new European Green Deal.  
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Figure 6: The European Green Deal (European Commission 2019b) 

Already announced in the Green Deal, the second EU Circular Economy Action Plan was published 
by the Commission in March 2020. It consists of 35 actions that are summarised in Figure 7.  

 

 

Figure 7: Second Circular Economy Action Plan (European Commission 2020a) 

The new CEAP gives a high priority to ICT and electrical and electronic equipment in particular 
within the area “key product value chains”, but also when it comes to empowering consumers and 
public buyers (GPP). Furthermore, it foresees that the announced review of the Ecodesign 
Directive, as well as further work on specific product groups, will build on criteria and rules 
established under the EU Ecolabel Regulation, the EU GPP criteria, and the Product Environmental 
Footprint (PEF) approach.  

The Action Plan itself “will analyse the lifecycle of products and materials to ensure a sustainable 
use of resources and tackle resource-intensive sectors, amongst others, electronics and plastics.” 
It aims to speed up the transition away from a linear economy and “will include a sustainable 
products policy, to boost design, production, and marketing of sustainable products” (European 
Commission 2020a). The second CEAP targets the design of sustainable products, promoting 
circularity in production processes, supporting sustainable consumption, and aiming to ensure that 
the resources used are kept in the EU economy for as long as possible. One of the strategies to 
increase the uptake of recycled plastics is linked to a requirement for minimum recycled content in 
new products as well as waste reduction measures. 
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2.2 Relevant EU legislation 

This paragraph focuses on relevant EU legislation related to the use of plastics in EEE and waste 

plastics resulting from EEE at the end of a product’s life. It also covers some UN Conventions that 

were transposed into EU legislation and are relevant for WEEE plastics. 

2.2.1 Ecodesign Directive 

The Ecodesign Directive (EDD, 2009/125/EC) is a product-oriented policy tool setting mandatory 

requirements for energy-related products sold in all EU Member States. It has the objective to 

improve the environmental performance of products throughout their entire lifecycle. The ecodesign 

requirements for individual product groups are created in a process coordinated by the EC. In the 

past, the main focus of the Ecodesign Directive was on energy efficiency improvements of energy-

related products. However, material efficiency criteria have gained in importance in recent years. 

In the near future, the legislative proposal for a sustainable product initiative (SPI) will suggest 

revising the Ecodesign Directive to extend its scope beyond energy-related products and make it 

deliver on circularity.  

2.2.2 REACH Regulation 

The Regulation on the Registration, Evaluation, Authorisation and Restriction of Chemicals 
(REACH) entered into force in 2007. It has the main objective to improve the protection of human 
health and the environment through better and earlier identification of the intrinsic properties of 
chemical substances. Producers and importers have to provide information on the properties of 
chemical substances and to register the information in a central database. REACH provides criteria 
to identify “substances of very high concern” (SVHC). SVHC are defined as (European Commission 
2006): 

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

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

 Substances on a case-by-case basis, which cause an equivalent level of concern as CMR 
or PBT/vPvB substances. 

If a substance is identified as a SVHC, it is included in the Candidate List. The European Chemicals 
Agency (ECHA) regularly assesses the substances on the Candidate List to determine if they 
should be moved to the Authorisation List (Annex XIV). Once a substance is on an Authorisation 
List, it can only be used or produced with a specific authorisation and under specified circumstances 
for defined applications. The Restrictions List (Annex XVII) is also regularly revised. The use of a 
substance on the Restrictions List is prohibited.  

In 2013, the Commission published the first review of REACH. A second review report was 
performed in 2018 (European Commission 2018b). The Commission works closely with the 
European Chemicals Agency (ECHA) and national authorities in the implementation of the 
regulation. 

2.2.3 RoHS Directive 

The EU legislation restricting the use of hazardous substances in electrical and electronic 
equipment (RoHS Directive 2002/95/EC) entered into force in February 2003. While REACH is not 
limited to a specific product group, RoHS explicitly targets electrical and electronic equipment. It 
bans products from the European market that contains more than the permitted levels of certain 
substances listed in Annex II of the Directive. The legislation requires heavy metals such as lead, 
mercury, cadmium, and hexavalent chromium and flame-retardants such as polybrominated 
biphenyls (PBB) or polybrominated diphenyl ethers (PBDE) to be substituted by safer alternatives. 
In 2008, the Commission proposed to revise the Directive and the RoHS recast Directive 
2011/65/EU became effective on 3 January 2013. 
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2.2.4 WEEE Directive 

The WEEE Directive 2012/19/EU has the goal to ensure that waste electrical and electronic 
equipment is properly treated within the EU. Its purpose is to contribute to sustainable production 
and consumption by the prevention of WEEE and by the re-use, recycling, and other forms of 
recovery of the waste stream. The first WEEE Directive (Directive 2002/96/EC) contained the 
creation of collection schemes where consumers return their old devices free of charge. These 
schemes aim to increase re-use and recycling of WEEE. In 2008, the EC proposed to revise the 
Directive. The new WEEE Directive 2012/19/EU entered into force in 2012 and became effective in 
2014. 

The WEEE Directive implements the principle of extended producer responsibility (EPR), under 
which producers are expected to take responsibility for the environmental impact of their products, 
especially when they become waste. It obliges producers of EEE to finance the end-of-life activities. 
Distributors have responsibilities in terms of the provision of facilities to enable the free take-back 
of WEEE by consumers and the provision of certain information.  

The current scope of the Directive covers the following categories that are defined in Annex III 
(European Commission 2012a): 

1. Temperature exchange equipment  

2. Screens, monitors, and equipment containing screens having a surface greater than 100 
cm2 

3. Lamps 

4. Large equipment (any external dimension more than 50 cm) including, but not limited to: 
Household appliances; IT and telecommunication equipment; consumer equipment; 
luminaires; equipment reproducing sound or images, musical equipment; electrical and 
electronic tools; toys, leisure, and sports equipment; medical devices; monitoring and 
control instruments; automatic dispensers; equipment for the generation of electric 
currents. This category does not include equipment included in categories 1 to 3. 

5. Small equipment (no external dimension more than 50 cm) including, but not limited to: 
Household appliances; consumer equipment; luminaires; equipment reproducing sound or 
images, musical equipment; electrical and electronic tools; toys, leisure and sports 
equipment; medical devices; monitoring and control instruments; automatic dispensers; 
equipment for the generation of electric currents. This category does not include equipment 
included in categories 1 to 3 and 6. 

6. Small IT and telecommunication equipment (no external dimension more than 50 cm). 

 

The WEEE Directive also sets minimum recovery targets, which are the following (Annex V): 

 For WEEE falling within category 1 or 4 of Annex III, 

- 85 % shall be recovered, and  

- 80 % shall be prepared for re-use and recycled;  

 For WEEE falling within category 2 of Annex III 

- 80 % shall be recovered, and 

- 70 % shall be prepared for re-use and recycled; 

 For WEEE falling within category 5 or 6 of Annex III 

- 75 % shall be recovered, and 

- 55 % shall be prepared for re-use and recycled; 

 For WEEE falling within category 3 of Annex III, 80 % shall be recycled. 
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2.2.5 UN Conventions and their transposition in EU legislation 

The most relevant UN conventions related to plastics from WEEE are the Basel Convention on the 

control of transboundary movements of hazardous wastes and their disposal, the Rotterdam 

Convention on the prior informed consent procedure for certain hazardous chemicals and 

pesticides in international trade and the Stockholm Convention on persistent organic pollutants 

(POP). In 2012, the Secretariats of the Basel and Stockholm conventions and the UNEP-part of the 

Rotterdam Convention Secretariat moved from three individuals to a single secretariat serving the 

three conventions. 

2.2.5.1 Basel Convention  

The Basel Convention on the control of transboundary movements of hazardous wastes and their 

disposal was adopted in 1989 and entered into force in 1992. It regulates exports and imports of 

hazardous waste. It currently has 187 parties, among others the EU and all its Member States. 

In all EU Member States transboundary shipments of waste are regulated by EC Regulation No 

1013/2006 on shipments of waste. This regulation is based on the Basel Convention and the 

decision of the OECD-Council C(2001)107 on the control of transboundary movements of wastes 

destined for recovery operations. The EC regulation transposes the procedural rules of both 

regulations into directly applicable European legislation. 

During the 14th meeting of the COP to the Basel Convention in 2019, one of the main decision was 

to include most plastic wastes into Annexes II and VIII of the Basel Convention. Consequently, 

transboundary movements of these plastic wastes (either hazardous or difficult to recycle) will be 

subject to the control mechanisms of the Convention. These amendments to the Annexes will enter 

into force in 2021 (Council of the European Union 2019).  

2.2.5.2 Rotterdam Convention  

The Rotterdam Convention on the prior informed consent procedure for certain hazardous 

chemicals and pesticides in international trade was adopted in 1998 and entered into force in 2004. 

The Convention has the main objective to strengthen the protection of human health and the 

environment through informed decision-making on the import of certain chemicals (Annex III of the 

Convention) and by exchanging safety information. It does not ban or restrict trade in chemicals or 

pesticide formulations. The Convention currently has 161 parties, among others the EU and all its 

Member States. 

In the EU, the Prior Informed Consent Regulation (PIC Regulation (EU) 649/2012) implements the 

Rotterdam Convention. It administers the import and export of specified hazardous chemicals and 

puts obligations on enterprises that want to export these chemicals to non-EU countries. 

2.2.5.3 Stockholm Convention 

A relatively small proportion of WEEE plastics is compounded with flame retardant (FR) substances 

and a limited number of these FR are restricted as Persistent Organic Pollutants (POPs), e.g. 

Hexabromobiphenyl (HBB) and some Polybrominated diphenyl ethers (PBDEs). The Stockholm 

Convention on Persistent Organic Pollutants was adopted in 2001 and entered into force in 2004. 

Currently, it regulates 28 substances that are persistent, bioaccumulative, toxic, and travel long 

distances. The Convention currently has 182 parties, among others the EU and all its Member 

States. 

The Stockholm Convention, together with the Aarhus Protocol (which has the main objectives) are 

implemented in the EU by the POPs Regulation 2019/1021(EU). 
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2.3 Plastic recycling standards, certifications and labels 

According to the European Commission, more than 80% of a product’s environmental impact is 

determined at the design stage (European Commission 2012b) and the concept of design for 

recyclability is a particularly important part of the EU plastics strategy. It can not only facilitate 

recycling of plastics, but also help to deliver the quality required by OEMs and contribute to closing 

the gap to reach the 10 million tonnes target described in part 2.1.1. In order to help the industry to 

measure and implement sustainable innovation strategies with respect to recycled plastics, several 

organizations have developed metrics, standards, and certifications to assist in designing 

sustainable plastics and plastics containing products. The examples presented in this chapter are 

not limited to the sector of electrical and electronic equipment and should not be considered as 

complete. 

2.3.1 EN 15343: 2007-02 Plastics - Recycled Plastics - Plastics recycling traceability 
and assessment of conformity and recycled content 

This standard (EN 15343:2007) specifies the procedures needed for the traceability of recycled 
plastics and gives the basis for the calculation procedure for the recycled content of a product. Its 
main objective is to describe the necessary procedures for mechanical recycling that are required 
for products that have been manufactured completely or in part from recycled plastics and need 
proof of traceability. 
 
The methodology and procedures include the control of input material, the control of the recyclate 
production process, plastics recyclate characterisation, and traceability. The standard defines 
information to be recorded as appropriate to the end-use application (origins, logistics, tests carried 
out before processing, process parameters, tests carried out after processing, intended 
application).  The calculation of the recyclates content of a plastic (= product) is carried out as a 
mass fraction according to: 
 

𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (%) =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡
∗ 100 

 
The standard does not differentiate between pre-consumer (post-industrial) and post-consumer 
components, but subsumes both in the recyclates content. EN 15343:2007 is part of a series of 
CEN publications on plastics recycling that is listed in Table 1, but will not be described here in 
detail. 

Table 1: CEN publications on plastics recycling 

Reference Title 

EN 15342:2007  Characterization of polystyrene (PS) recyclates 

EN 15344:2007 Characterisation of Polyethylene (PE) recyclates 

EN 15345:2007 Plastics recyclate characterisation of PP recyclates 

EN 15346:2007 Characterisation of poly(vinyl chloride) (PVC) recyclates 

EN 15347:2007 Characterisation of plastics wastes 

EN 15348:2007 Characterization of poly(ethylene terephthalate) (PET) recyclates 

EN 15353:2007 Guidelines for the development of standards for recycled plastics 

 

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

This recent standard (EN 45555:2019) was established by CEN/CLC Joint Technical Committee 
10 on Energy-related products - Material Efficiency Aspects for Ecodesign, based on mandate 
M/543 of the European Commission to support the implementation of Directive 2009/125/EC of the 
European Parliament and of the Council. It provides a general horizontal methodology for: 

• Assessing the recyclability of energy-related products 

• Assessing the recoverability of energy-related products 
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• Assessing the ability to access or remove certain components or assemblies from energy-

related products to facilitate their potential for recycling or other recovery operations. 

• Assessing the recyclability of critical raw materials from energy-related products.  

The standard highlights that a horizontal approach might not be enough and correct assessment 
can only be performed in a product-specific way, taking into account specific parameters of a 
product group. For this purpose the EN 45555:2019 defines a series of parameters that can be 
used to calculate product specific recycling and recoverability rates. 

According to EN 45555:2019, the recyclability and recoverability of a product is a combination of 
the design characteristics of the product (e.g. structure, material composition, size, weight, etc.) 
and the techniques, combination, or sequence of techniques used to recycle or recover a given 
waste stream. For this purpose, the recyclability and recoverability assessment should be based 
on a product or product-group specific end-of-life treatment scenario. This scenario shall consider 
the state of the art treatment and recycling methods and geographical aspects. 

The standard also provides a formula for the recyclability rate and recoverability rate of an energy-
related product. Both have to be calculated as percentages by mass according to the following 
formulas: 

Table 2: Calculation of the recyclability and recoverability rates according to EN 45555:2019 

Recyclability rate Recoverability rate 

𝑅𝑐𝑦𝑐 =
∑ (𝑚𝑘 ∗ 𝑅𝑐𝑦𝑐,𝑘)𝑛

𝑘=1

𝑚𝑡𝑜𝑡

∗ 100% 𝑅𝑐𝑜𝑣 =
∑ (𝑚𝑘 ∗ 𝑅𝑐𝑜𝑣,𝑘)𝑛

𝑘=1

𝑚𝑡𝑜𝑡

∗ 100% 

 𝑅𝑐𝑦𝑐 is the recyclability of the product 

 𝑅𝑐𝑦𝑐,𝑘 is the recyclability of the k-th 

part/material 

 𝑅𝑐𝑜𝑣 is the recoverability of the product 

 𝑅𝑐𝑜𝑣,𝑘 is the recoverability of the k-th 

part/material 

 𝑛 is the is the number of parts/materials 

 𝑚𝑘 is the mass of the k-th material/part 

 𝑚𝑡𝑜𝑡 is the total mass of the product 

As can be seen in Table 2, calculating the overall recyclability and recoverability rate of an ErP 
requires first to determine the recyclability and recoverability factors of all its materials or parts. The 
standard provides some guidance with this respect, stating that the individual factors need to be 
assessed taking into account the complete treatment chain defined in the end-of-life scenario and 
the criteria set on product characteristics according to the horizontal guidelines.  

Furthermore, the standard defines several rules where recyclability and recoverability of parts shall 
be equal to 0. This can e.g. be the case when used substances prevent recycling or recovery, 
joining techniques do not allow separation of part or material combinations or combinations of fillers, 
and coatings and the material are intrinsically connected and incompatible with recycling or 
recovery material stream. 

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

Like EN 45555:2019, this standard (EN 45557:2020) was established by CEN/CLC Joint Technical 
Committee 10 on Energy-related products - Material Efficiency Aspects for Ecodesign. 

The standard specifies a general method for assessing the proportion of recycled material in an 
energy-related product (ErP) or parts of the ErP. It was published in April 2020 and should be 
applied as a framework to be used for defining the assessment of recycled materials content in 
specific product groups. This means that it is rather aimed at those who will develop product group-
specific standards in the future and not directly the manufacturers. 
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EN 45557 takes into account both pre-consumer (post-industrial) and post-consumer recyclates 
and basically all types of materials. The standard states that proof of the recyclates content of the 
specific product is (currently) not feasible. Evidence must therefore only be provided via 
documentation and mass balances. The mass balances for individual parts or an entire energy-
related product are to be calculated over an accounting period (to be specified) in the following way: 

Output = Input – Change in stock - Internal conversions - Waste 

In addition to the mass balance, the standard also lists identity preservation of individual batches 
and physical segregation of recycled materials down to the final component as options for 
traceability (Annex A). 

The proportion of recycled materials in relation to the individual part or device must be calculated 
separately for pre-consumer (post-industrial) and post-consumer components: 

Table 3: General method for recycled materials content calculation for parts or ErPs 

Pre-consumer (post-industrial) share Post-consumer-share 

𝑅𝑝𝑟𝑒 = (
∑ 𝑚𝑡𝑜𝑡,𝑘 × 𝑟𝑝𝑟𝑒,𝑘𝑘

∑ 𝑚𝑡𝑜𝑡,𝑘𝑘

) × 100% 

 Rpre: Pre-consumer materials content of 

the part or the product 

 rpre,k: Pre-consumer materials content of 

the k-th material or part (in %) 

𝑅𝑝𝑜𝑠𝑡 = (
∑ 𝑚𝑡𝑜𝑡,𝑘 × 𝑟𝑝𝑜𝑠𝑡,𝑘𝑘

∑ 𝑚𝑡𝑜𝑡,𝑘𝑘

) × 100% 

 Rpost: Post-consumer materials content of 

the part or the product 

 rpost,k: Post-consumer materials content of 

the k-th material or part (in %) 

𝑚𝑡𝑜𝑡,𝑘: Total mass of k-th material or part 

Total-Recycling Share:  

𝑅𝑡𝑜𝑡𝑎𝑙 =  𝑅𝑝𝑟𝑒 + 𝑅𝑝𝑜𝑠𝑡 

 
The total share of recycled materials can be stated by the user, but the individual values for pre- 
and post-consumer shares need to be specified. With regard to plastics, the distinction between 
pre-consumer and post-consumer plastics is specified in more detail and compared in the following 
table. 

Table 4: Distinction between pre- and post-consumer plastics 

Pre-consumer (post-industrial) plastics Post-consumer plastics 

Process waste that goes through mechanical 

or chemical recycling with the exception of 

returning it (especially after grinding) in the 

same process that generated it or for the 

same type of product, even at different 

locations. 

Materials recovered from collected waste (end 

of life products) and treated waste. End-of-life 

products include defective products or 

unsalable stocks. Post-consumer materials 

can only be designated as such after they 

have become part of a finished product for the 

end-user and are subsequently discarded. 
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2.3.4 UL 2809, Environmental Claim Validation Procedure (ECVP) for Recycled 
Content 

UL (Underwriters Laboratories) LLC is a global safety certification company which maintains offices 
in over 40 countries. With its UL 2809 Environmental Claim Validation Procedure (ECVP), the 
company offers a service for recycled content validation which authenticates the post-consumer, 
pre-consumer (post-industrial), closed loop or total recycled content of products. 

This standard (UL ECVP 2809) is applicable for raw materials, manufactured products and 
components of manufactured products. For documentation, UL ECVP 2809 refers to EN 15343: 
2007. The manufacturer can indicate either an average percentage or minimum percentage of 
content. Claims have to describe the allocation system, which can be based on a credit system or 
a mass balance system. The total recycled content of a product can be calculated by the amount 
of the recycled material relative to the total weight of the product. The proportion of the content can 
be calculated in the following way: 

% 𝐷𝑒𝑓𝑖𝑛𝑒𝑑 𝑆𝑜𝑢𝑟𝑐𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝐷𝑒𝑓𝑖𝑛𝑒𝑑 𝑆𝑜𝑢𝑟𝑐𝑒 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝑀𝑎𝑠𝑠 𝑜𝑓 𝐹𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡
 

 
The formula does not differentiate between pre- or post-consumer content. According to UL 2809, 
defined source content may include recycled, by-product synergy, reuse, refurbished, closed loop 
recycled, or Ocean Plastic. More information on the standard is provided in a fact sheet in the 
Annex. 
 
First manufacturers of electrical and electronic equipment already received the certification. As an 
example, some HP products that are made of Lavergne’s resins are UL confirmed. Ocean-bound 
plastic material can be found in HP Elite Dragonfly (PC), the HP EliteDisplay E273d (display), and 
the HP ZBook Create (mobile workstation). 
 

2.3.5 EuCertPlast 

EuCertPlast is an EU-wide certification and auditing system aimed at post-consumer plastics 

recyclers. The certification scheme focuses on the traceability of materials throughout the entire 

supply chain and recycling process as well as and on the quality of the recycled content in the final 

products. Its main goal is to encourage sustainable plastic recycling processes through 

standardization and to give confidence to recyclers’ clients. The certification scheme works 

according to EN 15343:2007 and was developed in a three-year project, co-financed by the 

European Commission in the framework of the Eco-Innovation Programme.  

In the process, particular importance is given to the control of input materials, the recyclates 

production process, on output materials as well as on the recycled content and record keeping. 

Overall, there are three different levels of traceability that can be awarded to recyclers.  

• Level 1: Full traceability 

• Level 2: General traceability 

• Level 3: Enlarged general traceability 

While traceability levels 1 and 2 can be applied to plants accepting baled and bulky material, level 

3 is only applied to plants that accept bulky waste. Recyclers that produce food contact recycled 

output need to reach Level 1 to be awarded certification. The complete guidance is provided online 

and a more detailed description of the scheme is provided in a fact sheet in the Annex (EuCertPlast 

2019). 

Several national bodies, such as the German Blue Angel, but also the Italian National Consortium 

for the Collection and Recycling of Plastic Packaging (COREPLA) or the European PVC industry 

initiative recognize EuCertPlast. 

EuCertPlast is also used by some WEEE recyclers, such as: 

• MGG Polymers GmbH, Austria  
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• MBA Polymers UK Ltd., Great Britain 

• bage plastics GmbH, Germany and Austria 

Some other EuCertPlast-certified recyclers also process plastics that are suitable for the use in 

electrical and electronic devices (especially ABS and PP) but which do not necessarily come from 

WEEE. Certified recyclers are predominantly based in Europe. However, some recyclers from non-

EU countries are also certified (e.g. 1x Brazil, 1x Bosnia Herzegovina, 1x Malaysia, 1x Norway, 3x 

China, 1x Taiwan, 2x Turkey, 8x Great Britain). Overall, there are around 200 certified recycling 

facilities all over the world as of November 2020. Figure 8 shows that most of the facilities are based 

in Germany, followed by France, Spain, and Italy. These four countries represent over 50% of the 

total EuCertPlast certified facilities worldwide. 

EuCertPlast certifies the site of the recycler and individual “products”. In this case, “products” are 

individual polymers that are not differentiated for individual quality levels (“grades”) of polymers, 

which means that individual quality levels can also have differing proportions of recycled material. 

Polymers can, for example, come from WEEE or packaging and include, but are not limited to PP, 

PE, ABS, PET, PVC, PO, and PS. Figure 9 gives an overview over the share of facilities that recycle 

certain polymers. It can be observed that over 60% of the certified facilities recycle PE and PP. The 

certification requires good traceability of the recyclates produced in batches to the material used. 

 

Figure 8: EuCertPlast certified recycling 
facilities in Europe (10/2020) 

 

Figure 9: Polymers recycled by EuCertPlast 
certified recycling plants (10/2020). Read: 42% 

of certified facilities recycle PE. 

2.3.6 EPEAT criteria and IEEE 1680 standards 

The Electronic Product Environmental Assessment Tool (EPEAT) is the leading Type I global 
ecolabel for the IT sector, currently registering products in more than 42 countries. It is managed 
by the Green Electronics Council (GEC), a non-profit organisation. The EPEAT program offers 
independent verification of manufacturers’ claims. Furthermore, the EPEAT online registry provides 
an overview over all labelled products in the following categories: 

 Computers & displays 

 Imaging equipment 

 Mobile phones 

 Photovoltaic modules and inverters 

 Servers 

 TVs 

Governments as well as other private and public institutional purchasers use EPEAT as part of their 
green public procurement (GPP) decisions. EPEAT assesses different lifecycle environmental 
aspects of devices and ranks them as Gold, Silver, or Bronze, based on a set of performance 
criteria. Criteria are based on standards (e.g. IEEE, UL, etc.) and address e.g. the elimination of 
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toxic substances, use of recycled and recyclable materials, product longevity, and energy efficiency 
as well as corporate social performance.  

Products that are rated bronze meet all required criteria in each EPEAT product category. Those 
devices that are silver-rated meet all required criteria and at least 50% of the optional criteria. The 
highest class are gold-rated products where all the required criteria and at least 75% of the optional 
criteria are met. 

According to the EPEAT labelling scheme, televisions, imaging equipment, and computer and 
displays have to meet numerous mandatory and optional requirements that are defined in different 
IEEE standards (IEEE 1680.3-2017; IEEE 1680.2-2017; IEEE 1680.1-2018). For televisions and 
imaging equipment the use of post-consumer recycled plastics is optional. For computers and 
displays, it is mandatory. The following table provides an overview of the EPEAT criteria for recycled 
plastics for the three device categories televisions, imaging devices (printers, copiers, 
multifunctional devices, etc.), and computers and displays. 

Table 5: EPEAT criteria for post-consumer recycled plastic content for televisions, imaging 
equipment and computers & displays 

 Television Imaging Equipment Computer and Displays 

Standard IEEE 1680.3 IEEE 1680.2 IEEE 1680.1 

Required 

4.2.1.1 Declaration of 
the content of post-
consumer plastic 
(including fillers / 
additives contained), 
based on the total 
plastic content of the 
product (with the 
exception of circuit 
boards, cables, 
connectors, etc.) 

4.2.1.1 Declaration of 
the content of post-
consumer plastic 
(including fillers / 
additives contained), 
based on the total 
plastic content of the 
product (with the 
exception of circuit 
boards, cables, 
connectors, etc.) 

4.2.1.1 At least 2% post-
consumer plastic and / or 
post-consumer plastic 
content from IT devices and 
/ or bio-based plastic, 
based on the total plastic 
content of the product (with 
the exception of circuit 
boards, cables, connectors, 
etc.) 

4.2.1.2 Products 
containing plastic parts 
with a combined weight 
>100g shall contain at 
least 5g of post-
consumer recycled 
plastics.  

Circuit boards, labels, 
cables, connectors, etc. 
can be excluded from 
the combined weight. 

Optional 

4.2.1.2 Products with 
5kg or less shall contain 
10% of post-consumer 
recycled plastics. 
Products with a weight 
>5 kg shall contain on 
average a minimum of 
5% of post-consumer 
recycled plastics. 

 
(1 point) 

4.2.1.3 Products with 
5kg or less shall contain 
10% of post-consumer 
recycled plastics. 
Products with a weight 
>5 kg shall contain on 
average a minimum of 
5% of post-consumer 
recycled plastics. 

 
(1 point) 

4.2.1.2 Higher levels of post-
consumer 
plastic and / or post-
consumer plastic made from 
IT equipment and / or bio-
based plastic, graded 
according to product groups 

 
(1-2 points, see table below) 
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4.2.1.3 At least 25% 
post-consumer recycled 
plastic based on the 
plastic content. 
(1 point) 

4.2.1.4 At least 25% 
post-consumer recycled 
plastic based on the 
plastic content. (1 point) 

4.2.1.3 Two methods are 
available. Either the external 
enclosure of the product 
shall contain a minimum of 
10% IT equipment derived 
post-consumer recycled 
plastics or the product shall 
contain a minimum of 10% 
IT equipment derived post-
consumer recycled plastics. 
(1 point) 

 
Below table further specifies possible optional points as a function of the minimum share of post-
consumer recycled plastics for different product types. 

Table 6: EPEAT criteria for computer and displays - optional points for minimum percent PCR 
plastics content by product type 

Product type 
Minimum % content 

for 1 optional point 

Minimum % content 

for 2 optional points 

Desktop computers, workstations, thin clients, 
portable all-in-one computers, small servers 

10 35 

Integrated desktop computers 15 40 

Notebooks 5 10 

Tablets 3 5 

Monitors 15 50 

 
Besides promoting the use of recycled plastics, EPEAT also sets end-of-life criteria with respect to 
plastics recyclability. The following table summarises the criteria for televisions, imaging equipment 
and computers, and displays. 
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Table 7: EPEAT criteria related to design for plastics recycling 

 Television Imaging Equipment Computer and Displays 

Standard IEEE 1680.3 IEEE 1680.2 IEEE 1680.1 

Required 

4.3.2.2 Plastic 
markings. Plastic parts 
>25 g have to be 
marked with a material 
code in accordance 
with ISO 11469 
considering ISO 1043. 
Exceptions apply. 

 

4.3.2.5 Restriction on 
materials not 
compatible with reuse 
and recycling. Plastic 
parts >25 g shall not 
contain adhesives, 
coatings, paints, 
finishes, or pigments 
associated with 
surface coatings that 
are not compatible 
with reuse and 
recycling. PCBs, 
labels, cables, 
connectors, etc. are 
excluded from this 
requirement. 

4.3.2.1. Use of single 
recyclable plastic type 
per plastic part. Each 
plastic part >100g shall 
consist of only one 
recyclable plastic type.  

PCBs, labels, cables, 
connectors, etc. are 
excluded from this 
requirement. 

 

4.3.2.2 Restriction on 
materials not 
compatible with reuse 
and recycling. Plastic 
parts >100 g shall not 
contain adhesives, 
coatings, paints, 
finishes, or pigments 
associated with 
surface coatings that 
are not compatible 
with reuse and 
recycling. PCBs, 
labels, cables, 
connectors, etc. are 
excluded from this 
requirement. 

 

4.3.2.3 Manual 
separation and 
marking of plastics. 
Plastic parts >100 g 
shall be manually 
separable into 
recyclable plastic 
streams with 
commonly available 
tools. Plastic parts 
>100 g shall be 
marked with a material 
code in accordance 
with ISO 11469/1043. 
Exceptions apply. 

4.3.2.1 Plastic parts 
compatible with recycling. 
All discrete parts >25g have 
to be market according to 
ISO 11469/1043 and 
should not contain a metal 
insert or fasteners that is 
moulded in, heat or 
ultrasonically inserted, or 
glued in. Some exceptions 
apply. 

 

All discrete parts >100g 
should not have adhesives, 
coatings, paints, or finish 
that is not compatible with 
recycling. 

 

4.3.2.2 Plastic parts 
separable for recycling. 

All discrete plastic parts 
>25 g have to be composed 
of a single resin, or a 
combination of resins (e.g., 
a blend), that are 
compatible for recycling, 
and be separable by hand 
or with commonly available 
tools from other plastic 
parts that are >25 g and not 
compatible together for 
recycling. 

Optional 

4.3.2.1 One recyclable 
plastic type per rigid 
plastic part >25 g. Only 
one recyclable plastic 
type shall be used in 
each rigid plastic part 
>25 g. PCBs, labels, 
cables, connectors, 
etc. are excluded from 
this requirement. 

NA NA 
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4.3.2.3 Manual 
separation of plastics 
for recycling. All plastic 
parts >25 g have to be 
separable into 
individual or 
compatible recyclable 
plastic streams. For 
products <50 lb this 
should occur in at 
most 10 min. For 
products >50 lb in at 
most 10 min+1 min per 
each additional 5 lb. 
PCBs, labels, cables, 
connectors, etc. are 
excluded from this 
requirement. 

 

4.3.2.4 Moulded/glued-
in metal eliminated or 
removable. Plastic 
parts shall not contain 
metal inserts or 
fasteners that are 
moulded-in; heat or 
ultrasonically inserted 
or glued-in. Exceptions 
apply. 

NA NA 

 

2.3.7 Blue Angel 

Since 1978, the Blue Angel has been the ecolabel of the federal government of Germany, setting 
standards for environmentally friendly product design. The DE-UZ 30a for “Products made from 
Recycled Plastics” applies to finished products with a plastics content of over 90% by weight and a 
minimum PCR content of 80% by weight in these plastics (DE-UZ 30a-2019). 

The document defining the basic award criteria provides some examples of finished products, such 
as office equipment, waste and recycling bins, plastic buckets, garden tables, compost silos, film 
and sheet products, etc. DE-UZ 30a also specifies that finished products falling within the scope of 
other product-specific criteria for the award of the Blue Angel may not be labelled with this general 
eco-label. This is the case for numerous electrical and electronic equipment where other Blue Angel 
criteria already exist (e.g. vacuum cleaners, coffee machines, printers and multifunction devices, 
routers, set-top boxes, etc.). 

When it comes to verification, DE-UZ 30a refers to the EuCertPlast certification scheme as a 
method for verifying the use of recycled materials. The requirements for proof are summarized with 
reference to EuCertPlast (see 2.3.5): "The applicant shall submit a certificate (including report) 
pursuant to the EuCertPlast certification scheme (including a calculated and plausibility-checked 
verification of the post-consumer percentage) to verify the origin and composition of the PCR 
materials used” (DE-UZ 30a-2019). Furthermore, the applicant needs to specify the qualitative and 
quantitative composition of the product applied for, i.e. the proportions of plastic recyclates as well 
as virgin plastics related to every component. 

The Blue Angel for Writing Utensils and Stamps according to DE-UZ 200 is currently the only 
environmental label that sets minimum requirements for the plastic recyclates content of composite 
products (DE-UZ 200-2016). The plastics used must either consist of at least 80% PCR plastics or 
at least 60% renewable raw materials. Proof is again provided in accordance with the EuCertPlast 
certification scheme. 
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For various product groups, the use of PCR plastics or the declaration of the PCR proportion is a 
criterion of the Blue Angel requirements, but in many cases, there is no explicit reference to 
EuCertPlast. One specific example would be the case for printers and multifunction devices (DE-
UZ 205-2017) where the requirement of the share of post-consumer recycled plastics being at least 
5% of the complete plastic material is only a target requirement. 

In other cases, certain material combinations may only be used if they consist of EuCertPlast-
certified PCR plastics. As an example, the following applies for routers (DE-UZ 160-2018): „If plastic 
composites made of PC and ABS are used, their origin and composition must also be proven by 
means of a certificate (including report) according to the EuCertPlast certification scheme (with 
calculated and plausible proof of the post-consumer share)". 

2.4 Selected guidelines supporting design for and from recycling 

2.4.1 Guidelines supporting design for recycling 

Many different guidelines to support design for plastic recycling have been developed in the last 

years in different countries and for different sectors. Most of the guidelines were established for the 

packaging sector, since this sector represents the highest demand for plastics and also generates 

most of the plastic waste. Table 8 summarises a selection of different guidelines. Four approaches 

(highlighted in green) are presented in more detail in the following subchapters. Specific fact sheets 

for these four guidelines can also be found in the Annex. 

Table 8: Selected guidelines for plastics recycling 

Organisation Country Sector 

CITEO France Packaging 

COTREP France Packaging 

Ecosystem France EEE 

Danish Plastics Federation Denmark Packaging 

Der Grüne Punkt (DSD) Germany Packaging 

Cyclos-HTP Germany Packaging 

IK (Industrievereinigung 

Kunststoffverpackungen e.V) 
Germany Packaging 

Zentrale Stelle Germany  Packaging 

KIDV Netherlands Packaging 

Recoup UK Packaging 

WRAP UK Packaging 

OPRL UK Packaging 

FH Campus Wien 
Austria Packaging 

Circular Analytics TK GmbH 

CEFLEX Europe Packaging 

RecyClass Europe Packaging 

PETCORE Europe Europe Packaging (PET) 

EXPRA Europe Packaging 

EPBP 
Europe Packaging (PET bottles) 

EFBW and UNESDA 

APR US Packaging 

Suez.circpack® Global Packaging 

Borealis Global Packaging 

 

2.4.1.1 ecosystem 

ecosystem is a French non-profit organisation accredited by the French public authorities for the 
collection, decontamination, and recycling of waste electrical and electronic equipment (WEEE), 
lamps, and small fire extinguishers. The organisation is the result of a merger in 2018 between Eco-
systèmes that previously focused on household WEEE and Récylum that was specialised in 
professional WEEE and lighting equipment. 
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Besides its core business, ecosystem also works on ecodesign and provides good design practices 
to manufacturers from an end-of-life perspective, based on their expertise (ecosystem). The 
recommendations concern material choices, selection of connectors, presence and accessibility of 
pollutants, etc. and are available for the following four product categories: small electrical and 
electronic appliances, large equipment, equipment containing refrigerant fluids, and flat screens.  

The four guideline documents provide similarly structured recommendations for all product 
categories in preparation for end-of-life. The main differences concern decontamination issues, 
where more specific information is provided e.g. for refrigerant fluids (fridges) or batteries and cells 
(other three product categories). A fact sheet with more information is provided in the Annex. 

Besides the good design practices, ecosystem has also developed the only European database to 
assess the environmental impact of electrical and electronic equipment at their end-of-life. In the 
database, ecosystem members will find 96 modelled materials that are classified according to the 
different waste flows (as of November 2020). The main goal is to help companies to measure the 
environmental impacts of their products and help to improve design features. The online simulator 
REEECYC’LAB helps companies to understand and to improve the recyclability of their products. 

2.4.1.2 KIDV Recycle Check 

The Netherlands Institute for Sustainable Packaging (KIDV) has the main goal to advise and inspire 

companies to design more sustainable packaging. KIDV is financed by the Packaging Waste Fund 

with two million euros per year for a period of ten years. The funding comes from the Packaging 

Waste Management Contributions.  

KIDV provides, among others, consulting and advisory services, organises courses and workshops 

and has developed the KIDV Recycle Checks (KIDV 2019). The latter consist of decision trees with 

questions and background information, on the basis of which designers are able to determine 

whether the packaging has good recyclability. The Recycle Check is used by the Packaging Waste 

Fund as substantiation of the modulated fee for plastic packaging in the Netherlands. 

The scope of the check is rigid and flexible plastic packaging. Producers and importers can use the 

decision tree to figure out the recyclability of their packaging. This check includes typical packaging 

polymers, such as PE, PP, and PET. The documents are updated every year. A more detailed 

description of the recycle check is provided in a separate fact sheet in the Annex. 

2.4.1.3 RECOUP 

RECOUP is a British charity providing expertise and guidance to improve the plastic packaging 

resource management. It has three main goals. First, it has the ambition to lead and inform the 

continued development of plastics recycling and resource management. Second, it intends to be 

the UK's plastic value chain co-ordinators and the independent voice of reason. Third, it aims at 

educating the public and businesses on the recycling of plastics to protect the environment. 

RECOUP is recognised as an official auditor in the UK for RecyClass™ Recyclability Certifications. 

It also offers online guidelines for all stakeholders involved in the development and design of plastic 

packaging. As an example, the guideline “Recyclability by Design” (Recoup 2020) provides 

information on designing for the best recyclability of a product while keeping products safe, 

functional, and keeping in mind consumers’ acceptance. The goal is to maximise the opportunity 

for plastic recycling without restricting material choices and maximise the value of used materials. 

Technical issues, such as residues, colours, or labels are included in the general guidelines and 

also in material-specific guidelines involving PET, HDPE, PP, PS, and film. As an example, the 

following table shows the material specific guidelines for PP. 
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Table 9: RECOUP Material Specific Guidelines - PP 
 

 

Compatible for recycling 

for most applications 

May be suitable for 

recycling for some 

applications 

Not suitable for 

recycling 

B
O

D
Y

 Colour 
Clear / natural, or lightly 

tinted 

Opaque / Heavy 

colours 
Carbon black 

Barrier / 

Coatings 
None 

EVOH / PA (incl. 

MXD6) 
PVDC 

Additives  Clarifier  

C
L

O
S

U
R

E
 

Caps HDPE / LDPE / PP HDPE / LDPE 

PS / Thermoset 

plastics / 

Aluminium / Steel / 

PVC 

Lidding film 

No residue after removal by 

consumer, or, as main 

polymer PP 

  

D
E

C
O

R
A

T
IO

N
 

Direct Printing 

Minimal or moderate direct 

printing, e.g. production or 

expiry date; laser printing 

(minimal) 

Excessive direct 

printing 
 

Labels 

HDPE / MDPE / LDPE / 

LLDPE 

PP / OPP / PS (US only) 

Less than 60% coverage 

on face 

Paper, over 60% 

coverage on face, in 

mould label 

PVC / Metallised 

PET / PS (except 

US) 

Sleeves (incl. 

tamper 

resistance) 

PP / PE  PET / PVC 

Adhesive 
Water soluble in ambient 

conditions 

Water soluble up to 

80°C 

Not removable in 

water 

Ink 

EuPIA good manufacturing 

practices (for non-food 

applications) 

 

Inks that bleed and 

dye wash-

solutions 

O
T

H
E

R
 Inserts PP 

HDPE / LDPE 

Paper 

PET (light) 

PVC / PS / EPS / 

PU / PA (Nylon) 

PET (heavy) 

PC / PMMA 

(Acrylic) 

Thermoset plastics 

/ Metallic 

Trigger sprays PP / HDPE / LDPE  

Glass components 

Metal springs / ball 

bearings 

The updated version of the Recyclability by Design of 2020 includes a detailed Q&A section and is 

applicable for already existing and new packaging. Actual Recoup members are Coca-Cola, Faerch 

UK, Garçon Wines, Krehalon, etc. More information on the guidelines is presented in a dedicated 

fact sheet in the Annex. 
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2.4.1.4 RecyClass™ 

The RecyClass™ initiative was established by Plastics Recyclers Europe (PRE). It is a value chain 

platform bringing the knowledge of recyclers to packaging designers. The main objective of the 

initiative is to advance the recyclability of plastic packaging (design for recycling) and to establish 

a harmonised approach towards the integration of recycled plastics (design from recycling). The 

vision of RecyClass™ is that such a harmonised approach will lead to higher quality packaging 

recycling, leading to higher quality recyclates which will finally be picked up by manufacturers that 

demand high-quality materials.   

The RecyClass™ platform has five technical committees for HDPE, PP, PO films, PET and PS. 

Different task forces work on specific and transversal topics such as recyclability, recycled content, 

sorting, etc. The platform also works closely with laboratories and certification bodies.  

In 2018, PRE and the Association of Plastic Recyclers (APR) have developed a definition of 

recyclability. According to this definition, plastics must meet four conditions for a product to be 

considered recyclable (RecyClass 2018): 

 The product must be made with a plastic that is collected for recycling, has market value 

and/or is supported by a legislatively mandated program. 

 The product must be sorted and aggregated into defined streams for recycling processes. 

 The product can be processed and reclaimed/recycled with commercial recycling 

processes. 

 The recycled plastic becomes a raw material that is used in the production of new products. 

According to the authors, this definition does not intend to restrict innovation. However, in order to 

be considered recyclable, innovative materials should be able to demonstrate two main aspects. 

First, it should be possible to collect and sort them in sufficient quantities. Second, the materials 

should be compatible with existing industrial recycling processes or have sufficient material 

quantities to justify operating new recycling processes. 

RecyClass™ developed a recyclability methodology, design for recycling guidelines, and 

recyclability evaluation protocols (audit scheme). Together, the methodology, the guidelines, and 

protocols serve as a basis for the RecyClass™ online tool, the recyclability certifications as well as 

technology and product approvals. 

The assessment analyses a packaging and its components through a number of questions. In the 

end, the tool provides the user with a report and a classification from A to F. Class A stands for the 

best recyclability of a package. Classes B, C, D, and E represent increasingly lower recyclability. 

Class F packages can only be incinerated. The following Figure provides an example of how the 

design for recycling guidelines are transposed to the RecyClass™ tool, leading to the Classes A-

F. A more detailed fact sheet on RecyClass™ is provided in the Annex. 
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Figure 10: Recyclability ranking for PE Transparent Flexible Films according to RecyClass™ 
(RecyClass 2020) 

2.4.2 Guidelines supporting design from recycling 

Next to guidelines for better plastics recyclability, other guidelines supporting the integration of 

recycled plastics have been developed on different levels in the past. This subchapter briefly 

presents two complementary approaches. The first approach (Partners for Innovation) is on the 

company level and provides a structured method to start using recycled plastics. The second 

approach is a design from recycling manual that provides guidance on the material and product 

level. 

2.4.2.1 Partners for Innovation 

Partners for Innovation is a consultancy for sustainable innovation, based in the Netherlands. It 

focuses on topics related to the circular economy and sustainable energy. In collaboration with 

several leaders from the Dutch industry, the consultancy published guidelines and case guides on 

“Designing with Recycled Plastics” (Partners for Innovation 2015). As part of these guidelines, 

Philips shared a plan for companies that would like to introduce recycled plastics in their products. 

This step-by-step approach takes the following form: 

1. Create an overview of plastics consumption in the company 

2. Focus on commonly used polymers  

3. Focus on non-visible and dark parts 

4. Identify and approach suppliers 

5. Determine the critical specifications for the product 

6. Start using recycled plastics in existing products 

7. Design for recycled plastics 

8. Test moulds and components 

The concept provides a structured approach to start using recycled plastics. An overview over the 

plastics used within the company can help prioritise applications and parts. Starting with low-

hanging fruits, such as non-visible and dark parts provides some first success stories and key 

learnings. Setting up a reliable supply chain guarantees that the material is available in the required 
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quantities and quality. It is also easier to start working on existing products through a drop-in 

approach than starting from scratch with a new product. Once enough experience is available in 

the company, recycled plastics can be also considered directly from the beginning of the design 

phase. As soon as the product and polymer have been selected, it is important to test them in a 

production line, in particular for the critical specifications. 

The specific cases within the guidelines provide examples where recycled materials have been 

used in applications such as household products, printers, steam generators, and products with 

food contact. 

Partners for Innovation is also one of the initiators of RE-CET, a project group where brand owners 

and recyclers work together in pilot projects to increase the use of recycled plastics in electronic 

devices. In October 2020, Philips, Electrolux, BSH, Arcelik, Veolia, Coolrec, and Comet Traitements 

signed a Cooperation Agreement to develop a generic recycled plastic grade for the bottom plate 

of vacuum cleaners. 

2.4.2.2 Design from recycling manual 

In 2017, polymer engineers of CPMT of Gent University, together with product designers from the 

University of Antwerp published a design from recycling manual (Du Bois et al. 2018) with the 

objective to provide SMEs with the knowledge and support to design and produce products from 

recycled plastics and to estimate the sustainability of these products. The manual is organised in 

six main parts: 

1. Technical characterisation 

2. User-centred characterisation 

3. Data interpretation 

4. Materials experience vision 

5. Idea generation 

6. Design phase 

In the beginning of the described process, the material flow is technically characterised in the lab 

using standardised tests. Afterwards, the sensorial and experiential aspects of the material samples 

are evaluated by designers. The results and interpretations from the first two steps result in a 

material experience vision for the material to facilitate the idea generation. Finally, the best ideas 

are further elaborated according to the design guidelines for recyclates.  

The guidelines also list the following tips and tricks for injection moulding with recyclates: 

 Match the geometry of your product with the material properties by adjusting wall 

thicknesses, reinforcement ribs, or the size of the injection sprues. 

 Consider a uniform wall thickness (or at least a gradual transition) to avoid shrink cavities 

and warping. 

 Avoid sharp (internal) corners, even at ribs, for a proper release of the mould. 

 As a result of contaminations in the recyclate, a relatively thick walled product is 

recommended for injection moulding to realise processability (injection mouldability) and 

function (stiffness, strength). 

 Consider sufficient large draft angles, e.g. minimum 1° for rABS and 2° for MPO. 

 Use a cold runner injection system with a simple flow path and sufficient ejectors. 

 Hotplate welding seems to be a good connection technique for MPO, while rABS reacts 

well to ultrasonic welding. 

 Take into account the relationship between shape and technique, in addition to the material 

itself. 
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3 Design for and design from recycling - A story of two separated worlds 

The concept of the circular economy is based on the idea to switch from linear thinking to circular 
thinking throughout the entire value chain. However, as could be observed throughout Chapter 2, 
the concepts of design FOR recycling and design FROM recycling are often treated separately. 
This is mainly due to the fact that there are currently two different “worlds” that operate 
independently most of the time: The world of product development and the world of material 
recovery. The world of product development consists of product designers, moulders, 
manufacturers and consumers. The world of material recovery starts at a product’s end of life and 
involves waste collectors, pre-processors, recyclers, and compounders. The following Figure 
illustrates the relationship. 

 

Figure 11: Bringing together the world of product development and the world of material recovery, 
according to Pezy Group (Dimitrova et al. 2020) 

In order to come closer to the idea of circular thinking throughout the entire value chain, it is 
important to bring these two worlds together. For this purpose, it is useful to focus on the “gates” 
linking one world to another. In the Figure above, these two gates are illustrated as Gate A and 
Gate B. Gate A shows the missing link between the state of a product at its end of life and whether 
it is properly designed for the world of material recovery (design for recycling) and Gate B 
represents the missing link between the output of material recovery (recycled materials) and the 
input requirements of product designers (design from recycling). 

3.1 Design for recycling – Challenges and solutions at Gate A 

The objective of this chapter is to explain what happens at a product’s end of life stage and to show 
the main requirements and challenges from a recycler’s perspective. The analysis is based on 
research conducted in PolyCE Deliverable 2.2 (Berwald 2018). 
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3.1.1 From WEEE collection to plastics recycling 

3.1.1.1 WEEE collection 

WEEE has to be treated under national and international legislation (e.g. the WEEE Directive 

2012/19/EU). The first step towards appropriate WEEE recycling needs to be performed by the 

waste holder, usually the last product user. The waste holder has to discard the waste through the 

correct channel provided by national or regional collection schemes. Information provision to the 

consumer is therefore key at the beginning of the value chain to avoid that resource-rich WEEE 

ends up in wrong waste treatment channels, such as in residual waste. 

The WEEE Directive requires Member States to create collection schemes where consumers can 

return their used waste equipment free of charge. During the collection phase, the first 

segmentation of WEEE is performed. According to Annex IV of Directive 2012/19/EU, WEEE is 

collected in six categories: 

1) Temperature exchange equipment 

2) Screens, monitors, and equipment containing screens having a surface greater than 

100cm2 

3) Lamps 

4) Large equipment 

5) Small equipment 

6) Small IT and telecommunication equipment (no external dimension more than 50 cm) 

Large household appliances (e.g. washing machines, fridges, etc.) or large office equipment (e.g. 

professional printers) are usually collected separately and not mixed with other WEEE streams. On 

the contrary, small electric and electronic equipment are most of the time collected together, 

resulting in a heterogeneous WEEE stream (e.g. toasters, vacuum cleaners, coffee machines) 

which requires further sorting and dismantling. These steps depend on the technologies used in 

the WEEE treatment facilities and include, among others, the removal of hazardous components 

(e.g. batteries, cathode ray tubes, PCB-containing capacitors, etc.). The plastic content of selected 

product categories is presented in the following Table: 

Table 10: Plastic content of the WEEE categories (MGG Polymers 2020) 

Category Share of plastics (%) 

Small Equipment 30% 

Large Equipment 15% 

Screens (CRT and Flat mix) 20% 

Cooling and freezing 18% 

3.1.1.2 From WEEE to Electronics Shredder Residue (ESR) 

After depollution, WEEE is usually shredded into smaller pieces and processed in order to sort the 

largest part of the metals. Some treatment facilities also integrate manual dismantling processes 

next to shredding, when specific high-value components can be better recovered. The sorting 

processes differ from one facility to another, but include most of the time magnets, eddy current 

separators (to remove non-ferrous metals such as aluminium), screening separators, air 

separators, or inductive metal detection equipment. The plastic-rich residue left after sorting is 
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known as Electronics Shredder Residue (ESR). The following figure shows the typical composition 

of ESR in Europe in 2020. 

 

Figure 12: Typical composition of plastic-rich ESR in Europe (MGG Polymers 2020) 

It can be observed from the Figure above that with around 84% of the fraction, plastics represent 

the largest part of European ESR. The remaining 16% are a mix of different organic or inorganic 

contaminants such as wood, rubber, and other smaller fractions that were not sorted out during the 

metal recovery process. 

The plastics part of average European ESR consists to a large extent of ABS (17%), HIPS (14%), 

PC & PC/ABS (12%), and PP (12%) representing together more than 50% of the fraction. These 

polymers are followed by smaller amounts of PE (1%) and plastics containing brominated flame 

retardants (7%) as well as a significant fraction of other polymers and elastomers (22%).  

ESR represents the main input material of WEEE plastic recyclers and the more heterogeneous 

the feedstock is, the more challenging recycling becomes from a technical and economic point of 

view. The following subchapter presents a short overview over the most important plastics recycling 

technologies currently used by recyclers in Europe. 

3.1.1.3 From ESR to sorted plastics 

As of today, the major plastic recycling processes can be divided into mechanical and chemical 

recycling processes. Mechanical recycling of ESR consists of several steps such as sorting, 

grinding, compounding, and pelletizing. Chemical recycling has the objective to chemically degrade 

the polymers into their monomers or other basic chemicals in order to reuse the output for 

polymerisation into new polymers, for the production of other chemicals, or for fuel generation. 

While mechanical recycling processes are more suitable for homogenous waste streams of the 

most commonly used polymers, chemical recycling is more adequate for heterogeneous, mixed, or 

contaminated plastic waste streams (Ragaert et al. 2017). Chemical recycling processes and 

technologies come with relatively high initial investment costs and considerable operating 

expenses, in particular for energy consumption (Rahimi and García 2017). For this reason, 
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mechanical recycling technologies still dominate the plastics recycling landscape. However, due to 

the increased complexity of new products, chemical recycling has been gaining more and more 

attention in recent years. The following Table provides an overview over the current state of plastic 

separation technologies for mechanical recycling and chemical recycling. 

Table 11: Mechanical and chemical recycling processes and technologies 

Plastic separation technologies for 

mechanical recycling 

Chemical recycling processes and 

technologies 

Sink-Float Separation  Chemolysis 

Froth flotation Pyrolysis 

Melt filtration Fluid Catalyc Cracking 

Tribo-electric (electrostatic) separation Hydrogen Technologies 

Magnetic density separation (MDS) Catalytic Pressure-less Depolymerisation (CPD) 

Near-Infrared (NIR) Spectroscopy  Gasification 

Mid Infrared (MIR) Spectroscopy  KDV process 

X-ray fluorescence and infrared spectroscopy 
 

Laser induced breakdown spectroscopy (LIBS)   

Speed accelerators   

Hyperspectral imaging   

Ultrasound technologies   

As of today, the separation of plastics upon their densities is still the most cost-effective automated 

high-volume technology (Gent et al. 2009), in particular using the sink-float separation, a technique 

that will be further highlighted in this section. A detailed description of the different recycling 

technologies including their advantages and challenges can be found in A. Rahimi. & J.M. García 

(Rahimi and García 2017) and in K. Ragaert et al. (Ragaert et al. 2017). 

The sink-float separation technique is the most widely used technique to sort shredded plastic 

flakes. Most of the time water is used as a flotation agent in order to sort polymers with a density 

lower than 1 kg/dm3, such as unfilled PP and PE. All other materials with a higher density sink to 

the ground during the first separation step. By means of a slightly denser media than water, such 

as saline solutions, further separation of the remaining materials is possible. With this technique, 

polymers like PS or ABS can be further separated from heavier polymers and other non-plastic 

materials such as glass or remaining metals. One advantage of this technique is the possibility to 

separate all brominated polymers due to their higher density. Polymers tend to have a density range 

rather than a specific density, for which reason overlaps between different polymers cannot be 

avoided. The graph below shows the density ranges of plastics. 
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Figure 13: Density ranges of the most common polymers in solid plastic waste (g/cm3) (Ragaert et al. 
2017) 

Theoretically, it would be possible to add further fine-tuned density separation steps in order to 

separate further plastic fractions for high-quality recycling. In reality, the plastic fraction increases 

in complexity with increased density, while the volume of the individual polymers decreases. At a 

certain moment, these tendencies make a homogenous separation of the polymers uninteresting 

from an economic point of view. The remaining sink fraction, which often also contains brominated 

flame retardants, usually ends up in energy recovery. 

3.1.2 Recyclers’ requirements for high quality recycling of plastics 

Recyclers’ challenges can stem from various uncertainties related to the upstream (supply side), 
from the internal process itself (recycling technology used), and from specific requirements from 
the downstream (demand side). Some of the main challenges are presented in the Table below. 
They are subdivided into economic, regulatory, technical, and behavioural challenges. 

Table 12: Main challenges for plastics recyclers (Berwald 2018) 

Type of 

Challenge 

Upstream challenges 

(supply side) 

Challenges at the 

recycler’s stage 

Downstream 

challenges 

(demand side) 

Economic 

Feedstock volume 
Price fluctuations of virgin 

and recycled polymers 

Requirements for 

stable volume 

demand 

Opportunity costs of other 

waste management 

strategies (landfill, 

incineration, export). 

Investment costs for 

particular technologies 

(locked-in effect) 

Dependence of 

certain recyclers 

from their (mostly 

larger) clients Export of certain waste 

streams (material outflow) 

Regulatory 

Lack of operational 

standards to reduce 

quality uncertainty 

Regulatory requirements 

(WEEE Directive, RoHS, 

REACH, EFSA approvals 

etc.), and definitions 

(recyclable, recycled 

content, etc.) 

Limited role of the 

public sector (GPP). 

Lack of clarity on how 

(and when) to achieve 

EFSA approval for 

Lack of regulatory 

(quota) or financial 
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recycling to food contact 

on other polymers than 

PET 

incentives 

(subsidies) 

Technical 

Feedstock supply quality 

(presence of unwanted 

materials) 

Effective sorting, quality 

loss 

Requirement for a 

stable (standardised) 

quality from the 

demand side 
Multilayers in packaging 

materials  

Immiscibility of polymers 

leads to lower qualities 

Behaviour 
Feedstock losses due to 

poor sorting and littering 
Feedstock quality  

Consumer (and even 

convertor) 

perception of 

recycled plastics 

 

While recycling technologies in mechanical and chemical recycling have been improving in the past, 

the increased complexity of plastics used in new products (e.g. multi-layer packaging, EEE plastics, 

etc.) makes it even more challenging for recyclers to recover all the different polymers for technical 

or economic reasons. The technical challenges are further elaborated in the following subchapter, 

since they can be addressed by design-for-recycling measures. 

3.1.2.1 Technical challenges from the upstream  

Technical challenges resulting from the upstream are mainly related to the nature and quality of the 

ESR. The presence of a large variety of different polymers in the collected WEEE and in particular 

in the ESR makes it difficult for the recyclers to separate all of them correctly. Since polymers have 

a certain density range, density overlaps can occur (see Figure 13) and it becomes more difficult 

for recyclers to separate them by means of a cost-effective sink-float separation technique. Other 

common separation techniques include:  

 NIR (near-infrared), which (often in cascade) makes a yes/no decision on polymer type 
identification  

 Wind shifting (to remove flexible foils from rigids)  

 Colour sorting  

 Shape sorting (e.g. to separate PET trays from PET bottles) 

 Manual sorting (as a control or for targeted streams)  

Many of these techniques have some practical deficiencies, like the current inability of NIR to sort 
carbon black or missorting by shape (e.g. a compressed bottle might go with trays). However, there 
is some development towards ‘scannable’ black pigments ongoing. More sophisticated techniques 
exist (hyperspectral, magnetic density separation …), but these are typically more costly and have 
not yet been implemented to any significant degree in existing sorting plants.  

Other material related issues can stem from chlorinated materials such as Polyvinylchloride (PVC), 
since they can release hydrochloric acid fumes or dioxins. Moreover, PVC and PET accelerate one 
another’s degradation in the melt phase. The corrosive nature of PVC leads to a quicker 
deterioration of the machinery, such as injection moulding units. The following Figure shows an 
example of corrosion of a steel mould for PP caused by PVC. 
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Figure 14: Trace pollution of 0.1% PVC in PP causing corrosion of a steel mould for PP (Source: 
MGG Polymers) 

The presence of Polyoxymethylene (POM) in the ESR can lead to the release of toxic 
formaldehydes when heated above 220°C. For this reason, these polymers or blends of them are 
not much welcomed by recyclers. The following Table shows the relation between POM content 
and formaldehyde emissions. 

Table 13: POM content and formaldehyde emissions at extrusion (legal limit is 0.5 mg/m³) with state 
of the art emission control of extrusion line. Source: MGG Polymers 

POM content (mg/kg) in 

plastic before extrusion 

Formaldehyde (mg/m³) 

above granulate 

250 1.26 

160 0.76 

40 0.52 

The occurrence of glass fibres and blends of those present another issue for plastics recyclers, 
since these materials are abrasive to the machinery and are not mechanically recyclable without 
loss of properties (due to the inevitable ‘chopping’ of the fibres). Furthermore, blends with a density 
<1.5 g/cm3 can overlap with desirable plastic fractions and lead to impurities. 

Other impurities caused by different non-plastic materials (wood, glass, paints, coatings, etc.) and 
the occurrence of certain substances of concern such as “legacy” substances (heavy metals or FR) 
present another technical challenge. In general, polymers with flame retardants (FR) can cause 
difficulties for recyclers, since they cover a large density range, making a clear separation difficult. 
As an example, the density overlaps between PC/ABS and PC/ABS(P) make it difficult to separate 
materials with flame retardants from those without. Plastics with brominated FR, on the other hand, 
are easier to separate for recyclers, since they end up in the sink-fraction and can be removed for 
incineration. 

Metal-plastic composite parts are more and more often used in electric and electronic equipment 
(e.g. in connectors), but cannot be separated mechanically in their respective components. Also, it 
is not clear if such composites should rather go into metal or plastics recycling. Solvent-based 
separation technologies, such as the CreaSolv® Process, could enable sorting of this kind of 
composites in the future. As of today, this technology is still at the R&D level with several pilots 
running in different parts of the world (Schlummer M. et al. 2020). 

The steady miniaturisation trend that can be observed in mechanical, optical, and electronic 

products involves many advantages, since smaller and lighter products can be easily transported, 

stored, and used. These conveniences experienced by consumers during the use phase come with 

some disadvantages at the end of life phase of the product, since small and highly integrated 

products are in general more difficult to disassemble with standard tools. As an example, the 

integration of components into the circuit board is a trend that renders recycling more difficult. 

Mechanical separation of materials and components becomes more challenging with increased 

miniaturisation and the professional skills, together with the time required for manual disassembly 

render this operation often uneconomic. At the same time, no technical solutions for an automatic 

disassembly of the WEEE stream exist, since it is very heterogeneous. Some few product group-

specific disassembly solutions exist, such as the robots Daisy, Liam, and Dave, developed by Apple 

to disassemble iPhones (Apple 2020). 
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3.1.2.2 Technical challenges at the recyclers’ stage 

One of the main challenges WEEE plastics recyclers have to face during their internal process is 

the degradation of polymers resulting either from mechanical processing or general lifetime 

degradation (aging).  The thermal-mechanical degradation happens during the melt processing, 

while the lifetime degradation results from the lifetime exposure to a variety of different 

environmental factors such as heat, moisture, and light. Degradation is problematic, since it 

provokes changes in key properties such as impact and tensile strength, colour, or the shape of the 

polymer. This is caused by volatile compounds that can diffuse when melting and impact both the 

reprocessed product as well as the processing equipment (e.g. through corrosion). Furthermore, 

when dealing with mixed plastics, recyclers have to face the challenge that polymers have different 

melting points and processing temperatures. When processed together, the processing 

temperature needed for some polymers might be too high for others, leading to further degradation 

and the loss of desired properties (Ragaert et al. 2017).  

3.1.2.3 Technical challenges at the downstream stage 

At the downstream stage, the most important technical challenges for recyclers occur from 

designers’ property requirements for the integration of recycled plastics into new products such as 

colour, smell, stiffness, etc. Virgin high-tech polymers are engineered in a complex way to be used 

in specific applications for which reason target properties can be very demanding for recyclers. In 

this respect, plastic products from ESR suffer from certain limitations concerning mechanical 

properties, colour, or contamination (Schwesig and Riise 2016). These limitations can reduce the 

area of applications for recycled plastics. Since it cannot be categorically ruled out that products 

from ESR contain certain impurities, including substances of concern, they cannot be used in 

products with food contact, toys, or medical devices.  

Indeed, most of the recyclates coming out of European recycling plants are nowadays used in so-

called ‘bulk products’, in the building and construction sector, mainly for quality reasons. In order to 

increase the share of recyclates in higher-value applications, such as packaging, automotive, and 

electrical and electronic equipment, guidelines and standards on responsible design and minimum 

quality standards are needed (CEN/CENELEC 2020). For this purpose, the PolyCE consortium has 

worked out a new approach towards increased integration of recycled plastics in electrical and 

electronic equipment. This approach is presented in the following chapter. 
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3.2 Design from recycling – Challenges and solutions at Gate B 

The main goal of this subchapter is to present design strategies that can help increase the uptake 

of recycled plastics in product design. It is organized into two main parts. First, it presents the main 

challenges for designers to improve the circularity of plastics. Specific challenges at each step of 

the development process are highlighted. The second part of the chapter introduces the Drop-In 

Approach™ that was developed by Pezy Group and is based on many years of experience with 

integrating recycled plastics in new products. The approach comes with a practical three-pillar tool 

for product developers to start designing with recycled plastics. The first pillar is the “Complexity 

Flowchart”, which helps designers to focus on priority parts. The second pillar consists of the “Six 

Step Material Approval Guide” that assists with identifying the most suitable materials to gradually 

reduce risks related to using recycled plastics. Finally, the “Look and Learn” pillar shows the power 

of small-scale demonstrators. This concept was first introduced by Pezy Group and Fraunhofer IZM 

at the Electronics Goes Green 2020 conference (Dimitrova et al. 2020). 

3.2.1 Challenges to improve circularity of plastics 

3.2.1.1 Challenges with recycled plastics 

Virgin polymer materials are often engineered for very specific and demanding applications to meet 

a complex set of requirements or properties. To satisfy these requirements, a large variety of 

different thermoplastics such as styrenics (PS, HIPS, ABS, SAN), polyolefins (HDPE, LDPE, PP), 

and different engineering thermoplastics (PC, POM, PUR, PA) are used. Often, a broad variety of 

additives (both organic & inorganic) are added before processing to change material properties 

such as colour, melting point, flammability, and density, for legal, design, or cost purposes. These 

additives may be pigments (e.g. TiO2, ZnO, Cr2O3, Fe2O3, Cd), flame retardants (often 

brominated organics combined with Sb2O3 or polychlorinated biphenyls (PCBs)), and stabilizers or 

plasticizers, e.g. compounds of Ba, Cd, Pb, Sn, and Zn, or PCBs (Berwald 2018). 

Achieving the same target properties can be very challenging with recycled plastics, since the 

collected material can suffer from limitations with respect to mechanical properties, colour, or purity. 

These limitations can reduce the area of applications for recycled plastics. As it cannot be 

categorically ruled out for certain waste streams that they contain impurities (incl. substances of 

concern), they cannot be used in products with food contact, toys, or medical devices. As an 

example, food contact regulation is currently an important barrier to the increased use of recycled 

content (except for bottle PET).  

On a strategic level, new design options 

need usually to be justified by short or mid-

term commercial benefits and so far only a 

few companies integrate sustainability 

aspects systematically in their product 

strategy, e.g. through a cradle-to-cradle 

certification (Cradle to Cradle Products 

Innovation Institute). To steer sustainable 

innovation, it can be helpful to use the three 

criteria of integral product development (IPD) 

which are desirability, profitability, and 

feasibility. The concept is shown in Figure 

15. The idea is to find the right balance 

between the different criteria to make an idea 

work in practice. 

 

Figure 15: Venn diagram of a 'great idea', 
according to Pezy Group (Dimitrova et al. 2020) 
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Changing materials used for existing products can increase the project risk, if the materials are new 

to the company and not proven over time. For this reason, the choice of the right recycled materials 

needs to be based on thorough technical, legal, and cost considerations. This evaluation is covered 

in the feasibility – viability check of the IPD model. Integrating recycled materials in new products 

should not negatively impact any of the assessment criteria, but should rather enhance at least one 

of them. As an example, it would be possible to imagine the substitution of virgin resins by recycled 

polymers in a new product, if the profitability of the product would increase (e.g. through lower 

material costs) without harming the desirability (e.g. smell, aesthetics, function, etc.) and feasibility 

(e.g. technical requirements like robustness, etc.) of the initial product. 

Since recycled plastics are often new to designers and OEMs, the final outcome comes with much 

uncertainty. This lack of knowledge and increase of risk is one of the major barriers for companies 

to use more recycled plastics. A comparison of main technical and economic attributes for virgin 

and recycled plastics is presented in the table below (adopted from Wagner E. (Eduard Wagner 

2018)). 

Table 14: Attributes for virgin and recycled plastics 
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3.2.1.2 Challenges during the development process  

When designing a plastic product, four product parameters define the properties of the material in 

its behaviour and looks: Material quality (plastic grade), the geometry, the mould, and the production 

process. This sequence defines the logical process a designer follows when creating a new product. 

It is called the development waterfall and illustrated in the following Figure: 

 

Figure 16: Development waterfall of plastic parts, according to Pezy Group 

These four product parameters have a direct relation to each other, which means that changing 

one of them will very likely have an impact on another and the final result. Every plastic grade has 

its own specific properties that have an impact on the mechanical and/or aesthetical behaviour of 

the material. The properties of recycled plastics are not the same as those of their virgin 

counterparts. Shifting the material from virgin plastics to recycled plastics means that at least one 

of the four product parameters will change and affects the end result. It can even be the case that 

the real or perceived performance of the recycled plastics is related to all parameters. The following 

Table summarises specific challenges for each parameter. 

Table 15: Challenges related to recycled plastics in the development waterfall 

Parameter Challenges 

Material 

 Portfolio needed from supplier 

 Suppliers lack material & application know-how 

 Limited colour options 

 Quantity availability over time 

Geometry 

 No part specification (e.g. upper/lower limits of mechanical properties) 

 CP/CPk values uncertain (i.e. tolerances uncertain) 

 No moldflow data (i.e. less predictability than with virgin) 

Mould 

Risk of mould damage due to: 

 Contamination in general 

 Blocked hot runner 

 Surface contamination due to outgassing 

 Extra wear on texturing and high gloss 

 Blocking of air venting (requires extra cleaning) 

Production 

Process 

 Variation in processing conditions 

 Limited acceptance by moulders 

 Full size new process release needed 

 Lot-to-lot stability unknown or unproven 
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3.2.2 The Drop-In Approach™ - A designer’s guide to recycled plastics 

In order to integrate recycled plastics into new products and to reach the required properties, the 

recycled material needs to be perfectly understood. Generally, designers deal with two main 

uncertainties at the starting point:  

1) Translation of the requirements and functions into the product to be developed 

2) The unknown plastic properties 

By ‘dropping in’ recycled plastics into the moulds of an existing product, designers can learn about 

the performance of the recycled material. The parts made from recycled plastics can then be 

compared with existing parts made from virgin plastics. This approach allows to get acquainted with 

the possibilities of the material for future purposes. 

Learning about the possibilities of PCR plastics by using and comparing them with virgin product 

parts is done step-by-step. First, simple shapes can be used to determine certain critical properties. 

Once more confidence is reached, designers can try more complex shapes. This step-by-step 

approach helps to determine if the performance is comparable to virgin materials, what needs to be 

adjusted and whether the material or geometry can be fine-tuned. 

This approach is not only the beginning of the development process for new products made from 

recycled plastics, but can be the start of in-house capacity building. New knowledge about the 

performance of recycled materials will shape the knowledge database, which can be a valuable 

input for future projects. The Drop-In Approach™ was developed by Pezy Group and is built on the 

following three key pillars: 

1) Drop-in complexity level tool 

2) Six step material approval approach 

3) Look & learn 

The drop-in approach starts with applying the drop-in complexity level tool, followed by a six step 

approval approach which guides the designer through the complete process from material selection 

to mass production with parts made from recycled plastics. The look & learn pillar consists of 

demonstrators that provide physical proof of mechanical and aesthetical properties and the 

process. The three pillars are described in more detail in the following subchapters. 

3.2.2.1 Drop-in complexity level tool 

Once a company makes the strategic choice to use recycled plastics in new products, it is important 

to define a starting point. Manufacturers often have a wide range of products within their portfolio 

and each product consist of different plastic parts. All these parts need to fulfil their own specific 

requirements (e.g. mechanical, aesthetical, and legal) which define the complexity level for the 

integration of recycled plastics. 

Building up material application knowledge from scratch comes with hurdles. For this reason, it is 

advisable to start with parts that have relatively low technical and aesthetical requirements and are 

therefore relatively easy to manufacture from recycled materials.  

By evaluating the product portfolio and classifying the product parts from ‘low hanging fruit / feasible’ 

to ‘the cream of the crop / at this moment not feasible’, a roadmap including the starting point can 

be defined (see Figure below). 
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Figure 17: Recycled plastic implementation roadmap 

Important aspects to consider are for instance the availability (quantity and quality) of recycled 

materials, design freedom, aesthetic properties, mechanical and legal complexity, etc. These can 

be assessed through a complexity level tool in form of a decision tree. An example of such a 

decision tree is shown in Figure 18.  

 

Figure 18: Example of a complexity level tool 

Such a decision tree will guide designers step-by-step through the entire process. In this specific 

example, first, the polymer type is assessed. In case it is a polymer that is usually recycled with 

existing recycling processes (e.g. PE, PP, PS, ABS, PC/ABS, PC, PET), the second step is to 

evaluate if the considered part is an external or an internal part of the product and if the part has 

special requirements or specific applications. It is usually easier to substitute internal parts with 

recycled materials, since they come with fewer visual requirements (e.g. high gloss). Specific 

applications, such as medical products, food contact, toys, etc. are not (yet) suited for recycled 

materials. 
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3.2.2.2 Six step material approval approach 

After having chosen the part that will be made out of recycled plastics, the development process 

can start. Based on the initially used virgin plastic type and specific requirements, suitable suppliers 

need to be identified. It is crucial that suppliers provide detailed information and samples of the 

materials which can be tested on a small scale. The mechanical and aesthetical properties of the 

recycled plastics need to be tested first. The results give an indication where and to what extent the 

recycled material deviates from the initially used virgin plastic. The selection of potential materials 

should focus on the most promising one(s). Only then a pilot moulding should follow. 

The following steps focus on the details for the specific application. The design might require some 

changes along the way to match the requirements with the recycled plastic properties. 

Possibly, the product architecture and part 

design can be changed to reduce the 

complexity and to increase the room for more 

recycled material use. 

All sorts of uncertainties such as cost, 

availability,  colour stability, lot-to-lot stability, 

and process capability need to be reduced to a 

minimum to prove that the recycled material fits 

the business case and the technical needs of 

the product. Only then it will be possible to 

move towards large mould trials, product 

assembly, and finally to mass production. The 

six steps are summarised in Figure 19. 

 

Figure 19: The six step material approval 
approach 

3.2.2.3 Look & learn 

Look & learn is the third pillar of the Drop-In Approach™. Demonstrators provide physical proof of 

mechanical and aesthetical properties and the process. First, simple moulds can be used to make 

tensile bars or to perform a spiral flow test (see Figure 20). Furthermore, simple shapes with 

textures or curved surfaces in combination with available colours can give designers an indication 

of what can be reached with the recycled materials. Physical evidence is a powerful and convincing 

way to guide the process and to show the full potential of the material. 

Once enough confidence for the material has 

been built up with all stakeholders, more 

complex shapes can be made. Used moulds 

of existing products are usually an effective 

way to move forward with the new material 

without additional costs for new dedicated 

tools. 

Besides demonstrating the feasibility of the 

new recycled materials, the built-up learnings 

are an important part of the complete process 

of complementing the virgin plastics 

knowledge base with the recycled plastics 

knowledge base. 

 

 

Figure 20: Look & Learn - Start with simple 
shapes and increase complexity once confidence 

is built 
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3.3 Design for & from recycling guidelines 

Environmental impacts arise throughout all phases of a product’s life-cycle and can therefore be 

reduced during the production phase (e.g. through dematerialisation or the use of recycled 

materials), the use phase (e.g. with reduced use of consumables), and at a product’s end of life 

(e.g. by enhancing reusability, reparability or recyclability).  

The main objective of this subchapter is to provide designers with practical guidelines to address 

the requirements and challenges described in previous chapters and to offer concrete solutions in 

form of best practices (do’s and don’ts). The overall analysis resulted in guidelines that focus on 

the product level and the part level and that take into account both concepts: Design FOR recycling 

and design FROM recycling. 

The product level covers the stage from the start of the project until the validation of the concept 

that should ideally take into account the entire plastics recycling value chain. The product 

architecture, used materials, and techniques are defined at this level, which contains the exploration 

and definition phase as well as the concept development phase. 

At the part level, the concept is brought to the concrete production of the product. This includes 

function development, designing and engineering the specific parts of the product, and finally the 

production. At this level, it should be considered to design plastic parts that can be optimally 

recycled and that are made from recycled plastics, if identified as feasible from a technical, legal, 

and economic perspective. The Figure below describes both stages and the different project 

phases.  

 

Figure 21: Concept of the design for & from recycling guidelines, according to Pezy Group  

On both levels the guidelines are subdivided into: 

1. Avoidance of hazardous substances 

2. Enabling easy access and removal of hazardous or polluting components 

3. Using of recyclable materials that will be recycled by WEEE recyclers 

4. Using of material combinations and connections that allow easy liberation 

5. Using of recycled materials 

This list was created by experts from the field based on expert interviews with: Philips, MGG, UGent, 
Enva, Sun recycling, SWEEEP, Kuusakoski and ecosystem.  
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Table 16: Design guidelines on the product level 

Product level - From start to concept 
 

Guidelines and 
 design strategies for 

recyclability 
Rationale 
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Use click/snap solutions 
to fix batteries in a 
product. Avoid 
permanent fixing such as 
glued, welded, and 
enclosed solutions. 

Batteries can cause problems in the recycling process 
if they are not manually removed before they go into 
the shredder. If not removed, batteries pollute the 
material streams and can explode during the recycling 
process.  Batteries are also seen as dangerous by 
consumers, and therefore it is important to make them 
easily removable.  
 
When using Li-ion batteries, use hard cells. Soft Li-ion 
batteries are easily damaged and volatile, which is a 
safety and fire risk. 

To fix valuable 
components (PCBs, 
cables, wires, and 
motors) in a product, use 
metal screws, click 
fingers, press fit, shrink 
foil, self-
screwed/tapering, or 
connectors. Avoid 
permanent fixing such as 
2K (over-moulding, IML, 
insert moulding), PSA 
tapes, glue, melted 
(different plastics, 
enclosures), and welded. 

Recyclers are most interested in valuable components. 
Facilitating the separation of these components will 
lead to a higher yield and less loss in other material 
streams.  

As of today, a significant part of e-waste is still recycled 
in an informal context (especially in developing 
countries), where valuable components are often 
extracted by unsafe methods such as burning cables to 
extract the copper and pouring acids on PCBs to get 
out valuable metals. These methods can release 
different kinds of toxic fumes and can pose a risk to 
human health and the environment. To account for 
these risks, designers are advised not to glue valuable 
components together, but to opt for click/snap-
solutions to enable easy removal.  If valuable 
components are easier to remove, this design feature 
can contribute to less negative health and 
environmental impacts. 

Use drains for operating 
liquids and gasses and 
enable easy removal of 
components such as oil 
tanks, compressors, and 
hoses. 

Some products contain operating liquids and gases 
that can be hazardous for human health and the 
environment. Providing easy to find drains that enable 
the removal of such liquids and gasses should be 
considered at the design stage. In case drains cannot 
be implemented, specific markings indicating where 
the product can be opened (if necessary by applying 
manual force) can help recyclers during the 
dismantling process. 

Use detachment 
possibilities for polluting 
components/materials 
(dust bags, lamps, cord 
sets, cord winders, paper, 
cardboard, textiles, wood, 

Providing detachment possibilities for hazardous and 
polluting components is vital, since they could 
otherwise easily end up polluting the material streams. 
The easier it is to take out these materials, the easier it 
is to keep the material streams pure. In case the 
request for detachment possibilities is not possible to 
fulfil, markings for destructive action can help at the 
first stage of the dismantling/recycling process where 
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foams, glass, and 
ceramics). 

the product breaks open. This usually happens when 
the product falls on the recycling belt. If it does not 
break open at this point, a marking or indication where 
to manually apply force to enable taking out a polluting 
component is helpful. 

Use one module for 
hazardous components 
in the product structure 
to enable taking out one 
non-recyclable module 
instead of searching for 
several different 
hazardous parts. 

Concentrating hazardous components on one or very 
few modules facilitates the recycling process, since it is 
easier for the recycler to detect them during the 
manual dismantling step instead of searching for 
multiple components. This feature saves time and 
effort in the process which can reduce costs 
significantly. E.g. if it is possible, use an external power 
supply instead of an internal power supply. The 
external power supply is likely to contain BFR, but can 
be separated physically at the beginning of the 
recycling process. 
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Avoid thermosets and 
composites.  

Thermosets and composites cannot be recycled. When 
they are necessary, use materials outside the density 
range of 0.85 – 1.25 g/cm3 (the range of commonly 
recycled plastics). 

Do not use plating, 
galvanizing, vacuum-
metallization as a coating 
on plastics, since it can 
result in density change 
of the plastic. 

These techniques connect plastics with metals, a 
combination that cannot be separated in the recycling 
process. 

Avoid the use of coatings 
on plastics such as 
painting, lacquering, 
since it can result in a 
changed density of the 
plastic.   

If possible, avoid coatings, since all forms of coatings 
pollute the material stream or make the recycling 
process more challenging. Coatings change the 
density of the plastic, which can make it end up in the 
wrong material stream. The coating material itself also 
pollutes the streams. Printing of numbers or lines for 
level-indication (which are relatively small compared to 
the entire product) are not a problem and actually 
better than using a sticker for the same purpose. Other 
options are screen-printing, in mould texturing, laser 
engraving.  
 
When a coating is still needed, a density difference 
<1% of the material’s weight is acceptable. Always 
avoid multilayer lacquering. 

Minimize the use of 
thermoplastic 
elastomers.  

Thermoplastic elastomers are not recycled and have to 
be separated. Particles that are not separated can be 
seen as pollutants. 

Avoid the use of foam.  
When foam is necessary, use thermoplastic foam. Do 
not use elastomers or thermosets for foam. 

Minimize the use of 
magnets 

Magnets end up in the ferrous material stream, 
polluting it. 
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 Avoid moulding different 
material types together 
by 2K or xK processes 
(different plastic 
materials injected into the 
same mould, or over-
moulding, or in mould 
labelling) 

Avoid moulding different material types together, since 
the final result will not be recyclable. It is very 
challenging to separate materials that have been 
joined by 2K or xK processes. Therefore, these joined 
materials will end up as waste or (depending on the 
density) they will pollute other plastic streams. 

Example: Avoid moulding a thermoplastic elastomer 
onto PP (e.g. toothbrush). If the material types are the 
same and only differ in colour and additives it is ok to 
use, for example moulding red PP containing 
antioxidants on black PP containing talc. 

In-mould assembly / assembly-injection moulding, 
which uses 2K or xK that does not result in a chemical 
bonding of the materials are ok, since the materials will 
be separated during shredding. No materials will be 
lost. 

Avoid connections that 
enclose a material 
permanently. Avoid 
methods such as: 
moulding-in inserts into 
plastic, rivets, staples, 
press-fit, bolts, bolt and 
nut, brazing, welding, and 
clinching.  

Enclosing a material permanently makes it more 
challenging to separate the different materials. 
Avoiding connections that enclose a material 
permanently helps to avoid polluting the recyclers’ 
material streams. The processes mentioned are typical 
for tightly enclosing one material on another, and are 
therefore recommended to be avoided. 
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For injection moulding 
plastic parts, consider 
more textured surfaces. 
Avoid uniform high gloss 
surfaces.  

Traces of elastomers and glass reduce the quality of 
large high gloss surfaces. 
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Table 17: Design guidelines on the part level 

Part level: From concept to production 
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Avoid the use of brominated 
flame retardants (BFRs) 
such as PBDEs, TBBPA, 
PBBs, HBCDs, etc. in the 
product. 

Plastics containing BFRs can usually be separated 
by recyclers nowadays and end up in incineration. 
Several BFRs are already restricted and it is 
possible that more will become banned in the 
future. If these substances are used in materials 
today, it is likely that they cannot meet the 
requirements to be recycled and reused in new 
products in the future (legacy substances). 
However, it is important to make sure that the 
selected alternative is not worse. 

Avoid the use of substances 
of very high concern (SVHC) 
according to REACH and 
substances classified 
carcinogenic (Carc. 1A or 
1B), mutagenic (Muta 1A or 
1), reprotoxic (Repr. 1A or 
1B) by CLP Regulation in 
housing/housing parts.  

The reason for this recommendation is to impede 
these substances to be contained in future plastic 
recyclates. 

Avoid the use of substances 
that are listed for future 
restriction on the ‘SIN list’ 
(https://sinlist.chemsec.org/)  

These substances are mainly used in plastics as 
surfactants, solvents, stabilizers, plasticizers, anti-
corrosions, pigments, and coatings.  Do not use in 
concentrations above 1000ppm, (0.1% per article) 
per substance.  
 
Background: The ‘SIN list’ is a list of substances 
that are not yet restricted, but are being candidates 
to go on the SVHC list in the future. SIN list 
substances are a good indication of substances to 
be restricted / banned in the future. If these 
substances are used in materials today, it is 
possible that the future waste stream might not 
meet the requirements to be recycled and reused in 
new products in the future. 

Do not use halogenated 
polymers (e.g. PVC, PTFE). 

PVC degrades at the typical processing 
temperatures other polymers such as ABS, PC, 
PC/ABS, PP, PA, and HIPS. The generated 
hydrochloride acid corrodes normal extruders and 
moulds (see Figure 14). 
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Use only common plastics in 
the product such as ABS, 
MABS, PE, PP, PA, PC, 
PC/ABS, HIPS. 

Common plastics can easily be recycled and should 
be considered as a first choice. There are 
established recycling streams for these plastics, 
which means that they are very likely to be 
recycled. If other materials are needed, it should be 

https://sinlist.chemsec.org/
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ensured that the reasons are motivated and 
supported. Other materials currently occur in to 
small volumes in the waste stream to make it 
economically viable to recycle them (see Figure 12). 
 
When other plastics are used than the common 
plastics, alternatives outside the density range of 
0.85 – 1.25 g/cm3 should be considered to facilitate 
separation. 

Avoid polymer blends 

Mono material streams should be the goal. Blends 
like POM/ABS, PA/ABS, PC/PBT, PPE/PS, 
PET/PBT pollute material streams (except for 
PC/ABS, as it can be well recycled). 

Avoid glass fibre filled 
plastics. 

Glass fibres pollute material streams, reducing 
mechanical properties, and cause wear. For a high 
modulus, use mineral filled plastics, e.g. PP-talc can 
be recycled. Carbon fibres are also a better 
alternative. 

Minimize the use of 
thermoplastic elastomers.  

When elastomers are necessary, minimize the use 
of elastomers and choose a SEBS based TPE. 

Most of the elastomers are being filtered out during 
the separation steps. The fraction of elastomers that 
is not filtered out is likely to end up in the PS 
stream. When a SEBS based TPE is used as 
elastomer and ends up in the PS stream, it may act 
as an impact modifier and therefore is doing the 
least harm. 

Avoid the use of thermoset 
rubbers. 

Thermoset rubbers cannot be recycled and should 
be reduced, if possible. In case they are needed for 
functionality, thermoset rubbers can be filtered out 
during the recycling process and will not pollute 
other streams that are recycled.  

Minimize additives in plastic 
materials.   

Additives reduce the purity of the plastic streams. 
For this reason, the real necessity for additives 
should be evaluated cautiously. 
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Avoid magnetic components 
on PCBs 

PCB's contain many valuable non-ferrous metals. If 
magnets are placed onto the PCB, the PCB might 
end up in the ferro stream. In this case, the valuable 
non-ferrous metals are lost and will pollute the ferro 
stream. 

  



 

PolyCE – Deliverable 8.1 – Guidelines on life cycle thinking integration and use of PCR plastics in new electronic products 

53 | 83 

 

 

U
s
e
 m

a
te

ri
a
l 
c
o

m
b

in
a
ti

o
n

s
 a

n
d

 c
o

n
n

e
c
ti

o
n

s
  

th
a
t 

a
ll
o

w
 l
ib

e
ra

ti
o

n
 

Avoid fixing ferro metals to 
non-ferro metals in either 
parts or fasteners. For 
example, do not use a screw 
(ferro metal) to attach a part 
to aluminium (non-ferro). 

If ferro and non-ferro materials are joined and the 
product goes into shredding, it is very likely that 
either the ferro or the non-ferro stream will be 
polluted. The materials are shredded into small 
pieces and either the screw will go with the host 
component to the non-ferro stream or the non-ferro 
part will follow the screw into the ferrous stream. 
This pollutes the material streams. 

Do not permanently fix 
aluminium, copper 
(including brass), stainless 
steel, or steel together in the 
following combinations: 
- If the main material in a 
component is Al (cast), do 
not attach a part of Stainless 
steel, or steel onto it.  
- If the main material in a 
component is Al (wrought), 
do not attach a part of Al 
(cast), copper, stainless 
steel or steel onto it. 
- If the main material in a 
component is stainless 
steel, do not attach a part of 
copper onto it.  
- If the main material in a 
component is steel, do not 
attach a part of copper or 
stainless steel onto it.                                                                      
- If the main material is 
copper, do not permanently 
fix a part of iron, lead, 
antimony, or bismuth to it. 

These combinations are based on the 
thermodynamic properties of the materials, 
indicating which materials are feasible to combine 
and which ones are not. Depending on the main 
material in a component, smaller amounts of other 
materials will end up polluting that stream.  

Some materials are easy to separate, while others 
are rather problematic. A good and easily separable 
material combination will lead to less polluted 
material streams. Since polluted streams often end 
up as a waste fraction, this recommendation can 
also lead to waste prevention. 
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Choose geometries for 
injection moulded parts that 
allow easy flow paths. Avoid 
tight and narrow geometries. 

High shear rates caused by narrow geometries 
stress and degrade polymers. 

For injection mould plastic 
parts, do no use long 
injection paths (length from 
gate to end of product to 
completely fill the product). 

Recycled polymers are more sensitive to shear and 
temperature. A possible solution could be the use of 
multiple injection points. Consider increasing the 
wall thickness. 

For injection mould plastic 
parts, consider more or 
wider venting ports.  

Recycled polymers can have higher emissions 
during production due to pollutants or degrading 
polymers. 

Use virgin plastics for very 
demanding parts (e.g. 
transparent light guides) 

Recycled plastics are different than virgin plastics 
and cannot meet every demanding requirement. 
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3.4 The dEEEterminΔtor - A tool supporting design for and from recycling 

Plastics from WEEE typically include ABS, PC, ABS/PC blends, (filled) PP, and HIPS (Achilias and 
Antonakou 2015). These thermoplastics are – at least theoretically – suitable for mechanical 
recycling (Ragaert et al. 2017). However, plastics converters are still sometimes reticent to use 
secondary raw materials in their products, either because they have little faith in the quality of 
recycled feedstock or because they lack product development tools for the use of recycled 
polymers. With design from recycling, the PolyCE project offers strategic tools that can facilitate the 
effective incorporation of recycled WEEE plastics into high-quality new EEE products.  

Many Original Equipment Manufacturers (OEMs) are reticent to use materials with which they have 
little experience. A simple technical data sheet typically does not suffice to convince designers and 
those that select the materials tend to rely on previous knowledge, established business 
relationships and choose within a set of standard materials (Du Bois et al. 2018). This is a major 
hurdle for the increased use of post-consumer WEEE plastics in new products. Hence, in order to 
valorise as much of these recycled polymers as possible, in an as high level application as possible, 
adapted product development tools are required.  

These kind of tools are developed in two 
distinct forms. First, designers can be 
supported by the design for/from recycling 
guidelines discussed in above chapter. In 
these guidelines the product developer is 
assisted during the design path of either a new 
or existing product, which requires two 
different design approaches. 

The second tool is offered in the form of the 
dEEEterminator (Figure 22), a tactile hands-
on design tool equipped with several materials 
evaluating common EEE-product features 
(Vyncke et al. 2018). This tool is meant to 
bridge the gap between a technical data sheet 
and the actual “feel” of the material. Both 
design tools are complementary to each other. 
For this purpose, the PolyCE project team 
combined them in one single design 
experience box called the dEEEterminator 
box. 

 

Figure 22: dEEEterminator tactile Design 
from/for Recycling tool 

The dEEEterminator offers a wide variety of features, all with their own use in EEE products and 

the possibility to show material properties. Some features also have a double purpose, not only 

giving an indication about the mechanical properties, but also about the effects of contaminations 

and rheological properties. The dEEEterminator tool focuses on visualization of recycled 

thermoplastic resins, but for comparing purposes the tool can also be made out of the virgin 

counterpart. The great variety of features in the dEEEterminator tool is detailed in Figure 23.  
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Figure 23: Features of dEEEterminator design tool 

The different features are described in detail in the following paragraphs. 

(1) Living hinge 

A common feature in plastic parts is the living hinge. This is a thin, flexible section of plastic that 

connects two halves which need to be able to move in an open-closed like relation to one another, 

like in shampoo bottle caps. Cable tie-down points are a possible use in an EEE part. Living hinges 

are commonly used in parts that need to be opened and closed multiple times, but it is also possible 

to use living hinges in parts that only need to be closed once. The advantage of using living hinges 

in plastic products is the reduction of the number of parts. This results in lower moulding and 

assembly costs. The type of hinge used in this tool is the most simple and common type, namely 

the one-piece integral hinge and is used in parts made out of semi-crystalline resins such as 

polypropylene (Rothheiser 1999). With this feature, not only the properties of the living hinge can 

be visually determined (e.g. durability and flexibility), but also some material related properties could 

be assessed, such as whether it is even possible to form a living hinge by injection moulding in a 

conventional mould. This will give an indication of the rheological properties and speed of 

solidification. It is also possible that due to contaminations in the recycled polymer with a diameter 

greater than 0.25 mm it is impossible to form the living hinge. When the living hinge is formed, the 

material can be evaluated on its suitability to be used for this purpose, but also on how easy it is to 

break or tear the hinge, giving the first impression about the strength, stiffness, and brittleness of 

the material. 
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(2) Text 

Text is used on the dEEEterminator to indicate and give more information about certain features. 

The logos of the main design partners are also added to the part. These texts and logos can also 

provide more information about the material. Text and logos in plastic parts are often used to 

indicate production information which needs to be clearly visible. If the material does not allow for 

the text/logos to be clearly formed, it can give an indication about certain impurities in the material. 

(3) Snap fits 

Another widely used feature in EEE are snap fits, used e.g. for the connection of circuit boards to 

the product. Snap fits come in a wide variety of shapes and sizes, tailored to their specific purpose. 

Snap fits can be designed to be easily, hard or impossible to reopen without damage to the part. In 

general, snap fits allow for a cost reduction in assembly and disassembly for recycling cost. By 

using snap fits, no additional materials (like glue or screws) are used for assembly, thereby 

increasing the recyclability and decreasing the cost. Snap fits also allow for different kinds of 

materials to be easily connected e.g. a plastic lid that snaps on a metal canister. An esthetical 

advantage can be achieved with a snap by using inner snaps without access from the outside. 

Furthermore, snap fits are the most energy-efficient way to assemble a product when compared to 

other methods. There is no necessity to use solvents or adhesives, which means no health hazards 

and instantaneous bonding reducing waiting times. However, there are limitations on the use. The 

mould can limit the use of snap fits as does the process e.g. internal strippable undercuts. Some 

types of snap fits are vulnerable to failure due to improper design, fatigue, and acceding stresses. 

Because snap fits are impossible to repair, failure can lead to a complete failure of the assembly, 

unless enough redundancy has been foreseen. Snap fits require specific material properties to be 

successful and only the more ductile materials are suited. Thermal expansion can also result in 

loosening of the connection (Rothheiser 1999). With this feature, the suitability of the material for 

snap fits can be evaluated.  

(4) Square hole 

A less common feature is the square hole. This feature has a very specific purpose. Since square 

holes disrupt the flow of the molten polymer, pigment concentrations can be found around this 

feature. Another effect that can be evaluated is the weld line that might form, after the square hole 

in relation to the injection point. This can give an indication about the rheological properties of the 

material. 

(5) Mould shrinkage 

Polymer materials are susceptible to mould shrinkage. Therefore, moulds are usually designed to 

be bigger than the eventual part, counteracting the shrinkage of the material. Since this is a property 

that is mostly not provided in the technical datasheet, a shrink indication feature was added to the 

part. This feature allows the user to measure a fixed mould distance (70 ± 0.02 mm) and then 

calculate the mould shrinkage from the difference with the part distance.  

(6) Ribs 

A feature used in almost every plastic part/product is the (supporting or connecting) rib. Ribs come 

in all shapes and sizes. In this tool, the selection was made for ribs with a width of 30 %, 40%, 50%, 

and 70 % of the original thickness (3 mm). 

(7) Sink mark indicators 

With this feature, it becomes possible to evaluate sink marks caused by the ribs, this can be done 

in combination with the sink mark indications on the back of the tool. The ability to fill both ribs in 

line with and perpendicular to the flow will give an indication about the rheological properties. 

Possible contaminations can also disrupt the filling of these ribs, which also gives an indication 

about the purity of the resin.  
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(8) Screw boss 

The screw boss feature has many uses in the typical EEE product, as well as in other products. 

Examples are corded and cordless drills. In this product, screws connect the two clamshell parts. 

Here, the screw taps its threads in the screw boss and secures the two parts together. Advantages 

are the possibility to reopen the part for maintenance, fixing or replacing inner parts, as well as the 

strength of the connection, which exceeds that of snap fits. However, this way of assembling is 

more labour intensive and requires extra materials (screws). The screw boss was added to make it 

possible to test the suitability of the material for this purpose by screwing in a screw and evaluating 

the force it requires to drive in the screw, checking if the materials break under the force exerted by 

the screw, and the force required to pull the screw out of the boss.  

(9) Dome 

To reduce shear stresses during injection moulding, it is common to add a small dome on the 

opposite side of the injection point. This makes it possible to inject the materials with higher speeds 

and to increase the production rate. It can also be added to avoid high shear stresses in sensitive 

materials. This feature was added because of the wide variety of materials that will be used to make 

this tool. It allows for the best possibly chance to produce a successful product.  

(10)  Stiffness test 

A feature that is solely used for the evaluation of mechanical properties of the material is the 

stiffness test. The stiffness test is a bar (thickness of 1.5mm) that can be pushed down with a finger 

to evaluate stiffness. The first time this is done, a break loose connection must be broken, which 

can give an indication about the strength and brittleness of the material. By holding the stiffness 

feature down for a certain amount of time and then releasing it, the stress relaxation can be 

evaluated, based on the degree to which the bar returns to its original position.  

(11)  Mid-plate thinning 

On the right-hand side of the stiffness test, a mid-plane thinning feature was added. This feature 

has is use in EEE products were partial transparency is required e.g. were LED lighting needs to 

shine through the part. This will not influence the aesthetics of the parts when not in use and will 

have a minimal effect on the structural properties of the part. With this material, the rheological and 

speed of solidification can be evaluated, since the surroundings of this feature will most likely fill up 

first before closing the feature itself. This could also result in weld lines or a diesel effect.  

(12)  Surface finish 

Surface texture is a very important aspect of the aesthetics of a product, which in turn is of great 

importance for the marketing of EEE products. In the front of the tool, two fixed surface finishes are 

added: one with lens quality (SPI A1) and the other with a matte surface texture (VDI 27). This 

allows the evaluation of colour and impurities.  

(13)  Replaceable roughness inserts 

In the back part, two removable inserts make it possible to have six additional surface textures 

according to the request of the client. These surface textures each have a surface area of 10 x 30 

mm2.  

(14)  Various thicknesses 

The dEEEterminator also contains five different thicknesses throughout the tool from 1 to 3 mm 

with 0.5 mm increments.  

(15)  Key chain hole 

On the two smallest thicknesses two holes were added to evaluate weld lines and make it possible 

to connect several dEEEterminators via a keychain. 
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The following Figure shows the moulded dEEEterminators: 

   

Figure 24: Moulded examples of the dEEEterminator 

The dEEEterminator box 

The complementarity of the design guidelines and the dEEEterminator makes it a logical choice to 
combine them as a whole. Combined in a design box they form an ideal starter kit to boost the use 
of PCR WEEE plastics being it in the EEE sector or other.  

The dEEEterminator box is used as a carrier for fifteen different dEEEterminator tactile design tools 
and the design guidelines. The possibility to ad many different materials gives great advantages 
towards the product designer. It provides the possibility to decide on a wide selection of recycled 
materials and not to restrict any decisions made. Furthermore, it also makes it very easy to compare 
materials for less experienced developers. In order to complete the practicality of the box, technical 
datasheet cards of the materials are included. With this total experience design for/from recycling 
tool, it is possible to lower the bar for implementing high-end recycled WEEE plastics in the industry. 
Next to the guidelines, experience gained from the various demonstrator cases is included in the 
booklet. The box targets product developers and designers alike, and gives them all the tools and 
knowledge needed to implement recycled materials in the EEE-products of tomorrow. The concept 
of the dEEEterminator box is visually represented in Figure 25. 

 

Figure 25:  The dEEEterminator box 
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4 PolyCE case studies 

This chapter presents selected case studies from the H2020 PolyCE project that follow the design 

for/from recycling approach described in the previous chapters. 

4.1 Pezy demonstrator – a new product 

Pezy Group is a Dutch design and engineering agency for innovative products and partner of the 

PolyCE consortium. More than 25 years ago, the company started as a technical product 

development company and has now grown into a full-service product development agency with a 

team of 85 specialists in design, engineering, electronics, and industrialization. 

Wireless Value, a ‘design centre’ for wireless products based in the Netherlands, develops among 

others wireless measuring and control systems. For one of their products, the Wisensys housing 

line, Wireless Value partnered up with Pezy Group. WiSensys is a wireless sensing system that 

offers accurate measurement, secure transmission, and logging of the output signals from a variety 

of sensors. 

The main challenge of the project was to reduce the product portfolio to a few basic models that 

can deliver a range of designs and to follow design for and design from recycling rules developed 

within the PolyCE project. The final product is depicted in Figure 26. 

The design integrates multiple functions into 

one single product made from post-consumer 

recycled plastics. Pezy had to make sure that 

the material does not affect the measurement 

accuracy of the different sensors and that the 

design fully complies with circular design 

principles. The quality of the casings had to be 

as high as previously with virgin plastics.  

Developing a new, sustainable product by 

following the guidelines starts with recognizing 

the main hurdles along the way and eliminating 

them step by step. The development process 

starts by listing the key points of attention and 

the different available options for PCR plastics.  

Figure 26: WiSensys housing product line 

Options for PCR plastics 

The options for PCR plastics need to be explored as early as possible in the development process. 

For the housing of the WiSensys, black PCR ABS from MGG Polymers was used. The material 

was tested on a small scale in existing moulds to learn about the material and to build up enough 

experience about its quality and behaviour. Key points of attention were the processing behaviour, 

product behaviour and aesthetics.  

The differentiation of the various sensor configurations is indicated with a coloured ring on the 

WiSensys. Colour limitation remains a key challenge for recyclers and it is important that a company 

consults multiple recyclers with their specific requirements to ensure that the entire range of 

possibilities is explored beforehand. When using PCR plastics, bright colours are not yet widely 

available, since the options usually vary from (dark) grey to black for ABS. 
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A second possible source is post-industrial 

recycled (PIR) plastics, which can offer full colour 

freedom by means of customised compounding 

steps. This source comes with its own challenges, 

such as availability and price. Last, but not least, 

one obvious option would be to use virgin plastics 

with masterbatch colouring to guarantee colour 

freedom. In the case of the WiSensys, PIR and 

virgin plastics were technically feasible options as 

is shown in Figure 27. 
 

Figure 27: Virgin vs PIR coloured ring 

From a purely economic point of view, the use of virgin plastics with masterbatch was the most 

interesting option, since the need for custom compounding for PIR, combined with the low 

production volumes made the use of PIR plastics a less beneficial option in this particular case. 

However, this trade-off needs to be performed case by case. 

Design for shredding 

One of the key aspects of developing a sustainable product is maintaining the resources, meaning 

ensuring the recyclability of the product by anticipating how the product is going to be treated at its 

end of life.  

In WEEE recycling, small equipment is usually 

shredded to break up the product into single-

material parts before washing and separation. 

To facilitate the shredding process, a product 

design that facilitates recycling should avoid as 

much as possible glues, tapes, or other 

permanent fixings/enclosures. Instead, it is 

recommended to use screws or snap-fits to join 

two or more parts together, see Figure 28. 

 

Figure 28: Design for shredding screw 
connections 

Specific requirements  

Some products may have specific requirements that are not found on a standard technical data 

sheet. In the case of the WiSensys, a key requirement for the housings is to not cause any 

interference of the transmitting signal. For this purpose, a prototype box with similar wall thickness 

was made and used to test the radio frequency shielding of the PCR material compared to 

colourless and black virgin ABS. The PCR ABS was marked suited for application as results showed 

no differences in signal strength. 

Logo on the product 

Several options are available to add a logo to a product. However, when it comes to recycling, some 

options are more favourable than others. Two possibilities with little to no impact were evaluated 

for the case of the WiSensys. The first option was tampon printing. Tampon printing offers colour 

freedom and allows for some small detailing without significantly impacting the recycling process. 

However, this option requires an extra production step. The second option analysed was an in-

mould textured logo. This option does not require any additional production step, nor the use of 

another material (lacquer). Texturing requires an initial investment during tooling production and 

colour contrast cannot be added. Both options comply with the design for recycling guidelines, 

although using no lacquer is still preferred. As a result, an in-mould textured logo was used. 
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Sealing 

The medium housing size of the WiSensys is required to be waterproof. Various options were 

considered, but the need for a soft rubber-like seal was inevitable to ensure full functionality. A TPV 

was chosen in the end, based on its performance. Besides this relatively minor part, all the products 

fully comply with the guidelines developed within the PolyCE project. 

 A successful market release with positive feedback from the consumers showed that using 

recycled materials and following the design for recycling guidelines can result in a sustainable, 

profitable, and desirable product. 

 

Figure 29: WiSensys medium sized housing 

 

Figure 30: WiSensys small 
housing with different coloured 

ring indicators 

The following table summarises the key learning of the WiSensys case study. 

Table 18: Key learnings - WiSensys 

Technical 

 Colour freedom is still often limited when using PCR plastics. However, 
recyclers have been significantly progressing on this topic in the last years. 
In the case of the WiSensys, PIR plastics were considered as a technically 
viable alternative, but could not compete against virgin plastics due to low 
volume. 

 The main housing of the WiSensys is made from PCR ABS. The 
differentiation is made with a coloured ring produced from virgin ABS. Only 
for the medium-sized housing, the need for a virgin coloured TPV was used 
to ensure functionality (waterproof sealing). Positive feedback from the 
consumers proved that using recycled materials can result in a 
sustainable, profitable, and desirable products. 

 It is crucial to define the critical to quality (CTQ) parameters and to do in-
house testing. Special requirements can be tested e.g. radio frequency 
shielding in the case of the WiSensys. 

Economics  While the price of virgin plastics usually correlates with the oil price, the 
price of recycled plastics is less volatile and reflects mainly the investments 
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in the recycling process, operating expenses as well as labour costs. Most 
of the time, recycled plastics are cheaper than their virgin counterparts, but 
in some cases like e.g. for colour matching, using recycled plastics could 
be economically less favourable due to special compounding steps 
needed. Masterbatch colouring in the case of virgin plastics could be a 
cheaper option. 

Organisational 

 Start sourcing materials early. This will facilitate making decisions based 
upon what is known or unknown about the material. Look out for any 
specific hurdles that are not applicable when using virgin plastics: 

o Material availability (does a recycled grade exist) 

o Material quality consistency over time 

o Functional requirements 

4.2 Philips demonstrators – A drop-in approach 

Philips is a Dutch multinational conglomerate corporation that was founded in 1891. It has a revenue 

of around 19.4 bn EUR (2019) and employs more than 80,000 people around the world. Philips is 

part of the Circular Plastics Alliance. As a partner of PolyCE, Philips developed numerous 

demonstrators within the project using recycled plastics. The three most prominent demonstrators 

are discussed in this subchapter. When looking at the complexity matrix (see chapter 3.2.2, Figure 

31), one can see that that several red (high risk for implementation) and orange (medium risk for 

implementation) fields were tackled in the demonstrators. 

 

Figure 31: Complexity level tool for Philips demonstrators 

The demonstrators show that in general it is possible to implement PCR ABS and PCR PC/ABC 
sourced from WEEE and PIR PC in new EEE products with minor design changes. However, when 
high product requirements are needed, further development on the material level could be required.  
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4.2.1 Senseo Viva Café Eco  

The Philips coffee department was challenged to develop the most sustainable Senseo coffee 

machine yet, by closing the plastics loop without compromising product design and coffee taste. 

Based on the design of the Senseo machine already on the market, different possibilities to 

integrate recycled plastics in the product were evaluated using the complexity level tool. Moulding 

and product validations in Senseo and Espresso machines showed positive results for applications 

of PCR ABS and PIR PC. Furthermore, colour freedom was one of the major challenges in this 

case. Together with Sitraplas, it was possible to develop adequate colours namely PolyCE green, 

nougat brown, diffuse white, deep black, and smoky translucent black with recycled PC. 

For the large housing parts the 

PolyCE project partner MGG 

polymers delivered a super high 

gloss, deep piano black recycled 

ABS. With the Senseo Eco 

demonstrator challenges like 

material availability, heat stability 

and colour freedom could be 

overcome. The Senseo Eco 

exceeded all initial expectations with 

a recycled content of 75% and 

showcasing the possibilities for the 

integration of recycled plastics in 

new products. The final product is 

depicted in Figure 32.  

Figure 32: Senseo eco demonstrator 

4.2.2 Floorcare standard and high-end  

In this demonstrator, moulding and product validation of 13 

different parts showed positive results for the implementation 

of PCR ABS from MGG Polymers. The requirements differ 

for the different parts, but the most important critical to quality 

(CTQ’s) parameters were impact, climate tests, aesthetics, 

and fatigue. The major differences as compared to virgin 

ABS could be found in processing. The highest effort in this 

demonstrator was put into optimisation of the processing 

parameters to compensate mould shrinkage, the flatness of 

round parts, and lower melt temperatures. 

As Philips was already using recycled PP in this product, it 

was possible to make fully functional bagless vacuum 

cleaners from WEEE sourced recycled plastic (>75% 

recycled plastics) in two different configurations. First, in an 

un-lacquered step-in model (see Figure 33) and a lacquered 

high-end model. Prior to the demonstrator trials, test 

mouldings of the material showed that the quality of some 

recycled plastics is very high today. In some cases, the 

recycled material was even outperforming aesthetical 

expectations as is showcased in the high gloss black vacuum 

cleaner. 

 

Figure 33: Philips floorcare 
demonstrator 
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4.2.3 Men’s care, shaver frames  

Shaver frames are functional parts used in millions of Philips products produced in Europe and 

China. Successful implementation of recycled plastics would mean a big step towards reaching the 

CPA goals set by Philips. Two materials were tested in this demonstrator, a black PCR PC/ABS 

and, light grey PIR PC/ABS. The part has high CTQ’s on dimensional stability, water tightness 

(IP67), drop testing, and chemical resistance. Production and full release test results were mainly 

positive for the implementation of black PCR PC/ABS from MGG Polymers. One issue that requires 

additional testing is the chemical resistance of PCR PC/ABS, which is lower than he one of the 

virgin grade. 

This causes small cracks to form in the 
adapter plug inlet due to locally higher forces, 
affecting the water tightness. New design 
rules are developed to decrease the force and 
tolerances of this module. Secondly, a need 
to either adjust the process window or 
optimise moulding parameters to counteract 
the slightly higher shrinkage is needed. 
Implementation of the recycled PC/ABS inner 
frames and new design rules is expected for 
2020/2021. 

 

Figure 34: Philips shaver demonstrator 

The following table summarises the key learning of the Philips demonstrators. 

Table 19: Key learnings - Philips demonstrators 

Technical 

 Further material development is needed to further optimise properties like 
impact resistance, chemical resistance, materials shrinkage, and plastic 
strength in relation to part design. 

 IEC ball pressure requirements for PCR ABS part can lead to failure above 
90°C. 

 Colour/gloss requirements of Philips are high, but are possible to reach with 
PCR ABS. 

 Mould pollution over time can add business case costs as more frequent 
cleaning is needed.  

 A positive trend in recycled plastics is that odour perception is improving.  

 The quality of recycled plastics sourced from WEEE has been improving 
over the last years and the current black PCR ABS grades are close to 
virgin. The next major step is colour freedom by compounding, colour 
sorting, or chemical/physical recycling technology.  

 It takes time for businesses to shift from virgin to recycled plastics as each 
product and part needs to be validated. 

Regulatory 
 Business risks like RoHS and REACH safety are always relevant and can 

be met by recyclers. Philips asks recyclers to perform more frequent batch 
testing and in-line statistical process control when possible. 

Economics 

 Financial compensation in the form of tax benefits, recycled material refund 
at procurement stage, or a virgin plastics tax could help generate positive 
business cases and change the playing field for companies using PCR 
plastics in high volume, low margin consumer goods.  
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 Philips is, for now, open to switch to sustainable materials under cost-down 
scenarios. This is logical as a drop-in approach will not gain quality 
improvements and/or added functionality. 

 More validation efforts & costs are needed when using recycled plastics. 

 UL listing is needed for materials used in products intended for the US 
market. The associated costs for the UL Yellow Card tests are usually too 
expensive for the volumes recyclers produce. On top of this, recyclers need 
to deliver more lots compared to registration for virgin plastics, which 
increases the costs even more. Levelling the playing field in the future is 
needed.  

Behavioural 
 The market shows that not all consumers/countries are asking to use more 

recycled plastics. 

4.3 Imagination Factory demonstrators - a new product 

The Imagination Factory (IF) is a London based product design studio and partner in the PolyCE 

project. Collaborating with professionals from commercial, academic, and creative backgrounds 

and a team of designers and engineers, IF delivers a competitive edge when developing products. 

Together with Fundwaste, a UK based company that incentivises their customers to sort their paper 

and plastic recyclables into tradeable commodities, IF designed a waste management sensor that 

is shown in Figure 35. 

Working between companies and recyclers, Fundwaste 

uses smart technology, artificial and business 

intelligence to support their waste to wealth 

infrastructure. The goal of the Fundwaste demonstrator 

is to design a product with recycled plastics using 

design for and design from recycling strategies. 

Essentially, this demonstrator is a smart waste 

management sensor made from recycled materials that 

uses various measuring techniques and AI to keep track 

of valuable recyclable materials.  

 

Figure 35: Fundwaste sensor concept 

Main components  

The main component of the Fundwaste demonstrator consists of the body (front and back cover) 

and a control knob. These three components are produced with the same material, slate grey 

PC/ABS, complying with the guides developed within PolyCE. Furthermore, the product comes with 

internal electronic components and a transparent lens cover (see next point). The housing is 

screwed together, such that it breaks up easily during the shredding step in the recycling process. 

Transparent lens cover 

The Fundwaste demonstrator uses an infrared (IR) camera to monitor the waste source. Using 

artificial intelligence (AI) it is possible to detect issues with the source. To ensure reliability, the inner 

electronics are protected by a housing. For the IR-camera to perform as desired, it is necessary to 

use a material which does not block the infrared spectra used by the camera. Typically, PMMA is 

used for such applications as it does not cause any disruptions. However, obtaining recycled PMMA 

from both post-consumer and post-industrial sources with the quality needed is not possible yet. 

Therefore, only virgin material qualifies for this type of application. At the recycling stage, the lens 

cover will easily break apart from the other parts as the design uses a press fit (prototype) or snaps 

to fix the lens cover to the main body. This design choice allows to separate the material from the 

rest. The best option for recycling would be to use compatible materials that do not significantly 

influence the quality of the material stream. In this case the body is made from PCR PC/ABS and 

therefore the option of a PC lens cover was considered. However, functional requirements did not 

allow the use of PC as it tends to block the IR spectra. 
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Injection moulding trials of the back cover and 
button showed no issues for production. An 
interesting result was obtained regarding the 
rheological/flow behaviour for the back cover. 
Figure 36 shows a moulded front cover. Looking 
at the gas sensor grit, one can see the part is 
not completely filled. Previous to the mould 
development, mould flow analysis did not show 
any issues with the filling. 

 

Figure 36: Frontcover Fundwaste housing 

 
Figure 37 shows a comparison between the simulation (left) and the first injection moulding trials 
where the issue is clearly visible (right). The problem could be resolved by reducing the amount of 
holes per cm². This finding provides further insights in material flow behaviour and shows that it 
can deviate from flow simulations. Currently the question is investigated whether it is a software 
or a material issue. 
 
 

 

Figure 37: Mould flow simulation compared to first moulding shots 

The following table summarises the key learning of the Imagination Factory demonstrator. 

Table 20: Key learnings – Imagination Factory demonstrator 

Organisational 
 Design for and from recycling strategies help in decision making during the 

development stage. These strategies need to be implemented from the 
start of the developing process. 

Technical 

 Using recycled materials to develop new products is not as cumbersome 
as sometimes stated. When being aware of the specific hurdles, the 
process shows many similarities with a standard design process.  

 Testing specific material properties and prototyping simple parts is key to 
create confidence and expertise in implementing recycled materials. 

 Stick to bulk polymers: Bulk polymers (PP, PC, PC-ABS, ABS, HIPS) are 
widely used in EEE-products. Logically, these are the target polymers for 
recyclers. Using and selecting these materials will ensure supply 
throughout the years. 

 Compatible material design: When a multi-material design is necessary, 
use compatible materials when possible. 

 Use recycled materials when possible: Using recycled polymers is not 
always possible, mostly due to the need for speciality polymers, colour, or 
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specific requirements. However, listing these key requirements per part will 
help define opportunities. 

 The rather restricted material portfolio of recycled plastics can be a hurdle 
for designers. 

 Colour freedom remains a hurdle for many products other than industrial 
equipment. 

Economics 
 Using recycled plastics in products/business with affinity to recycling in 

general can result in commercial credibility. 

4.4 ONA demonstrator – a new product 

ONA is a design editorial with a strong link to architecture, art, and culture and a passion to create 
lighting designs and custom lamps for their clients. Within PolyCE, one of ONA’s goal was to 
develop a high-end design fixture for LED lighting considering the design for and from recycling 
strategies. For this purpose, ONA started implementing PCR/PIR plastics in more future high-end 
lighting components.  

From the very beginning, ONA set out to design a product with a 
noble and durable appearance. Normally, “noble and durable” 
would rather refer to using materials such as metals, exotic woods, 
and ceramics, rather than plastics. This was one of the main 
challenges for ONA on top of not having any previous experiences 
with plastics on this scale. Usually, it is advisable to start with 
internal/non-visible parts that do not have any challenging 
requirements for recycled plastics like transparency/translucency or 
high gloss. However, quality and aesthetics are at the core of 
ONA’s products for which reason there was no easy solution. In the 
following, the key hurdles from the design process of the ONA 
demonstrator are listed. 

Modularity 

A modular design allows for versatile end products. The concept of 

modularity was followed during the design process, resulting in a 

single part, “the boomerang”, which can be used in many 

configurations, enabling a whole family of lighting fixtures without 

the need for additional tooling. Modularity also has the advantage 

that broken parts can be easily replaced or reconfigured without the 

need to replace the entire product which can extend the overall 

lifetime. 

 

Figure 38: Modular light 
fixture design concept 1 
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Figure 39: Modular light 
fixture design concept 2 

Transparency  

The initial goal at the concept stage was to use PCR plastics. 

However, during the development stage, it became clear that 

materials with such high-quality requirements, in particular with 

respect to transparency, were extremely difficult to find or did 

not exist. Therefore, plastics from both post-industrial and post-

consumer sources, even outside of WEEE, were used. A noble 

appearance of the final product could be achieved by sourcing 

only the best-recycled materials available from packaging and 

other waste sources. 

Moulder experience 

During the production process, ONA learned that it is not only 

important to use the right materials, but also to work with 

experienced moulders. Some first moulding trials with virgin PC 

resulted in failed parts. When partnering up with a more 

experienced moulder this problem could be solved. 

The following table summarises the key learning of the ONA demonstrator. 

Table 21: Key learnings - ONA demonstrator 

Technical 

 Modularity in design: modularity is a great way to design a versatile product 
and to allow easy replacement of parts. Modularity can even be beneficial 
for recycling as parts usually break apart easily during shredding. 

 Colour limitations: obtaining colour freedom and transparency with 
recycled polymers is one of the big challenges today.  

 PIR over virgin: When PCR plastics do not meet requirements, it is worth 
exploring PIR grades. A higher purity and colour freedom can be obtained 
from these sources. Compared to virgin, PIR plastics are still a more 
sustainable option. 

Organisational 

 Find a good moulder: Experience and the will to obtain good results of the 
person handling the material are key to success. During the moulding trials 
no satisfactory results could be obtained in the beginning. Changing to a 
more experienced moulder lead to success. 

4.5 Whirlpool demonstrator – a drop-in approach 

Whirlpool Corporation is the leading appliance manufacturer in the world with approximately $20 

billion in annual sales, 77,000 employees, and 59 manufacturing and technology research centres 

in 2019. The company markets Whirlpool, KitchenAid, Maytag, and other brands in nearly every 

country in the world. Whirlpool is committed to sustainability and is part of the Circular Plastics 

Alliance. 

Whirlpool’s PolyCE demonstrator starts with the separate treatment of end-of-life appliances in 

dedicated clusters. The scope includes performing multiple series of material tests to characterize 

the key physical-mechanical performances including lab-scale material testing and, in case of 

positive results, production-scale moulding trials. Whirlpool focussed on components for washing 

machines made of PCR-polypropylene (CaCO3 filled), and refrigerator components made of PCR-

polystyrene. PCR-plastics for these two applications cover the majority of the total thermoplastics 

used (>85% of the total thermoplastics volume). The main challenges of this demonstrator are 

related to the quality, performances (visual and physical), and legislative compliance of PCR 

plastics that should not compromise the product and component requirements. 
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4.5.1 Washing machine component 

Washing machines are collected and treated in the large domestic appliance (LDA) cluster including 

washers, dryers, dishwashers, cooking appliances, etc.  

For this demonstrator study, the cluster was reorganised to 
limit the material diversity and (plastic) contamination coming 
from other appliances. Maximizing the chances of obtaining a 
recycled filled-PP grade suited for the production of washer 
tubs. Two clusters were selected and treated. 

 Washing machines (only washing machines from the LDA 
waste stream) 

 Washing machine tubs (only the tubs from the LDA waste 
stream, see Figure 40) 

Results did not show any significant difference in the 
quality/contamination of the flakes after pre-treatment. For this 
reason, it was decided to proceed with the ‘washing machines 
only’ cluster (entire machine). Nevertheless, an improvement 
in material quality could be observed when compared to 
current pre-treatment protocols. 

 

Figure 40: Washing machine tub 

Washing machine tubs have high technical requirements such as high mechanical and chemical 
stress resistance due to high rotational forces and detergents. The material also needs to comply 
with RoHS and REACH legislation. Legislative, chemical, thermal, mechanical, and other properties 
were shared with the partners testing the material for compliance. Tests performed on recycled 
filled-PP prove that on the property level, the material is suitable for the intended application without 
the need to upgrade the properties. For processability, results from industrial trials show no 
difference to virgin. 

4.5.2 Refrigerator component 

Refrigerators and freezers are currently treated separately from other large domestic appliances, 
because of hazardous cooling liquids/gases such as hydrocarbons or halogenated chemicals. This 
can be seen as an advantage for recycling, as the material stream is rather clean. In this case, 
three other clustering possibilities are explored. 

 Only refrigerators (standard cluster) 

 Only white drawers 

 Only transparent drawers 

The selection was made with two possible applications in mind. First, the current cluster could result 
in a HIPS grade suited for fridges and fridge door liners. However, food-contact legislation can be 
an issue as contamination with PU (insolation) cannot be excluded. On the other hand, the 
probability for contamination is lower for the fridge drawer clusters which could increase the chance 
to obtain food-contact approval. The idea was to use the output of the recycled drawer clusters as 
an injection moulding grade for the production of new fridge drawers (closed-loop application). 

The ‘transparent drawers’ cluster was partially set up to obtain a transparent PCR grade. However, 
trials showed that it remains challenging to obtain transparent grades from mechanical recycling. 
This is largely due to impurities coming from shredding processes. Since the results did not justify 
the extra-cost for sorting the drawers cluster, it was decided to continue with the standard cluster 
(refrigerators only). As food contact regulation is the main challenge for WEEE sourced plastics, 
only feasibility trials could be set-up to explore technical feasibility.  

Properties of materials coming from two different recyclers showed that on a property level the 
material is suitable for the application. Most significantly, the material showed no major differences 
in the mechanical performance after thermal aging and environmental stress cracking. Both 
materials were of similar quality, which means that testing one material on processability was 
sufficient. 
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Results from the industrial trial 

Refrigerator liners are large thermoform products. Therefore, a large sheet was extruded in the first 
place. Both, the ability to extrude and thermoform the material was tested by means of industrial 
trials. Two compositions of currently used virgin HIPS (vHIPS) and recycled HIPS from the standard 
fridge cluster (rHIPS) in an 80/20 and 50/50 m%/m% ratio and neat rHIPS were tested, respectively.  

Extrusion and thermoform parameters were not changed when compared to current “standard” 
production. After thermoforming, the liner was foamed with insulation foam and assembled as 
usual. Afterwards, the liner was put through in-house testing protocols, e.g. environmental stress 
cracking. A legal obligation for fridge liners is food-grade approval and in particular compliance with 
Regulation (EU) No 10/2011 and amendments. 

The overall conclusions of the HIPS trial were very positive. All properties, industrial trials, and 
functionality tests (ESCR) showed positive results. From an esthetical point of view, some colour 
optimisation would be needed, but this seems to be feasible with current technology. One main 
result of this trial was that from a technical point of view the recycled material could in theory replace 
the current virgin grade. 

However, the trials are on hold at the moment, since food-grade approval is not possible for recycled 
WEEE plastics. This remains the biggest obstacle for applying recycled plastics inside refrigerators. 
As of today, none of the recycled PS sourced from WEEE went through the process to obtain food-
contact certification (European Commission 2008). Information collected during this study shows 
that HIPS from WEEE is currently not high on the priority list of the legislator to be evaluated for 
food-grade applications. Until this approval becomes an option, the production of 100% rHIPS fridge 
and fridge door liners will remain impossible. The following Table summarises the key learning of 
the Whirlpool demonstrator. 

Table 22: Key learnings - Whirlpool demonstrator 

Technical 

 Closed loop and clustering: Closed loop recycling and clustering showed to 
be beneficial for the quality of the recycled material and its applicability in 
the targeted product. Material sources from similar applications have a high 
probability to fill in all necessary requirements (mechanical, aesthetical, 
processing) for use in the same new products.  

 Hazardous legacy substances: in cooperation with Erion, RoHS and 
REACH compliance is tested on both flake and pallet levels. Although some 
flakes did not comply, the substance gets diluted during the compounding 
process, ensuring compliance on the pellet level. 

Regulatory 

 Food contact approval: obtaining a food-contact approved treatment 
process is very difficult for recyclers of both WEEE and other waste 
sources. A large effort is put in what is needed to obtain food contact 
approval for HIPS from WEEE. However, as of today, due to not 
harmonized pieces of legislation, it seems not to be possible. If in the near 
future this would be harmonized, approved processes could mean a boost 
in recycling and recycled material uptake. 

 Contributing to the circularity of plastics: if it would be possible to re-arrange 
waste clusters and collection schemes to obtain closed loop recycled 
plastics, the circular economy could get a boost with manufacturers like 
Whirlpool setting an example. 
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5 ANNEX 

5.1 Fact sheets of selected initiatives 

5.1.1 UL 2809 ECVP for Recycled Content 

Table 23: Fact sheet UL2809 

Criteria Information 

Name 
UL - UL 2809 Environmental Claim Validation 
Procedure (ECVP) for Recycled Content 

Country International 

Link https://www.ul.com/offerings/recycled-content-validation 

Last update March 2020 

Target group Manufacturers 

Certification procedure 

1. Submission of requested documentation for 
verifying the proposed claim 

2. On-Site audit by an approved auditor from a 
certified auditing service 

3. Annual review: manufacturer must undergo a 
recycled content annual review declaration 

Scope 

 pre-consumer, post-consumer recycled content, 
closed loop recycled content, total recycled content  

 defined sources: recycled content, reused 
components, by-product synergy, refurbished 
components, ocean plastic, biomass sources of 
materials 

Technical features 
covered (examples) 

 Information for segregated management of 
materials (material type/form, product type, post or 
pre-consumer waste source, supplier identification, 
batch size, previous processing, etc.) 

 Chain of Custody (CoC) between sites (supplier, 
quantity of material received, customer, quantity of 
material shipped, tracking system) 

 Allocation system (acceptable materials, defining 
system and system boundary, transformation at 
and within system boundaries, conversation of 
credits into and debits out of the system, efficiency 
factors, use within final product) 

 Calculations (% defined source content) 

Minimum requirements N/A 

Reference to existing 
standards  

EN 15343:2007 

Validation of the 
certificate 

1 year 

Compliance Schemes N/A 

Certified recyclers or 
producers 

See UL’s SPOT database (https://spot.ul.com/)  

 

https://www.ul.com/offerings/recycled-content-validation
https://spot.ul.com/
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5.1.2 EUCertPlast 

Table 24: Fact sheet EUCertPlast 

Criteria Information 

Name EuCertPlast 

Country Belgium 

Link https://www.eucertplast.eu/ 

Last update 2020 

Target group Recyclers 

Requirements 

(How to get 

certified? 

1. Recycler selects an accredited EuCertPlast auditor 
2. Recycling plant is inspected by the chosen auditor on-site 
3. Information exchange between recycler and auditor 
4. Third party checks 
5. Certification 

Scope  WEEE, Packaging, etc. 

 PP, PE, ABS, PET, PVC, PO, PS 

Technical 

features covered 

(Scheme details) 

 Licenses, permits and certificates required for the country where 

recycler is located 

 Management Team (staff structure, staff qualifications) 

 Incoming material procedures and controls (purchase 

specification, waste category) 

 Stock management (stockyard details, storage conditions, stock 

checks) 

 Recycling process (recycling statistics, process inputs and outputs 

recorded) 

 Controls on recycled output (sales record, evidence of sales) 

 Environmental protection (disposal of solid wastes, condition of 

disposal of solid wastes) 

 Subcontracting (control of subcontracted recycling, evidence 

subcontractors hold certification) 

 Quality management (quality assurance system, quality testing 

during recycling process) 

Minimum 

requirements / 

restrictions 

The auditing criteria is standardised in two categories (1 and 2) which 

define the level of importance and accuracy that recycler must achieve in 

the certification process. 

Category type 1 (compulsory): The recycler must achieve the required 

standard for type 1 categories in order to achieve certification. Minor 

discrepancies are allowed in defined circumstances. 

Category type 2 (preferred): A recycler must achieve at least 50% 

compliance with category 2 items. 

Reference to 

existing 

standards 

and/or 

legislation 

 Standards across EU 

 Combination of REACH requirements and food contact 

compliance 

 Certification scheme works according to EN 15343:2007 

 EN 15342 Plastics—Recycled Plastics—Characterization of 

polystyrene (PS) recyclates  

 EN 15343 Plastics—Recycled Plastics—Recycling traceability and 

assessment of conformity  

https://www.eucertplast.eu/
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 EN 15344 Plastics—Recycled Plastics—Characterisation of 

Polyethylene (PE) recyclates  

 EN 15345 Plastics—Recycled Plastics—Characterisation of 

Polypropylene (PP) recyclates  

 EN 15346 Plastics—Recycled plastics—Characterisation of 

poly(vinyl chloride) (PVC) recyclates  

 EN 15347 Plastics—Recycled Plastics—Characterisation of waste 

plastics  

 EN 15348 Plastics—Recycled Plastics—Characterization of 

poly(ethylene terephthalate) (PET) recyclates 

Validation of the 

certificate 
1 year 

Compliance 

Schemes 
The Blue Angel Label, COREPLA, LAGA, Recovinyl 

Certified 

recyclers 
Around 200 certified recyclers. The full list is available online. 

Audit Scheme  Available on the website. 
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5.1.3 ecosystem 

Table 25: Fact sheet ecosystem 

Criteria Information 

Issuing organisation ecosystem – recycler c’est protéger 

Country France 

Name Design practices in preparation for end-of-life 

Link https://www.ecosystem.eco/en/article/good-design-practices 

Date of publication Updated regularly 

Key focus Design for and from closed loop recycling 

Definitions & indicators N/A 

Scope 

 Small electrical and electronic appliances 

 Large equipment 

 Equipment containing refrigerant fluids 

 Flat screens  

Reference to existing 
standards and/or 
legislation 

 Ecodesign Directive 

 Framework on waste and amendments 

 WEEE Directive 

 REACH, RoHS, POP regulations and amendments 

 European Green Deal & Circular Economy Action Plan 

 French anti-waste law for a circular economy 

 EN 45555, EN 45557, EN 15804, EN 50693 

Technical features covered 

- Material selection 

 materials to be avoided (plastic and other) 

 coating and other surface treatments 

 fillers and additives 

- Selection of joining types 

 recommended material combination 

 joining methods 

- Decontamination issues 

 cells and batteries (recommended types and how 

to place them) 

 refrigerant fluids 

 circuit boards 

 other substances 

Minimum requirements N/A 

Compliance check REEECYC’LAB (tool to calculate recyclability) 

Market penetration Manufacturers, seller of EEE or lamps  

Is the guideline a “living 
document”? 

N/A 

How broadly applicable is 
the guideline?  

Applicable for electrical and electronic equipment 
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5.1.4 KIDV Recycle Check 

Table 26: Fact sheet KIDV 

Criteria Information 

Issuing 
organisation 

KIDV (Netherlands Institute for Sustainable Packaging) 

Country Netherlands 

Name KIDV Recycle Check for rigid plastic packaging 

Link 

Rigid plastic packaging: 

https://kidv.nl/media/diensten/20191211_recyclecheck_vv_2020_eng_def.

pdf  

 

Flexible plastic packaging: 

https://kidv.nl/media/diensten/20191202_recyclecheck_flex_kunststof_verp

akkingen_def_eng.pdf  

Date of 
publication 

Version 2020, published in Nov/Dec 2019 

Key focus Design for closed loop recycling and design for use of recyclates 

Definitions & 
indicators 

Plastic packaging materials have to meet four conditions to be recyclable: 

1. Packaging must be made of materials that can be collected or 

picked up by approved waste collectors. 

2. Packaging must be sorted and/or bundled in predefined streams for 

recycling processes. 

3. During the recycling process, the material is processed on an 

industrial scale and is reclaimed into a raw material. 

4. The reclaimed raw material has a clear composition and can be 

used to produce new packaging or products. 

Scope 
• Rigid plastic packaging (bottles, flasks, trays, blisters, cups, jars, etc.) 

• Flexible plastic packaging (pouch, bag, sachet, film, etc.) 

• Focus on PP, PE or PET  

Reference to 
existing 
standards 
and/or 
legislation 

• EU Single Use Plastics Directive  

• EU Directive 94/EC/62 

Technical 
features 
covered 

In the form of a decision tree: (Yes/No answers)  

 

For rigid packaging: 

• Free of oxo-degradable material? 

• Free of PVC/PVdC? 

• Free of silicone components? 

• Largest component PE, PP or PET? 

• Monomaterial without multi-layers, coating or fillers? 

• Packaging larger than 5cm and volume smaller/equal to 5L 

• Largest component has a colour other than black? 

• Label or Sleeve and sortable/recyclable according to the label? 

• Free of hotmelt & non washable adhesives? 

• Free of enclosed metal components? 

https://kidv.nl/media/diensten/20191211_recyclecheck_vv_2020_eng_def.pdf
https://kidv.nl/media/diensten/20191211_recyclecheck_vv_2020_eng_def.pdf
https://kidv.nl/media/diensten/20191202_recyclecheck_flex_kunststof_verpakkingen_def_eng.pdf
https://kidv.nl/media/diensten/20191202_recyclecheck_flex_kunststof_verpakkingen_def_eng.pdf
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• Free of opaque PET? 

• Not a PET tray? 

 

For flexible packaging: 

• Free of oxo-degradable materials? 

• Free of PVC or PVdC? 

• Free of elastomers, such as silicones? 

• Free of non-plastic materials such as paper or aluminium foil? 

• Packaging larger than 40x40 mm?  

• Largest component larger than A4 size?  

• Packaging free of rigid components? 

• Packaging consist entirely of PE? 

• Packaging free of additives that hinder recycling? 

• Tag/label made from the same material as the packaging? 

• Packaging free of non-washable adhesives? 

• Packaging free of metal parts? 

Minimum 
requirements / 
restrictions 

Only when all questions are answered positively, the package can be 

easily recycled. 

Test protocol/ 
compliance 
check 

The decision tree represents test protocol. 

Market 
penetration 

N/A 

Is the guideline 
a “living 
document”?  

The Recycle Check is updated annually. 

How broadly 
applicable is the 
guideline?  

Only for rigid and flexible packaging. Except for packing for medicine, EPS 

trays or packaging used for paint, glue or caulk.  

Similar 
guidelines in 
third countries 

PRE (Europe) and APR (USA) 
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5.1.5 RECOUP 

Table 27: Fact sheet RECOUP 

Criteria Information 

Issuing 
organisation 

Recycling of Used Plastics Limited (RECOUP) 

Country United Kingdom 

Name Recyclability By Design – 2020 Update 

Link https://www.recoup.org/p/173/download-centre 

Date of publication 2020 

Key focus Design for closed loop recycling  

Definitions & 
indicators 

Material specific guidelines include matrices about packaging 

properties which makes the product compatible, may be suitable or not 

suitable for recycling. 

Scope 
Plastic Packaging (Bottles, trays, films) with a focus on PET, HDPE, 

PP, PS  

Reference to 
existing standards 
and/or legislation 

 Waste Framework Directive 

 The European Packaging and Packaging Waste Directive 

(PPWD) 

 Single Use Plastic Directive 

 Landfilling Directive 

 WEEE Directive  

Technical features 
covered 

 Material and Material combinations 

 Barriers and coatings 

 Colour 

 Closures/ Closure Lines 

 Labelling 

 Seals 

 Additives 

 Adhesive 

 Ink 

Minimum 
requirements 

N/A 

Test protocol/ 
compliance check 

RECOUP offers tests for design and recovery by taking sample 

packaging which goes through a typical UK recycling facility incl. sorting 

and reprocessing. RECOUP tests for size, colour, mixed or laminated 

materials and sleeves/labels. This test is free for RECOUP members. 

Market penetration Designers, manufacturers, specifiers of plastic packaging 

Is the guideline a 
“living document”? 

The guidelines are updated annually. 

How broadly 
applicable is the 
guideline?  

Only applicable to plastic packaging.  
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5.1.6 RecyClass™ 

Table 28: Fact sheet RecyClass™ 

Criteria Information 

Issuing organisation PRE (Plastics Recyclers Europe) 

Country Belgium 

Name RecyClass™ 

Link https://www.RecyClass.eu  

Date of publications Updated regularly 

Key focus  Design for and from recycling 

Definitions & 

indicators 

Plastic packaging materials have to meet four conditions to be 

recyclable:  

1. The product must be made with a plastic that is collected for 

recycling, has market value and/or is supported by a 

legislatively mandated program. 

2. The product must be sorted and aggregated into defined 

streams for recycling processes. 

3. The product can be processed and reclaimed/recycled with 

commercial recycling processes. 

4. The recycled plastic becomes a raw material that is used in 

the production of new products. 

Scope 
• Packaging (bottles, thermoforming trays, containers, flexible film, 

pots, tubs, creates and pallets, etc.) 

• Main focus is on HDPE, PP, PO, PS and PET. 

Reference to existing 

standards and/or 

legislation 

• International standard on the chain of custody (ISO 22095) 

• European standard on recycled plastics traceability (EN 

15343:2007) 

• EN ISO 472:2013 Plastics – Vocabulary 

• EN 15353:2006 Plastics – Recycled Plastics – Plastics recycling 

traceability and assessment of conformity and recycled content 

• EN 15353:2006 Plastics — Recycled Plastics — Guidelines for 

the development of standards for recycled plastics. 

• ISO 14021:2016. Environmental labels and declarations − Self-

declared environmental claims (Type II environmental labelling). 

Second edition 2016-03-15 

Technical features 

covered in online 

tool based on 

guidelines 

In the form of a survey: (Yes/No answers, multiple choice, notes) 

• Suitability 

• Consist predominantly of plastics by weight? 

• Is there an aluminium layer and how thick is it? 

• Is there a carbon black surface? 

• Is it hazardous according to CLP legislation? 

• Is it made of bio- or oxodegradable plastics? 

• Type of packaging 

• Part 1: General questions 

• 95 % or more of one polymer? 

• Is there a PRE recycling path for this material? 

https://www.recyclass.eu/
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• Contact with food? 

• Part 2: Incompatibilities 

• Material the package body is made of?  

• Size of package, colour of package body 

• What is the barrier of the package body made of? 

• Additives in package body? 

• Material of the closure, are there lines, seals or 

valves? 

• Which label? 

• Is there a sleeve? 

• Is there a tamper evidence wrap? 

• Which adhesive is used for labels? 

• Which inks are used for label? 

• Any direct printing? 

• Others? 

• Part 3: Quantity of recycled materials 

• What is the proportion of recycled material? 

• Part 4: Index 'Easy to Empty' / 'Easy Access ' 

• Will your packaging be filled in? 

• Net weight without content, net weight of the content 

• What is the weight of the emptied packaging 

• Part 5: REACH compliance results 

• Are there any added substances of very high concern 

SVHC? 

Minimum 

requirements / 

restrictions 

• Part 2: Incompatibilities 

o With at least 1x area answered negative, 

downgraded by 1 class 

o With at least 1x area answered very negative, 

downgraded by 3 classes 

• Part 3: Quantity of recycled materials 

o possibility to improve results form part 2 by 1, 2 or 3 

levels 

Test protocol/ 

compliance check 
Recyclability evaluation protocols are available 

Market penetration 

The tool is used by the packaging industry throughout the plastic 

value chain who are interested in improving packaging design. The 

members are listed online. 

Is the guideline a 

“living document”? 

The online tool and guidelines are reviewed and maintained by 

recycling experts based on technology assessments. 

How broadly 

applicable is the 

guideline?  

Only for packaging 

Is there an objective 

way to evaluate all 

criteria in the 

guideline? 

The online tool analyses the recyclability of the packaging and 

provides a rating from A (good recyclability) and F (not recyclable) 
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