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Executive summary 

The Dutch Ministry for Infrastructure and Environment has commissioned RDC Environment to study 

the relevance and feasibility of introducing 2 specific product marking requirements for electric 

and electronic equipment (EEE). The relevance of these requirements to increase the material 

efficiency in the EEE value chain has been assessed. 

 

The aim of this study is to feed into the Ecodesign discussions within the EU and to contribute to an 

evolution of the current legislation. 

 

Two marking requirements have been studied:  

1. Marking EEE items to help identify and recover Critical Raw Materials (CRM) at End-of-Life. 

2. Marking EEE items to control a mandatory plastic post-consumer recycled content (PCR). 

 

1. Marking EEE items to help identify and recover Critical Raw Materials (CRM) at End-of-

Life 

The recycling rate varies greatly from one CRM to another. For instance, rare earths are hardly 

recovered (<1%), while precious metals’ recovery rate is higher than 50%. Because CRM are of great 

economic importance for the EU, there is a need to improve their material efficiency over the entire 

economy, including the EEE value chain. 

 

Recyclers currently have a good knowledge of CRM location and concentration in EEE items. The main 

obstacle to CRM recycling is the lack of profitability due to (1) the cost of sorting out CRM from a stream 

with a low CRM concentration and (2) the low CRM price (it was significantly higher before the 2008 

crisis). To increase material efficiency, profitability should be improved or recovery should be made 

mandatory. This study only focuses on how marking could contribute to reduce the sorting cost. 

 

The EEE industry is evolving fast: the type and quantity of materials change rapidly. Consequently, 

materials’ criticality evolves and legacy substances can be found in the waste stream. Relevant 

information for recyclers today may be obsolete in 10 years’ time. Therefore, it appears inefficient to 

require manufacturers to disclose a set of information that is defined when products are marketed and 

cannot be changed later (for example a label indicating CRM content). Marking EEE for CRM 

identification at product-level is only relevant as a flexible option, if information can be complemented 

after the product has been marketed, depending on the recyclers’ needs. We propose a system that 

relies on a product database. The database stores large amounts of editable information that can be 

accessed when the product code is detected via marking (a system similar to a supermarket bar code 

system). EEE items are marked before being put on the market. The marking system can be chosen by 

the producer among existing visible or invisible solutions (QR codes, surface digital watermarking…), 

insofar as these systems enable identification of the product code. A product digital database is 

developed, in which relevant characteristics of all EEE items are entered by manufacturers per product 

code (CRM content, presence of Hg…). Each WEEE recycler identifies the marking system and thereby 

the item’s product code, and gets the information they need from the database depending on their 

process. This could command adequate automatic sorting instructions or give appropriate instructions 

for manual sorting. Marking would remain over the product lifecycle, and the database could be 

complemented over time by EEE manufacturers or other stakeholders (recyclers, research centres, 

public authorities). If recyclers adapt their recycling lines, they would be able to better separate products 
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by category and to sort out some specific products or components that contain valuable or hazardous 

materials. 

 

Such a marking system is not relevant in the short-term because it is not adapted to current WEEE 

management practices. However, in the long run, this option may provide many benefits, and not only 

for Critical Raw Materials, but also for material efficiency of the EEE value chain in general.  

• It can increase the recycling rate, by decreasing the costs of high-yield recovery. Indeed, it 

is cheaper to recover materials if they can be concentrated in more homogeneous stream 

by using marking to recognize specific characteristics; 

• It can improve the purity and quality of recycled materials; 

• It can reduce safety issues at recycling by sorting out hazardous materials and components; 

• It can reduce chemical risks and associated compliance costs for users of recycled materials, 

by sorting out legacy substances. 

 

Interviewed manufacturers are ready to invest in this option only if they can be sure that it corresponds 

to the future needs of the recycling industry. Recyclers see it as an interesting proposal as a proof of 

concept, and suggest conditions for a successful implementation. 

 

As this proposition relies on large adaptations of the WEEE treatment chain, tests should be run at 

industrial scale. The costs and benefits of this proposition for the society should be assessed to conclude 

on its relevance. 

 

2. Marking EEE items to control a mandatory plastic recycled content 

Plastic post-consumer recycled content (PCR) has been estimated around 4% in the EU (2013), all 

plastic types and value chains included. However, the situation varies greatly from one value chain to 

another and from one plastic type to another. In the EEE value chain, PCR has been estimated below 

1% (this study). The lack of demand for recycled plastics in the EEE value chain is one of the factors 

explaining a low recycling rate reported for WEEE plastics (9% in 2012 according to the present study). 

Low collection rate and low quality recycling are other explaining factors. In turn, the lack of availability 

of quality recycled plastics and the regulation of chemical substances (REACH and CLP) limit the 

demand for recycled plastics in the EEE sector, among other factors. In order to solve this chicken and 

egg problem, the present study assesses the relevance, feasibility and enforceability of introducing a 

mandatory recycled content, controlled via marking.  

 

Currently, mandatory recycled content only exists as a public procurement tool. Today all other identified 

instruments are voluntary. Manufacturers do support voluntary instruments. Recyclers indicate that 

voluntary instruments are not sufficient to stimulate the recycling market, as they only cover a small 

market share. 

 

A mandatory recycled content is theoretically relevant to increase the plastic recycling rate when the 

demand is not sufficient. If introduced, criteria should leave space for manufacturers’ innovation and be 

implemented via a phased-approach. The impact on the product price would be relatively limited (on 

average plastics only account for about 1-3% of the EEE production costs). However, these additional 

costs should be at least balanced by the environmental benefits. 
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In the short-term, mandatory recycled content is not recommended because many technical and 

regulatory issues should be solved before implementation. Intensive consultation is also needed to 

clearly define recycled content and the methodology to calculate it. There is a need for an increased 

dialogue between manufacturers, recyclers and public authorities to solve these challenges. A European 

Green Deal on the subject could be a voluntarist public proposition to move in this direction. Potential 

policy options were listed to start a work on the subject. 

 

In the long-term, mandatory recycled content can only be recommended if sufficient reliability of the 

verification procedure can be ensured. Otherwise it would create unfair competition detrimental to the 

European industries. 

 

Verification via marking is the only verification procedure that has been assessed in the scope of this 

study. The only relevant marking solution relies on the incorporation of fluorescent tracers (several types 

of tracers exist on the market) during the recompounding process. The technology seems promising 

from a technical point of view. However, major technical and economic limits have been identified:  

• Additional technical research is needed to confirm the reliability and accuracy of quantitative 

measurements in real conditions, with multiple tracers and plastic types; 

• Marking also requires a robust paper trail audit scheme to control the use of tracers. Thus, 

it does not provide significant added-value compared with a direct certification of recycled 

content based on paper trail audit schemes. 

• Marking with fluorescent or Anti-Stokes currently represents a significant cost (50-400€/ton) 

compared with the expected environmental benefits of an increased recycling (100-

300€/ton).  

• If recycling without recompounding develops in the future (projects are ongoing), marking 

would require additional processing to be reliable, thereby increasing recycling cost.  

Therefore, this system is not recommended as it is less (cost-)efficient than paper trail systems. 

 

There is little trust in paper trails schemes within the EEE industry, at least as a basis for a mandatory 

requirement. The reliability of controls, mainly outside EU, is considered as a major obstacle. To confirm 

or infirm this statement, we recommend collecting data on existing certification schemes (Product 

Segregation, Mass balance or Book and Claim) used for other sustainability claims. Such a 

benchmarking study would allow a better understanding of the strengths and weaknesses of certification 

schemes. 

 

The relevance and feasibility of these schemes to control mandatory recycled content should be 

compared. 

 

Finally, even if certification schemes are reliable, their cost-efficiency should be compared to the cost-

efficiency of voluntary schemes. 
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Conclusions 

Marking to identify and recover Critical Raw Materials (CRM) at End-of-Life 

 

Conclusion 1 : Marking EEE at product-level is only relevant as a flexible option, i.e. if the 

product code is stored on the product and related information can be changed in a database 

over time.  

The EEE market and the WEEE recycling processes are characterized by variable and rapidly changing 

practices. EEE that are put on the market today will only be discarded in 10 years’ time. In the meantime, 

recycling processes will evolve. Therefore, selecting what should be marked today (pieces, equipment) 

requires a Nostradamus talent. 

Flexible options should be favoured: the marking will stay, but information associated with the marking 

will evolve. Marking at a component level is not flexible enough and is also excluded.  

A notable exception is batteries, for which component-level marking may be relevant to separate 

different types of secondary Li technologies. This has not been studied into details because such a 

requirement is out of scope of the Ecodesign Directive. 

Track and trace technologies (examples: RFID tag, digital watermarking…) are the best techniques for 

waste management applications such as metal separation. Tracer-based sorting (fluorescent or Anti-

Stokes) could be relevant to sort WEEE plastics, but this application is out of scope of the present study. 

Track and trace technologies rely on product or product category identification, which can be associated 

with a large amount of data stored in a database.  

 

Conclusion 2 : Different technical options are available to mark EEE items for detection at end-

of-life but their applicability to WEEE sorting has not been proved at industrial scale: 

• Surface digital watermarking. This technique seems promising to mark invisibly surfaces of 

different materials at a reasonable cost. Marking will not be altered during the product 

lifecycle. However, this technique is still under development. For now, only plastic surfaces 

can be marked. The applicability to waste management should be tested in order to identify 

the number and size of surfaces that need to be marked to ensure efficient detection of mixed 

WEEE, and conclude on its economic feasibility. The costs of a precise camera for high-

throughput sorting should also be studied. It is likely to be economically practicable as the 

detection material is standard in the industry. 

• Surface diffraction ratings: the cost and durability of diffraction ratings’ marking are 

advantages. The cost of detection is high according to interviewed experts, because sensors 

are not standard in the industry. Similarly, it should be tested at industrial scale and cost 

should be assessed in this context.  

Other techniques should not be excluded although the authors see lower potential: 

• Visible QR codes would be cost-efficient. However, they need to be detected in a specific 

orientation, which may decrease the efficiency for waste management. Multiplying visible 

QR codes all over the surface is not possible for aesthetic reasons. 

• RFID tags. The cost of efficient RFID for waste management purpose is still high although it 

decreases while this technique is developing. The read rate at industrial level should also 

improve, and the resistance of the tags to a full-life cycle should be checked. The low 

efficiency is considered by recyclers as the major obstacle to use this technology. The 

possibility to store data on RFID chips during lifetime creates customer reluctance related to 
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information privacy if data is not selectively erased at end-of-life. Recyclability is not an issue 

in WEEE treatment because RFID would be recovered in the copper-recycling route. 

 

Conclusion 3 : In the short-term, considering current WEEE management practices, marking 

EEE items at a product-level is not relevant because marking would not be used in practice 

by recyclers to increase the recycling rate.  

Recyclers know where the CRM are located in EEE items (TFT panels, electronic cards, magnets in 

hard drives) and how to recover them.  

When CRM are not recycled, it is because: 

• Common automatic options are not efficient. Example: automatic sorting is partly destructive 

for magnets and rich cards.  

• Other manual or automatic options are not cost-efficient. Example: sorting poor electronic 

cards manually 

• There is no running downstream recycling process to recover the chemical element. 

Example: Ta, In, rare earths in electronic cards or fluorescent powders. This is also due to 

the low price of these CRM: criticality is not in good correlation with price. 

• The treated CRM quantities is too little to provide the necessary economies of scale to run 

a dedicated sorting process at recyclers. Example: In in TFT panels, especially because the 

share of LCD screens remains low for the moment. 

 

Conclusion 4 : In the long run, marking EEE items at product-level may increase the resource 

efficiency associated with the EEE industry, not only the CRM recycling rate. This should be 

tested at industrial scale. 

The proposed marking system aims to get around the short-term vision: EEE items are marked so that 

their product code can be identified, or at least their product category. A database is developed in which 

relevant characteristics of the EEE item/category are stored. Each WEEE recycler identifies the marking 

system and gets the specific information they need from the database. This could command adequate 

automatic sorting instructions or give appropriate instructions to the operator for manual sorting. The 

marking technique would stay the same but the database could be complemented by producers 

depending on the recyclers’ needs, and over time.  

If recyclers adapt their recycling lines, the cost of (1) separating products by product category and/or (2) 

sorting out products containing valuable or hazardous materials could decrease. If materials (including 

CRM) are concentrated in a more homogeneous stream, the recycling cost would decrease. This could 

contribute to an improvement of (1) the quality of materials (2) the recycling rate (3) working safety.  

Interviewed manufacturers are ready to invest in this option only if they are sure that it corresponds to 

the future needs of recyclers. Recyclers see it as an interesting proposal as a proof of concept, and 

suggest conditions for a successful implementation.  

As this proposition relies on large adaptations of the WEEE treatment chain (cutting the cables, 

introducing new sorting lines…), tests at industrial scale are required in order to estimate the costs and 

benefits of such a system. Cf. Recommendation 16.  

 

Conclusion 5 : Recyclers currently favour other options beyond the scope of this study, such 

as information disclosure at product category level, in order to increase knowledge and 

training.   
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Marking to control a mandatory plastic post-consumer recycled content 

 

Conclusion 6 : A mandatory recycled content is theoretically relevant to increase the plastic 

recycling rate when the demand is not sufficient. If introduced, such a requirement should 

leave space for innovation by manufacturers and be implemented via a phased-approach. 

Mandatory recycled content will cover a larger market than labels and eco-fee modulation because it 

applies to all products, irrespective of the marketing strategy and of the demand. It guarantees an outlet 

for recyclers and justifies investments in recycling facilities and equipment. The recycling costs can 

decrease, but not necessarily the competitive position of the recycled material vs virgin material, 

because the supply/demand balance is changed.  

Mandatory recycled content would help increase the recycled content and secure the plastic recycling 

business. Opportunities are considered higher than risks for European recyclers.  

Mandatory recycled content can be a barrier to innovation in material choice and a barrier to free trade. 

Criteria can reduce the freedom of the value chain to optimize the items and components where recycled 

content is most appropriate.  

If implemented, mandatory recycled content should be introduced for all plastics together, not for some 

specific plastic types. It should be introduced as a phased approach, with thresholds published in 

advance. In general, thresholds should cover the entire item or a list of pieces, they should not be 

introduced piece by piece.  

 

Conclusion 7 : In the short term, mandatory recycled content is not recommended as many 

technical and regulatory issues should be solved before implementation.  

Barriers to incorporation of recycled plastics have been listed (part VI.4.2): they are technical, economic 

and regulatory.  

Technical and regulatory challenges should be solved before a mandatory recycled content can be 

implemented. There is a need for an increased dialogue between manufacturers, recyclers and public 

authorities to solve them. Intensive consultation is also needed to define a relevant scope for recycled 

content. 

Voluntary instruments could be a way forward and stimulate innovation. Recommendations of policy 

options (Recommendation 8 :, chapter VIII) to start a work on the subject.  

 

Conclusion 8 : In the long term, mandatory recycled content can only be recommended if 

sufficient reliability of the verification procedure can be ensured. Otherwise it would create 

unfair competition detrimental to the European industries.  

European industries can be audited reliably whereas falsification by industries located outside EU 

(particularly in Asia) would be difficult to control. Product groups for which recycled content is particularly 

relevant are mainly produced outside EU. Many (components for) EEE are “of the shelf” products from 

Asian producers.  They produce for the world market.  They often do not have a direct contact with the 

European market as they work with assemblers and importers.  There is thus neither an insurance that 

mandatory recycled content requirements would be met, neither is there an easy way for market 

surveillance authorities to control it. This is thus a major concern.  

 

Conclusion 9 : The impact on the product price would be relatively limited (on average plastics 

only account for about 1-3% of the EEE production costs). However, these additional costs 

should at least be balanced by the environmental benefits.   
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Conclusion 10 : Mandatory recycled content only exists as a public procurement tool. 

Today all other identified instruments are voluntary. Manufacturers support voluntary 

instruments. Recyclers indicate they are not sufficient, as they only cover a small market 

share. 

Mandatory recycled content exists via purchasing criteria requesting the EPEAT standard for imaging 

equipment. Users are mostly public purchasing agencies.   

The other existing instruments related to recycled content are all voluntary: modulation of eco-fees, 

financing instruments recyclers label and product label. 

Mandatory recycled content will cover a larger market than voluntary instruments. However, a reliable 

control procedure is necessary if PCR is made mandatory, in order to avoid fraud. 

Existing mandatory instruments have caused an increase in the recycled plastic price, which can exceed 

the virgin price.  

Voluntary instruments perform better to optimize the use of the recycled material and show better 

manufacturers’ acceptance. Labels and standards are the most common instruments. Modulation of 

eco-fees seem difficult to implement based on the French experience, although it is too soon to give a 

complete feedback. Financial incentives are valuable instruments to structure the value chain and initiate 

a dialogue between recyclers, manufacturers and public authorities when organized via public call for 

tenders. Manufacturers do support these instruments, despite the (reducible) administrative burden. 

 

Conclusion 11 : Florescent tracers seem to be promising solution from a technical point 

of view. Additional technical research is necessary to confirm the technical feasibility of 

using fluorescent tracers to verify recycled content.  

The following characteristics of existing tracers have been demonstrated:  

• Good compatibility with EEE plastic resins 

• Use in master batches, resistance to the converting process 

• No impact on the polymer properties. It should also be demonstrated for styrene polymers. 

• No significant effect on human health, considering they can be detected at very small 

concentrations (a few ppm for a 1-s detection).  

• Detection equipment already exists and is common in the industry (mainly for packaging 

sorting) 

• Diversity of suppliers and technologies accessible on the market.  

• Tracers can be made recycler-specific without the risk of copy. 

The following aspects need to be demonstrated via additional laboratory research:  

• Possibility to correctly interpret a signal composed of multiple recycler-specific tracers, 

potentially changing at a regular frequency.  

• Reliability of the signal interpretation to provide an estimation of the recycled content. 

Although the fluorescent effect is theoretically proportional to the concentration, polymer 

aging and interactions with the polymer and other additives can influence the intensity of the 

received signal. The detection procedure also need to be standardized because the laser 

beam and distance of detection influence the received signal. 

Adequate tests need to be run to prove that these techniques can be used to verify the recycled content. 
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Conclusion 12 : Marking reliability is lower without recompounding stage. If recycling 

without recompounding develops in the future (projects are ongoing), an additional 

recompounding stage would increase the processing costs.  

If plastics are not recompounded, incorporating tracers remains possible by mixing  additive powders 

with fluorescent tracers. However, it means that the incorporation is managed by the 

converter/manufacturer and not by recyclers. This would complicate the scope of the traceability 

procedure and would not provide additional reliability compared with Mass balance or Book and Claim 

traceability systems.  

Stakeholders indicate that most recycled plastics are currently recompounded by plastic sorters or by 

converters. However, projects are under development to directly use flakes (shredded materials) with 

no compounding step. No quantitative data regarding the form of recycled materials used by converters 

has been identified.  

 

Conclusion 13 : If marking is implemented using embedded tracers, public authorities 

would need to develop a harmonized marking and detection procedure  

The following parameters shall be defined in a harmonized procedure: 

• The range of emission wavelength: it must be within the detection range of devices. 

• Calibration: the ratio between the signal intensity and the recycled content must be adapted 

to each detection wavelength. This ratio would be used by recyclers to adjust the tracer 

concentration proportionally to the recycled content. 

• Precision of the measurement. It needs to be tested in labs.  

• Standard detection devices: lasers to be used, intensity of the beam, duration of the beam, 

distance with the object… 

 

Conclusion 14 : An additional heavy traceability system is needed to ensure the reliability 

of recycled content claims. Therefore, marking provides little added value in comparison 

with Mass balance or Book and Claim traceability approaches. 

A traceability scheme is needed to: 

• Certify the tracer manufacturers 

• Certify all users buying or using tracers (recompounders, EEE manufacturers if they use 

tracers without recompounding…) 

• Define information that shall be implemented in a database accessible to public authorities 

for the identification of recycler-specific tracers.  

 

Conclusion 15 : Marking with fluorescent or Anti-Stokes represents a significant cost 

compared with the expected environmental benefits of an increased recycling.  

Monetized environmental benefits have been estimated in the range of 100-300€/ton for the 

incorporation of 1 additional ton of recycled plastics. The benefit of a requirement can be significantly 

lower depending on the efficiency of the requirement to increase the recycling rate. 

Marking cost is in the range of 50-400€/ton, which is a significant cost compared with foreseen benefits..  

This conclusion is based on current reported costs but these are likely to decrease as technology 

develops.  
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Recommendations 

General 

 

Recommendation 1 : Make sure that policies are implemented at European or international level 

whenever it is possible. The national scale shows little relevance to stimulate Ecodesign. 

Policies related to product design (including Ecodesign, but also eco-fee modulation), if implemented, 

should be implemented at European level rather than nationally:  

• Companies design their products for the global market. Implementing different national 

requirements would increase production costs.  

• Decisions related to sustainable development are implemented at group level. It is difficult 

to organize a dialogue with companies based abroad at national level.  

 

Recommendation 2 : Make sure product and waste policies are coherent 

It would not be possible to prescribe ambitious recycling targets if the products are not properly designed 

to achieve these; and it would be an unnecessary burden to prescribe a special design of the products 

if these are not properly treated at end-of-life.  

If the Commission is requiring extraction, sharing information about the CRM content has to be 

fostered/required as well. Recyclers are not in favour of such a requirement until there are outlets for 

recycled CRM, adequate available information and proper enforcement (including financing). 

In turn, if marking is required, new WEEE requirements could be implemented at reasonable costs for 

recyclers. Product lifetime must be considered when defining objectives. Indeed, even if a marking 

requirement is introduced today, unmarked products would enter sorting facilities for a transitory period 

(from a few years to a few decades depending on the product group).  

Recyclers recommend that future works on material efficiency study the entire EEE value chain rather 

than examine separately waste treatment and product design.  

 

Recommendation 3 : Marking household appliances “containing CFC gas”, “containing 

vacuum insulation panel (VIP)” or “CFC gas free”, “VIP free” could ease sorting at amenity 

sites.  

This mainly applies to fridges but also to some specific technologies of washing machines (wash and 

dryer), which contain CFC gas. The marking should be a logo easily readable for the household and for 

the amenity site responsible, rather than a chip requiring specific detection device.  

This could contribute to the profitability of the value chain but would not bring added value regarding 

CRM RR.   
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On CRM material efficiency 

 

Recommendation 4 : Increase information sharing at product category-level 

• Voluntary sharing information between producers and recyclers 

In France, the Producer Responsibility Organizations help producers and recyclers 

exchange information to stimulate eco-design for recycling, to launch R&D projects… This 

integrated vision of the value chain is not applicable in all European countries depending on 

the way EPR is organized.  

• Increased participation of recyclers in Ecodesign working groups 

 

Recommendation 5 : Increase material efficiency via waste policies 

• Improve collection efficiency. Only 30-40% of WEEE that can be collected is collected for 

recycling. Other outputs are illegal export, scrap dealers, residual waste and storage at 

home. The “WEEE Trace” project has shown the relevance of using RFID technology to 

avoid WEEE leakages, although some improvement is needed.  

• Increase source-separation: The more product categories are separated at collection; the 

more recyclers’ processes can be optimized. Cultural aspects must be considered to 

evaluate the efficiency of increasing separate collection schemes. Such a decision would 

increase the costs of collection. As the collection costs are partly supported by manufacturing 

companies via the Extended Producer Responsibilities schemes, manufacturers are 

reluctant to further separate streams. This could be assessed in a dedicated study. 

• Collecting WEEE collected by professionals. For instance, hot water tanks are collected 

by construction industrials who often do not offer collection services.  

• Request CRM recycling as part of the WEEE Directive. Financing and enforcement are 

key. 

 

Recommendation 6 : Add requirements on product design 

• Design for dismantling: Marking should be coupled with requirements to ease extractability 

of key components. For batteries, it is the main issue. 

 

Recommendation 7 : Finance R&D 

R&D projects are needed to create recycling value chains for strategic metals.  

Subsidies to finance the recycling of strategic materials could work (compensation of additional costs) 

but recyclers are not confident that subsidies will last. Profitable models should be preferred to ensure 

long-term recovery.  
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On plastic material efficiency 

 

Recommendation 8 : Stimulate dialogue within the industry 

• Public call for tender can help create a dialogue within the industry as well as between public 

authorities and industrials (example of the ORPLAST project).  

• Dedicated associations like 2ACR sharing experience by exemplarity provide useful 

information to the industry. – Actions undertaken: share examples of incorporation, provide 

training (MOOC), organise meeting between stakeholders, evaluate the amount of plastics 

available in different value chains, evaluate supporting options for the recycling industry and 

for the incorporation of recycled materials.  

• Promote voluntary agreements within sectors or value chains. Starting a Green Deal on 

WEEE plastics could help increase material efficiency. The principle would be to organize a 

dialogue between recyclers, manufacturers and public authorities in order to remove 

technical and regulatory barriers to recyclers. This should be implemented at European level 

(or at global scale). 

 

Recommendation 9 : Encourage dialogue with other industries using the same plastic types 

• Study the relevance of recycled content requirements for heavy and long-life products 

containing plastics, not only for EEE, but also for construction products. Some of them are 

in the scope of Ecodesign. Mandatory recycled content for the automotive industry is not 

recommended because the priority Ecodesign parameter for cars is to lighten the weight and 

decrease fuel consumption. Mandatory PCR could hamper innovations in material 

development. 

• Build standards on the definition of recycled content, on plastics recyclates characteristics 

and on WEEE treatment with the final users of the WEEE recycled plastics. This work should 

not only include the EEE industry, but also the automotive and the construction industry who 

are using the same (recycled) plastic types.  

 

Recommendation 10 : Work on waste policies to increase recycled content 

• Increase controls over collection to increase quantities of plastics that will be managed and 

therefore encourage recyclers to invest in plastic recycling thanks to economies of scale. 

• Increase high-quality plastics recycling. EERA supports the development of CENELEC 

standards for WEEE treatment of plastics and their implementation under the WEEE 

directive as mandatory standards. Current development 

▪ EN 50574 for cooling appliances 

▪ 50625 for WEEE treatment 

• Requirements regarding depollution should be realistic and measurable in oder to avoid 

hampering recycling. 

Example: BFR containing plastics. A threshold of 100 ppm was introduced but it is difficult 

to achieve technically due to sorting yields. EERA agrees that measurements are needed to 

comply with REACH regulations but indicates that CENELEC standards are sufficient to 

comply.  
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• Higher control over exports: Recycling conditions equivalent to the recycling conditions 

imposed on European recyclers should be requested for exported plastics. When plastic is 

exported, there is not only a loss of added value for Europe but an increase of the 

environmental impacts associated with recycling. EERA does not consider that waste status 

is an economic problem for recyclers. End of waste would help ship plastics abroad. It should 

not be permitted unless plastics are shipped to CENELEC certified facilities, with a form of 

traceability.  

• EERA suggests to simplify forms requested under waste regulations in order to decrease 

administrative costs.  

• Plastic sorting requirements by resin (or even by grade, colour…) could be incorporated in 

WEEE Directive. This would increase secondary plastic quality. 

• To be able to impose plastic recycling targets, one of the main challenges to be solved is 

how to differentiate and account for the different plastics’ recycling categories (closed-loop 

recycling vs downcycling). 

• Ban on plastic landfilling 

• Full producer responsibility: include the share of waste that is not selectively collected within 

the scope of producer responsibility 

 

Recommendation 11 : Improve product design 

• The recyclability of plastics should be increased. Additives such as fillers or rubbers in 

thermoplastics hampers recycling. Voluntary instruments to reduce the amount of those 

additives could be studied.  

• The use of white plastics, as well as some piece’s shape, can limit the potential demand for 

recycled plastics. Voluntary instruments or voluntary industry initiatives are welcomed on the 

subject. 

• Marking to identify the plastic resin and ease sorting at EoL could increase the recycled 

plastic quality and market opportunities. Galloo and MBA Polymers point out that plastic 

logos are not fully reliable (20-30% non-conformity). Additionally, some plastic resins cannot 

be sorted by common flotation techniques because they have the same density.  

Tracer-based sorting, digital watermarking or diffraction gratings provide technical solutions 

to sort plastics by type and/or grade with high-throughput when it is not possible with flotation 

or other running technologies. Technical and economic challenges remain but it is relevant 

to follow ongoing research developments (notably in the packaging sector and for WEEE 

plastics1) and identify potential feasibility for the EEE sector. Digital watermarking techniques 

have the advantage to be destructed during the recycling process, and to avoid using 

chemical additives. 

  

                                                      

1 TRIPTIC and TRITRACE projects 
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Recommendation 12 : Finance R&D 

• Subsidies for R&D at European level could stimulate projects in the field. This is a 

recommended option to start the value chain as it creates a favourable network and 

increased dialogue between stakeholders, at a reasonable cost.  

• Recyclers are discussing feedstock recycling with the chemical industry. The principle is to 

recycle plastics as monomers and polymerize them once more at the appropriate grade. It 

provides better perspectives to produce high-quality recyclates from WEEE plastics. It is not 

economically relevant for now. Research is needed on the subject. 

• R&D on plastic marking for EoL sorting. 

• Research on polymer-specific sorting techniques. Current techniques able to distinguish 

plastics of similar density are expensive and cannot be profitable with current oil prices. This 

tends to degrade plastic quality by producing mixed plastics, reducing potential market 

demand for recycled materials as a raw material (rather used for energy recovery). 

 

Recommendation 13 : Work on product standards and legislation 

• Clarify the definition of recycled content, especially for plastics. Definitions should be 

coherent with other materials so that a manufacturer can disclose a coherent recycled 

content value for an entire multi-material product. This definition should be harmonized at 

European level. A 2ACR WG is working on this issue with the objective to propose definitions 

acceptable by all parties and for different types of materials. The Belgium federal government 

has commissioned VKC to do a preparatory study this year for the development of a Belgian 

standard for plastic recycled content for all types of products.  

• Help to develop quality standards for secondary materials, including plastics. This action is 

part of the Circular Economy Action Plan. It is welcomed by manufacturers and recyclers. 

Harmonizing specifications (flammability, odour, impurity level…) would increase trust in 

secondary materials and would allow recyclers to compete for one market, rather that 

engaging one-to-one negotiations with manufacturers for each item. 

• Clarify legislation related to REACH and the need for traceability of legacy substances. 

Requirements should be clarified to increase manufacturer confidence in recycled materials. 

This action is part of the Circular Economy Action Plan. 

• The relevance of using WEEELABEX reporting system to validate the recycled content 

reported by manufacturers should be studied. Cross-checking treated volumes could 

increase the reliability of voluntary or mandatory verification systems. Stakeholders2 suggest 

that if cross-checking is needed to ensure reliability, it would be less effort for the industry to 

report streams based on existing database. 

The database may need to be adapted to reach such a purpose because: 

▪ the destination of product granulates is not necessarily known by the tracking system 

(it is not reported if it is End of Waste).  

▪ recycled plastics can be pre-consumer, thus not meeting the definition of recycled 

content in this report. 

                                                      

2 Suggested by Galloo and KUL 
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▪ Recycled plastics can come from other post-consumer markets (auto-shredder 

residue show potential for the studied polymer types) 

▪ WF-Reptool use is voluntary, and limited to European WEEE recyclers. The share of 

WF-Rep tool users has to be estimated. 

However, if these issues are solved, the use of such a database would allow the regulator 

to calculate the total amount of recycled granulates that can be sold by certified 

WEEELABEX recyclers. Thus, the sale of fake certificates to manufacturers would be 

detectable in practice. However, in order to detect which manufacturers introduce fake 

certificates, supplementary information on the identity of WEEE recyclers to whom 

manufacturers have bought their recycled granulates would be needed.  

 

Recommendation 14 : Financial incentives  

• At long-term, adopting a European VAT taking economic, environmental and social benefits 

into account. 

• Energy savings certificates associated with the calculation of the recycling benefits. This 

would be a transversal policy and not a sectorial one.  

• The efficiency of EPR eco-fees needs to be assessed before recommending it.  

 

Recommendation 15 : Require environmental labelling in public purchasing (including recycled 

content criteria) 

European public purchasing could be based on labels such as EPEAT (or EU Ecolabel), which are well 

recognized internationally. This system is efficient to push the industry towards the development of 

greener products. For example, printer manufacturers representing more than 80% of the global market 

for printers, copiers, scanners and multifunction devices have signed up EPEAT standards (not 

necessarily for the entire portfolio). Europe could engage in the development of EPEAT criteria so that 

they better meet European agenda rather than engaging new criteria development processes. In 

EPEAT, recycled content is only a voluntary criterion to get higher grades, except for imaging equipment. 

The reason for it is based on life cycle thinking: mandatory criteria have a higher environmental priority 

for Ecodesign.  
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Further works 

 

Recommendation 16 : Test product marking and assess its cost and benefit for society 

Paragraph V.2.4 and Conclusion 4 demonstrate the relevance and feasibility of product marking 

connected to a database as a proof of principle. However, as the devil is in the details, its feasibility 

should be confirmed at pilot and/or industrial level. These tests should quantify the cost and benefit of 

the marking system for society, including: 

• Investment cost: machinery but also conveyors belts and additional space that may be 

needed to process the same waste quantity 

• Operational cost/benefits:  

▪ Speed of detection in real industrial environment, and associated operation 

constraints and costs for the sorting center 

▪ Energy consumption 

▪ Workforce 

▪ Increase in material sale 

• Societal cost related to working conditions: Marking is likely to increase the worker safety 

and therefore associated cost should decrease (not only cost internalized by the company 

or by the society (social security), but also the cost for society related to a loss of welfare) 

• Environmental benefit related to material efficiency: climate change, resource depletion… 

 

Recommendation 17 : Conduct a benchmarking study on paper trail certification systems for 

sustainability claims. Identify and objectivize the strengths and weaknesses of those 

systems for recycled content in the context of the EEE value chain. Conclude on their 

capacity to be used as a support mandatory recycled content (and/or voluntary). 

This study has shown that even with a physical marking system in place, a robust audit trail based on 

certification should be in place (traceability of the chemical tracer in that case). Marking is not providing 

significant added-value compared to existing certification systems based on paper trails.  

There is little trust in paper trails schemes within the EEE industry, at least as a basis for a mandatory 

requirement. The reliability of controls, mainly outside EU, is considered as a major obstacle.  

To confirm or infirm this statement, we recommend collecting data on existing certifications schemes 

(Product Segregation, Material Balance and Book and Claim) used for other sustainability claims, by 

conducting a benchmarking study.  Indeed, some of these paper trail systems already support the 

enforcement of regulated sustainability claims, with satisfying reliability and at reasonable cost. For 

example, in Sweden, biofuels must meet European sustainability criteria to be exempted from taxes. 

This is verified based on a Mass Balance traceability system and audited based on paper trail.  

For each case study, the value chain particularities should be analysed in order to determine whether 

conclusions can be transposed to the EEE value chain. For example, EEE are produced worldwide and 

especially in Asia while a significant share of biofuels is produced in Europe. However, for some other 

products (palm oil, organic products…), the value chain is commonly extended geographically outside 

Europe.  

The relevance and feasibility of these schemes to control mandatory recycled content should be 

compared. Finally, even if certification schemes are reliable, their cost-efficiency should be compared 

to the cost-efficiency of voluntary schemes. 
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Glossary 

ABS: Acrylonitrile Butadiene Styrene 

CFC: Chlorofluorocarbon gases (ozone depleting and greenhouse gases) 

CRM: Critical Raw Material, according to the EU Commission list (part IX.1.2) 

CRT: Cathode Ray Tube 

EC: Electronic Cards 

EEE: Electric and Electronic Equipment 

EERA: European Electronic Recyclers Association 

EoL: End of Life 

EPR: Extended Producer Responsibility 

ErP: Energy related Products 

HIPS: High Impact Polystyrene 

JRC: Joint Research Centre 

LCD: Liquid Crystal Display 

LED: Light-Emitting Diode 

OLED: Organic LED 

PC: Polycarbonate 

PCB: Printed Circuit Board equivalent to EC 

PCR: Post-Consumer Recycled Content 

PE: Polyethylene 

PIC: Post-Industrial Recycled Content 

PP: Polypropylene 

PS: Polystyrene 

PMMA: PolyMethylMethAcrylate 

PVC: Polyvinylchloride 

QR code: Quick Response Code 

REE: Rare Earths Elements 

RFID: Radio Frequency Identification 

RR: Recycling Rate 

TFT: Thin-Film Transistor 

WEEE: Waste EEE 
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I. Introduction 

I.1. Objectives of the study 

The Dutch Ministry for Infrastructure and Environment commissioned RDC Environment to study the 

relevance and feasibility of introducing 2 specific product marking requirements as Ecodesign 

requirements for electric and electronic equipment (EEE). 

The relevance of these marking requirements is assessed in relation with the objective of increasing the 

material efficiency in the EEE value chain. 

Two marking requirements are studied:  

• Mark EEE items to help identify and recover Critical Raw Material and recovery at end-

of-life. Such a requirement should contribute to stimulate recycling from the supply side. 

• Mark EEE items to control a mandatory plastic recycled content. Such a requirement 

should contribute to stimulate WEEE plastic recycling from the demand side. 

 

The study aims to find out whether marking techniques and mandatory recycled content are: 

• Feasible from a technical and economic viewpoint: it may not impose excessive costs on 

the value chain, nor harm health & safety, nor degrade functionality. 

• Enforceable, i.e. controllable by a competent authority. 

• Relevant, leading to more effective recycling on the market, with an environmental benefit. 

The ambition of this study is to feed Ecodesign discussions with the European institutions and to 

contribute to an evolution of the current legislation. 

 

I.2. Organization of this document 

Chapter I is an introduction the document and to the study. 

Chapter II defines the scope of this study and introduces the main concepts developed within this report. 

Chapter III presents the methodology followed to write this report. 

Chapter IV presents and assesses marking techniques. 

Chapter V examines the relevance and feasibility of marking requirements to increase the CRM 

recycling rate.  

Chapter VI examines the relevance and feasibility of a mandatory recycled content. 

Chapter VII examines the relevance and feasibility of marking requirements to control the recycled 

content. 

Chapter VIII recommends other public policies (beyond marking) and further works. 

The intermediate conclusions associated with this report can be found at the end of each major chapter: 

chapter V, VI and VII. 
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II. Scope 

II.1. Items 

The study focuses on energy-related EEE (products) (ErP). Non-EEE ErP are excluded from the scope 

of this study (insulation materials, windows…). 

Household, commercial and industrial EEE are all covered by this study. 

 

II.2. Critical Raw Materials 

The potential for marking EEE is studied for those pieces and products containing strategic materials 

from the list of Critical Raw Materials3 (CRM) published by the European Commission. Non-critical 

metals are out of scope, even if their recycling rates can be improved (steel, Al, Cu…). 

 

In the framework of this study, the list of materials for which the relevance of marking is assessed differs 

from this EU list (in blue):  

• Exclusion of CRM that are not contained in EEE products (barred in red); 

• Addition of elements close to the CRM threshold and considered strategic by interviewed 

stakeholders (in green). 

Additional comments on this list and priority between CRM is discussed in Appendix IX.2.  

 

                                                      

3 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE 

EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS On the review 

of the list of critical raw materials for the EU and the implementation of the Raw Materials Initiative /* 

COM/2014/0297 final,  

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52014DC0297  

 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52014DC0297
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Blue: Official EU list of critical materials (2014); Green: Added elements strategic in this study; Barred: 

Excluded from this study as these elements are not contained in EEE items or irrelevant4 

Figure 1: List of materials targeted by marking 

 

Limits of a selection of priority materials for marking based on the CRM list:  

The choice of the current CRM list as the list of priority materials to mark for recovery has a few 

drawbacks:  

• The list of CRM is established based on relevance for the European economy and supply 

risk aspects. It does not necessarily correspond to the materials with the highest 

environmental impacts. Scarcity is only one aspect of the environmental footprint. Other 

aspects influence the total environmental impact such as the energy necessary for 

processing the material, the material quantity in EEE items, or the recycling rate. However, 

CRM are relevant for policy makers and manufacturers, and can be relevant in future for 

recyclers. As most CRM are currently not recycled, enhancing their recycling would decrease 

their supply risk and therefore decrease their criticality (Source: JRC, 2016) 

• The list of CRM does not take into account the economic relevance of recycling for WEEE 

recyclers. A chemical element on the CRM list has not necessarily a high price on the market. 

The recyclability does not suffice to describe the potential for recycling. (Source: EERA, 

2016) 

• CRM is a moving target. New CRM may pop up within the years to come, while current 

CRM may be declassified as they are substituted. The list is revised every 3 years. The 

current CRM list may not properly target the appropriate list of materials for tomorrow’s 

recycling industry. DG GROW is interested in knowing how CRM recycling (and also how 

recyclability of products containing CRM) can influence the CRM list itself (Source: JRC, 

2016). 

                                                      

4 Comments from recyclers suggest that phosphorus can be found as phosphate esters used in flame retardant 

plastic grades (e.g. PC/ABS, PPO/HIPS). However, it is unlikely to be recyclable as a stand-alone product. 
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II.3. Recycled content 

II.3.1. DEFINITION 

The standard ISO 14021 sets the rules for environmental claims. In particular, it defines the recycled 

content: 

Recycled content: “Proportion, by mass, of recycled material in a product or packaging. Only pre-

consumer and post-consumer materials shall be considered as recycled content, consistent with the 

following usage of terms.” 

Figure 2: Formula to calculate the recycled content (Source: ISO 14021) 

 

In practice, two different types of recycled content can be distinguished depending on the origin of the 

waste stream: 

• Pre-consumer material: “Material diverted from the waste stream during a manufacturing 

process. Excluded is reutilization of materials such as rework, regrind or scrap generated in 

a process and capable of being reclaimed within the same process that generated it.” 

• Post-consumer material: “Material generated by households or by commercial, industrial 

and institutional facilities in their role as end-users of the product which can no longer be 

used for its intended purpose. This includes returns of material from the distribution chain.” 

 

II.3.2. POST-CONSUMER AND PRE-CONSUMER RECYCLED CONTENT 

In this report, recycled content is understood as “post-consumer recycled content”. Pre-

consumer recycling (PIC) and internal recycling are excluded.  

Pre-consumer materials (or post-industrial recycled content, so-called PIC) have generally a higher 

quality in terms of homogeneity and purity, which gives them a higher value on the market.  

Post-consumer materials (or post-consumer recycled content so-called PCR) are more commonly 

incorporated in products of lower value (for example outdoor applications or textiles) rather than used 

in closed-loop (i.e. for the original application of the material).  

While pre-consumer materials generally find outlets without specific policy enforcement, the recycling 

of post-consumer material needs to be encouraged in order to further develop the WEEE recycling 

industry. Therefore, post-consumer recycled content is the more suitable category of recycled materials 

for Ecodesign purposes. (Ardente F., Mathieux F., 2014)  

Ecodesign criteria based on post-consumer recycled content only are coherent with the definition of 

recycled content criteria in existing instruments targeting the EEE market (EU Ecolabel, international 

certification EPEAT, modulation of eco-fee in France) and with the prior objectives of this study. It does 

not preclude the possibility to introduce recycled content requirements including both pre-consumer and 

post-consumer in the future.  

Remark: If the definition of the recycled content further supports more advanced policies (the definition 

of credit for carbon/environmental footprint reduction or labelling to the end-consumer based on the 

environmental footprint), there is a need to disclose pre-consumer and post-consumer recycled content 
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separately, in order to be able to correctly attribute the environmental benefits of recycling. This is in line 

with the issues raised by the European Project Environmental Footprint project. (Source: RDC expertise) 

 

Limits of the definition of recycled content:  

• The recycled content for plastics is even more complicated to define as plastic materials can 

contain recycled plastic resin and recycled fillers, acting as binding materials in the finished 

material. Recycled plastics can substitute virgin resin (only for thermoplastics) or fillers 

(usually from thermosets). The ISO 14021 definition of recycled content does not clearly 

state how recycled fillers should be accounted for. (Source: 2ACR, 2016)  

• In practice, it can be difficult to distinguish pre-consumer and post-consumer recycled 

content during controls as industrials can mix the two in recyclates. (Source: 2ACR, 2016, 

Kick-off meeting of the study « Research on the use of recyclates », VKC for the Federal 

Government of Belgium, 2016) Requirements on post-consumer recycled content may 

increase the complexity of controls compared with requirements on recycled content. 

• Internal recycling is not currently considered as recycled content according to the standard 

ISO 14021 because the material has never the waste status. Some stakeholders state that 

a mandatory recycled content based on external recycling only would encourage plastic 

manufacturers to create a different juristic entity in order to comply with the requirement. 

(Source: Kick-off meeting of the study « Research on the use of recyclates », VKC for the 

Federal Government of Belgium, 2016) On the other hand, internal recycling may be difficult 

to control. 

• The benefits of pre-consumer recycled content would not be acknowledged if criteria are 

only based on post-consumer recycled content. (Source: Kick-off meeting of the study 

« Research on the use of recyclates », VKC for the Federal Government of Belgium, 2016) 

Additionally, excluding PIC from the definition is not coherent with the definition of recycled 

content chosen by some other standards. For example, the use of the wider definition of ISO 

14021 is preferred by sustainable buildings certification schemes (LEED – Leadership for 

Energy and Environmental Design, BREEAM – BRE Environmental Assessment Method 

BRE).  
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Figure 3: Definition of the recycled content in the QA-CER certification scheme 

•  Experts have indicated that there is little collateral risk in accepting pre-consumer recycled 

content and internal recycling in the definition of recycled content. It is unrealistic to assume 

that industrials would create additional production waste in order to reach a higher total 

recycled content, because the converting stage is costly. (Source: Kick-off meeting of the 

study « Research on the use of recyclates », VKC for the Federal Government of Belgium, 

2016) 

• It is recommended to standardize the terminology applicable to the various definitions of 

recycled content (with/without additives, with/without PIC, with/without internal recycling). 

Whenever a claim is made or a requirement is introduced, the definition of recycled content 

that is used should be clearly stated.  

 There is a need for a common and clearer definition of recycled content at European level. 

Definitions should be coherent with other materials so that a manufacturer can disclose a coherent 

recycled content value for an entire multi-material product. The way to account fillers and additives in 

the calculation should be tackled explicitly. The scope of recycled content requirements between pre-

consumer and post-consumer, and internal and external recycling should be discussed at political level. 

In France, a 2ACR WG is working on this issue with the objective to propose definitions acceptable by 

all parties and for different types of materials. CEN/TC 249 WG 11 on Plastics recycling is discussing 

this issue at European level.  
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III. Methodology 

III.1. Summary 

 

Figure 4: The methodology in a nutshell
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III.2. Criteria applicable to marking techniques 

Proposed marking schemes are assessed considering the following criteria: 

Data sources:  Ecodesign regulation, (Bio Intelligence Service, December 2013). 

III.2.1. TECHNICAL FEASIBILITY 

Proposed options shall: 

• Not significantly degrade consumer/work safety 

• Not significantly degrade EEE functionality Example: an added chip on a PCB (Printed 

Circuit Board) may reduce the efficiency of the computer calculation. In that case, it is not an 

acceptable solution. 

• Be adapted to current WEEE treatment process/market surveillance authorities’ 

procedures or reasonably foreseeable future procedures. 

• Be accepted by EEE manufacturers considering cost, funding, secrecy / intellectual 

property and the binding nature of the proposal.  

III.2.2. ECONOMIC RELEVANCE 

The economic relevance is studied for the value chain, considering overall additional costs and benefits 

for public authorities, the manufacturer (production chain), the consumer, the recycler and the converter. 

Costs should not exceed benefits for the society (economic, social and environmental).  

III.2.3. RELEVANCE 

Proposed options shall: 

• contribute to increase the quantity of recycled materials. 

• reduce environmental impacts. Expert judgement will be given on this aspect. The result 

depends on: 

▪ The initial resource efficiency 

▪ The proposed targets to increase resource efficiency (for recycled content); or the 

materials targeted (for CRM) 

▪ The effective uptake rate of the marking + detection at manufacturing; 

▪ The efficiency of marking and detection; 

▪ The collection rate (for CRM, otherwise the marking technique is not used) 

▪ The environmental impact of the proposed marking technique and associated 

adaptation of the value chain 

• be cost-efficient, compared with other potential instruments. This is qualitatively discussed 

based on interviews and researches about other potential instruments.  

Finally, stakeholder acceptance is assessed based on interviews. 
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IV. Benchmark of market surveillance and marking 
techniques 

IV.1. Market surveillance procedure for the Ecodesign 
directive 

Each Member State is in charge of controlling items that enter the common market through its borders 

or that are produced on its territory. If problems are reported on items produced in another EU Member 

State or introduced in the common market via its borders, the adequate market surveillance authority is 

kept informed. 

Compliance to the requirements (energy efficiency, mercury content…) is controlled via document 

controls and lab testing, either in external labs or in the laboratories of the market surveillance authority.  

There is a sampling procedure to evaluate the number of products to be controlled.  

Items to be controlled are purchased either: 

• from suppliers once it is put on the national market. They are controlled in storage 

warehouses, either from retailers or from producers. 

• after being blocked at borders, thanks to a cooperation with the border controls’ authorities.  

In general, the control approach is risk-based: basic verification is based on document control. The 

market surveillance authority looks deeper when problems are reported. If non-conformities are 

observed, more detailed tests are run, i.e. on more items or with a more reliable method such as lab 

tests instead of document control. The number of items controlled is negligible compared the number of 

items put on the market. 

Besides controls, market surveillance authorities act proactively. They inform manufacturers and 

importers on the legislation in order to help them comply.  

(Source: Swedish Energy Agency, 2016)
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IV.2. Classification of existing techniques 

A classification of marking techniques is proposed: Covert, Overt and Traceability technologies. 

Table 1: First classification of marking techniques 

 Description Advantages Disadvantages 

Covert 
technologies 

Covert technologies are non-visible to 
the user and can only be read using 
specific detection equipment. The marking 
technique can be made producer-specific 
or product-specific depending on the 
objective of the marking technique. Anti-
counterfeiting (luxury, food, 
pharmaceuticals, sport brands…) often 
use these marking techniques.   

• often more difficult to 
copy/fraud, especially if made 
producer or product-specific 

• not degrading the product 
aesthetics for the user 

• For the targeted purposes, only one 
or a few marking techniques could 
be acceptable because the 
detection procedure at recyclers of 
by market surveillance authorities 
has to be standardized.  

• Requires specific detection 
equipment and detection procedure, 
not common practice for WEEE 
recyclers and market surveillance 
authorities 

• Can be expensive depending on the 
level of protection chosen 
(especially if producer-specific) 

• Can add secrecy procedures when 
the marking technique is producer 
or product-specific. It may be 
difficult to enforce. 

Overt 
technologies 

Overt technologies are visible to the user 
and can easily be checked with a human 
eye. These technologies are common 
practice for banknotes or passport anti-
counterfeiting. 

• information accessible to the 
user 

• It can be a deterrent to 
counterfeiters 

• It can be cheap 

• Easier to fraud: a combination with 
covert technologies is often required 
for authentication. 

• May degrade product aesthetics.  

• For the most efficient technologies 
(watermarks, holograms), detection 
is usually manual. This is less 
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efficient for in-line sorting (but 
acceptable for recycled content 
authentication). 

Traceability 
technologies 

Traceability technologies or “track and 
trace” technologies store detailed 
information or only a product identification 
code. They can be overt (bar code, QR 
code) or covert (digital watermarking). 

The code is related to a database where 
additional information associated with the 
Electronic Product Code is stored.  

The two main criteria to select the 
technology: 

• The quantity of information that has to 
be stored on the product itself 
(manufacturer and class of products 
or a specific code for each item)  

• The type of detection needed (close 
or at distance, multi or mono-
directional). 

• Can be associated with a 
large amount of information 
via the database 

• The amount and type of 
information stored in the 
database can be changed 
after marking, which is 
relevant considering the long 
EEE product lifetime 

• The information stored by the 
marking technique can be 
edited (only true for RFID 
tags). 

• The marking is associated with a 
product, or a piece, not with the 
material itself. It shows little 
potential for the verification of the 
recycled content. 

• May degrade product aesthetics (if 
overt). 

• Specific detection equipment is 
needed. 

 

 

Data sources: 

• Compounding World, November 2014- Anti-counterfeiting additives 

• Tracer Workshop 2016 presentations – PetCore event  

• Web research regarding anti-counterfeiting and traceability technologies 

For each category of marking techniques, there is a diversity of technologies. The following table is a classification of all identified marking techniques 

provided by about 15 identified manufacturers.   
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Table 2: Detailed classification of existing marking techniques 

Category Techniques Short description 
Marking 
location 

Detection 
technology 

Detection 
direction 

Examples 

Covert 
technologies (or 

hidden 
technologies) 

Embedded tracer  

Tracer in 
masterbatch 

Fluorescent or anti-Stokes tracer 
spread homogeneously in the 

plastic masterbatch. 
Mass 

Fluorescence 
spectroscopy 

Multi 

http://www.symph
onyenvironmental

.com/d2t/Grafe 

Polysecure 

Symphony 
Environmental 
Technologies 

Colour-shifting 
colorants 

Inks changing colour with view 
angle, temperature, light source (in 

visible range). 
Surface Mono 

Sun Chemical-
SunGuard 

Fluorescent inks 
Fluorescent additives in labels. The 

inks can help to hide a message 
such as a bar code. 

Surface Mono 
Sun Chemical- 

Verigard 

Phosphorescent 
inks 

Inks glowing after having been 
exposed to a light source 

Surface 
Light source 

and 
spectroscopy 

Mono 

Microtrace 
solutions- Up-

converting 
phosphors 

Molecular taggant 
Mix ratios of substances at trace 

level allowing authentication 
Mass Unknown Mono 

Microtrace 
solutions- 
Molecular 

Taggants™ 

Microtaggant 
particles 

A multiple layer colour particle. 
Particles can show specific 

answers to different signals to add 
protection layers. Surface or in 

masterbatch. 

Surface or 
Mass. 

Unknown Mono 

Microtrace 
solutions – 

Microtaggant® 
Identification 

particles 

http://www.symphonyenvironmental.com/d2t/
http://www.symphonyenvironmental.com/d2t/
http://www.symphonyenvironmental.com/d2t/
http://www.symphonyenvironmental.com/d2t/
http://www.polysecure.eu/home/
http://www.symphonyenvironmental.com/d2t/
http://www.symphonyenvironmental.com/d2t/
http://www.symphonyenvironmental.com/d2t/
http://www.sunchemical.com/effective-anti-counterfeiting-solutions-to-protect-your-brand-investment/
http://www.sunchemical.com/effective-anti-counterfeiting-solutions-to-protect-your-brand-investment/
http://www.sunchemical.com/effective-anti-counterfeiting-solutions-to-protect-your-brand-investment/
http://www.sunchemical.com/effective-anti-counterfeiting-solutions-to-protect-your-brand-investment/
http://www.microtracesolutions.com/taggant-technologies/up-converting-phosphors
http://www.microtracesolutions.com/taggant-technologies/up-converting-phosphors
http://www.microtracesolutions.com/taggant-technologies/up-converting-phosphors
http://www.microtracesolutions.com/taggant-technologies/up-converting-phosphors
http://www.microtracesolutions.com/taggant-technologies/molecular-taggant
http://www.microtracesolutions.com/taggant-technologies/molecular-taggant
http://www.microtracesolutions.com/taggant-technologies/molecular-taggant
http://www.microtracesolutions.com/taggant-technologies/molecular-taggant
http://www.microtracesolutions.com/taggant-technologies/microtaggant-identification-particles
http://www.microtracesolutions.com/taggant-technologies/microtaggant-identification-particles
http://www.microtracesolutions.com/taggant-technologies/microtaggant-identification-particles
http://www.microtracesolutions.com/taggant-technologies/microtaggant-identification-particles
http://www.microtracesolutions.com/taggant-technologies/microtaggant-identification-particles
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Invisible holograms 
A complex hidden image or text in 
full-colour once seen with a filter. 

Surface Specific filter Mono 
Fujifilm- 

FORGE GUARD® 

Taggants 
Invisible colour coded small 
particles forming an optical 

fingerprint/image. 
Surface 

Fluorescence 
spectroscopy 

Mono 

Plastics Color 
Corp- Mi Batch™ 

Celanese Corp 

 

Spectrally coded 
silica microtag 

(chip) 

Only can be read with a specific 
spectrometer. It contains a code 

that can be related to a database.  
Surface 

Specific 
instruments 

Mono TruTag 

Diffraction gratings 

Engraved lines creating diffraction 
figures when exposed to a laser 
beam and associated with the 

information. 

Surface 
Specific 

technology 
Mono 

Reflex project 

WRAP project 
2012 

 

Printed digital 
watermarking 

Image altered to incorporate a 
digital watermark. The watermark is 

associated with a unique product 
code, linked with the wished 
amount of information in a 

database. 

Surface 

Standard 
detection 
camera / 

Smartphone 
and application 

 

Mono 
Filigrade 

Digimark 

Surface digital 
watermarking 

Surface altered at plastic 
manufacturing to incorporate a 

digital watermark. The watermark is 
associated with a unique product 

code, linked with the wished 
amount of information in a 

database. Researches ongoing for 
glass and metals.  

Surface 

Overt 
technologies (or 

Colour-shifting 
colorants  

Inks changing colour with view 
angle, temperature, light source (in 

visible range) 
Surface Eye Mono - 

http://www.fujifilmusa.com/products/anti-counterfeit_labels/index.html?format=pc#overview
http://www.fujifilmusa.com/products/anti-counterfeit_labels/index.html?format=pc#overview
http://www.chemicalprocessing.com/vendor-news/2013/plastics-color-corp-launches-mi-batch-anti-counterfeiting-technologies-for-plastics/
http://www.chemicalprocessing.com/vendor-news/2013/plastics-color-corp-launches-mi-batch-anti-counterfeiting-technologies-for-plastics/
http://www.trutags.com/
http://www.wrap.org.uk/sites/files/wrap/Diffraction%20grating%20report.pdf
http://www.wrap.org.uk/sites/files/wrap/Diffraction%20grating%20report.pdf
http://www.filigrade.com/
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visible 
technologies) Laser-marking 

additives 

Additives converting laser light to 
heat barning the polymer and 

allowing laser marking 
Surface Mono - 

Watermarks 
Image appearing only at some 

angles due to variation of thickness 
Surface Mono - 

Holograms 
3D image recorded on a 

photosensitive surface using laser 
interference 

Surface 
Laser 

exposition 
Mono - 

Logo Image on the product Surface Eye Mono - 

Track and trace 
technologies 
(traceability) 

Bar code Type of 1 D code  Surface 
Bar code 
reader 

Mono - 

QR code Type of 2 D code Surface 
Smartphone or 
specific reader 

Mono - 

RFID tag 
Radio frequency identification 
device: contains antenna and 

integrated circuit  
Surface Radio detector Multi - 

Invisible fluorescent 
bar code 

Bar code replicated with fluorescent 
additives on an entire label 

Surface 
Fluorescent 

spectroscopy 
Multi Reflex project 

 

IV.3. Focus on fluorescent additives 

Chemical tracers that can be incorporated in the plastic matrix can be relevant to verify recycled content (See explanation part VII.2). Among chemical 

tracers, fluorescent tracers are particularly relevant. Indeed, they make it possible to establish a quantitative relation between the signal detected by 

market surveillance authorities and the tracer quantity incorporated by recyclers claiming the production of recycled material.  

Indeed, fluorescence tracers rely on the reemission of light from a tracer that has been exposed to a high-energy photon beam at characteristic 

frequencies, wavelength and colour (equivalence between the 3 notions) 

The intensity of the reemitted light is proportional to the amount of fluorescent material exposed (at low concentration, thus neglecting matrix effects), 

i.e. the tracer concentration in the exposed material. See additional information in appendix IX.5.  
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IV.4. Focus on a few surface technologies 

Sources: (Norden, 2014), Filigrade 

Surface technologies can be relevant to mark and authenticate entire products because they are easily accessible for control. Among surface 

technologies, we have selected technologies that allow a multiple number of combinations so that each answer corresponds to a product code that 

can relate to a large amount of information within a database. The relevance of this selection criterion is explained in further details in part V.3.  

Table 3: Surface technologies 

Technology Principle Discretion Storage Detection 
Waste 
sorting 

Editing Recyclable 

Barcodes (1D) - No 
30 letters 
/numbers  

No No No 
If the 

sleeve/label is 
recycled 

2D codes - No 
7000 letters 

/numbers (32 
kB data) 

No No No 
If the 

sleeve/label is 
recycled 

RFID 

Antenna, transceiver (with 
decoder) and transponder 
(RF tag). Usually powered 

by the detector stimuli. 

No 
7000 letters 

/numbers (32 
kB data) 

Yes 
Yes, but 
efficiency 

issues 
Yes 

Efficiency of 
the copper-

recycling route  

Printed digital 
watermarking 

An image is altered to 
incorporate the watermark 

in a way that is not visible to 
the human eye. The 

information can be printed 
with any printing 

technology. It can be 
incorporated on any label 
and lasts as long as the 

label lasts. 

Incorporated in 
an existing 

image 

Not known 

(Product 
Identification 

Code) 

No (if the 
watermark is 
printed on all 

sides of the item: 
Yes 

Not proved No 
If the 

sleeve/label is 
recycled 

Surface digital 
watermarking 

The mechanical process is 
altered. The watermark is 

 Database No (it the 
watermark is 

Not proved No Yes 
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incorporated in the preform 
or moulds so that the 
surface of the finished 

product carries it. 

The information remains 
until the product is recycled. 

The process is currently 
operational at lab-scale for 
plastics but has not been 

tested at industrial scale yet 
(patent is being written). 

Tests are currently run for 
metals (application for 

license plates) and will be 
run for glass. 

incorporated on 
all sides of the 

item: Yes 

Diffraction 
gratings 

Lines are engraved, 
moulded or printed. When 
exposed to a laser beam, 
specific diffraction figures 

are measured and can 
authenticate the product.  

 

Not known 

(Product 
Identification 

Code) 

No (it the lines 
are applied on 
all sides of the 

item: Yes 

Not proved No Yes 
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RFID tags in waste management:  

(O'Connel, Hickey, Besiou, Fitzpatrick, & Van Wassenhove, 2013) have specifically studied the potential 

of RFID to correctly identify RFID placed on mixed household WEEE and have reviewed previous works 

on the subject.  

Although the cost of basic RFID is very low (0.1 US$ in 2009. (Thomas, 2009)), the application of basic 

RFID to WEEE management is not efficient:  

• The large amount of metals in the WEEE stream alters detection, especially for UHF tags 

(Ultra High Frequency) that are detectable from a bigger distance. Previous experiments of 

WEEE sorting with RFID report read rate below 30%.  

• The distance between detection and tags shall not be larger than 1 m.  

The development of UHF metal-mount tags specifically adapted for the EEE value chain try to address 

these issues (Odin Technologies) and allow sorting in challenging waste management environment with 

increased read rate when sensor is at full-power. Tests in real industrial environment have shown the 

following read rate for distances up to 3m: 

• 100% for white goods (large household appliances). The accuracy is attributed to the bulk 

size and uniform stacking technique (side by side in a container). 

• 50-73% for mixed small WEEE (vacuum cleaners, radios, toasters). IT equipment was also 

found in the mix. 

However, UHF metal-mount tags are much more expensive than basic RFID: they cost between 1 and 

4.5$/piece (quantities >10 000). Flexible RFID are the most expensive tags in this range, but they are 

better suited for curved surfaces.  

Additionally, these read rates are obtained with new tags. They are overestimated compared with read 

rates that would be obtained with RFID introduced when products are marketed. Finally, the sorting 

efficiency should also be calculated to provide estimations of the entire solution efficiency. 

(Binder, Quirici, Domnitcheva, & Stäubli, 2008) identified that the protection of private consumer data 

could be also considered as a major obstacle to the use of RFID technology in waste management. 

Indeed, the RFID technology enables editing information during the product lifetime. Surveys have 

shown that people fear that private data is stored during the product lifetime and then collected at end-

of-life. Selectively erasing the data does not seem practicable for mixed small WEEE goods.  

Recyclability of RFID tags is not considered as a problem in the WEEE recycling route as the tags would 

follow the copper-recycling route. Plastics would be used for energy and valuable materials: copper, 

silver and gold would be recycled with running practices. (Binder, Quirici, Domnitcheva, & Stäubli, 2008) 

(Schindler, et al., 2012) 

 

Advantages:  

• The information stored in the tag itself can be edited 

• It can be detected in multiple directions wherever the RFID tag is placed 

• It is already used for consumer goods 

• It has already been tested at an industrial scale 

Drawbacks: 

• It is visible for the consumer 

• It can be removed during lifetime or lose part of its efficiency. 
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• It requires specific detection system 

• Read rate is challenging in a waste treatment environment.  

• The most efficient tags are expensive. 

• Protection of consumer information is difficult to ensure 

Studies indicate that research is still needed to improve the efficiency of RFID in a waste management 

context and decrease the cost of RFID tags. 

 

Bar codes/QR codes:  

Compared with RFID technologies, bar codes are: 

• Cheaper 

• Can be detected from a long distance and with the presence of metals 

• Difficult to use to sort mixed loads of WEEE because they require line of sight.  

 

Surface Digital Watermarking: 

Advantages:  

• Digital watermarking can be applied on a surface of minimum 5x5cm length. This surface 

ensures that the watermark can be repeated several times which quickens the detection 

step.  

• Its feasibility for in-line sorting is demonstrated at pilot scale: 200-250 items/min. The 

targeted sorting efficiency is above 98% (detection + mechanical sorting) 

• The digital watermarking can provide billions of combinations. It can be producer-specific 

and even product-specific which increases reliability. This is later associated with the wished 

amount of information. However, multiplying watermarks increases the costs (unit 

price/watermark).  

• One watermark can be used for multiple purposes: product authentication, supply-chain 

control, customer relationship/marketing and end-of-life sorting… The information provided 

by the authentication software can be different depending on the step of the value chain for 

the same watermark. Counterfeiters cannot redo the watermark based on the object only. 

Anti-copying features are incorporated.  

• It is a low cost option as long as the number of items produced yearly is high. It costs 200-

500€/year for a watermark all included (unit price depends on the number of watermarks one 

manufacturer purchases). For one item, the cost depends on the number of units produced 

per year with the same watermark.  

200 000 units: about 0.1-0.25 c€ 

1 000 000 units: about 0.02-0.05 c€ 

The cost is lower than the contribution to a take-back organization. 

• Detection software is provided by Filigrade for free. It can be detected on a smartphone for 

a portable solution (for an operator). 
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Drawbacks:  

• To provide multi-directional detection, the watermark needs to be applied on the entire item: 

the watermark needs to be made for different pieces. The consequences depend on the 

product group (shape of the product is key).  

• The technology is patented. The technology would need to be bought if it were imposed on 

manufacturers.  

• The feasibility is not demonstrated at industrial scale 

 

Diffraction gratings 

Advantages 

• Principle: engraved lines create diffraction figures when exposed to a laser beam. A standard 

camera can register diffraction figures if properly oriented. The lines can be engraved by a 

laser, moulded or printed on a sleeve. 

• Marking costs are very low: 0.06-0.18c£ for moulds, around 20 c£ for laser engraved 

solutions, and negligible for printed and holographic solutions (<0.1 c£)  

Drawbacks 

• Sensor machines are not standard in the industry. They are costly. 

• The product lifetime could degrade marking (contamination between the lines). A potential 

solution is to introduce it at several places of the item.  
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V. Increase the recycling rate of Critical Raw 
Materials 

V.1. Introduction 

V.1.1. CRM IN EEE 

« The total Domestic Material Consumption in the EU is around 7.25 Mt per year, of which only around 

4% are metals and 24% are fossil energy carriers. This means that ErPs, of which the main material 

components are metals and plastics, account for a part of this 28% of the DMC in the EU, and therefore 

that the potential material savings are a lower part of it. » (Bio Intelligence Service, December 2013) 

However, Europe only possesses a small portion of metal reserves in the world. Additionally, for various 

commodities (e.g. gallium, indium, lead), the peak of extraction has already been, or is going to be 

reached in the coming years, associated with a decreasing availability. With the innovation boom in EEE 

products (IT and communication technologies in particular) an ever rising quantity of CRM not produced 

in the EU is consumed.  

Recycling technologies are not established (yet) for some CRM (rare earths in particular), because: 

• Quantities entering waste treatment facilities are small for some CRM because of product 

long lifetime. For example, although LCD is the most common technology for displays, In 

(used for TFT coating in LCD) is not worth recovering because only a little proportion of 

recovered displays are LCD. CRT represent a significant part of the flow (50-90% according 

to interviewed recyclers), although it is rapidly decreasing.  

• CRM price is fluctuating and is often not sufficient to ensure profitability. Investments are 

risky for recyclers.  

Increasing the availability of information about the CRM content could encourage recyclers to develop 

processes and recover more strategic materials. Marking products or pieces could be a way to provide 

this information.   

CRM material efficiency can also be increase via other strategies: substitution and reduction of CRM 

quantities used, design for dismantling, increase of product lifetime…  

  



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report  Page 47 of 207 

 

V.1.2. SHARING INFORMATION – POTENTIAL OBJECTIVES 

Marking is aimed to convey information. Marking techniques can be used as information conveyers 

between manufacturers and recyclers. As an Ecodesign requirement, marking EEE items for recycling 

is a part of design for end-of-life. It is complementary with other requirements: design for disassembly, 

plastics recyclability, identification of materials with special handling needs… 

If recyclers had access to adequate information about the items and materials they have to handle, it 

could help them to develop adequate recycling processes. The CRM content, or the presence of CRM, 

can be one relevant information to disclose. Other relevant information for recyclers are the presence 

of hazardous materials, dismantling instructions, the type of plastics, instructions for reuse… 

Information disclosure can be considered at two different levels, for the same purpose of increasing the 

CRM recycling rate:  

1. At product-level or component-level: Related information can be used at 2 different levels: 

▪ On the sorting line (continuous): Information is used by the operator/machine to 

sort different material streams. Information needs to be conveyed by the piece or the 

product itself via marking. Marking techniques bring added value if they allow the 

sorting efficiency to improve, or if they allow a sorting operation that was not possible 

or profitable without marking.  

▪ On the incoming stream (punctually): Information is used to calculate the CRM 

content of the incoming stream at plant-scale. It can be used to build a business plan 

around the increase of CRM material efficiency. Recyclers can better identify the 

materials that are worth recycling and potential adaptations of the sorting process. 

Having the information marked on the piece or on the product decreases 

characterization costs for recyclers.  

2. At product category level.  

Information about the CRM content can be aggregated for each product category in order to 

encourage manufacturers and recyclers to develop design and recycling technologies. The 

information can be disclosed:  

▪ in a database only, based on the volumes marketed in EU each year. This option is 

out of scope of this study (no marking needed) and will not be discussed in 

details. It will be considered when evaluating the relevance of marking against other 

options. The opinion of stakeholders about this option is reported in the present report.  

▪ via marking at product-category level. Items are marked to identify their product 

category. Information about CRM content can be stored at product-category level (see 

option described above).  
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V.2. Relevance 

V.2.1. MARKET STUDY 

V.2.1.1. WEEE recycling technologies 

WEEE recycling is a heterogeneous world. Sorting and recycling practices vary in Europe.  

Business models can be: 

• quantity-driven, relying on decreasing the costs via economies of scale. They mostly rely on 

automatic treatment techniques: shredding and further sorting the fractions after shredding. 

• quality-driven, handling lower quantities with the aim of reaching a higher material efficiency 

and a higher selling price per unit (with increased treatment costs). They prefer manual 

dismantling. This leads to a higher material efficiency (higher quality recyclates), but also 

higher costs and, in some cases, some safety issues for workers.  

Recyclers chose a balance between quality and quantity, with more or less manual pre-processing 

before shredding and post-shredding sorting stages. 

JRC does not support full manual dismantling of items but rather a combination of sorting strategies with 

a first pre-processing (this is currently done manually in practice) to extract the most valuable and 

environmentally relevant components, followed by shredding and automatic sorting. 

European standards (EN 50625 series) describes best collection, logistics and treatment practices for 

WEEE.56 Shredding is increasing to cut the sorting costs and to allow larger streams to be treated. 

                                                      

5 http://issuu.com/eera-recyclers/docs/european_standards_for_weee_brochur  

6 The content of the standard has partly been inspired by the WEEELABEX project, which developed its own 

standards. The WEEELABEX standards will be withdrawn in favour of the European Standards (EN 50625 – series). 

http://issuu.com/eera-recyclers/docs/european_standards_for_weee_brochur
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Figure 5: EoL treatment of WEEE according to IEC/TR 62635- International Electrotechnical 

Commission standard (Source: (Chancerel and Marwede, 2016)) 

 

 

Full automatic disassembly of products has been tested at pilot scale but there are no fully operational 

commercial facilities using these processes. For example, the GreenElec project uses scanning 

technologies to identify the model of each product in real time and the value of materials within devices 

(based on bill of materials). It helps to sort devices such as phones, tablets… in order to optimize the 

downstream value. (JRC, Analysis of material efficiency requirements of entreprise servers, 2015)   



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report  Page 50 of 207 

 

V.2.1.2. Valuable components and CRM recycling rate 

There is little data on detailed component-specific recycling rate. MEERP model (Bio Intelligence 

Service, December 2013) and the WEEE Forum REPtool (Figure 6 below) provide estimations. Surveys 

are not yet generalized to provide average European data.  

WF-Rep Tool is providing improvement in this matter: it is used by many PRO organizations members 

of the WEEE Forum to handle and report recycling statistics. However, it has not been used yet to 

provide detailed data on the recycling efficiency per process, or per component. Data is not verifiable 

because it can only be handled under non-disclosure agreements, typically by PRO organizations.  

Ongoing works for JRC (Chancerel and Marwede, 2016) have shown that WF-Rep Tool data can be 

used to provide estimations of material-specific recyclability per product category, to support Ecodesign 

decisions. The extension of this study to other countries (data was extracted only based on French 

WEEE treatment facilities) and product categories would increase knowledge related to WEEE recycling 

efficiency. 

Figure 6: Simplifying assumptions on recycling and recovery rates allowed according to WEEE 

Forum Reptool, if no specific data are available (Chancerel and Marwede, 2016) 

Components Technology 
Estimated 

composition 
Estimated use Standard 

classification 

Mixed batteries and 
accumulators  

Battery recycling 
plant  

50 % metals 
(estimate)  

50 % non-metals  

To be 
completed 

50 % recycling 
50 % thermal 

disposal 

Mixed cables  
Specific cable 
shredder plant  

30 % Cu  

70 % plastics  

Cu > Cu 
recovery 

No information 
– municipal 

waste 
incineration 

30 % recycling 
70 % thermal 

disposal 

Capacitors  
High temperature 
incineration  

Mixture  
Hazardous 

waste 
incineration 

100 % thermal 
disposal 

Printed circuit boards  
Copper smelter or 
precious metal 
refining  

To be completed  
To be 

completed 

30 % recycling 
30 % energy 

recovery 

40 % thermal 
disposal 

Motors  To be completed  100 % recycling  
To be 

completed 
100 % recycling 

 

Based on the best-performing French WEEE treatment facilities, (Chancerel and Marwede, 2016) plant-

based estimations of the recycling rate. 

• PCBs are used in copper smelting facilities. A maximum of 22-25% of the PCB weight are 

recycled (copper and other metals, for instance Sb), 60% is recovered as part of other 

material (materials included in the copper stream) and 16% is energy recovered (plastic and 

resins). 10-30ppm is disposed of (probably volatile metals). 90% of the PCB value is 

recycled. This estimation is of better quality that the default values proposed by 

WEEELABEX (Figure 6 above).  

EERA suggests that the recovery rate as “other material” is still overestimated considering 

the calculation methodologies prescribed by EN TS-50625-5. In the estimation presented 

above, reducing agent is accounted as recovered.  
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• The recycling rate of cobalt from Li-ion batteries is more than 90%. 

• Indium is not recovered from flat panel display appliances.  

WEEELABEX value for batteries is not valid for Li batteries. According to EERA, the recycling rate is 

lower than 1 or 2% : only cobalt is recycled. 

V.2.1.3. EOL recycling rates of metals 

Figure 7 below provides estimations of EOL recycling rate for sixty metal, excluding production scrap 

recycling, and including all end-markets, not only EEE.  

This figure shows that the list of CRM materials does not necessarily matches the list of the materials 

with the lowest recycling rate. 

Figure 7: EOL RR for sixty metals (UNEP, 2011) 
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V.2.2. MARKING POTENTIAL- ASSESSMENT PER CRM 

Table 4 evaluates the potential to increase RR via marking. It is based on the following choices: 

• Potential recycling in plastics, steel or aluminium stream is considered out of scope. CRM contained in batteries are out of scope of 

Ecodesign. It is covered by the Batteries and Accumulators Directive. Potential improvements in the battery value chain via marking are 

commented although it is not the core of this study. 

• If no recycling process is economically running, or is CRM quantities are very small to justify a dedicated treatment, the potential is 

considered at “long-term”. 

Table 4: Potential to increase RR via marking- Summary per CRM 

CRM 
according 
to EC 2014 

Applications in EEE 

(European 
Commission, 2014) 

Developed recycling 
processes 

(European 
Commission, 2014) 

EOL recycling 
rate 

(European 
Commission, 
2014) (UNEP, 

2011) 

Barriers to recycling 

(European Commission, 2014) 

Potential to 
increase RR via 
marking (Some 

justifications are 
further detailed 
in part V.2.3.) 

Antimony 
(Sb) 

Flame retardants 

Old lead-acid batteries-
no more applicable 

Battery lead-acid 
recycling is the major 
producer of secondary 

antimony as lead-
antimony. 

Antimony present in 
Printed Circuit Boards 
can be recovered by 
copper smelters or 

integrated metal 
refiners. 

1-10% overall Dissipative application.  
Out of scope 

(plastics) 

Beryllium 
(Be) 

Electric/ electronic 
connectors 

Not identified. <1% 

Small size of the components 

Low Be content in the copper alloys 
of the components. Scrap is 

recycled for its copper content 

Long-term 
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because of the higher Cu value. It is 
part of the non-ferrous stream 

Borates (B) 
Glass of LCDs, in a small 
extent in flame retardants 

Not as a single element 
(as part of glass or 

plastics) 
<1% 

Consumed with use (Fertilisers, 
chemicals and detergents) 

Out of scope 
(glass) 

Chromium 

(Cr) 
Stainless steel 

Not as a single element 
(it is part of the steel 

recycling) 

30% of 
apparent 

consumption  

>50 (UNEP) 

- 
Out of scope 

(steel) 

Cobalt 

(Co) 
Li-ion and NiMH batteries Yes 68% Scrap mix of metals 

Out of scope 
(batteries) 

Extractability and 
collection have 
more potential 

Gallium 

(Ga) 

LEDs and integrated 
circuits (ICs) 

Yes 
<1% (post-
consumer)  

Not economically viable 

Dispersed in PCBs and LCDs. 
Collection of sufficient quantities is 

difficult. 

Long-term 

Germanium 

(Ge) 

LEDs and electronic 
components 

Yes <1%  
Trace amounts: not technically and 

economically practicable. 
Long-term 

Indium 

(In) 

LCD panels, in a minor 
extent also LEDs, solders 

and semi-conductors 
Yes 1% in LCDs 

Small concentrations are present in 
each device (LCDs). Considering 

the low In concentrations in LCD flat 
panels, a large volume of devices 
would have to be stored in order to 
reach the critical weight necessary 

for a profitable In recovery. In 
practice, flat panels are generally 
not stored for this purpose. It is 

partly landfilled (glass and ITO), and 
partly sent to recycling (plastic). 

Long-term 
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Magnesium 

(Mg) 
Casings Within aluminium alloys 39% - 

Out of scope 
(aluminium) 

Natural 
Graphite 

Li-ion batteries 

Battery recycling 
process based on 

hydrometallurgy make it 
possible to recover 

graphite 

Lost in pyrometallurgy 

0% 
Lack of economic incentive 

Technical challenges 

Out of scope 
(batteries) 

Extractability and 
collection are the 

main drivers. 

Niobium Some magnets 

In niobium containing 
steel and superalloys.  

No magnet recycling is 
reported 

20% 

0% (magnets) 
Need to extract magnets manually Long-term 

PGMs 

Palladium in electronic 
components/printed 

circuit boards, Pt and Ru 
in hard disk drives, 

iridium in LEDs 

Yes >50% Collection rate of WEEE 

Not significant 
because 

electronic cards 
can be easily 

identified without 
marking (green) 

Increase cell 
phone sorting 

efficiency 

REE (Light 
and Heavy) 

Magnets in motors, 
drives and loudspeakers 
(Nd, Dy), NiMH batteries, 
phosphors of CCFL and 

LED backlighting 
systems 

Yes 
<1% 

 

Price of REE. 

Nd: need to extract magnets 
manually 

Technical difficulties to establish 
profitable REE processes from 

mixed stream (fluorescent 
powders). 

Long-term 

Silicon 
metal 

Silicon semiconductors in 
chips 

Not as a single element. 
Silicon is recovered as 

part of aluminium scrap. 
Silicon wafers are 

Recycling of 
pure silicon 

does not 
happen 

Recycled in aluminium scrap 
Out of scope 
(aluminium) 
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recyclable and 
production scrap is 

currently recycled in the 
solar cell industry. 

Tungsten 
Hard metal alloys for 
tools, filaments for 
lighting equipment 

Yes 24% 
Value of other metals in tantalum 
alloys lead to economic recycling: 

Ta, Co, Ni 
Yes 

Lithium (not 
on the list) 

Batteries 

Yes for  

- post-industrial indium-
tin oxide from LCD 
screen production 

- post-industrial CIGS 
(solar panels) 

<1% 

Lithium value: Batteries are not 
recycled for the lithium content but 

for cobalt or ferromanganese: 
lithium is part of the slag used for 

road construction. 

Out of scope 
(batteries). 

Extractability and 
collection are 
main drivers. 

Tantalum 
(not on the 

list) 
Capacitors Yes 1% 

Component extractability is not 
economically practicable. 

Ta is not recovered in the PCB 
recycling process. 

Long-term 
(recycling process 
to be developed) 
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V.2.3. SHORT-TERM: MARKING FOR USE ON THE SORTING LINE 

V.2.3.1. At component-level 

The relevance and enforcement potential of marking is studied for the following pieces, selected because they contain Critical Raw Materials (CRM), 

based on current recycling practices.  

Table 5: Relevance of marking EEE pieces to increase strategic metal RR - Analysis per piece 

Selected pieces CRM Remarks- Relevance of marking 

Electronic cards 

Electronic cards or Printed Circuit 
Boards are pieces used in electronic 
devices. The quantity of components 
per area determines the rich or poor 
EC category. Many CRM can be 
found in electronic cards because of 
both the components and the card 
finishing, made to protect the copper 
used for the connections from 
oxidation.  

Sn, Te, Ag, Se, Ru, Rh, 
Pt, Pd, Ni, Pb, Ir, In, Au, 

Cu, Bi, As, Sb, Ta 

Marking Printed Circuit Boards (PCB) shows no potential to directly increase 
CRM RR on the sorting line.  

EEE devices containing rich and poor cards are well identified by recyclers. 
Some recyclers choose to separate WEEE into 2 streams that are treated 
differently.  

• WEEE devices containing rich cards (a lot of valuable electronic 
components): Rich cards can be dismantled manually (screens, 
computers…). This is often profitable because shredding decreases 
the precious metal recovery rate and thus the value of sorted cards.  

• WEEE devices containing poor cards (few valuable electronic 
components) are shredded and produce three streams: light stream 
of fluff (plastics and light materials), ferrous and non-ferrous (typically 
aluminium and electronic cards). Electronic cards can easily be 
sorted from aluminium based on color detection (EC are green).  
(Source: Galloo Metal, Ecosystèmes) 

Once isolated, electronics cards are treated by copper smelters. For example, 
the facility of Umicore Precious Metals Refining can recover silver, gold, 
platinum, palladium, rhodium, iridium, ruthenium, indium, selenium, tellurium, 
antimony, tin, bismuth, lead, copper and nickel.  

Marking would not provide added-value compared with the colour-based 
detection.  

Fe- Nd /Fe-Dy magnets  

(in hard drives, motors.) 
Nd, Dy 

Marking hard drives or magnets shows no short-term potential for the following 
reasons:  
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Nd and Dy magnets are currently 
found in the ferrous fraction after 
shredding or on the shredder itself 
because of their magnetic 
properties. Nd and Dy are thus either 
used in the ferrous value chain or 
lost. Nd is the most common rare 
earth used and Dy the most 
strategic. 

• The use of hard drives tends to decrease, while SSD (Solid State 
Drive) are more and more used and do not contain rare earths. 
Introducing a regulation on hard drives today would most probably 
be obsolete.  

• Hard drives are currently properly identified and can be separated 
manually by WEEE recyclers as a valuable component of computers 
(containing electronic cards). Marking hard drives is pointless if 
computers are dismantled manually. 

• Marking the magnet for sorting after shredding (automatic way) 
would be useless because shredding destroys the magnet and 
makes it very hard to recover. The extraction of the Nd magnets can 
be best done manually, where marking is useless.  

Marking components or products containing magnets could increase the cost-
efficiency of manual extraction. 

TFT panels in LCD displays 

Indium Tin Oxide (ITO) is a 
transparent conducting oxide easy to 
deposit as a layer which are very 
relevant properties for LCD 
manufacturing immediate. 

In 

LCD display marking shows no potential to increase the recycling rate because:   

• Indium value and potential quantities (a few g per display) do not 
justify the investment in a specific sorting line. This is partly due to 
the very small proportion of LCD displays entering recycling 
processes today but this could evolve in the following years.  

• LCD displays are already separated based on WEEE directive and 
TFT panels manually extracted. Galloo Metal dispose of ITO in 
landfill. Marking would not provide added-value.  

Niobium capacitors Nb This has not been identified as a priority for this study. 

LED screens Ga This has not been identified as a priority for this study. 

Compact fluorescent lamps (CFL) 
Rare earths : 

Eu, Y, Tb, Ce, La 

There is no potential for marking CFL lamps (Source: JRC) because:  

• All lamps are treated the same way: there is no need to separate 2 
streams to increase CRM RR.  

• CFL lamps must be treated because of the mercury content in some 
technologies. Compliance is the driving force rather than the 
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potential profit associated with CRM content, especially considering 
the recent decrease in rare earth price. 

• There is little space for marking. Provision of information could be 
facilitated via other ways.  

The low recovery rate of REE from CFL lamps originates from the low price of 
REE and high cost of the existing recycling technologies. The only running 
process operated by Solvay at La Rochelle (France) has closed beginning of 
2016 because it was not profitable. 

Other (industrial WEEE?)  

Recycling CRM in BtB EEE is economically relevant because items are usually 
large. Some items contain large CRM quantities  

However, marking industrial WEEE to provide CRM information brings little 
improvement compared to current practices. Specialized value chains already 
know where valuable materials can be extracted. When CRM are not recycled, 
this is because it is not profitable. Information about the quantity of CRM at 
product category level is considered more relevant in order to help recyclers to 
build business models.  

Example 1 - Servers:  

Within servers, CRM are located in batteries, hard disk drives, PCBs and 
connectors. The greatest amounts of CRM are Nd in the magnets of HDDs, 
silicon in the die of integrated circuits and cobalt in batteries (but Co content is 
decreasing). Recycling of Nd magnets is tested in laboratories but magnet-to-
magnet recycling is not commercial yet. Cobalt in batteries is recycled at 
commercial scale. Research to recycle silicon in dies is needed.  

Servers are usually managed by original equipment manufacturers or specialty 
shops, which optimize reuse and recycling of valuable parts. (JRC, Analysis of 
material efficiency requirements of entreprise servers, 2015) 

They use bar codes to verify components before their classification as stock (for 
reuse) or due to be recycled. 

Valuable components (Hard Disk Drives, memory cards, cables, batteries, 
mainboards…) are extracted manually and reused or recycled. Other 
components are shredded and the residual fraction is incineration.  

For servers, RR reaches 90%. 



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report  Page 59 of 207 

 

Obstacles to recycle CRM are mainly related to the lack of commercial 
processes, rather than to potential difficulties at extraction and sorting. JRC 
proposes in its report on servers a requirement to disclose at industry level the 
volume of CRM in servers in order to shed light on the type and amount of CRM 
used in a server. 

  

Example 2 – Industrial fans 

Fans can contain permanent magnets in Electronically Commutating motors. 
Disclosing the mass of permanent magnets in specific EC motors is mandatory 
(on labels). It is supposed to help recyclers to define whether a separate route 
for disassembly is economically relevant for them.  

 

In Table 6 we comment whether it is relevant to mark components that contain valuable materials not classified as CRM according to the European list 

but that have been included in the scope as relevant for public policies tackling material efficiency of electronic products. 

Table 6: Relevance of marking EEE piece to increase strategic metal RR - Analysis per piece –Insight on valuable materials that are not on 

the European CRM list 

Selected pieces Non-CRM Remarks - Relevance of marking 

Tantalum capacitors 

Tantalum capacitors are used in 
high added-value applications as 
pass or bypass filters (noise 
filtering) and for energy storage 
(flash lamp). 

Ta 

Ta is used in PCBs. Recycling Ta as part of PCBs requires development of recycling 
processes after smelting, where marking has no use. 

Capacitors extraction does not seem economically practicable as long as it relies 
on manual operations. Marking today might be helpful for automatic extraction (via 
robotics) in the future. This should be tested at industrial scale. 
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Cables Cu 

Cable marking is not relevant to increase Cu RR:  

• External cables are well identified. Separation is mandatory based on 
WEEE directive but it is not always done in practice. It is usually done 
manually. 

• Internal cables are recovered after shredding in the non-ferrous fraction 
and exported for further sorting. Valuable copper is recovered. 

Batteries and accumulators Li, Cd, Ni 

Remark: Batteries and accumulators are out of scope of Ecodesign. Therefore, it is 
out of scope of this study. However, the relevance of marking to improve battery 
recycling is challenged in order to shortly extend the discussion to material efficiency 
in WEEE management in general. 

Batteries and accumulators can be collected via 2 streams:  

• A stream collected separately (well spread for single-use batteries) 

• As a part of the WEEE stream (accumulators or batteries remaining in 
used devices) 

Batteries collected via the WEEE stream are mostly not extracted by recyclers, 
although their removal is mandatory under the provision of Article 8 of the WEEE 
Directive.  

• For some items in particular, batteries cannot be extracted (specific 
brands of cell phones for example).  

• Even if batteries can be extracted, separate removal that leaves the 
battery intact is costly. Recyclers rely on the definition of the “removal” 
process in the WEEE Directive, which tolerates other types of 

processes: ‘removal’ means manual, mechanical, chemical or 

metallurgic handling with the result that hazardous substances, 

mixtures and components are contained in an identifiable stream 

or are an identifiable part of a stream within the treatment 

process. A substance, mixture or component is identifiable if it can 

be monitored to verify environmentally safe treatment.  
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In practice, EBRA estimates that most batteries coming into WEEE 
treatment plants are not recycled in adequate value chains. For this 
stream, there are no reliable statistics on the battery collection and 
recycling rate (recyclers do not report it). 

Despite this general picture, some recyclers do extract intact batteries (example of 
Galloo in Belgium) and send them to recycling. 

 

To be efficiently recovered, batteries and accumulators need to be separated by 
electrochemical couple. They are already labelled with the couple name.  

Batteries can be sent to recycling already separated per electrochemical couple, or 
mixed. Recycling facilities know how to separate batteries per electrochemical 
couple. There are 2 different methods to separate them: 

• Manually: trained teams helped by existing labels 

• Automatically: batteries are sorted per size. Then, they enter a magnetic 
field. Depending on the measured answer to the magnetic field, a 
machine can recognize different couples (Li, NiMH, NiCd…) and sort 
them out. Sorting efficiency is above 98%. BEBAT (PRO organization 
for batteries in Belgium) has one magnetic sorting machine. X-ray 
technologies are also developed in Germany (similar principle).  

Both technologies coexist today, which suggests they are both competitive. 
Although manual sorting can be expected to be less efficient, sorting efficiency can 
be sufficient for recyclers’ needs. Additionally, manual sorting is more efficient when 
batteries are damaged.  

Sorting per technology is common practice. Umicore (battery recycler) indicates that 
they receive batteries already sorted per technology and not shredded. 

 

Marking per battery type 

Marking to sort out batteries per electrochemical couple does not seem useful at 
short-term because they can already be sorted thanks to X-ray or magnetic 
machines. These technologies are already economically practicable. They coexist 
with manual sorting.  

However, more detailed marking could prove useful in the future in order to separate 
different types of electrolytes or different cathode materials (for the lithium 
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secondary (rechargeable) batteries, for example for LFP, LiMn….). Indeed, 
manufacturers constantly innovate and differentiate by offering different types of 
battery technologies. Recycling processes and safety measures depend on the 
materials used in the various battery technologies. If sorting is not enough refined 
within Li secondary, recycling may be hampered and work safety affected in the 
future. For example, some electrolytes used for Li batteries are extremely 
flammable. Magnetic sorting or X-ray is not sufficient for a refined sorting. As part 
of current debates between recyclers and manufacturers on labelling, a more 
accurate description of battery type was suggested by recyclers. Battery 
manufacturers are reluctant because it is a visible, option, because it does not 
protect the confidentiality of technologies and because of its cost. Recyclers indicate 
that they encounter difficulties to raise awareness on this issue because there are 
currently only a few safety problems. Because batteries’ lifetime is long (about 10 
years), the diversity of marketed technologies is not yet managed by recyclers. 
Recyclers are in favour of introducing a marking solution from now on in order to 
anticipate further issues. (Source: EBRA, 2016) 

 

Marking batteries for extraction 

JRC highlights that the main barrier to an increased battery recycling rate is the 
extractability. In theory, batteries shall be extractable but several exceptions can be 
introduced for safety of functionality reasons.   

Marking batteries to increase battery extraction rate after shredding or smashing is 
not relevant according to this study because: 

• batteries are already degraded after shredding/smashing  

• it is likely that surface marking on batteries will not be detectable after 
shredding/smashing 

• the release of harmful pollutants within the entire stream is likely to 
occur. Therefore, manual dismantling should be encouraged. 

The best available technique is manual extractions of batteries. For this procedure, 
marking has little value. (Source: Recupel, 2016)  
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Note: Recyclers have noted that visible labels/marking could be used to facilitate the identification of components containing/not containing hazardous 

substances (e.g. dry capacitors, which do not contain hazardous substances, could be marked with a specific color). This has not been further studied 

as it is out of scope. 
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V.2.3.2. At product level 

• Marking displays per technology could help separation and improve material efficiency 

(LCD, plasma, CRT, OLED…)  (Source: Ecosystèmes, EERA).  

Depending on the countries, the display stream is a part of the small EEE stream (Belgium) 

or collected separately (France) and sent to dedicated treatment plants. Currently CRT are 

manually sorted with a manual extraction of the cathode (mandatory in WEEE Directive). 

LCD displays (minority) are sent to specific treatment plants where they are manually 

dismantled with mechanical aid or shredded under wet and confined atmosphere. Indium 

and liquid crystals can be recycled only when the LCD is manually dismantled.  

Such a marking would provide economic gains by simplifying display sorting. It is not certain 

that it provides environmental benefit because display separation per technology is current 

practice. 

• There could be a little potential to mark small devices containing rich cards 

(smartphones for example) because there may be sorting mistakes. The proportion of cell 

phones disposed of is very low because of their value and size: most of them are sold or 

stored at home. The potential to increase the CRM RR by marking smartphone is therefore 

limited (Source: Ecosystèmes). Marking could provide economic benefit (for example 

marking for CRM content) but little direct potential in increasing RR because of the low 

collection rate. It may be relevant on the long-run if the cell phone collection rate increases. 

 

V.2.3.3. Conclusion 

A fixed marking requirement targeting specific products or components via marking is not 

considered relevant at short-term. 

Current recycling practices usually enable the identification of valuable materials. Material efficiency if 

hampered: 

• by low collection rates and poor collection practice on one side;  

• and by the lack of profitable recycling process/low material value on the other side.  

A fixed marking requirement targeting specific components is unlikely to comply with the criteria 

applicable to Ecodesign requirements: adaptability to recycling practices is not ensured on the long-

term when recycling practices evolve, and efficiency of the requirement may be affected consequently. 

This conclusion has led the authors to propose another marking system ensuring higher flexibility.  
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V.2.4. LONG TERM PROPOSAL: FLEXIBLE MARKING AT PRODUCT-LEVEL/PRODUCT-CATEGORY TO 
OPTIMISE THE RECYCLING PROCESS 

The following diagram describes the principle of a marking scheme at product-level and detection scheme aiming at improving material efficiency within 

the WEEE recycling chain.  

 

Figure 8: Flexible marking at product-level - Principle 
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EEE items can be marked with a flexible marking technique so that their product code can be identified, 

or at least their product category.  

A database is developed in which relevant characteristics of the EEE item/category are stored (strategic 

metals content could be one of them, along with hazardous substances, presence of CRM, type of 

plastics…) and associated with each product code.  

Each WEEE recycler identifies the marking system(s) (RFID, bar codes, digital watermarking…) and 

gets specific information they need from the database. This could enable sorting at collection points, 

command adequate automatic sorting instructions or give appropriate instructions to the operator for 

manual sorting. Although the marking technique(s) remains unchanged along the product lifecycle, the 

database can be complemented over time by EEE manufacturers, depending on the recyclers’ needs. 

The list of information to be provided as an Ecodesign requirement could vary: 

• with time: presence of permanent magnet, presence of a hazardous additive in plastics…  

• with the type of product 

Information could also originate from other sources (specific studies by researchers, consultants…). The 

information must only be provided once in the database for Europe. 

Providing that recyclers adapt their recycling lines, they would be able to better separate products by 

category and even sort out some specific products containing valuable materials. This may contribute 

to an improvement of the quality of materials (remove hazardous substances, better selectivity) and of 

the recycling rate of some valuable materials. It may also help reduce treatment costs if targeted 

materials are concentrated in a more homogeneous stream. 

Examples of issues from past and current WEEE management (not only CRM related) that the proposed 

system could contribute to solve: 

• PVC with lead/DEHP cannot be recognized and separated from PVC without lead/DEHP in 

a cost-effective way. Therefore, the whole stream is unsuitable for recycling. 

• For years, batteries containing cadmium prevented the recycling of the non-rechargeable 

battery stream because they could not be separated from the mixed battery stream.  

• Smartphones are mixed with the whole stream which makes them difficult to isolate for a 

manual extraction of printed circuit boards. When smashed/shredded a part of the value/of 

materials is lost 

• It is hard to identify the presence of Li-ion batteries in a WEEE stream. They are present 

everywhere. This is an important and raising issue considering the fire hazard associated 

with Li leaks during the recycling process. This is already a reality for recyclers. According 

to EERA, fires break out every day in European recycling plants. 

• If all products containing permanent magnets are automatically isolated, it may be profitable 

to manually dismantle them to recover the magnets; 

• Is there are enough items, some plastics may be sorted with a homogeneous grade and 

color, increasing the number of the potential applications as recycled materials and the 

economic value.  

• If RFID on cooling and freezing appliances would carry information on plastic CFC’s, HC’s 

and/or Vacuum Insulated Panels, it could ease the recycling process for recycling plants for 

a marginal cost compared with the currently applied manual sorting. 

Interviewed manufacturers are ready to study this option only if they are sure there is a significant chance 

that it corresponds to some future needs of recyclers.  
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EERA indicates that this proposal is interesting as a proof of concept, and that the implementation is 

key: 

• In addition to providing information for recyclers, marking on products should be designed to 

help consumers identify how they should recycle their WEEE item (which bin/collection 

system), whether it contains hazardous substances… It would help raise customer 

awareness. It is viewed by EERA as a solution to increase collection rates. 

For this purpose, marking should be visible (as a bar code or as a label) so that the consumer 

can identify where to find the information. Colours are considered particularly relevant for 

sorting instructions (e.g. green, orange, red). 

This additional objective is considered out of scope of this study.  

• Information should not only be provided for recycling, but also for reuse. 

• Marking should be uniform and detectable in a cost-efficient way.  

• Talks between manufacturers and recyclers are necessary to select the marking system(s) 

and establish a harmonized database and framework for marking. 

The current context (economy, oil price) makes it difficult to foresee the proposition potential efficiency. 

The difficult economic context places recyclers (and manufacturers) in a difficult position to make long-

term investment. The effective use of the marking option will depend on this context. 

In addition to the necessary investments in detection portals, conveyers and separation lines, the 

proposition requires a pre-treatment stage to cut the cables so that items enter the system as distinct 

objects on conveyors. It is necessary for the separation systems to work appropriately that cables are 

not intertwined. It is current practice for a limited number of recyclers. (Source: Recupel, 2016) 

Further research and tests at industrial scale are needed to demonstrate the practical applicability of 

this proposal. The stage necessary to cut the cables should be included in the assessment. 
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V.2.5. INFORMATION DISCLOSURE AT PRODUCT-CATEGORY LEVEL 

Principle 

Information about the CRM content can be aggregated at product-category level to encourage 

manufacturers and recyclers to develop design and recycling technologies. Marking the information on 

the product itself is not necessary: information could be declared on a database based on the volumes 

marketed each year on the European market. 

 

State of the art 

This initiative can be viewed as an extension of the principle of recycling passports or end-of-life reports. 

These documents gather relevant information about the presence and location of hazardous substances 

and components recyclers are obliged to extract separately according to the WEEE Directive, and 

instruction about dismantling procedure. PAS 1049 “Transmission of recycling relevant product 

information between producers and recyclers - The recycling passport” standardizes the information to 

be provided. However, current tools to disclose this information are not user-friendly. In practice, 

recyclers do not use them to understand how each product should be treated. Recyclers would like 

information to be accessible on a digital platform per group of appliances (product-category), not per 

product.  

Ecodesign product requirements can include mandatory information sharing between manufacturers 

and recyclers and define the format. Hg content must be disclosed. Marking the presence of lead or 

BFR plastics is also required in the draft proposal for electronic displays. 

JRC is working on this option7. According to the recyclers interviewed by JRC in 2012, the first step to 

allow CRM recycling is having more detailed information on the amount of material contained, their 

composition (chemical compounds), their location and the expected quality by manufacturers for 

secondary materials. No mandatory disclosure of CRM content has currently been required. After JRC 

has proposed of mandatory disclosure of In content at industry-level as part of Ecodesign requirements, 

the electronic display industry has voluntarily agreed to disclose the total quantity of In in displays 

 

Format 

EERA suggests to provide this information on an internet forum on this platform for exchange of 

information between recyclers and producers. It can for instance be used to launch new researches, 

launch new studies etc. 

 

Content 

Per group of appliances, recyclers wish to have as a minimum the following information: 

• Maintenance manuals (explode views) to help reuse 

• Dismantling instructions 

• Separately for each dangerous component/hazardous substance (as a minimum the ones 

mentioned in Annex VII of the Directive, but also other dangerous components or substances 

that normally occur in WEEE should be addressed): 

                                                      

7 ARDENTE, F, MATHIEUX, F. (2014). Identification and assessment of product’s measures to improve resource 

efficiency: the case-study of an Energy Using Product. Journal of Cleaner Production, 83 (2014) 126-141. DOI: 

10.1016/j.jclepro.2014.07.058. 
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▪ Short description and photo of the component / substance and its different types 

(some may not be dangerous or have different characteristics) 

▪ Usual place where these are found in the appliance 

▪ Special cases (exotic types, e.g. asbestos insulated cables in clothes irons): how to 

recognize them and dismantling instructions 

• Advice for logistics (ADR) and collection (separate / mixed).  It could be interesting to advise 

separate collection or sorting when there is a significant concentration of a specific 

hazardous component in one appliance group, so as to avoid dilution. 

• Presence of labelling used for products with or without specific hazardous components 

(aligned / consistent) or with specific technology, starting when the products are placed on 

the market  

• Extra information on the use of materials that are recyclable only in case certain treatment 

technology is used (e.g. PMMA plates from manual dismantling of FPD). 

For each hazardous substance/ component, recyclers suggest to disclose the same type of information:  

• The composition (material content) 

• In which appliances it is applied (with a link to the appliances groups above mentioned) 

• How to recognize and how to identify different types 

• Where to usually find it in the appliance 

• Dismantling tips / instructions 

• Personal protection needed for handling 

• Handling, storage, packaging and transport instructions 

• Examples of MSDS sheets when applicable 

• Dangers when not properly depolluted 

 

Perspectives 

Manufacturers are willing to engage discussions with recyclers on this option.  

No need for public authorities’ support has been identified by manufacturers: it could be managed at 

industry-level. However, EERA regrets that no actions has been taken so far.  

 

Advantages of this option:  

• This option decreases the need for verification by market surveillance authorities. 

• As for the previous option, the potential of such a database goes beyond the presence of 

CRM. Many other information related to hazardous substances, reuse, plastic type… can be 

stored in the database.  

• Models considering the product lifetime could be used to help recyclers predict the amount 

of CRM coming into their sorting facilities.  

• It is cost-efficient for manufacturers. 
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• Synthetic information at product-category level has value to train recyclers. It can help target 

research projects. 

• Considering a stepwise approach, this a first step of increased dialogue between 

manufacturers and recyclers. The database could be later use and related to product-

category marking. 

Disadvantages of this option:  

• Information disclosed at product-category level does not help change automatic sorting 

instructions on the sorting-line 

• It has no direct impact on the recycling costs. Materials that are not profitable to recycle have 

little potential to be more recycled at short-term using this option. 

• It could require manufacturers to disclose strategic or confidential information. However, 

IEEE indicates that, based on discussions around IEEE standards’ development, it has not 

been identified as an issue, except for dismantling instructions for reuse.  

• It may require significant effort from manufacturers to gather information from their entire 

supply chain on a database. 
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V.2.6. STAKEHOLDERS’ OPINION 

Recyclers 

Interviewed recyclers do not see an added value in marking at short-term because they do know where 

precious/strategic materials are located.  

For permanent magnets in particular, recyclers are working on the subject. There is no process beyond 

the proof of concept, because profitability is not demonstrated. The market price and volatility of rare 

earths hampers business models. 

EERA formulates the following suggestions about marking requirements: 

• Do not rely policies on labelling/solution detected manually: If the business model 

remains similar as it is now, using labels to increase sorting is futile. Very often several 

categories of WEEE are discarded together in large containers. Labour costs are too high in 

most countries to justify manual sorting. Manual sorting and dismantling remains the 

exception among WEEE recyclers (about 10%). A manual separation of categories could not 

be generalized for all countries and processes. For most recyclers, products are shredded 

together. The process is not optimized for each type of WEEE but for the mixture. 

Recyclers do not trust labelling based on their experience with plastic labels: they think 

marking will not be correctly updated. They indicate that they would rather search information 

online than use the label.  

• A declaration of the mass balance of products on products has no value for recyclers 

because it gives no information about the way to recover each fraction.  

• Information disclosure at product-category level (in a database, not on products) 

would be helpful and is a priority work for recyclers. It should be gathered in a huge 

database accessible both to manufacturers and recyclers.  

It would help recyclers optimize their process, both for automatic or rather manual processes 

although it is difficult to say to which extent it will help increase recovery rates.  

Online information is considered valuable for recyclers if information is required for all 

products (of one product category), on a central location and easy to use.  

• Information on the item helping sorting items per product category would also be 

relevant but is not a priority work for recyclers. It could help to further sort product 

categories that are collected together. It is more challenging in terms of negotiation with 

manufacturers. 

Marking should meet the following three conditions: 

▪ uniform for the product category 

▪ adopted early and by all 

▪ easily recognisable (if manual: big logos or letters, colours; small print is not useful, if 

automatic: efficient and feasible detection) 

• Information about the presence of some materials (no weight disclosed) is interesting as a 

proof of concept but is yet to be demonstrated in practice. The 3 criteria applicable to marking 

should also be met. 

Example: marking of all products containing Nd. 

• As it will be an issue for manufacturers to provide large amount of information, priority should 

be given to product categories containing strategic metals (IT equipment for example). 
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Manufacturers 

Manufacturers are ready to work on an online database. The content of this database may depend on 

the information available within the supply chain. 

They would consider other options such as marking if there was an expressed interest from recyclers 

for these solutions and a clear commitment to use that information. It is not currently the case. 

Collecting information within the value chain is challenging. 

 

Other stakeholders:  

A member of IEEE working groups indicates that it is difficult to build requirements on information 

disclosing for end-of-life as there is little representability of recyclers in working groups to express their 

needs. There is a need for increased participation of recyclers in Ecodesign working groups in order to 

develop adapted requirements for material efficiency.  

 

A Producer Responsibility Organization for WEEE (Ecosystèmes, France) has pointed out that: 

• The marking system should be flexible (see part V.3.1). This comment is in favour or track 

and trace technologies, related to a database.  

• Delivering information about the CRM quantitative content does not seem relevant. there is 

no guarantee that this information will be used by WEEE treatment facilities in practice and 

contribute to an effective increase of the RR. Disclosing the presence of CRM could be 

sufficient. 

• Some manufacturers can have trouble delivering information that is unknown to them 

because they use subcontractors, who currently only answer to their technical specifications 

without providing information about the CRM content. This would require extensive change 

of practice within the value chain. 

• Marking techniques should be cheap to observe a reasonable return on investment rate, 

considering foreseeable collection efficiency and detection uptake by recyclers. This is 

developed in part V.5. 

JRC has expressed the following arguments: 

• Any kind of information sharing between producers and recyclers is seen as a positive thing 

to stimulate CRM recycling. However, the relationship between information sharing and 

actual increase of the recycling rate is not obvious.  

• As far as possible, a voluntary approach is better because it decreases the burden for 

market surveillance authorities.  
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V.3. Marking feasibility 

V.3.1. CRITERIA APPLICABLE TO MARKING TECHNIQUES 

To help CRM recycling, the following criteria are applicable. 5 marking techniques are tested against these criteria: Tracers, RFID, Surface digital 

watermarking, Diffraction gratings, Bar codes/QR codes.  

Green: complies with the criterion, Orange: complies partly with the criterion, Red: does not comply with the criterion, Grey: not assessed 

Table 7: Criteria applicable to marking techniques aiming at improving sorting efficiency, by marking at product-level 

Criteria Tracers RFID Watermarking Diffraction 
Bar/QR 
code 

Resistant to EEE lifetime: in marking options 1) and 2) described 
above, the information needs to be readable at the WEEE 
recycling facility.  

     

Meaningful i.e. carrying the information about the presence of 
(elements containing) strategic metals to sort. The information 
carried by the marking technique can be of a different nature: 

• Yes/No answer to a specific signal 

• Strategic metal content: this information seems 
irrelevant in this context 

• Product identification. The detection gives information 
about the product. Information about the presence of 
strategic metal (or even the strategic metal content) 
and associated sorting procedure are gathered in a 
database and managed by a software in real time.  

     

Discrete: Visible logos/QR codes show a low stakeholders’ 
acceptance. Manufacturers fear it will alter the consumer 
experience. Recyclers do not consider labelling as reliable. Most 
recycling operators would not use labels in practice.  

     

Controllable automatically in a few milliseconds and 
multidirectional if it used for in-line sorting. 

  
Multidirectional is 

difficult 
Multidirectional 

is difficult 
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Methods only detectable in about one second by an operator 
show lower value considering the market share of manual 
dismantling. In that case, marking can be detected in a specific 
direction. Surface marking techniques (watermarks, holograms, 
bar code or logos) are acceptable for this purpose.   

Food-contact. Mandatory property for some product groups 
Part of the 
portfolio is 

food-contact 
    

Destroyed or discarded during the recycling process 

The risk of an accumulation of tracers embedded in polymers life 
cycle after life cycle is an obstacle for the identification of CRM 
because recycled polymers may be used for another product type, 
for which another information is needed. This may be an 
advantage in other contexts (tracer-based sorting for instance). 

Tracer is not. 
Fluorescence 
effect can be. 

    

Associated with an acceptable environmental impact  Unknown    

At reasonable price. The price of the solution is marking price 
plus control price. 

If the cost/benefit ratio for recyclers is not positive (considering 
increased material recovery), or covered by subsidies (public, or 
extended producer responsibility) the marking technique will not be 
used in practice.  

Note: This criterion is assessed within current market conditions, 
irrespective of : 

- potential decrease in pricing considering future economies of 
scale 

- potential co-benefits if the marking solution is also used for other 
purposes (plastic sorting…)  

     

Rely on several marking techniques to allow sufficient 
competition or on unpatented techniques that could be supplied 
by different stakeholders. If there is a risk of 
monopolistic/oligopolistic situation, the possibilities are:  
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• If unpatented techniques do not already exist, the EC 
could buy the patent and make it available for free to all 
users  

• A single unpatented technology 

• A multiple signature accepting different markers 
(patented or not).  

Flexible: the information needed about the CRM content can 
change over time. Indeed, the CRM list is likely to evolve based on 
innovation in the EEE market (new products, CRM substitution), 
innovations in WEEE recycling and on the discovery of new 
resources. The timespan between EEE marketing and recycling as 
WEEE is long on average (a few decades). Therefore, it is difficult 
to anticipate those changes and adapt marking requirements to the 
future needs.  

The marking system should be able to incorporate new information 
depending on the evolution of CRM list and recycling market.  

This comment is in favour or track and trace technologies: the 
marking stores information as a product code, which is related to 
a database. The product code can be carried via different 
technologies (QR code, bar code, digital watermarking, RFID…). 
The number of potential combinations is virtually unlimited and can 
be made product-specific. 

On the contrary, it is unlikely that there could be enough tracers on 
the market fulfilling the necessary technical and economic 
requirements, so that they can be made product-specific. 
Therefore, the tracer would need to be associated with a specific 
property  rather than with a product (example: presence of In). This 
kind of association cannot be changed over time.   
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V.3.2. MARKING PROCEDURE 

The marking procedure must be reliable, i.e. the marking technique should only be applied to products 

that do comply with the regulation.  

Depending on the chosen marking technology, other information besides CRM content can be carried: 

polymer resin identification for EoL sorting, dismantling procedure, anti-counterfeiting… The information 

can be carried by the marking itself or by a database associated with a product code marked on the 

product (track and trace technologies).  

The marking procedure depends on the selected marking technique.  

The information to be disclosed must be: 

• Accessible for manufacturers: Manufacturers have not expressed difficulties to have access 

to the composition of their materials.  

• Neither confidential nor very strategic for the company. Based on gathered information, 

manufacturers are reluctant to disclose very precise information about their product, 

especially regarding dismantling.  

 

Table 8: Advantages and drawbacks of component vs product-level marking 

 Advantages Drawbacks 

Marking products 

Flexible (can adapt to a 
modified CRM list or to EEE 

innovation) 

Can carry additional 
information 

Less valuable at operator level 

Marking pieces /components Valuable at operator level 

Little flexibility 

Can only carry information 
about the piece 

 

The marking technique(s) can be multiple as long as they rely on a standardized control procedure 

(could rely on several detection techniques) to avoid the multiplication of control equipment. If the 

detection cost is low, multiple detection could be installed. 

If WEEE treatment procedures were to be heterogeneous between Member States or facilities, a double 

marking could be considered or the marking technique could be assessed considering its actual 

detecting potential. Indeed: 

• Labelling is inefficient if detection is automatic but relevant if it is manual 

• Invisible tracer, chips… are inefficient or with low efficiency (time to control, need of machine 

purchase) if sorting or control is manual. 
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V.3.3. CONTROL PROCEDURE 

It depends on the selected marking technique(s). It should be: 

• Standardized 

• Acceptable for WEEE recyclers 

The cost of using track & trace marking techniques is mainly related to the marking process8. Detection 

is comparatively (very) cheap. Therefore, several marking techniques could coexist. Waste sorting 

operators would then be able to apply all detection technologies for optimal sorting.  

V.3.4. MARKET SURVEILLANCE 

Checking labels is a common procedure for market surveillance authorities. A system relying on labelling 

would not affect common practices. 

If marking is required at product-level, market surveillance authorities should check that: 

• Bar codes, RFID chips, digital watermarking… are readable and give access to the database 

• The type of marking and location complies with the requirement (if specified) 

• Required information under the Ecodesign Directive is complete in the database 

If non-conformities are observed, items should be dismantled and analysed to check that information in 

the database is correct. 

If information is only required at product category level (with no marking at product level), only the 

presence of information in the database should be checked. 

V.4. Benchmark of existing instruments 

In draft Ecodesign requirements for electronic displays, electronic displays’ manufacturers (via Digital 

Europe) have recently agreed to voluntary disclose the In content of their displays at product group level. 

This information could encourage recyclers to organize a system to recover and recycler In. The critical 

mass to ensure profitable In recycling is not reached yet.  

Standard IEEE 1680 (EPEAT) has made a proposal to introduce a QR code identifying the presence of 

magnets in enterprise servers’ hard drives. It is a voluntary scheme equivalent to an Ecolabel. This 

standard is still under development. It has low enforcement potential because: 

• Manufacturers are reluctant to introduce a visible option. They do not believe recyclers need 

it. 

• Consulted recyclers indicate that they do not trust that labelling will be updated.  

• They opine such a solution is more relevant for a mandatory requirement than for a voluntary 

standard, because they would use it only if it is applied to all products. 

Disclosing the mass of permanent magnets in specific EC motors is mandatory (on labels). It is 

supposed to help recyclers to define whether a separate route for disassembly is economically relevant 

for them. 

JRC proposes in its study to impose disclosure of information related to location and quantities of CRM 

in servers as part of Ecodesign requirements. Digital Europe points out that general knowledge on the 

components which usually contain CRM is sufficient to improve recycling efficiency. Digital Europe 

                                                      

8 For diffraction ratings, detection is costly. 
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recommends JRC to collect and disclose this background information to recyclers. This proposition is 

still under discussion.  

A few years ago, there was a voluntary initiative from some battery manufacturers to mark alkaline 

batteries containing Hg with an invisible bar code. This was in place for a few years but was abandoned 

when Hg-containing batteries were no longer put on the market.  

 

V.5. Impact-benefit assessment 

At short-term, marking should be cheap or sufficiently financed  

Considering the long timespan before which all unmarked discarded products are treated (up to a few 

decades), a double system will have to be installed in the meantime. The cost of detecting the marking 

will not be compensated by the suppression of other sorting practices (manual for instance) for a while, 

therefore the marking technique detection cost has to be compensated only by the increase in RR. For 

this reason and considering the piece per piece analysis, marking shows little acceptance potential if no 

subsidy is introduced. 

Collection efficiency determines the cost efficiency of marking.  

Manufacturers do very little region-specific products. Manufacturers express that marking would very 

likely be applied to all products for all regions. However, marking may only be used for EOL sorting in 

Europe. 

 

V.5.1. MARKING COST 

• RFID 

Adequate RFID for WEEE sorting costs between 1 and 4.5 $ /item (0.9-4.1€/item), with a read-rate 

ranging between 50 and 100% with new tags. With tags a few years old, the read-rate is likely to be 

lower.  

• Surface digital watermarking 

Surface digital watermarking costs between 0.02 and 0.25 c€/watermark (min cost for 1 million 

pieces/year, max cost for 200 000 pieces/year). We assume that 2 to 6 watermark systems are needed 

to cover the whole item and ensure high-throughput readability (pieces produced in different production 

lines before assembly).  

The full cost of marking lies between 0.04 and 1.5€/item.  

 

The cost of a barcode or QR code is negligible considering it would be applied on existing labels. It only 

requires a modification of current labels. Codes will not be applied on all sides of an item because they 

are visible. It affects negatively the read rate or the sorting throughput.  

 

V.5.2. READING COST 

RFID reader for high-throughput sorting costs around 1 and 2 million $. One to 3 readers may be needed 

per sorting plant depending on the process and sorting capacity. Sorting plant capacities range between 
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5 to 50 kt/year9. An amortization time of 5 years is assumed. Reading price range between 2 and 4 c€/kg 

WEEE. The average weight of WEEE collected in 2015 is 10.6 kg (excluding lamps, light bulbs and 

professional WEEE).10 The average weight of WEEE put on the French market in 2015 is 2.4 kg11 2.4 

kg is kept as a representative value for future sorting processes.  

 

Surface digital watermarking and QR code can be read with high-throughput inline cameras. The cost 

of in-line sorting cameras is assumed to be no more than RFID sorting system.  

 

The average cost of reading RFID, surface digital watermarking or QR codes ranges between 5 

and 10 c€/item. Reading is cheap compared with marking. 

 

V.5.3. TOTAL COST 

The average cost of RFID technology (marking + reading) ranges between 0.95 and 4.2 €/item. 

 

The average cost of digital watermarking technology (marking + reading) ranges between 0.09 

(big series, 2 watermarks per item) and 1.6€/item (smaller series, 6 watermarks per item). 

 

The additional cost of barcodes and QR codes are 5-10 c€/item. It is useful for manual sorting 

but is hardly applicable to high-throughput sorting.  

 

Having both detection systems doubles the cost of detection (additional cost of 0.04 to 0.4€/item).  

The cost of marking and detection with a double marking system ranges between 0.1 and 5 

€/item.  

 

V.6. Benefits 

The benefits of marking for end-of-life recovery are not assessed quantitatively. Tests at pilot/industrial 

scale would be needed to assess the practical benefits of marking.  

Qualitatively the potential benefits could be (to be verified): 

• Increased collection rate (consumer information and/or traceability after collection to avoid 

exports) 

• Increased recycling rate. CRM may not be the only material category to benefit from this 

system. The scope should be extended to other metals, plastics… 

• Increased safety 

• Increased output quality 

 

                                                      

9 Estimation based on Ecosystemes activity report 2015 (France) 

10 Activity report Ecosystèmes 2015 (France) 

11 Annual report of WEEE in France – Data 2015 
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V.7. Conclusions 

Conclusion 1 : Marking EEE at product-level is only relevant as a flexible option. The product 

code is stored on the product and related information can be changed in a database over 

time.  

The EEE market and the WEEE recycling processes are characterized by variable and rapidly changing 

practices. EEE that are put on the market today will only be discarded in 10 years’ time. In the meantime, 

recycling processes will evolve. Therefore, selecting what should be marked today (pieces, equipment) 

requires a Nostradamus talent. 

Flexible options should be favoured: the marking will stay, but information associated with the marking 

will evolve. Marking at a component level is not flexible enough and is also excluded.  

A notable exception is batteries, for which component-level marking may be relevant to separate 

different types of secondary Li technologies. This has not been studied into details because such a 

requirement is out of scope of the Ecodesign Directive. 

Track and trace technologies (examples: RFID tag, digital watermarking…) are the best techniques for 

waste management applications such as metal separation. Tracer-based sorting (fluorescent or Anti-

Stokes) could be relevant to sort WEEE plastics, but this application is out of scope of the present study. 

Track and trace technologies rely on product or product category identification, which can be associated 

with a large amount of data stored in a database.  

 

Conclusion 2 : Different technical options are available to mark EEE items for detection at end-

of-life but their applicability to WEEE sorting has not been proved at industrial scale: 

• Surface digital watermarking. This technique seems promising to mark invisibly surfaces of 

different materials at a reasonable cost. Marking will not be altered during the product 

lifecycle. However, this technique is still under development. For now, only plastic surfaces 

can be marked. The applicability to waste management should be tested in order to identify 

the number and size of surfaces that need to be marked to ensure efficient detection of mixed 

WEEE, and conclude on its economic feasibility. The costs of a precise camera for high-

throughput sorting should also be studied. It is likely to be economically practicable as the 

detection material is standard in the industry. 

• Surface diffraction ratings: the cost and durability of diffraction ratings’ marking are 

advantages. The cost of detection is high according to interviewed experts, because sensors 

are not standard in the industry. Similarly, it should be tested at industrial scale and cost 

should be assessed in this context.  

Other techniques should not be excluded although the authors see lower potential: 

• Visible QR codes would be cost-efficient. However, they need to be detected in a specific 

orientation, which may decrease the efficiency for waste management. Multiplying visible 

QR codes all over the surface is not possible for aesthetic reasons. 

• RFID tags. The cost of efficient RFID for waste management purpose is still high although it 

decreases while this technique is developing. The read rate at industrial level should also 

improve, and the resistance of the tags to a full-life cycle should be checked. The low 

efficiency is considered by recyclers as the major obstacle to use this technology. The 

possibility to store data on RFID chips during lifetime creates customer reluctance related to 

information privacy if data is not selectively erased at end-of-life. Recyclability is not an issue 

in WEEE treatment because RFID would be recovered in the copper-recycling route. 
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Conclusion 3 : In the short-term, considering current WEEE management practices, marking 

EEE items at a product-level is not relevant because marking would not be used in practice 

by recyclers to increase the recycling rate.  

Recyclers know where the CRM are located in EEE items (TFT panels, electronic cards, magnets in 

hard drives) and how to recover them.  

When CRM are not recycled, it is because: 

• Common automatic options are not efficient. Example: automatic sorting is partly destructive 

for magnets and rich cards.  

• Other manual or automatic options are not cost-efficient. Example: sorting poor electronic 

cards manually 

• There is no running downstream recycling process to recover the chemical element. 

Example: Ta, In, rare earths in electronic cards or fluorescent powders. This is also due to 

the low price of these CRM: criticality is not in good correlation with price. 

• The treated CRM quantities is too little to provide the necessary economies of scale to run 

a dedicated sorting process at recyclers. Example: In in TFT panels, especially because the 

share of LCD screens remains low for the moment. 

 

Conclusion 4 : In the long run, marking EEE items at product-level may increase the resource 

efficiency associated with the EEE industry, not only the CRM recycling rate. This should be 

tested at industrial scale. 

The proposed marking system aims to get around the short-term vision: EEE items are marked so that 

their product code can be identified, or at least their product category. A database is developed in which 

relevant characteristics of the EEE item/category are stored. Each WEEE recycler identifies the marking 

system and gets the specific information they need from the database. This could command adequate 

automatic sorting instructions or give appropriate instructions to the operator for manual sorting. The 

marking technique would stay the same but the database could be complemented by producers 

depending on the recyclers’ needs, and over time.  

If recyclers adapt their recycling lines, the cost of (1) separating products by product category and/or (2) 

sorting out specific products containing valuable or hazardous materials could decrease. If materials 

(including CRM) are concentrated in a more homogeneous stream, the recycling cost would decrease. 

This could contribute to an improvement of (1) the quality of materials (2) the recycling rate (3) working 

safety.  

Interviewed manufacturers are ready to invest in this option only if they are sure that it corresponds to 

the future needs of recyclers. Recyclers see it as an interesting proposal as a proof of concept, and 

suggest conditions for a successful implementation.  

As this proposition relies on large adaptations of the WEEE treatment chain (cutting the cables, 

introducing new sorting lines…), tests at industrial scale are required in order to estimate the costs and 

benefits of such a system. Cf Recommandation 16.  

 

Conclusion 5 : Recyclers currently favour other options beyond the scope of this study, such as 

information disclosure at product category level, in order to increase knowledge and 

training.  
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VI. Mandatory recycled content 

VI.1. Definitions  

Mechanical Recycling: “Mechanical recycling of plastics refers to processes which involve the 

reprocessing of plastic by melting, shredding or granulation.” (Bio Intelligence Service, 2011) 

Figure 9:  Plastic recycling "cascade" terminology (Source: Adapted from Hopewell, J. et al. 

(2009) Plastics recycling: challenges and opportunities12., Image from (Bio Intelligence Service, 2011)) 

 

Feedstock or Chemical recycling: “Also known as chemical recycling, feedstock recycling refers to 

techniques used to break down plastic polymers into their constituent monomers, which in turn can be 

used again in refineries, or petrochemical and chemical production.” (Bio Intelligence Service, 2011)  

Chemical recycling, after a transformation of waste plastics in monomers (basic molecules used for the 

fabrication of polymers) is generally not profitable in current technological and market conditions 

(Deloitte, 2014). 

 

Mixed plastics waste: “a combination of several collected regulated plastics waste streams containing 

at least two polymers or blends of polymers, neither of which should account for more than 60% of the 

raw material. It is applicable to pre-consumer and post-consumer waste.” (PEP, EuPC and EuPR, 2012-

2015) 

 

Pre-consumer plastics waste “scrap resulting from the manufacturing of products that contain plastic 

as one of their components, and which leaves the specific facility where it was generated, often for 

recycling. This stream can currently be classified as waste by some authorities, and as non-waste by 

others (normally under the denomination by-product, which in some countries/regions is dealt with within 

waste legislation and in others out of waste legislation). It can also be called post-industrial plastics 

waste.”  

“By nature, pre-consumer plastics waste is on average homogeneous, clean and in some cases may 

need little treatment other than size reduction or no treatment at all before reconversion.” (PEP, EuPC 

and EuPR, 2012-2015)   

In practice, with or without waste status, some pre-consumer plastic waste is managed within a company 

(changing manufacturing site) or between industrials, with no specific traceability.  

 

                                                      

12 Note that quaternary “recycling” is not generally considered recycling in the EU context. 
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Post-consumer waste “material, generated by the end-users of products, that has fulfilled its intended 

purpose or can no longer be used.” 

Waste plastic from post-consumer origins will almost always need different degrees of sorting, collection 

and treatment.” (PEP, EuPC and EuPR, 2012-2015) 

 

Pre- and post-consumer waste streams are always kept separate because of their different quality. 

However, converters commonly use both sources of recycled plastics. 

 

Recyclates “are materials produced by the recycling of waste plastics” (Source: (PEP, EuPC and EuPR, 

2012-2015), taken from DKR 2004 and Plastic Zero, Snallfot et al. 2013) 

Three types of recyclates can be distinguished: 

• Regrind or Flake or Powder 

 It is an intermediate product, produced by shredding and washing used plastics, generally before 

extrusion or agglomeration. 

If waste plastics are micronized, a powder is obtained. 

Figure 10: Regrinds or flakes 

 

• Agglomerate 

Shredded and/or granulated mixed plastics or film material in the form of particles which are bonded 

together by heating just below the melting point. They cling together with the aim of increasing the bulk 

density.  

Figure 11: Agglomerates 

 

• Granulate, Pellet or Compound material 

Standard raw material used in plastics manufacturing. It can be virgin or recycled plastics. A pellet is the 

homogeneous product resulting from the recycling process using an extruder. The typical diameter of a 

0.2cm. 

Properties of the base material are chemically modified during re-compounding, by adding different 

additives and modifiers. 
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Figure 12: Granulates, pellets or Compounds 

 

 

VI.2. Recycled content as an Ecodesign parameter 

The ILCD Handbook13 recommends enforcing recycled content in the following cases: 

“A comparatively low price of the secondary good (compared to the one of the primary produced good) 

indicates at least one of the following:  

• there is a high recycling rate for some reason that provides an excess of the secondary good,  

• the achieved technical quality of the secondary good is low [...] and/or  

• there is a limited demand for the secondary good for other reasons (e.g. waste-image” 

perception, hygiene legislation, etc. 

If the amount of a certain material that is available via reuse/recycling/recovery, and the market value is 

accordingly below zero, the main necessity if to increase the demand for the secondary good (i.e. 

recycled content), but not the simple recycling rate. “ 

The recycled content is an Ecodesign parameter particularly relevant for plastics, while it is less relevant 

for the metal industry.  

Recycled content is relevant for products largely constituted by plastics (over 20%). The following 

product categories are concerned (JRC, 2012):  

• imaging equipment and sound and imaging equipment 

• vacuum cleaners 

• laundry driers 

• computers and monitors 

• set-top boxes 

• external power supply 

• electric kettles/cookers 

• packaging (of all products) 

Large quantities of plastics have also been noted for food-preparing equipment and refrigerating and 

freezing equipment but they were not quantified. 

For short-life products, weight, energy consumption, collection rate, lifetime, recyclability and ease of 

disassembly are the priority issues. 

                                                      

13 European Commission (EC), 2010. ILCD Handbook: General Guide for Life Cycle Assessment- Detailed 

Guidance. Joint Research Centre. http://lct.jrc.ec.europa.eu/  

http://lct.jrc.ec.europa.eu/
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For long-life products, the choice of primary materials (including recycled content) is as important as 

recycled content. Energy efficiency is also a major issue. 

Introducing recycled content requirements (as part of voluntary or mandatory schemes) could have the 

effect to stimulate the demand, and at the same time, to stimulate the investments in the collection and 

recycling process, and, therefore, improve the quantity, quality and uniformity of the secondary materials 

available for manufacturers. 

Recycled content is already one of the criteria of several Ecodesign schemes for EEE products: for 

example, the EU Ecolabel14, EPEAT (based on IEEE 1680.1 standard), the Nordic Swan.  

To evaluate the relevance of recycled content as an Ecodesign requirement, JRC indicates that a market 

analysis should be followed to assess the availability of recycled plastics for manufacturing and the 

technical feasibility of using recycled materials.  

 

VI.3. Scope of requirements 

The study focuses on the potential to introduce mandatory post-consumer recycled content 

requirements for some EEE thermoplastics, considering profitable recycling processes. 

• Only thermoplastics can be mechanically recycled (i.e. without downcycling, recycled by 

heating up and reprocessing the polymer). Thermosets can only be recycled as loads and 

fillers after shredding and micronization. Although the status of this type of recycling 

regarding the calculation of recycled content is unclear, they are not considered as recycled 

content in this market study.   

• Chemical recycling is not considered to study the potential of a regulation on recycled content 

as these technologies are not yet profitable. (PEP, EuPC and EuPR, 2012-2015) This may 

be questioned if such a regulation were to be introduced only at mid-term.  

 

  

                                                      

14 It is neither a criterion for imaging equipment nor for televisions. For notebook and personal computers: “The 

external plastic case of the system unit, monitor and keyboard shall have a post-consumer recycled content of not 

less than 10% by mass” 
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VI.4. Recycled content: technical feasibility  

VI.4.1. EXAMPLES OF SUCCESSFUL PROJECTS 

This part gathers available information on existing projects of incorporation of recycled plastics in consumer electronics.  

Although this benchmark is not exhaustive, our information indicates that only a few items currently incorporate recycled plastics in new EEE. Project 

dates and feedback from stakeholders indicate that this a growing trend, only in its early phases, due to the combination of clear technical challenges 

associated with the use of recycled materials, and difficult competitive position of recycled materials.  

Additional initiatives and details have been published in August 2016 by Digital Europe.15 

Figure 13: PCR successful projects- A few industrial examples 

Project/Initiative Product group Main findings 

(WRAP, 
Demonstration of 
recycled content in 
electrical products, 
2010) 

Household audio 
equipment: Hi-fi 
loudspeakers and 5 
components of Hi-fi 
units.  

Recycled plastics can technically perform as good as or better than virgin plastic for 
electronics applications. Process adaptations may be needed, which hampers some 
applications. When recycled plastics are incorporated, it leads to significant 
environmental benefits and cost savings. 

For audio products, finishing and appearance are as important as functionality. 

Recycled HIPS can be subject to the same moulding conditions as virgin HIPS and moulded 
more easily than virgin HIPS for the targeted applications. 2 grades were tested: recycled HIPS 
from TV casings and recycled HIPS from different origins and both complied with or outperformed 
the specifications (lower additive quantity needed).  

For one product, all specifications were met: incorporation is commercially feasible. 

For the other product, only one external component could not meet the color and gloss level 
required without adjustment. However, as all parts are moulded together, there was no 
immediate commercial potential. 

For recycled PC/ABS recycled from a game console, the mould design should be adapted to 
meet the specification, which could increase the costs of the procedure. 

 

                                                      

15 http://www.digitaleurope.org/DesktopModules/Bring2mind/DMX/Download.aspx?Command=Core_Download&EntryId=2276&PortalId=0&TabId=353 
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Using the tested recycled plastics instead of virgin decrease the carbon footprint by 
approximately 50% considering necessary process adaptations.  

Cost savings of 13-29% were shown to be possible. The decrease of additive quantity contributes 
significantly to this performance. 

(Lenovo, 
Sustainability report, 
2012-2013) 

(Lenovo, 
Sustainability report, 
2014-2015) 

A Lenovo 
Environmental 
Success Story: “Using 
recycled content 
plastics” 

 

Notebooks, Desktops, 
Monitors 

Since 2005, Lenovo has incorporated recycled plastics in computers, first as pre-consumer 
waste (non-contaminated). Since 2007, Lenovo has incorporated post-consumer recycled 
materials in desktops and monitors.  

One of Lenovo objectives is that all Business Units incorporate post-consumer recycled materials 
in every product. Some do not for technical or economic reasons: notebooks, tablets and 
smartphones. 

PCR-containing plastics contain 10 to 85% post-consumer recycled content (PCR), depending 
on the final application. Some plastic resins also contain 20% pre-consumer recycled content 
(PIC). Average recycled content in plastics containing recycled materials is 58%, the pre-
consumer recycled content being a very small proportion of the total (0.1%).  

In 2010, more than 10% of all Lenovo suppliers purchased plastics containing recycled materials. 

A few notebooks contain at least 10% PCC (EPEAT threshold). Many commercial desktops use 
36-42% PCR.  A 30% PCR blend PC/ABS with 15% talc is used for some notebooks to reach 
the desires properties (stiffness, thin wall…). 

The total amount of post-consumer recycled content in Lenovo products in 2014 is 6300 tons. 
RDC estimation: at least 5% of overall recycled content. 

(WRAP/Indesit, 2008) 
Washing machines – 
back panels 

Indesit has managed to produce a 100% recycled content back panel of a washing machines. It 
uses recovered fridge plastic waste, shredded and compounded as a high-grade pellet. 

Indesit has achieved the same production costs (same cycle time in the moulding process) with 
a 5% saving on raw materials. 

SEB 

Interview, 2016 

Steam-generating 
system 

Weighting machine 

SEB is working since 2010 on the incorporation of recycled plastics and since 2012 on the 
incorporation of post-consumer recycled content in closed-loop.  

Tests were launched for recycled PP and recycled ABS. After 4 years of work on its portfolio, 
SEB only managed to incorporate recycled materials in one product due to technical difficulties.  

In July 2015, a steam-generating system (for ironing) with a 900g piece 100% made of black 
recycled PP was introduced on the market. Recycled PP comes from waste small household 
appliances. The injection equipment had to be adapted. Seb R&D and investments have been 
partly funded by the ORPLAST program, a French initiative of ADEME to stimulate the recycling 
market.  
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The incorporation of recycled ABS in a weighting machine has not worked out for the moment. 
After injection of ABS, the aspect of visible pieces was not good enough. New tests will be run. 
Mechanical resistance of recycled ABS is also an issue hampering recycling for some items 
needing chock-resistance. 

Seb purchases compounded pellets and runs the injection process. The have a project to directly 
use recycled flakes.  

The recycler has accepted to run analyses on each batch in order to build its own risk analysis 
and deliver the declaration of conformity to regulatory requirements (REACH).  

Philips 

(Group website, 
Interview) 

Steam iron 

Steam generator 

Vacuum cleaner 

Coffee machine 

Philips targets to use 3500 tons of recycled plastics in 2016, both PIC and PCR. In 2014, PCR 
represents 255 tons and PIC 381 tons. 100% recycled PC and PBT pieces have been 
incorporated in a steam iron and 100% recycled PP pieces in a vacuum cleaner. A 90% recycled 
ABS piece has replaced a piece made of virgin plastic in the baseplate of a coffee machine.  

Partly recycled PBT and PC have replaced virgin pieces in a steam generator. 

Post-consumer recycled plastic is sourced from automotive waste and WEEE.  

Electrolux  

(MBA Polymers 
documentation) 

Vacuum cleaners 
Some Electrolux vacuum cleaners incorporate recycled ABS produced by MBA plastics from 
WEEE shredder residue.  

Nestlé- Nespresso 
(MBA Polymers 
documentation) 

Coffee machine 
Nespresso coffee machine incorporate recycled ABS produced by MBA plastics from WEEE 
shredder residue. 

DELL 

(Interview with DELL) 
Enterprise computer 

Closed-loop project 

In the US, take back schemes are organized. DELL is collecting and sorting WEEE from DELL 
and other brands. Some of the IT quality plastics are sorted by resin to be reprocessed in China 
for incorporation in new DELL products. One DELL enterprise computer is incorporating closed-
loop recycled plastic for 10% of the total product weight and 35% of the targeted plastic pieces 
(stand and back plate of the computer/monitor). Recyclers and moulders declare the quantities 
they receive/incorporate. An external certification bureau has audited the verification system 
initially (UL). The system is audited on a regular basis. 

As commercial exchanges are not balanced between the US and China, containers usually 
return empty to Asia. Therefore, although the transport distances between US and China are 
long, DELL indicates that this system is profitable compared to purchasing virgin plastics. The 
closed-loop system is preferred to keep an adequate grade and quality for the targeted 
application (IT equipment to IT equipment plastics). 
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However, closed-loop recycling has not been implemented with plastics from: 

• Europe. It is a cost-driven decision. EPR compliance schemes mix different products 
and plastic grades, leading to a poorer plastic quality, too low for IT equipment. This 
parameter could affect the decision. 

• Asia: Asian recycled plastics with sufficient quality are not available for all resins (they 
do not meet REACH and RoHS requirements). However, progress have been made 
in the recent years. According to EERA, many recycling companies can now offer 
PCR content products and can test for RoHS. China also has a national of REACH. 
This suggest that larger recyclers with resources to understand the regulations and 
develop partnerships should be able to comply.   
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VI.4.2. BARRIERS TO INCORPORATION 

Understanding current barriers to incorporation is necessary to evaluate the potential effects of a mandatory recycled content, and discuss its relevance. 

Different factors explain the relatively low demand for recycled plastics in the EEE market: 

• Technical barriers: recycled thermoplastics have lower properties compared with virgin materials. 

• Market barriers: the uncertainty over the quality of supply (waste), and over the selling price does not encourage recyclers to invest. This 

influences the competitive position of recycled against virgin polymers. The fluctuant availability of recycled materials for manufacturers is 

also discussed.  

• Standards and regulations: the appropriateness or lack of standardization, the waste regulation, chemical regulations… 

• Manufacturing habits: the manufacturers’ production processes and the image of recycled materials is discussed. 

• Quality of recyclates/recycling process: the quality of recyclates need to improve. 

Data sources:  

• Interviews with Ecosystèmes (French PRO organization for WEEE), DELL (IT equipment manufacturer), Galloo Plastics (WEEE plastic 

recycler), SEB (Household appliance manufacturers), GIFAM (French Federation of Household appliances manufacturers), Digital Europe 

(European Federation of IT equipment manufacturers).  

• Bibliography: (Deloitte, 2014) (PEP, EuPC and EuPR, 2012-2015).  
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Table 9: Technical barriers to the incorporation of recycled plastics in EEE items 

Technical 
barriers 

 

Barrier Explanation 

Aesthetic  

Color: Bright white cannot be achieved from white WEEE plastics (usually white PS from white household appliances like fridges, 

microwaves, washing machines…). Waste plastic life cycle and the presence of impurities gives a very light grey shade to the 

material. It is only possible to produce a greyish white, which can later be tainted.  

WEEE mixed plastics from different colours are not usually color-sorted. They are coloured in black thanks to black carbon to 

obtain the wished black nuance. Other dark colours can be achieved by adding color additives: grey, brown, blue…  

To obtain light and shiny colours from a non-white recycled plastic, it would have to be painted, which is not economically 

practicable and would hamper recycling. Co-injection moulding may be considered by designers, with the recycled plastic inside 

an outer layer of virgin plastics.  

Glow/Gloss: High-gloss recycled plastics cannot be obtained. EERA indicates that some process technologies such as RocTool, 
or blending with virgin plastics, can result in reasonably glossy products with PCR content (ABS and HIPS grades). 

Constant and standardized color: It is difficult to guarantee a constant and standardized color from all recyclers. This can be 

an issue if pieces from different colours are later assembled. 

Consumer: For marketing reasons, aesthetic requirements reduce the potential market for recycled plastics, especially for some 

household appliances (washing machines, fridges…) where the bright white color is crucial.  

Recycled plastic incorporation has more potential: 

• for non-aesthetic pieces (internal or below parts) than for visible pieces 

• for electronic devices usually dark coloured (such as laptop, phones, TV monitors…) or coloured household 

appliances (vacuum cleaners…) than for white household appliances (fridges, microwaves…).  

Odour 

Recycled plastics have a different odour. For the automotive segment and for some EEE (irons for example), this can reduce the 

demand for recycled plastics.  

Converting recycled plastics is associated with unpleasant odours for the workers and exposure to chemical substances. This 

problem is specific to the recycled plastics, and in particular to PP. Several manufacturers have abandoned their incorporation 

projects because of these issues. The source of this unpleasant odour and the type of substances emitted have not yet been 

identified by interviewed manufacturers. (Source: Group SEB, Digital Europe) 
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Food-contact16: 

There are no normalized tests for recycled plastics for food-contact application, besides PET, a plastic resin that is not used in 

the EEE segment. Producing recycled food-contact plastic would add constraints for recyclers (certification process and quality 

control).  

This reduces the short-term potential for incorporation of recycled plastics for food-contact EEE items (for example: coffee 

machine, toaster) to parts which cannot “reasonably be expected to come into contact with food”. For non-food contact parts of 

household appliances, recycled materials can comply (example: MBA Polymers for the base plate of a Nespresso coffee 

machine).  

Degradation of 
mechanical 
properties 

Converters use moulds. They require specific mechanical properties, such as flow behaviour (rheology), shrinkage etc.  

With plastic use and recycling: Plastic life cycle and reprocessing lead to a partial degradation of polymer chains, in a bigger 

proportion that what can be observed with virgin materials. The material becomes more brittle after recycling. The degradation 

of butadiene during the ABS recycling process (melting stage) decreases the impact resistance of recycled ABS. (Source: Galloo 

Plastics, DELL, SEB). 

With grade: Virgin plastic resins have different grades (molecular weight distribution, incorporation of additives for example 

polybutadiene in PS gives HIPS, less brittle than PS). European WEEE collection is organized via WEEE-wide PRO organization. 

A few product groups are collected and treated together. Therefore, recycled granulates have an average grade. They are less 

adapted to specialized applications than a virgin plastic that has been designed and manufactured specifically to reach the wished 

properties (including mechanical properties). However average grades may be satisfactory for standard applications. Increasing 

the level of separation at collection or introducing producer-specific take-back systems would increase the quality of recycled 

plastics. (Source: DELL) 

With purity: With current sorting process efficiency (flotation technologies) and recycling market conditions, plastic resins are 

never pure. Mixed plastics collected together are not necessarily compatible in the melted phase (Figure 14 below, green is 

compatible, red is not compatible). The presence of other resins as impurity can affect the stability of the mixture and hampers 

recycling. It is particularly a problem for engineering polymers (PS, ABS, PA, PC, PMMA…) which are very commonly used by 

the EEE industry. PE/PP mixtures can find some applications.  

On the contrary, (WRAP, Demonstration of recycled content in electrical products, 2010) has shown that recycled HIPS from TV 

or mixed WEEE can be moulded more easily compared with virgin HIPS (for hi-fi equipment). Therefore, the quantity of blowing 

agent can be reduced. This leads to cost savings.  

                                                      

16 Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and articles intended to come into contact with food Text with EEA relevance 
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 The potential of recycled materials to meet mechanical properties depend on the quality of recycled plastics and of the targeted 

product. The variability of recycled materials, the lack of standards and the variability of desired mechanical properties depending 

on pieces and products explain the need for R&D on a case-by-case basis. Even if waste plastic is of good quality, recycled 

plastic alone may not manage to meet the demanding requirements for EEE items. For example, pure and food-grade PC sourced 

from gallons does not remove all challenges associated with the use of PCR in EEE items.  

 Change in product design (avoiding part designs with weak points such as weld-lines and sharp corners), blending, additives 

or adaptation of the process conditions (adaptation of the moulds, drying and melt temperature ranges may be needed to further 

increase the recycled content.  

Variability 
The variability of recycled material properties requires quality control. There is a risk to observe non-conformities, which increase 

the production cost for converters and EEE manufacturers.  

Figure 14: Mutual compatibility of different polymer types (after Dow, taken from (PEP, EuPC and EuPR, 2012-2015)) 

 

Green: Fully compatible ; Yellow: Medium compatible; Orange: Little compatible;  Red: Not compatible 
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Table 10: Market barriers to the incorporation of recycled plastics in EEE items 

Market barriers 

Barrier Explanation 

Competitiveness 
against virgin 
plastics 

Price: Although recycled plastics are cheaper than virgin plastics (10 to 30% according to a WEEE recycler, 5 to 15% according to 

EEE manufacturers), additional costs to solve technical issues and to amortize R&D are increasing the total cost of using recycled 

plastics. Additionally, material price is only a part of the cost of the final piece, because converting costs are significant. With current 

oil price, both recyclers and manufacturers estimate that using recycled plastics is more expensive than using virgin plastics 

(Source: Galloo Plastics, SEB, GIFAM, Digital Europe) 

 

Regularity: Plastics converters require large quantities of plastics meeting strict specifications for quality with a constant supply at 

competitive price. It provides a competitive advantage to virgin material, which are in plentiful supply and whose quality is long 

stable and established. On the other hand, as recyclers deal with variable input and smaller quantities, they cannot guarantee the 

same regularity in supply. Some variations in quality can be justified by cost savings or increased environmental performance, but 

converters will not pay for material which cannot fit in the production process or when there is a risk that it degrades the final product 

quality. (PEP, EuPC and EuPR, 2012-2015) 

Availability 

Collection targets and associated policies: Only 40% of generated WEEE is collected via reported collection schemes (Source: 

Eurostat). Unreported collection routes and illegal treatment routes recycle part of the materials. However, considering the low 

value of plastics, it is highly unlikely they are recovered outside of reported routes. 

 

Competitiveness of recycling against other treatment modes: As the price of recycled materials is limited by the price of virgin 

materials, recyclers tend to adjust their supply costs to cover the treatment costs. When recyclers cannot compete with incineration 

and landfill to access the stream, it is not made available for recycling by waste collectors or sorting centres. This balance between 

treatment modes is affected by national policies (landfill and incineration fees), sorting and treatment costs (access to affordable 

technologies, labour costs) and the way treatment costs are covered (Extended Producer Responsibility schemes, public 

subsidies). 

 

Recyclability: The use of thermosetting polymers (Bakelite, epoxy resin…) and the increased use of composites (reinforced 

PC/ABS in notebooks) hampers mechanical recycling. Those polymers can only be thermally recovered or used as fillers for 

downcycling applications. 
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Availability of quality plastics with acceptable transport costs: Many EEE items are produced in Asia (for household 

appliances, consumer equipment and IT equipment in particular – See market study). Although the Chinese domestic recycling 

market is under development (especially for packaging waste), it is yet difficult for EEE manufacturers to have access to recycled 

materials of sufficient quality from the Chinese plastic waste market. (Source: DELL) Some manufacturers indicate that the recycled 

supply chain is being built locally (Source: Philips).  

Imports of sorted plastics from other regions is one solution to ensure availability (ex: DELL imports closed-loops plastics from 

North America). Transport costs from Europe or North America to Asia are not dissuasive: they are equivalent to a transport by 

truck on a few hundred km17. (Deloitte, 2014) 

Among manufacturers operating in Europe, Group SEB indicates that although there are sorted and recompounded plastics 

available on the European market, the quality is usually not sufficient to meet the manufacturing requirements (purity, grade, 

REACH…); and if quality material is available, its supply can hardly be guaranteed over time. The exports of mixed plastics (cf. 

part VI.5 below) also underlie the potential to build further sorting capacities in Europe. 

According to a recent survey carried out by the French Federation of Plastics processing, 72% manufacturers find it difficult to 

source quality plastics (FPC, 2016). 

Vulnerability of 
plastic products 
manufacturers 

The manufacturers of plastic products are vulnerable according to the analysis of the competitiveness of the French plastic 

manufacturing industry compared to other manufacturing industries (Deloitte, 2014). This hampers the incorporation of recycled 

materials because converters lack resources for the needed R&D expenses and for the adaptation of the industrial equipment. 

Low customer 
awareness 

(WRAP, Consumer attitudes to the use of recycled materials in Electrical and Electronics Products, 2008) 

Focus groups in the UK have shown that there is no customer awareness to the use of recycled materials in consumer electronics. 

When environmental factors matter in the purchase decision, it is the energy rate of large household appliances. It is not expected 

that labelling as part of voluntary labels will largely influence the purchase decision compared to other influencing factors: price, 

specification, brand, aesthetics, value for money, quality, reliability and customer service. On the other hand, recycled content does 

neither discourage purchase nor create negative image of the brands. It even raised interest in the brands in some cases.  

Low customer awareness does not encourage manufacturers to take voluntary actions. 

                                                      

17 This can be explained by the unbalanced commercial exchanges between regions. The price of transporting goods is very low because containers ships are not full 

when travelling from North America or Europe to Asia.  
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Table 11: Regulatory and standardization issues related to incorporation of recycled materials in EEE items 

Standards and regulations 

Barrier Explanation 

Standardization 

Standards for recycled plastics are based on standards for virgin plastics as well as customer requirements. The requirements 

can be too stringent for recycled materials, even if recycled materials meet required technical properties with no significant 

health risks, because the thresholds are defined by comparison with virgin materials.  

Eucertplast certification works according to the European Standard EN 15343:2007, published in April 2008 (paragraph VI.6) 

It aims at encouraging an environmentally friendly recycling of plastics by standardising it. This certification is currently only 

used by one site processing WEEE plastics (MBA Polymers). Although it defines good practices for recycling, it does not 

define a standardized product. 

 

There is no standard defining standard grades for recycled plastics. The need for EU-wide standardization of recycled 

materials is expressed in EU communication around the Circular Economy Package Action Plan. Development of quality 

standards for secondary raw materials is foreseen from 2016 onwards. This initiative is welcomed by manufacturers. The 

current lack of standards impacts their confidence in recycled materials. It also makes it difficult to discuss pricing as plastic 

quality is not standardized (Source: Digital Europe). One interviewed plastic recycler deems standard grades as unnecessary 

and advocates the definition of standard performances based on technical properties.  

 

Not all plastics resins are even covered by EU-wide standards to characterize recyclates (ABS and PC/ABS in particular) and 

only mixed PE/PP recyclates are covered by international ISO standards in the matter:  

• PS: EN 15342 

• PE: EN 15344 

• PP: EN 15345 

• PVC: EN 15346 

• PET: EN 15348 

• Plastic waste characterization EN: 15347 
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• Mixed recyclates PP/PE ISO 18263 

Many global EEE manufacturers must design products that comply with both the European and the American standards. 
Having PCR plastics registered in line with the American and Canadian standard UL 746D is costly. Recyclers lack the 
necessary economies of scale to amortize this registration, especially if the market is only potential. Recyclers apply for 
registration on demand from manufacturers for specific recycled grades. The certification can also be technically challenging 
for some recycled plastics (flame retardant grades), or reduce the grades that can be used for production (for example UL 
746D allows blending of different listed HIPS grades when blending ABS grades requires specific registration). 

 The size of the market for recycled plastics is partly reduced to simple applications that do not require difficult registration. 

Hazardous 
substances 

PBDE and PBBs BFR (Brominated Flame Retardants) are forbidden in new EEE items for the EU market since 2006 as they 

are classified as Persistent Organic Pollutants (exemptions for Deca-BDE). Other BFR are not forbidden but few 

manufacturers would purchase them as they wish to sell “halogen-free” products. Forbidden BFR can still be found in waste 

plastics (especially waste plastics from the WEEE stream, in housings and parts exposed to internal heat). Sorting BFR 

containing plastics is needed to make sure there is a recycling market for WEEE plastics. It is mandatory in the WEEE 

Directive. It can be done via flotation technologies. Although some manufacturers fear that the implementation of these 

technologies cannot be ensured by recyclers operating outside Europe, interviewed recyclers indicate that BFR separation, 

Br testing and quality control is now common practice for many Chinese plastic recyclers. 

Some old casings may contain hexavalent chromium for decoration and chromate treatment.  

Polymeric layers in LCD displays (PMMA) can be contaminated by liquid crystals containing mercury.  
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Uncertainties 
associated with 
thresholds for 
substances of 
concern 

As part of CLP and REACH regulations, recyclers are required to provide their customers with safety datasheets for 

recyclates. Until now, pragmatic solutions were found by organizing one-to-one discussions between the recycler and the 

manufacturer.  

Manufacturers claim that they need increased legal certainty before using recycled materials. Some manufacturers lack the 

expert human resources to understand these regulations which adds to the uncertainty. Source-separated food grade plastic 

complies with the regulation with fewer administrative needs, but its price exceeds the price of virgin material. For example, 

OCE has chosen to source its recycled PC to produce PCR PC/ABS pieces for printers from gallons (offices water bottles). 

However, the price of this waste plastic stream is higher than the price of virgin PC.  

 

Recyclers claim that a proof of compliance of their recycling process with the CENELEC standards is sufficient to ensure 

depollution and comply with REACH. Compliance with REACH is a small issue, says interviewed recyclers, compared with 

the compliance with manufacturers’ standards, that can be more stringent than the regulatory requirements and necessitates 

further dialog.  

In the future, REACH requirements for registration, authorization and classification of inorganic materials and metals in 

mixtures (including plastics) are becoming more and more stringent. For recyclers, it means an increased burden to track 

legacy substances and prepare REACH compliant safety data sheets. The technical and economic feasibility of control 

procedures is questioned by recyclers (if thresholds cannot be reached using economically viable sorting techniques). 

Enforcing more stringent requirements could lead to a drop in demand for waste plastics, and a rise in plastics exports.  

 For all stakeholders, the debates around substances of concern and the evolving thresholds are hampering long-term 

investments that are necessary for the development of the value chain. There is a need for an increase dialogue at industry 

level. Public authorities could be involved.  

Note: 10 years ago, a Joint Industry Guide has been developed to standardize the thresholds for hazardous substances in 

the EEE global industry. It has not been used as much as intended. Its improvement could be an area for further research.  
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Table 12: Manufacturer reluctance to incorporate recycled plastics in EEE items 

Manufacturer’s reluctance 

Barrier Explanation 

Confidence in recycled 

materials. 

The confidence if higher for virgin materials than for recycled materials. This is partly due to regulatory challenges and 

technical difficulties. The waste status can also affect the image of recycled materials. 

Manufacturers production 

processes and habits 

If the required technical properties can be met at reasonable price with recycled materials, the incorporation of recycled 

material still requires process adaptation and R&D (Deloitte, 2014). Besides the increased cost of R&D, there can be a 

reluctance to change.  

Training: R&D, marketing 

needs 

Using recycled materials could be hampered by the product design. Some specific design may be needed to incorporate 

recycled materials. Marketing defines the product design, not the specificity of recycled materials. Innovation should be 

stimulated via training.  

In a recent French survey, (FPC, 2016) 60% of manufacturers indicate that they have the necessary skills internally to 

develop products made of recycled materials, suggesting that a significant share of manufacturers needs training.68% 

of them estimate that training is lacking regarding regulatory issues and technical skills to design products. Both 

federations and public authorities could help in that area.  

Responsibility issue 

When pieces can be made of 100% recycled granulates, recyclers can provide compounded materials to manufacturers 

and bear the full responsibility over the quality of materials.  

When pieces cannot technically incorporate 100% material (for example, because of aesthetic reasons), some 

manufacturers prefer having a mix of recycled and virgin granulates compounded together so that each granulate has 

the wished recycled content. (Source: Galloo Plastics) Besides ease of use, the main reason is the responsibility over 

the material. Some manufacturers prefer having one compounder responsible for mixed granulates, instead of 

negotiating both with virgin producers and recyclers if there is a non-conformity with finished materials. Responsibility 

is difficult to demonstrate when multiple parties are involved. However, recompounding costs between 200 and 300€/t 

(about 1/3-1/2 of the polymer virgin price according to Galloo Plastics). This procedure is not economically feasible. In 

the case reported by Galloo Plastics, the manufacturer chose virgin material rather than having an uncertainty over the 

responsibility.  



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report  Page 100 of 207 

 

Table 13: Issues related to the quality of recyclates for the incorporation of recycled plastics in the EEE market 

Quality of recyclates 

Barrier Explanation 

Economically 

feasible 

sorting 

process 

With current sorting process efficiency (flotation technologies) and recycling market conditions, plastic resins are never pure. PP 

recyclers usually guarantee a PE content below 5-10%, but not much more, because they have overlapping densities. PS and ABS 

are also difficult to separate.  

Solution: The development of profitable sorting process is key to solve this problem. NIR is efficient to sort plastic resins but 

inefficient with plastics coloured with black carbon. A few processes have been developed (example of confidential process from 

Galloo Plastics and MBA Polymers, other examples in the report (PEP, EuPC and EuPR, 2012-2015)). However, these technologies 

are neither generalized at industrial scale, nor necessarily profitable within current market conditions. This calls for increased 

research and development in the field. Marking techniques are viewed as a potential solution to identify plastic resin and even plastic 

grade at end-of-life (food-contact).  

Different techniques are tested on the matter. For WEEE plastics, the Tritrace project has demonstrated feasibility to sort black 

plastics at lab-scale using fluorescent tracers. However, technical and economic feasibility at industrial scale calls for further research. 

The cost of the detection equipment is key.  

Other techniques have been and are investigated for the packaging market, mostly coming from the anti-counterfeiting business: 

fluorescent tracers, digital watermarking, diffraction gratings (Polymark for food-contact PET, PET Cycle, Reflex, PRISM18, 

NAPCOR19 Non-Clear Initiative, Filigrade) 

There is a potential demand for specific recycled plastic resins with high value. However, business model is currently difficult because 

of the cost of the sorting process. 

Galloo has launched a project to study the feasibility of dismantling and sorting LCD displays back covers by spectrometry. PC/ABS 

mixture, if sorted, could have potential market for EEE producers. Plastics used for covers have overlapping densities: floating 

separation is therefore impossible. Labels are not reliable to differentiate resins: 20% non-conformity rate have been measured. 

Training 
Manufacturers indicate that the WEEE plastic industry in general is not used to supply raw materials meeting stringent technical 

specifications. This would imply reformulating the materials, introducing increased quality controls… There is a need for training. 

                                                      

18 Plastic Packaging Rapid Intelligent Sorting System for Materials 

19 National Association for PET Container Resources 
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VI.5. Post-consumer plastic market for EEE 

Detailed analysis and quantitative data in appendix IX.4. 

 

Post-consumer plastic recycling in Europe 

In 2013, roughly 1.8-2.0 million tons of recycled plastics have been used by compounders and 

converters to replace about 4% of the total demand for virgin resin (47 million tons/y) in Europe (PEP, 

EuPC and EuPR, 2012-2015). 

Global trade of waste plastics represents less than 5% of the global plastic production. (ISWA, 2014) 

 

Availability of recycled WEEE plastics 

In 2012, 2.5 to 10% of the plastics’ quantity necessary to produce the EEE items for EU28 is theoretically 

available as recycled material originating from WEEE for incorporation (60 to 202 kt plastics). The picture 

is very different from one plastic resin to another. Availability of recycled ABS, PP and PS should range 

rather around 15%, while availability of other WEEE plastics recycling rate can be currently considered 

negligible (PC, PC/ABS, PVC). Some sorting and recycling process are emerging for these polymers.  

Availabilities are theoretical availabilities, considering that a significant part of WEEE recycled plastics 

may not reach the necessary quality to be incorporated in EEE products again. No quantitative data has 

been identified to refine this estimation. EERA reports that a significant amount of plastics classified as 

“sent to recycling” and accounted in this estimation is exported as mixed plastics, as underlined by (PEP, 

EuPC and EuPR, 2012-2015). This hampers high-value recycling.  

 

Availability of EEE relevant plastics from other markets 

Availability are higher once sources from other markets are considered: 

• Plastics from the automotive industry (additional 0.7-0.8 MT of plastic waste generated, 

approximately 600kt of PP and 60kt ABS are available). At the moment, less than 200kt is 

sent to recycling, but the rising recycling objectives of the ELV Directive create opportunities 

for the development of ELV plastic recycling. Availability for EEE would compete with 

availability as closed-loop for the automotive industry. Although the grade may be different, 

several manufacturers’ initiatives report using those types of plastics (example of Philips).  

MBA Polymers facilities worldwide have a capacity to process 175 kt of shredder residue.  

• Plastics from the building industry: there is low opportunity for using plastics from the 

construction industry in EEE considering that their long life-time and collection process alters 

the quality of recycled plastics.  

• Plastics from packaging: In general, there is little potential for using packaging plastics for 

EEE because resins are different. However, it should be studied on a case-by-case basis. 

For example, Océ has sourced PC from gallons (offices water bottles) to produce recycled 

PC/ABS blends used for an internal part of an office printer. The recycled PC is food-grade, 

which reduces the regulatory risk related to REACH and RoHS. Additionally, as waste PC is 

collected from take-back systems, it is pure. Even with this quality waste plastic stream, 

some quality issues remain to obtain the desired specifications for the EEE items.  
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Outlets for WEEE plastics 

The outlets for recycled WEEE plastics are not transparent: no data has been identified regarding the 

outcome of the estimated 60-200kt of WEEE recycled plastics from separately WEEE collected in EU28.  

Besides the EEE outlet, WEEE plastics tend to be marketed: 

• as mixed plastics on international markets (outdoor application, clothing, insulation…). Three 

main factors explain this:  

▪ the low quality of recyclates. It is explained by a combination of unsolved technical 

challenged at sorting and the need for increased training of the recycling industry to 

produce high quality recyclates. 

▪ the demanding technical specifications of the EEE market, in line with the consumer 

expectations (aesthetics, mechanical resistance, odour…) 

▪ the distance between the location of the waste stream (Europe) and the manufacturing 

sites (leading position of Asia on the market). 

• for automotive applications. The automotive sector is the first consumer of recycled PP 

(Source: (Deloitte, 2014), qualitative data from Galloo or Plastics Omnium).  

 

Incorporation 

Incorporation of recycled plastics in the EEE market remains negligible (estimated below 1% by EERA. 

IEEE confirms that the rate is very low but has no quantitative data available) and limited to PP, PS and 

ABS because of their higher availability. The relatively low number of successful initiatives reported by 

literature and manufacturers tend to corroborate this picture. The average recycled content may be 

slightly underestimated since interviewed recyclers indicate that many manufacturers don’t actively 

advertise their use of PCR, nor authorized their suppliers to communicate.  

This picture is probably very different depending on the product groups: initiatives with significant PCR 

have been reported for printers, desktops, irons and steam generators, vacuum cleaners and coffee 

machines. This seems more complicated to achieve for notebooks and tablets. For other product 

categories, recycled content is not the priority parameter that manufacturers tend to optimize (servers 

for example).  

 

Regional discrepancies 

If mandatory recycled content requirements were introduced for EEE product categories mainly 

produced in Asia, considering the lack of availability of recycled plastics of sufficient quality in Asia (29% 

of the weight of EEE items produced), it may lead to: 

• the export of mixed plastics from WEEE and therefore an increased added-value outside 

EU28. This might be detrimental to the incorporation in other domestic markets (automotive 

industry).  

• the export of high-quality granulates produced in EU 28. Increased control of China over 

plastics imports and plastic recycled process observed in the past years may provide 

opportunities for EU28 recyclers to export higher quality plastics to Asia. Mandatory recycled 

content could also stimulate advanced plastic sorting in Europe to feed the global market. 

Interviewed recyclers consider that recycled content provide more opportunities than risks 

for the EU industry. 

• the development of the recycling industry abroad; 

• a degradation of plastic quality in EEE goods.  
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To ensure higher benefits for the EU28 industry, mandatory recycled content requirements in the EEE 

market could be introduced as a priority for EEE goods largely produced in EU: 

• Priority 1- Produced in EU over 70%: Electric and Electrical tools, Lighting equipment, 

Monitoring and control equipment  

• Priority 2 – Produced in EU over 50%: IT and telecommunication equipment, Large 

household appliances, Toys and leisure equipment. 

 

Perspectives 

The current intensive research from manufacturers and recyclers to increase incorporation leads to 

expect that this rate will increase in the coming years (PC/ABS recycling is under development, EPEAT 

proposes a revision of the PC standard to integrate a 2% PCR requirement, growing number of items 

incorporation PCR in the past years). 

 

Increasing incorporation can be encouraged by: 

• an increased collection, sorting and recycling efficiency of WEEE plastics as heavy losses 

happen at each step: 

▪ at collection (60% of generated waste is not collected by official schemes).  

▪ at sorting (2/3 of collected plastic waste is not sent to recycling)  

▪ at recycling (30-50% of plastics sent to recycling are not recycled) 

• the use of plastics from other sources (ELV or construction) 

• R&D and increased training for recyclers and manufacturers 

• Post-consumer recycled content requirements (voluntary or mandatory) 
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VI.6. Benchmark of existing instruments related to 
recycled content 

VI.6.1. VOLUNTARY INSTRUMENTS 

Compared with mandatory instruments, voluntary instruments allow the market to optimize freely the 

use of recycled material (for the same used quantity). The EEE producers best adapted to incorporate 

recycled materials purchase the available materials and other manufacturers do not. 

However, mandatory instruments can perform better in several situations. A few examples: 

• Voluntary instruments are not sufficient to push the recycling market. There is an uncertainty 

over the potential market for recycled plastics that prevents recyclers from investing. It 

increases the cost of available secondary materials because there is no sufficient 

competition or because the critical mass is not reached.  

• Voluntary instruments are too diverse and not standardized. There is not instrument with 

sufficient reputation to drive purchasing policies.  

• Controls over claims are not sufficient. It can affect the image of the whole industry on long-

term if industrials are suspected to make false claims.  

• Customers prefer products that are not incorporating recycled content (example of white 

goods). There is no business model to incorporate recycled content.  

 

VI.6.1.1. Product labels 

EPEAT 

EPEAT is a voluntary green electronics registry (an EEE Ecolabel) and rating system for assessing 

product environmental performance in the IT sector and a procurement tool for purchasers seeking 

environmentally preferable electronics. It sets environmental criteria such as recycled content as well 

as economic criteria (supply chain management, economic viability…).  

All EPEAT standards are developed in open, consensus-based, multi-stakeholder processes.  

IEEE standards related to the environmental performance of electronics are the reference standards 

used as criteria to obtain the EPEAT Ecolabel. IEEE standards cover a wide range of standards related 

to the electronic industry, including standards related to the environmental performance of EEE items. 

The standards’ development processes are managed by an NGO (Green Electronics Council) with the 

support of the U.S. Environmental Protection Agency (US EPA).  

Targeted products are:  

• Personal computers and displays (IEEE 1680.1) 

• Imaging equipment: printer, copier… (IEEE 1680.2) 

• TV monitors (IEEE 1680.3) 

Standard 1680.6 is under development for set-top boxes20. ULE (Underwriters Labs Environment) is 

developing a standard for cell phones (STP 110)21. These criteria will probably be included in EPEAT. 

                                                      

20 In its early stages 

21 Will be shortly submitted to vote 
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Three rating levels are introduced depending on the number of criteria met by the product:  

• Bronze: the product meets all mandatory criteria 

• Silver: the product meets all mandatory criteria + 50% optional criteria 

• Golden: the product meets all mandatory criteria + 75% optional criteria  

Products can be registered in 43 countries and regions: originating from the USA, EPEAT also registers 

products in Europe, Brazil, China, Australia and North America. Manufacturers have to disclose the 

countries in which they wish to sell products with the EPEAT label. 

Many purchasers request a minimum EPEAT rating level, including government in the US, Canada, 

Australia and New Zealand, many American colleges, and private companies22. EPEAT is not requested 

by many European-based purchasers but products can be registered in EU countries. It is popular 

among EEE manufacturers, who target the global market.  

3 audits are made before certifying a product. To verify that criteria are continuously met, unexpected 

audits are organized and the results are disclosed to the public.  

Criteria related to the recycled content are the following:  

• The postconsumer recycled content shall be declared to get the bronze certification  

• Minimum and higher recycled content are optional criteria for PCs, displays and TV monitors 

• Minimum 5% content is mandatory for imaging equipment (with no threshold) for pieces 

larger than 100g and additional recycled content provides additional points 

EPEAT criteria for personal computers have been very successful because all manufacturers want to 

be able to supply PCs to governments who request the certification. According to IEEE, all major PCs 

manufacturers are EPEAT-certified for at least some products of their portfolio. In practice, 

manufacturers comply with EPEAT requirements for some items and market them globally, not only to 

countries where it is requested. Manufacturers have expressed that it would be costly to design products 

only for one market.  

More ambitious PCR requirements have been submitted to the final revised version of IEEE 1680.1 

standard for Personal Computers. These thresholds will be a part of the whole document submitted to 

a vote.  

• 2% has been proposed as a threshold of mandatory PCR to comply with the standard (and 

get the EPEAT certification).  

• The following criteria have been proposed to get optional points and a higher grade in the 

EPEAT scale. 

  

                                                      

22 http://www.epeat.net/participants/purchasers/ 
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Table 14: Revised PCR requirements to comply with IEEE 1680.1 for Personal Computers - 

proposition submitted to a vote 

Category 
Minimum % Content for 

1 optional point 
Minimum % Content for 2 

optional points 

Desktop, workstations, thin 
clients, and all-in-one PCs 

10 35 

IDCs (Integrated Desktop 
Computers) 

15 40 

Notebook 5 10 

Tablet/Slates 3 5 

Display 15 50 

In practice, criteria are formulated so that: 

• Circuit boards are excluded from the total plastic amount for the calculation (PCR not 

achievable for circuit boards). 

• The PCR has to be reached without accessories (mouse, keyboard) but in the product itself.  

• All products claiming compliance with the standard must comply with the thresholds. The 

claim cannot be based on an average annual or periodic PCR. If there are unforeseeable 

disruptions in the supply chain, there is a tolerance (natural disaster for example). This 

exception cannot be used for foreseeable change in the supply chain such as a change of 

supplier. 

They are considered as achievable thresholds by manufacturers: 

• 2% achievable considering the supply. 5 years ago it was not considered possible but there 

has been an increase in supply of IT waste plastics. 

• The state of supply is different from region to region23. However, this threshold has been 

considered achievable worldwide taking these difficulties into account. Manufacturers can 

also purchase PCR from other origins, not necessarily IT. 

• Optional thresholds have been determined based on PCR content already declared via the 

EPEAT system and submitted to vote. 

For other product categories, discussions could be engaged if the plastic amount is considered big 

enough to request PCR for the minimum rating level24. It is always a criteria considered for optional 

points.  

The verification of the recycled content is based on a paper trail. Some companies have trouble 

understanding the criteria, especially the PCR criteria. However, as there is no physical test that can be 

run to verify the recycled content, this option is considered as acceptable despite the risk of error or 

falsification.  

Source: EPEAT website, Interview with IEEE 

 

                                                      

23 More PCR material in Europe but rather mixed/lower quality. Lower amount in America but take-back systems 

are favored (better quality). It can be reached if appropriate partnership is found. 

24 It is not the case for servers for example 
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Blaue Engel is a voluntary German environmental label tackling different product categories including 

EEE products (computers, monitors, coffee machines, television sets…). 

A set of criteria specific to products using recycled plastics (not only EEE products) are applied. Those 

products have to incorporate at least 80% of post-consumer recycled plastics. The verification procedure 

relies on the Eucertplast certification.  

A WEEE plastic recycler mentions that some customers request the Blaue Engel certification to buy 

granulates. Recyclers are audited for this and can associate the Blaue Engel certification with 

granulates.  

 

Nordic Ecolabel or Swan Label is a voluntary environmental label that evaluates a product's impact 

on the environment throughout the whole life cycle. Criteria are developed for 63 product groups. Among 

EEE products, computers, imaging equipment, white goods and TV and projectors have been identified. 

Recycled content has to be declared only for imaging equipment. Other product groups do not mention 

it but it is said to be an area for future revisions of the criteria.  

 

European Ecolabel is a voluntary eco-labelling scheme. Some EEE items are concerned (imaging 

equipment, personal computers, notebooks, televisions, heat-pumps, water-based heaters). For 

instance, for personal computers, a 10% post-consumer recycled content has to be reached for the 

external plastic case of the system unit, monitor and keyboard.  

The Ecolabel relies on CENELEC standards. Some manufacturers in the IEEE WG’s (base for the 

EPEAT label) are hoping that CENELEC will recognize the IEEE standards when CENELEC starts work 

on their own standards.   

 

RECYC ECO certification has been introduced in 2012 by BNQ 8952-911 standard. It is a certification 

for products incorporating recycled materials. Although the program is still active, it has failed 

economically and is not used in practice. 

The reasons behind this failure:  

• It was tackling only the recycled content, which is a very specific aspect of the product 

environmental footprint when other certifications exist such as ECOLOGO integrating 

recycled content requirements along with other criteria.  

• It was expensive to set up and control (quite stringent audits).  

• It was a voluntary measure but producers did not see added-value to get the certification 

because there was no specific demand for such a certification, especially since the market 

size is small.  

If initially associated with a green procurement tool for public procurement, it could have worked. 

However, a competition is necessary for public procurement meaning that many producers have to get 

certified to be used by public agencies. With no purchasing requirement, the certification was only a 

marketing tool and it has failed because of the lack of demand.  

Since 2016, RECYC-QUEBEC is collaborating in the development of a new certification for eco-

responsible packaging products (sort of Ecolabel). There are less verifications and constraints: no 

external audit is needed but a documented proof is requested (purchase documents). It is a BtB tool at 

North American level, involving large companies. It does not solve falsification issues.  
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Conclusions:   

• Certification systems are difficult to set up because they are strict, they add up to existing 

costs and ask for dedicated time for authorities and industrials.  

• A voluntary certification scheme only related to recycled content is not relevant because 

recycled content alone does not determine whether an item will be purchased or not.  

• According to the qualitative data collected via interviews, the EPEAT label is the most 

popular one in the industry. Quantitative data has not been collected to verify it. Its worldwide 

scale and its specificity to the EEE industry could explain this.   

• Public procurement criteria relying on standards can help support the development of these 

standards and the dissemination of material efficiency within the industry, also in private 

segments of the portfolio.  

 

VI.6.1.2. Recyclers labels 

WEEELABEX certification system is a traceability scheme tracing the flows entering recyclers and 

what is sold as waste and to whom. This certification system has been set up by the WEEE Forum, a 

European federation of PRO organization. This tool supports the implementation and monitoring of the 

Extended Producer Responsibility. 

All stakeholders treating WEEE or waste originating from WEEE must be WEEELABEX certified.  

Once End of Waste is reached, traceability is no longer necessary. Therefore, this traceability tool is not 

always applicable to the recycled plastic stream25. 

This certification scheme is only implemented in Europe.  

Eucertplast 

Eucertplast is an audit scheme for European recyclers delivering a certification to the recyclers, not a 

certification of a specific recycled content associated with the granulates. However, on the recycler 

certification, an average annual post-consumer recycled content per product code is calculated. 

Recyclers have to set up a traceability scheme.  

Two different level of traceability are introduced (PEP, EuPC and EuPR, 2012-2015):  

• Full traceability occurs when incoming loads are kept separated before reprocessing in baled 

or bagged form. This traceability level is typically accessible to the packaging sector. 

• General traceability (level 2) occurs when recyclers handle loose material and store loads of 

different grades from different suppliers together. The traceability to the supplier is lost once 

accepted on site. Three conditions have to be met for this lower level of traceability to be 

accepted:  

▪ 1. the incoming waste plastic is stored in one storage bay; 

▪ 2. the material is post-consumer (>95%); 

▪ 3. Recycled outputs can be traced and are fully documented (date and time of 

production); 

▪ 4. Quality controls are carried out (on input and output). 

                                                      

25 Galloo Plastics reported that their granulates are End of Waste. 



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 109 of 207 

 

The mass balance is checked to calculate the recycled content, using the formula in section 6 of EN 

15343 (there must be a known blend of recycled and virgin / other material). It is checked by accredited 

auditors via checks of purchase/sales documents and check of the stocks.  

Good quality management is an additional requirement. The recycler has to be able to provide the 

characteristics of each batch of recycled output (in line with relevant EN recyclates’ characterization 

standard or/and customers’ requirements) to the end user. 

Eucertplast can be used to support the certification of granulates via the Blaue Engel scheme. There is 

no specific agreement with the Nordic Swan certification.  

Converters have to certify they have used materials purchased from Eucertplast certified producers with 

a given recycled content.  

The packaging market (PET bottle, LDPE film) is the main user of this certification scheme because 

both the production and the demand are European. The introduction of the level 2 traceability makes 

Eucertplast accessible to recyclers of mixed loose plastics (typically WEEE, ELV and construction waste 

plastics). MBA Polymers facilities in Austria process WEEE plastics for multiple applications. To our 

knowledge, this site is the only WEEE recycling site that is currently Eucertplast certified.  

Eucertplast certification for plastic recycled content is not a common practice in EEE market 

because converters are not in Europe and because of the only recent introduction of the level 2 

certification. The world-scale EEE value chain is a barrier to set up ambitious recycled content 

certification/audit scheme.  

 

QA-CER is a certification of the quality management system of recycling and production companies. 

The QA-CER certification scheme has been developed by the Belgian accredited certification organism 

BQA in collaboration with the accredited laboratories of Centexbel and Flanders’ PlasticVision, Vlaams 

Kunststofcentrum (VKC). QA-CER wants to assure the quality system regarding the recycling process 

and use of recycled materials, both in the field of the recycled content and the quality of the end product, 

and to support in this way the principle of sustainability 

Different levels of certification are available; the choice depends on the company’s marketing strategy: 

• Level 1:  

▪ Certification of the quality management system 

▪ Managing streams and uses of recycled materials 

• Level 2:  

▪ Certification of the quality management system, and certification of the product 

▪ Level 1 requirements + additional requirements at product level 

▪ Annual inspections at product level. It can include lab tests by official laboratories.  

• Level 3:  

▪ Certification of the traceability system, and certification of the product  

▪ Exigences du niveau 2 + exigences additionnelles au niveau du système 

▪ The company has to prove that the quality control system is sufficient to avoid the 

presence of substances covered by REACH and RoHS.  

In this context, the definition of recycled content is very inclusive: it comprehends external and internal 

recycling, post-consumer and pre-consumer recycled content.  
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Conclusions:   

• Recyclers’ certification and traceability schemes are theoretically relevant tools to cross-

check recycled content data provided by manufacturers. This could increase the reliability of 

voluntary or mandatory claims.  

• The geographical scope of these tools is little adapted to the EEE Ecodesign challenges. 

They are European tools designed to support the implementation of WEEE ERP or adapted 

to European recyclers. Worldwide certification system would be needed if this tool is destined 

to support Ecodesign policy. At this scale, the quality of data verification is not ensured.  

• End of Waste currently stops the traceability of WEEE plastics. This makes any verification 

of outlets for recycled plastics impossible. An extension of the traceability should be 

considered because it would help design adequate policy. Because of the juristic status of 

plastics, this may only be possible by survey.  

• No quantitative information (based on surveys) about the outlets of WEEE plastics has been 

identified. This makes it difficult to understand the market and to build policies. Additional 

studies should be carried out to characterize the outlets of WEEE plastics.  

 

VI.6.1.3. Financial incentives 

Modulation of eco-fee in EPR programs 

France 

Eco-fee modulation was introduced in France in 2014 in the call for tender applicable to PRO 

organizations in charge of the ERP for the WEEE sector, under the initiative of the Ministry of 

Environment. It has been introduced in 2015. 

Eco-fees are required by the EPR regime when EEE are marketed on the French market. The 

modulation provides a bonus/malus system depending on Ecodesign parameters, including PCR for 

washing machines, televisions and computers. A 20% bonus is granted on the eco-fee (discount) is 

granted if the recycled content (post-consumer) reaches 10% or more.  

Manufacturers have to justify and prove the recycled content. The detailed verification scheme is not 

known but it is based on purchase documents.  

It is too early to give a complete feedback on the efficiency of the scheme yet. Although it is an initiative 

going in the right direction, stakeholders reported several critics regarding the way it is implemented:  

• the implementation is complicated as there is no harmonized standard to define and 

measure the recycled content.  

• a harmonized modulation of eco-fee at European level would be a better incentive than a 

national policy. Decisions to go for recycled content are taken at group level. Companies 

seated abroad are less encouraged to use the modulation system. Furthermore, the bonus 

value, if applied at national level, does not cover the paperwork cost.  

• the administrative burden of reporting environmentally positive actions to get the bonus 

refrains SEB from reporting them. They often prefer to get the malus by default to avoid the 

administrative cost.  

Sources: Ecosystèmes, GIFAM, SEB 
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Québec 

Difficulties related to the eco-modulation are confirmed by sources from Québec.  

From 2016 on, environmental-based criteria in EPR programs are mandatory to modulate eco-fees in 

Québec. The recycled content can be chosen by each program (a program per waste stream) as one 

of the criteria along with other criteria. There is no requirement to choose it as one of the criteria.  

Although all EPR programs have to introduce the eco-fee modulation this year, RECYC-QUEBEC26 has 

reported that no program will respect this requirement this year. The persons in charge of these 

programs tell RECYC-QUEBEC that the eco-fee modulation is difficult to apply. This has also been 

confirmed by the electronic industry via Electronics Product Stewardship Canada (EPSC): they have 

explained that major modifications of common industry practices would be necessary to apply eco-fee 

modulation: sales, traceability, accounting…  

The eco-fee modulation has been introduced as a regulatory tool to encourage companies marketing 

products in Quebec to eco-design. However, public authorities have concluded that it is difficult to 

influence companies at Quebec scale, when the EEE market is globalized. The convergence of 

Canadian states towards product eco-design could create levers to change EEE industry behaviour. 

However, these levers would be bigger if such a requirement were applied at European or USA scale.  

Sources: MDDELCC, Recyc-Québec, FCQLGED 

Subsidies for investment and R&D 

ORPLAST is a public program introduced by ADEME (French Environmental Agency) in 2014 to avoid 

that the plastic recycling industry falls apart because of the downfall of oil prices. There has been a call 

for tender offering subsidies to project of recycled plastic incorporation (not only for WEEE plastics).  

Subsidies can cover a part of the costs in 3 situations:  

• Feasibility study: R&D costs  

• Investment in industrial facilities 

• Financing the price gap between virgin and recycled 

 

This program is a success according to ADEME:  

• “A massive response from industry players: 

▪ 140 submissions in February 2016 

▪ 94 projects supported or to be supported, representing 115 M€ turnover 

• Overall results in line with the trajectory for the first 68 projects signed in 2016: annual 94 

000 recycled tons in 3 years’ time.  

• 15 Mt of subsidies were paid for 94 000 tons. Projects are subsidised on average at a rate 

of 12%. This a lower rate than in most call for tenders. It represents a reasonable cost (160 

€/ton), when compared with the monetized environmental benefits of plastics recycling (100-

300€/t, cf. part VII.5.1) and the potential long-term effects of this measure on the structuration 

of the value chain. 

                                                      

26 RECYC-QUEBEC is the operational agency of the Environment minister of Quebec to lead waste management 

policies, including policies regarding recycled content.  
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• Contracts between industrials and public authorities encourage discussion and give market 

visibility to recyclers. According to ADEME, the support from public authorities was the 

primary reason for this success, rather than the actual subsidy per ton purchased.  

• Several hundreds of projects were proposed. 70 projects were selected. If they are 

successful, it should increase the amount of recycled plastics up to 100 kt compared to 250-

350 kt of plastics currently recycled in France.  

Consulted stakeholders are rather positive about the program. It has been used by SEB to finance trials 

and investments. Galloo Plastics expresses it has eased the market.  

However, the program is not opened to recyclers R&D, which is also needed according to 

manufacturers.  

Sources: Galloo Plastics, SEB, ADEME presentation at AFITE conference 

 

Conclusions:   

• The modulation of eco-fee seems to be complicated to implement. The national scope of this 

measure does not largely incentivize companies, considering the administrative burden of 

justifying their environmental performance. As these initiatives are recent, it is too soon to 

definitively conclude on the relevance of such an instrument. An impact assessment would 

be relevant in a few years.  

• Subsidies for R&D and investments raise the interest of industrials and help to build a 

network public/private around the issue of incorporated of recycled plastic, at a reduced cost 

for public authorities.  

• Public authorities could study the possibility to introduce other financial incentives, with less 

administrative burden.  

• The efficiency increases if the financial incentive increases (malus must be introduced as 

even a full exemption of the current fees might not be sufficient), if the geographical scope 

is large (European instead of national) and if the administrative burden is reduced 

(standardisation, centralized information…). 

 

VI.6.1.4. Procurement tools 

To encourage public green purchasing, RECYC-Québec has launched a procurement portal giving the 

recycled content and accessible for green procurement services. Public agencies still have the choice. 

There is no specific certification associated with this tool. It relies on existing certifications integrating 

recycled content with no additional verification. The recycled content criteria are used for paper and 

sometimes for plastics.  

Sources: MDDELCC, Recyc-Québec, FCQLGED  
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VI.6.2. MANDATORY INSTRUMENTS 

USA 

The RMAN (Recovered Materials Advisory Notice27) is part of the Comprehensive Procurement 

Guidelines. This program is requiring public procurement agencies to purchase articles that are on 

specific lists with the highest achievable recycled content. 

Pre-consumer content is also acceptable but generally criteria are distinguished between pre-consumer 

and post-consumer recycled content. 

Items covered are:  paper and paper products, vehicular products, construction products, park and 

recreation products, landscaping products, non-paper office products, transportation products and 

miscellaneous products.  

No EEE product is concerned by this regulation (non-paper office products are furniture: binders, 

toner cartridges…).  

In the US, there has been a mandatory recycled content for newspaper and plastics for about 20 years 

but with very little enforcement and reporting.  

With the experience of the business, mandatory recycled content does not easily find a place in the US: 

it has to be reasonable in terms of content and criteria. It is not traditional to have mandatory 

requirements applied on North America businesses: voluntary tools are preferred.  

Source: Foth 

 

Québec 

A mandatory recycled content is not considered as a priority for RECYC-QUEBEC compared to other 

waste-related subjects. This is wished but rather at long-term time scale. Additionally, MEDDLECC 

reports that Quebec does not have the influence to introduce a regulation that would apply to all products 

marketed in Quebec. According to the Environment Ministry, such a regulation can only be enforced in 

practice to Quebec companies. It would be detrimental to the local industry. 

 

All over the world 

EPEAT is used as mandatory criteria for public procurements by many governments and public 

departments all over the world28. 

Stakeholders do incorporate PCR in their products to be able to reach that market: it is an efficient 

incentive. However, the entire portfolio is not affected. It changes the market balance and leads to an 

increase of the recycled plastics price. Manufacturers do purchase recycled materials at a higher price 

than virgin price to be able to comply.  

Source: independent consultant member of IEEE working groups, Digital Europe 

  

                                                      

27 https://www3.epa.gov/wastes/conserve/tools/cpg/pdf/consolrman.pdf 

28 http://www.epeat.net/participants/purchasers/ 

https://www3.epa.gov/wastes/conserve/tools/cpg/pdf/consolrman.pdf
http://www.epeat.net/participants/purchasers/
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VI.7. Mandatory recycled content: conclusion 

VI.7.1. BENEFITS 

Recyclers of WEEE plastics warn that if the demand for recycled plastics does not increase, the recycling 

rate will drop in the coming years, because:  

• the number and complexity of plastics (especially for IT equipment) is rising and they are 

increasingly difficult to sort; 

• the low oil price weakens the recyclers’ business and prevents them from investing in more 

efficient sorting process. In absence of mandatory recycled content, manufacturers generally 

do not accept to pay more for recycled materials. Some exceptions are: manufacturers can 

accept to pay more for recycled materials in order to get the EPEAT label or because of 

ambitious group policies. However, this cannot be expected to be generalized to all 

manufacturers and products; 

• recyclers indicate that the small size of their companies makes it more difficult to compete 

for the EEE market against the virgin plastic industry: a 20 000t plastic recycler is already a 

big recycler. 

A mandatory recycled content in closed-loop would help the WEEE recycling business29 and contribute 

to an increase of the recycling rate.  

Incorporation of recycled plastics is technically feasible, at least for some products. Requirements could 

be focused on these products.  

Compared with a voluntary initiative with the same requirement, an efficiently enforced mandatory 

requirements would increase the recycling rate to a wider extent as it covers a greater market share. It 

would have more impact on the recycling industry since the outlets would be secured to make 

investment decisions. An independent expert from IEEE suggests that a low mandatory requirement is 

feasible (example of 2% criteria for PCs), and could already be beneficial if it can be verified.  

At middle-term, with the foreseen increase of the oil price, using recycled materials could become 

economically relevant for manufacturers. (WRAP, Demonstration of recycled content in electrical 

products, 2010) suggests that recycled materials can be easier to process and decrease the need for 

additives (blowing agent).   

Source: Interview with EERA, Galloo Plastics, SEB, independent consultant member of IEEE working 

groups 

 

VI.7.2. POTENTIAL COLLATERAL EFFECTS 

Voluntary measures allow stakeholders to optimize the use of available recycled materials. Mandatory 

requirements could have collateral effects on the market if requirements were too difficult to reach:   

• Substitution of plastic material by other materials (metal for instance) to avoid complying with 

the mandatory recycled content. This option is not considered likely considering the price of 

alternative materials (metals). (Source: Ecosystèmes)  

                                                      

29 It could also positively impact other plastic recycling businesses with common polymers such as automotive 

plastic recyclers. 
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• Potential substitution of European recycled plastics by plastics produced outside Europe 

(typically from Asia) if the verification procedure is not reliable enough: 

If the mandatory recycled content is very ambitious and the verification scheme not reliable, 

some manufacturers would purchase plastics provided by Asian recyclers with false marking. 

(Source: Ecosystèmes)  

There are risks associated with the substitution of European plastics by Asian plastics: 

▪ Safety issues if hazardous substances are not removed.  

▪ Competitiveness loss for the European EEE industry compared with their competitors 

abroad who market their products without actually complying with the requirements; 

▪ Competitiveness loss for the European plastic recyclers sorting plastics per resin, with 

an increase of mixed plastics exports. However, interviewed recyclers point out that 

mandatory PCR would also provide opportunities to export high-quality granulates to 

Asia. They conclude that mandatory PCR is generally beneficial for their industry. 

 Recycled content targets should be realistic and audit trails in foreign 

countries stringent. Product groups produced in Europe could be chosen as a 

priority to lower the risks of collateral effects.  

Market surveillance authorities don’t have jurisdiction to run audits abroad. Verification 

systems rely on the responsibility of stakeholders putting the products on the EU market, on 

their control of the supply chain and on different proofs (certified quality management 

schemes, traceability documents, and possibly marking).  

• Lack of availability of recycled materials close to the production site, causing supply 

shortage, increase in production costs and encouraging false marking. 

Some manufacturers settled in Asia indicate that finding high-quality plastics for EEE is still 

challenging30. This is confirmed by the conclusions of the REMIX project (PEP, EuPC and 

EuPR, 2012-2015). If recycled content requirements were introduced at short-term, those 

manufacturers would need to purchase recycled plastics from other regions. This could 

increase their production costs and encourage false marking.  

 The development of the Asian recyclers and an active work of manufacturers to build 

a local supply chain should solve this problem at middle to long-term. Product groups 

produced in Europe could be chosen as a priority to lower the risks of collateral 

effects. 

• Barriers on innovation if the mandatory recycled content apply to all plastics, irrespective of 

the existing secondary plastic market. 

It would be difficult for manufacturers to use a new plastic resin if it is not available as a 

secondary material on market. They would need the increase the recycled content of other 

plastics in the item to reach the requirement. 

On the other hand, if requirements were formulated per plastic resin, manufacturers could 

choose to use more and more innovative resins to avoid using recycled materials. It would 

further complicate the plastic recycling process at end-of-life. 

                                                      

30 DELL reports that recycled packaging plastic of good quality can be found in Asia (PE, PET) but not recycled 

polymers for EEE. Philips reports that for their Asian production, they are building a supply chain for recycled 

materials based on local recycling of plastics from cars and WEEE. 
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 Recycled content thresholds should be realistic, based on a consultative process 

with recyclers and producers. They should not be too stringent to leave some place 

for innovation. They should be revised regularly to adapt to new technologies. 

• An efficient mandatory recycled content concern larger material quantities than voluntary 

instruments. Therefore, a more reliable control procedure is wished to avoid that fraud leads 

to a competitive advantage.  

• It can be a barrier to free trade. Small players or players who market only a small share of 

their products in EU would be reluctant to adapt their supply chain and/or product design. 

They may leave the EU market. This would negatively decrease the competition. It could 

increase the price of EEE for consumers. 

• Loss of recycled plastic availability for some products groups: if a requirement is introduced 

for one product group, this product group could absorb most of the recycled plastic market. 

The availability of recycled plastics would be decreased for other product groups.  

• The price of EEE items would increase, at least at middle-term, if a mandatory recycled 

content were introduced. A dedicated economic impact assessment should be made before 

any enforcement, in order to make sure that the impact on the price of EEE items for 

consumer is acceptable (criteria applicable to Ecodesign requirements). 

The mechanism for price increase is detailed below: 

Manufacturers indicate that high-quality recycled plastic is approximately 5-10% cheaper 

than virgin materials. If the oil price increase, the price difference could increase to about 

15% but not much higher. On the other hand: 

▪ Processing recycled materials require investments: 

- Supply chain has to be built and one-to-one negotiation engaged with recyclers 

- R&D has to be carried out to test that each piece meets the specification 

- The industrial lines need to be adapted for recycled material (injection 

equipment). Data provided by (WRAP, Demonstration of recycled content in 

electrical products, 2010) suggests that recycled plastic could be processed in 

the same conditions or easier to process.  

▪ Recycled materials increase the manufacturing costs: 

- Quality controls are needed for the input (substances of very high concern) 

- Quality controls are needed for the output (pieces need to meet the 

specifications) 

▪ Mandatory requirements change the market balance. Recyclers can apply prices 

higher than virgin materials if they know that they will find outlets. This mechanism 

has already been observed in practise. A printer manufacturer has reported that they 

purchased recycled materials above the virgin material price (PC/ABS) to get the 

EPEAT label for printers and be able to sell products to the US government.  
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VI.7.3. STAKEHOLDERS’ OPINION 

Recyclers welcome a mandatory recycled content if it can be enforced. 

EERA is doubtful that a policy relying on a voluntary incorporation of recycled plastics would significantly 

increase the recycling rate. With the low oil price, manufacturers who keep using recycled plastics are 

either obliged to reach some markets (EPEAT for public procurement) or have built a group strategy 

around recycled content. For household appliance, as consumer prefer white products that cannot be 

made of recycled materials, sales decrease if manufacturers do not produce white goods anymore. 

Therefore, the PCR content is expected to remain low without any mandatory requirement.31 

Recyclers welcome a mandatory recycled content: they see it as an opportunity to secure and increase 

outlets. It could stimulate the recycling industry for an export of high-quality granulates to the Asian 

manufacturing sites (situation already encountered by a recycler).  

Recyclers express that increasing the recycled content should be possible, at least for black parts or 

parts with less aesthetic constraints. If all pieces that can incorporate recycled plastics did, recyclers 

indicate that it would already improve the market significantly.  

The risk that this mandatory requirement would favour the export of sorted plastic waste for recycling 

closer to the manufacturing sites has been discussed. Although it is a possibility and that it would be 

detrimental to European recyclers, mandatory recycled content is seen by recyclers rather as an 

opportunity than as a risk. 

EERA agrees that it is necessary to make sure that recyclers and manufacturers cannot make false 

claims. If such a reliability cannot be guaranteed, they agree that the mandatory status of the 

requirement is not a good idea. 

EERA recommends that mandatory recycled content is enforced by Extended Producer Responsibility 

Schemes rather than market surveillance authorities under Ecodesign. However, this point can only be 

relevant if a control technique is applicable.  It is therefore not further discussed in this report. 

Recyclers indicate that compliance with REACH is a lower challenge than compliance with 

manufacturer-specific requirement for hazardous substances. They need to engage a dialog with each 

manufacturer to comply with the requirements. Complying is quite straightforward for large recycling 

companies but may significant resources for recycling SME’s and start-ups on the one side, and for 

manufacturers on the other side. A increased dialog and harmonization of requirement is wished. 

Source: Interviews with Galloo Plastics, EERA, KUL 

 

EEE manufacturers and plastics converters are opposed to a mandatory recycled content at 

short-term because the industry and legislation is not ready, at long-term because verification 

is not reliable and for economic reasons. They support voluntary options. 

At short/middle-term, the following arguments have been put forward:  

• There is no standardized and clear definition of the recycled content. There is no uniform 

way to measure recycled content, especially for plastics. See part II.3 

• The incorporation of PCR raises technical issues that take time to solve (See part VI.4.2). It 

would be premature to draft criteria at product category level as the potential of recycled 

content in electronics is not yet well known by manufacturers themselves. It greatly depends 

on product design and specifications.  

                                                      

31 On the contrary to this trend, DELL voluntarily decided to only design grey and black printers in order to increase 

the PCR content.  
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• Continuous supply of high-quality recycled materials cannot be ensured at the moment 

because the high-quality recycling industry is underdeveloped. It would be very challenging 

for manufacturers to comply with requirements while ensuring product quality all over the 

year.  

• Compliance with REACH is challenging for substances of very high concern because 

requirements are demanding and unclear. This need to be solved before any enforcement. 

Compliance with REACH requires a significant effort for recyclers and manufacturers: test 

for substances are costly because of the number of legacy substances to test, manufacturers 

need to find high-quality recyclers and engage one-to-one discussions about quality, 

manufacturers need to cross-check the quality of recyclates supplied by suppliers in Asia.  

• Manufacturers are voluntary active on the subject of recycled content. They agree that the 

recycled content can be increased compared to its current value. CECED and Digital Europe 

are working on the subject and are in relation with recyclers. The entire industry is interested 

in the subject. Some companies are leaders for PCR: they have already incorporated PCR 

in their portfolio (although not for all items) and tackle an increasing number of items (cf. part 

VI.4.1.) 

At long-term, the following arguments have been put forward:  

• There is no reliable way to control recycled content. The solution proposed by the authors 

would require stringent auditing procedure, including audits abroad. This level of control 

would not be realized in practice by market surveillance authorities because of the cost of 

such a system. Audits could be run by independent companies. However, reliability would 

not be increased compared with paper-based audits. Manufacturers share the view that 

paper-based audits are not sufficiently reliable. This has not been proved in the scope of this 

study. 

• Processing recycled materials is usually more expensive than processing virgin materials. 

Mandatory requirements could increase this trend by changing the market dynamics. The 

cost of EEE items for customers would increase.  

Source: Interviews with EuPC, Ecosystèmes, GIFAM, Digital Europe, DELL, SEB, A2CR  

 

JRC is in favour of requirements on recycled content for certain materials (plastics, technical glass), as 

a way to boost a high quality recycling of some material fractions, currently largely downcycled or 

disposed of. At short/middle-term, PRO organizations and JRC Ecodesign experts favour incentive 

schemes and subsidies over a mandatory recycled content because of potential collateral effects. A 

voluntary declaration of the recycled content could be a first basis. Recyclers suggest to report data 

collected within the EPEAT framework.  

Source: Ecosystèmes, JRC 

 

VI.7.1. ADVICE FOR THE IMPLEMENTATION 

If recycled content is required, requirements should be written with reachable, even relatively low (2-

5%).  

Thresholds should cover the entire article and not be written for specific pieces. In general, 

manufacturers would prefer to decide where incorporation of recycled materials makes more sense 

depending on product design. Manufacturers indicate that the feasibility of incorporating recycled 

materials very much depends on product design, even for products of the same product category.  
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Thresholds should refer to the entire plastic recycled content, and not per resin. 

Publishing thresholds a few years before they come into force is necessary to let the industry some time 

to adapt the availability of plastics. Indeed, if ambitious criteria are introduced for one product group, 

availability could suddenly decrease for other product groups (or other markets such as the automotive 

industry). A phased approach is wished to avoid disturbing the market balance.  

 

VI.8. Conclusions 

Conclusion 6 : A mandatory recycled content is theoretically relevant to increase the plastic 

recycling rate when the demand is not sufficient. If introduce, such a requirement should 

leave space for innovation by manufacturers and be implemented via a phased-approach. 

Mandatory recycled content will cover a larger market than labels and eco-fee modulation because it 

applies to all products, irrespective of the marketing strategy and of the demand. It guarantees an outlet 

for recyclers and justifies investments in recycling facilities and equipment. The recycling costs can 

decrease, but not necessarily the competitive position of the recycled material vs virgin material, 

because the supply/demand balance is changed.  

Mandatory recycled content would help increase the recycled content and secure the plastic recycling 

business. Opportunities are considered higher than risks for European recyclers.  

Mandatory recycled content can be a barrier to innovation in material choice and a barrier to free trade. 

Criteria can reduce the freedom of the value chain to optimize the items and components where recycled 

content is most appropriate.  

If implemented, mandatory recycled content should be introduced for all plastics together, not for some 

specific plastic types. It should be introduced as a phased approach, with thresholds published in 

advance. In general, thresholds should cover the entire item or a list of pieces, they should not be 

introduced piece by piece.  

 

Conclusion 7 : In the short term, mandatory recycled content is not recommended as many 

technical and regulatory issues should be solved before implementation.  

Barriers to incorporation of recycled plastics have been listed (part VI.4.2): they are technical, economic 

and regulatory.  

Technical and regulatory challenges should be solved before a mandatory recycled content can be 

implemented. There is a need for an increased dialogue between manufacturers, recyclers and public 

authorities to solve them. Intensive consultation is also needed to define a relevant scope for recycled 

content. 

Voluntary instruments could be a way forward and stimulate innovation. Recommendations of policy 

options (chapter VIII) to start a work on the subject.  

 

Conclusion 8 : In the long term, mandatory recycled content can only be recommended if 

sufficient reliability of the verification procedure can be ensured. Otherwise it would create 

unfair competition detrimental to the European industries.  

European industries can be audited reliably whereas falsification by industries located outside EU 

(particularly in Asia) would be difficult to control. Product groups for which recycled content is particularly 

relevant are mainly produced outside EU. Many (components for) EEE are “of the shelf” products from 

Asian producers.  They produce for the world market.  They often do not have a direct contact with the 

European market as they work with assemblers and importers.  There is thus neither an insurance that 
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mandatory recycled content requirements would be met, neither is there an easy way for market 

surveillance authorities to control it. This is thus a major concern.  

 

Conclusion 9 : The impact on the product price would be relatively limited (on average plastics 

only account for about 1-3% of the EEE production costs). However, these additional costs 

should at least be balanced by the environmental benefits.  

 

Conclusion 10 : Mandatory recycled content only exists as a public procurement tool. 

Today all other identified instruments are voluntary. Manufacturers do support voluntary 

instruments, despite the (reducible) administrative burden. Recyclers indicate they are not 

sufficient, as they only cover a small market share. 

Mandatory recycled content exists via purchasing criteria requesting the EPEAT standard for imaging 

equipment. Users are mostly public purchasing agencies.   

The other existing instruments related to recycled content are all voluntary: modulation of eco-fees, 

financing instruments recyclers label and product label. 

Mandatory recycled content will cover a larger market than voluntary instruments. On the other hand, a 

more reliable control procedure is necessary in order to avoid fraud. 

Existing mandatory instruments have caused an increase in the recycled plastic price, which can exceed 

the virgin price.  

Voluntary instruments perform better to optimize the use of the recycled material and show better 

manufacturers’ acceptance. Labels and standards are the most common instruments. Modulation of 

eco-fees seem difficult to implement based on the French experience, although it is too soon to give a 

complete feedback. Financial incentives are valuable instruments to structure the value chain and initiate 

a dialogue between recyclers, manufacturers and public authorities when organized via public call for 

tenders.  
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VII. Verification of recycled content via marking 

VII.1. Introduction  

There is an agreement among standards and labelling certification schemes on the procedure to verify 

the recycled content: 

• Verifying the recycled content is not technically and economically practicable via a direct 

instrumental measurement. Recycled plastics have a lower grade that virgin plastics (other 

plastic resins, impurities, degraded chains…) which makes it reasonable to guess that the 

plastic incorporates recycled material recycled content. However, the recycled content 

cannot be checked by that mean in a cost-efficient manner: degradation depends much on 

the process. Chain degradation can also occur in virgin production process and converting 

process.  

• It needs to be verified by the analyst performing the calculation, supported by sufficient 

technical documentation provided by the manufacturers, including declaration of suppliers. 

EN15343 establishes the type of data that needs to be provided in order to justify the 

recycled content. It includes a control of the input material of the recyclate production process 

and a characterization of plastics recyclates. The documentation has to be made available 

before the product is put on the market and provided on request. 

JRC points out that due to the difficulties of verification, requirements on recycled content could be more 

suitable for the implementation of voluntary instruments than for mandatory requirements. (JRC, 2012) 

Additionally, there is a reluctance from Member States to enforce a mandatory Ecodesign requirement 

based only on the verification of manufacturers’ declaration, because of the reliability and of the heavy 

administrative weight of this method. As declaration of suppliers can be falsified, it is difficult to ensure 

fair competition on the market (Source: Dutch Ministry of Environment, 2016)  

For the same reason, manufacturers are also reluctant to verification methods relying on certificates. In 

general, all stakeholders acknowledge it is the main issue.  

Therefore, this study aims at evaluating the reliability and feasibility of other verification methods based 

on marking, compared to verification based on documents.  
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VII.2. Traceability systems to verify recycled content 

When verification of compliance is based on document control by default, but that requirements are also 

physically controllable, the compliance can be cross-checked via lab tests. For example, to control the 

mercury content, document control is the basic procedure. However, if non-conformities are reported, 

lab tests are run to measure the mercury content. This procedure could be applicable to verify the CRM 

content. 

Requirements that cannot be controlled by means of physical or chemical analyses are challenging to 

control in a reliable way because there is no possible cross-checking. This is the case for recycled 

content. 

Recycled material and virgin material are chemically and physically very similar. Even if the presence of 

recycled material can be suspected in a material by physical measurements (colour, partial degradation 

of the chains, mechanical properties…), it is not practicable to obtain a quantitative measurement of the 

recycled content via laboratory tests.  

3 traceability systems can be considered to verify requirements that are not physically measurable such 

as sustainability claims:  

 

Figure 15: Supply chain traceability types (United Nations, 2014) 

 

VII.2.1. PRODUCT SEGREGATION MODEL- MARKING 

The product segregation model implies that certified materials and products are kept physically 

separated from non-certified materials and products along the value chain. This ensures that the end 

product comes itself from a certified source. The claim and the product cannot be separated. The Bulk 

Commodity system allows mixing from different suppliers. On the other hand, the Identity Preservation 

system doesn’t allow mixing of certified materials of different origins. 
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Usually, segregated products are marked to be easily recognized (colour, label, serial numbers, 

chips…). Compliance with the claimed properties (for example recycled content) can be detected by 

market surveillance authorities before it is put on the market via the detection of the chosen marking 

technique. 

This is the option studied in this report.  

Remark: In our case, blending marked (certified) recycled material with virgin material at some stage of 

the value chain is not excluded. However, from this stage of the value chain on, it changes the potential 

claim from 100% recycled content to x% recycled content, depending on the dilution factor.  

Example 1: non-road diesel is marked with a red tracer so that it can be distinguished from road diesel 

(different taxation regimes are in place).  

Example 2: label for organic products. 

 

VII.2.2. MASS BALANCE 

With the Mass Balance approach, certified and non-certified materials (claiming a given property such 

as recycled content) can be mixed. The exact mass of certified material entering each stage of the value 

chain (for example a production facility) within a certain time (for example a year) must be controlled. 

An equivalent mass of certified product leaving the stage of the value chain can be sold as certified. 

One facility cannot sell or store in 2017 more product with a claim than what has entered or been stored 

with the same claim in 2017.  

Each product does not have to fulfil criteria individually in order to be allowed to claim compliance. 

“Customers may not know whether their specific share of product contained certified or non-certified 

materials, or a share of both.” (United Nations, 2014) 

The reliability of this system relies on a quality management system, audited by an independent third-

party, and frequent reporting (for example annually) to the public authorities. Detailed audit of traceability 

documents can be run by the market surveillance authorities in order to check the validity of the claims. 

These audits are not systematic; they are decided on a risk-based approach.  

• Example 1 - Recycled content:  

This is the principle of current verification systems for voluntary claims about recycled 

plastics and recycled content: EPEAT, Ecolabel, QA-CER certification scheme, 

Eucertplast... See details in paragraph VI.6.1. (Centextbel-VKC, UGent, 2016) 

If one facility incorporates recycled PP in irons at a rate of 20% on average, it can claim 20% 

of recycled content on each product even if 2/3 of the production is 30% recycled content 

and 1/3 0% recycled content. 

• Example 2: FSC Timber 

• Example 3 – Biofuel sustainability:  

Sweden has introduced a tax exemption for biofuels that complies with sustainability criteria 

set by European Directive 2009/28/EC on the promotion of the use of energy from renewable 

sources. The verification system is based on a mass balance traceability scheme. The 

traceability obligation covers economic operators putting fuel on the Swedish market at the 

point where taxation normally applies (usually distribution), but requesting a tax exception 

for biofuels. The requirement covers indirectly the entire supply chain (blenders, refineries…) 

because the stakeholder in charge of compliance towards the Swedish authorities has to 

make agreements with all suppliers and subcontractors (blenders, refineries…), wherever 

they are based, so that they also comply with sustainability and traceability criteria. The 



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 124 of 207 

 

traceability system includes a mandatory quality management system that has to be 

externally audited (IS14000, EMAS or similar systems). The operator marketing the fuel 

reports quantities fulfilling the claims annually to the Swedish Energy Agency. Documents 

can be controlled by the market surveillance authorities via a risk-based approach (not 

systematic). No physical audits are run abroad. Sustainability claims are kept during 

blending/mixing and can be transferred to similar product types stored on the same site.   

.  
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Figure 16: Certification – Mass balance- Traceability principles – Example of the verification of 

sustainability criteria of biofuels and bioliquids in Sweden (Swedish Energy Agency, 2011) 

In 5 years, the Swedish Energy Agency reports no major problem with this system. It is 

considered cost-efficient. 

Source: Swedish Energy Agency, 2016 

This option has not been further studied in this report (out of scope). 

 

VII.2.3. BOOK AND CLAIM  

The Book and Claim model is different from the two previously described systems as it does not seek 

to have physical traceability all along the supply chain.  

Companies putting products that comply with a given property on the market (for example recycled 

plastics) can obtain certificates for the amount of material put on the market and sell them via a trading 

platform. Certified and non-certified materials are exchanged freely on the market (independently from 

the certificate market). Companies can buy sustainability certificates on the platform. “Even though it is 

not certain that their particular production contains certified material, their production has supported 

sustainable sourcing” (United Nations, 2014) and is allowed to claim it. 

“It relies on the link between the volumes of certified material produced at the beginning of the supply 

chain and the amount of certified product purchased at the end of the value chain”. (United Nations, 

2014) Information about the product is traded separately from the product itself. 

• Example 1 (fictional) – Recycled content  

Recyclers would issue a certificate per ton of recycled material put on the market. If there is 

a recycled content requirement for EEE items put on the market, EEE manufacturers would 

have to buy the number of certificates corresponding to the quantity of material required. 

EEE manufacturers could purchase their material from virgin, recycled or mixed sources.  

• Example 2: Packaging Recovery Notes 
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A Book and Claim system is in place in the United Kingdom to enforce the producer 

responsibility for household packaging. 

• Example 3: Renewable Energy Certificates. 

Companies producing renewable energy sell certificates to electricity distributors, who can 

in turn sell specific green electricity contracts to their customers. Although customers are 

connected to many producers via the grid, they indirectly support renewable energy 

production.   

This traceability system has not been further studied in this report (out of scope).  
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VII.2.3.1. Comparison 

The following table proposes a comparative summary of the advantages and drawbacks of the 3 possible traceability systems. It is based on (RSPO), 

(United Nations, 2014) and on the material collected within this study. A dedicated benchmark and comparative feasibility study would be appropriate 

to refine these arguments specifically for recycled content.  

Table 15: Comparison of traceability systems – Recycled content 

 Marking -Segregation Certification- Book and claim 
Certification – Mass 

balance 

Communication 
Compliance is ensured for each production 
lot. 

Compliance is ensured for the whole 
production. Direct consumption of recycled 
materials by each manufacturer is not ensured. 

Compliance is ensured 
annually per production 
site. 

Stimulation of the 
recycling industry 

Yes, direct additional demand 

Possibly lower.  

Certificates can arise from recycling for users 
who do not require certificates. 

Effective increase of the recycling rate is not 
guaranteed.  

Yes, direct additional 
demand 

Reliability 
Reliability is higher because controls are 
more stringent and rely on an in-depth 
knowledge of the supply chain. 

Open to criticism Open to criticism 

Additional 
operational 
requirements 

Low flexibility to supply variability: each 
item put on the market must contain the 
claimed quantity of recycled materials 

Separate storage areas and traceability 

No operational requirements Traceability on site 

Cost $$$ $ $$ 
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VII.3. Criteria applicable to the marking solution 

To check a mandatory recycled content, the marking solution must answer to different specifications:  

• The marking procedure must be feasible for the industry and relevant to increase reliability compared with certificates. The 

compliance with criteria is assessment only for a marking procedure occurring during the compounding process. It justifies the choice of 

the marking techniques. 

• The marking technique must be feasible. The only solution identified as suitable is fluorescent of Anti-Stokes tracers. The compliance 

with criteria is assessed for this solution only. 

• The control procedure must be feasible and reliable. The reliability has not been demonstrated yet.  

Sources: 

• Interviews with Tracing Technologies, Polysecure, Nextek, Axion Recycling, Grafe 

• Tracer Workshop 2016 (Petcore Europe), Presentation of the TRIPTIC project (2014) 

• (Maris, 2014) 
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VII.3.1. CHOICE OF A MARKING TECHNIQUE INCREASING RELIABILITY 

The marking procedure must be reliable, i.e. the marking technique should only be applied to products that do comply with the regulation.  

The electronics value chain is represented on the figure below:  

Figure 17: EEE plastics value chain 

 

When it comes to complying with the recycled content legislation, stakeholders could find an advantage in adding the marking technique although they 

do not comply with the regulation:  

• EEE assemblers could find interest in adding improperly the marking technique on the product or on the piece if pieces made of recycled 

materials have a better price-quality ratio. The technical specifications of post-consumer recycled material are generally of reduced quality 

regarding the odour and colour indicators. The risk of unconformity is also an important barrier to incorporation (see paragraph Recycled 

content part VI.4.2). For this reason, any marking technique that can be applied on the product after assembling should be avoided to 

ensure reliability. 

• Plastic converters could fraud if pieces made of recycled materials have a better price-quality ratio or to use production losses as if they 

were post-consumer plastic material.  

• Plastic producers could add the marking technique to virgin product to extend their market considering the mandatory recycled content.  
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• Plastic recyclers could add an extra marking additive to help their customers comply with the regulation. 

Considering these potential frauds, the reliability of the marking technique can only be ensured if an adequate audit trail is organized (see Control 

procedure part V.3.3).  

The most reliable solution is to request marking at the recycler because it allows controlling in a single audit both post-consumer recycled content 

and marking technique compliance.  

The choice to incorporate the marking technique at recyclers has several consequences on the choice of marking technique:  

• As recyclers make plastic granulates and marking remains detectable until the market surveillance authorities control the EEE item, a 

marking technique in the mass is the most appropriate solution; 

• The marking technique should be stable to heat at the polymer processing temperature. It should typically resist to a 250°C temperature 

or higher: 

 

• The answer should be proportional to the recycled content, which is possible with fluorescent and anti-Stokes embedded tracer; 
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VII.3.2. MARKING SOLUTION: PRINCIPLE 

Figure 18: Marking and control procedure to verify recycled content 
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VII.3.3. CRITERIA APPLICABLE TO THE TRACERS 

Table 16: Detailed criteria applicable to the marking technique 

Type of criteria Criteria Fluorescent-based /Anti-Stokes tracers 

Technically 
compatible 

Compatible with the plastic resins and common plastic additives, 
whether on surface or in the mass. It shall not degrade the polymer 
properties over time (catalytic effects), nor be degraded by the 
polymer or its additives (UV light protection for instance).  

Some additives in the polymer may interact with the 
tracer and change the fluorescent behaviour: 
halogens, amines and acrylamides additives. 

In (Maris, 2014), it has been verified that the 
mechanical properties are not altered. Aging 
behaviour is also similar. Other tracer manufacturers 
confirm that there is no significant influence on 
polymer properties.  

Tests have been successfully led for PET, PE (PEHD 
and LDPE), PP, PVC and PA. 

Resistant: Tracers should not alter before EEE marketing. It can 
degrade during the product lifetime or during the converting process 
(injection, moulding, extrusion). 

Different families of inorganic fluorophores can be 
suitable: 

• Lanthanide-based fluorophores (small 
amount of rare earths) - Stokes 

• Zn-based fluorophores - Stokes 

• Ceramic fluorophores - Anti-Stokes 

Experts do not recommend the use of organic 
fluorophores in the studied context because: 

• They are not heat resistant or resistant to 
aging; 

• Biocompatibility can be an issue; 

• They can degrade easily during product 
lifetime (it is not necessarily an issue for the 
verification of recycled content) 

Both Stokes and anti-Stokes tracers can be resistant 
in the temperature range of polymer conversion.  
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Other families of fluorophores have been mentioned in 
(Maris, 2014) but no proof of efficiency in this context 
has been identified:  

• Organic fluorophores that can grafted to the 
polymer during polymerization. This procedure is 
unlikely to work for an incorporation at recyclers.  

• Quantum Dots (nanocrystals with semi-
conductive properties. Those are costly tracers but 
they allow a reduction of the tracer concentration 
for the same signal. Feasibility should be 
assessed.  

Uncoloured if in the mass so that it does not modify the plastic 
aspects. 

In all studied experiments with fluorescent-based 
tracers, tracers do not modify the polymer colour.  

Food-contact for pieces directly in contact with food or that can be 
directly in contact with food under reasonable circumstances. In 
practice, for EEE items, incorporation of recycled materials is often 
restricted to non-food contact pieces. 

Some manufacturers have not tested their markers for 
food-contact applications because there is currently 
no specific need.  

The tracer portfolio would be reduced for food-contact 
applications.  

For example, Polysecure indicates it has just received 
approval for one of its marker families for a drinking 
water regulated product. 

Economically 
compatible 

At reasonable price. The price of the solution is marking price plus 
control price.  

In the case of verification of the recycled content, the 
marker does not provide added value for the 
consumer. The full cost of marking should be justified 
by the provided environmental benefit.  

See impact-benefit assessment paragraph VII.5. 

Allow different tracer technologies to allow sufficient competition 
or unpatented tracers that could be supplied by different 
stakeholders.  

If unpatented techniques do not already exist, the EC could buy the 
patent and make it available for free to all users.  

The second option is more realistic considering that 
tracers available on the market are patented or 
protected by secret.  

Criteria should be written so that the control procedure 
is similar and that it provides the right information on 
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A multiple signature accepting different markers. On the other hand, 
this option is associated with a more complicated detection procedure 
with an answer to measure for different stimuli or at different 
wavelengths. A multi-dimensional calibration is possible: the results 
obtained for different stimuli/wavelength couples would be added up 
to calculate the total recycled content.  

the recycled content, but should not list the accepted 
tracers.  

Meaningful 

The marking technique shall be meaningful i.e. carrying the 
information about the mandatory recycled content. Two possible 
configurations are theoretically possible, but only the second one is 
selected for this project: 

• Yes/No answer: the plastic resin contains post-consumer 
plastics at appropriate level, but not saying how much.  

This option, possible in theory, is not compatible with an 
incorporation at recyclers’ (justification below), because the 
recyclers cannot make sure that the converter downstream complies 
with the regulation. This can also bring confusion if the mandatory 
recycled content is increased via a phased approach because the 
products marked to comply with one threshold would not necessarily 
comply with the next threshold, although they bear the marking.  

• Recycled content information. The detection gives an 
information about the recycled content.  

Typically, the information about the recycled content 
can be carried by the content in fluorescent additives 
because the fluorescent emission is directly 
proportional with the tracer concentration in the matrix 
(considering a standardized exposition and detection 
protocol, See part IX.4 on fluorescent technologies). 
The choice of fluorescent compounds should also 
consider potential interaction with substances already 
present in plastics (for instance avoid choosing 
organometallic compounds whose metals are already 
present in the plastic resin).  

Further research is needed to prove that existing 
techniques can comply with these criteria in a 
precise way.  

Some chemical phenomenon may alter (quench) the 
florescent yield and give false information about the 
recycled content (Maris, 2014).  

• the age of the polymer, which changes its 
colour. It complicates detection for additional end-
of-life sorting but should not be an issue for this 
study.  

• the polymer colour.  

Black carbon, an additive commonly used to 
produce black plastics, is particularly changing the 
fluorescent behaviour. Only some tracers are 
compatible with this additive. Tracer 
manufacturers recommend to change the black 
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additive to allow the incorporation of fluorescent 
additives in the future.   

Ceramic anti-Stokes tracers are difficult to detect 
in black plastics.  

It has been demonstrated that lanthanide-doped 
tracers can be detected in plastics containing black 
carbon. (Maris, 2014) However, the signal 
treatment is more challenging and the cost is 
increased.  

• the homogeneity of the marker in the 
polymer.  

If the tracer is not homogeneously spread, 
interactions can occur between the tracer and the 
polymer or between the tracer and additives. The 
formation of complexes changes or lower the 
intensity of the fluorescent answer. 

The tracer needs to be spread homogeneously in 
the polymer, otherwise it would give false 
information about the recycled content. This 
should be possible if recycled polymers are 
recompounded, but the sensitivity of the detected 
signal to homogeneity being high, this should be 
further studied by tests on materials.  

Controllable 

The marking technique shall be controllable:  

• By market surveillance authorities. 

If the marking technique is only used for the verification of 
recycled content, the answer does not need to be immediate: an 
answer time of a few seconds is sufficient. 

• AND/OR at reasonable cost on site or in a lab 

The intensity of the reemitted light shall be detectable. 
Tracers’ choice influences this parameter.  

For example, Zn-based Stokes tracers have been 
excluded by (Maris, 2014) because the intensity of the 
fluorescence was too low.  

The marking technique(s) can be multiple if they rely 
on a single controlling procedure to avoid the 
multiplication of control equipment.  

If several fluorescent markers are used, they should 
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If the tracer is not homogeneously introduced, a certain tolerance 
must be accepted at detection to reach compliance with the 
requirement.  

• Answer to a reasonable range of light to 
reduce the cost related to the number of lasers 
needed for the verification. 

• Emitting at different wavelength: the camera 
should be able to detect in a wavelength range and 
the calibration range. Each tracer should respond 
with a sharp signal. 

• With a different signal shape at the same 
wavelength: an adequate detector calibration and 
software are needed. This can provide recycler-
specific data.  

Tracers should be made recycler-specific to be verify 
to verify that they are properly added. Cf part VII.3.5 

 

If implemented, some stakeholders have suggested to also provide information about the polymer type for EoL sorting by introducing resin-

specific markers. 

• It would stimulate the recycling market from the supply side and anticipate potential developments in marking for recycling, which is very 

likely considering the recent developments in packaging plastic marking. One marking system for two purpose would provide co-benefits 

and avoid the multiplication of additives and detection equipment.  

• On the other hand, it may not be cost-efficient because: 

▪ A higher concentration of tracer would be needed.  

▪ No benefits of marking for tracer-based sorting for the large part of uncollected WEEE plastics that is still uncollected for sorting. 

▪ Only plastics from product groups with PCR requirements could be sorted that way, because virgin plastics cannot be marked for 

the system to be reliable, or at least not with the same marker.  

Based on this first analysis, it does not seem relevant to pursue both purposes (verification of recycled content and tracer-based sorting) using the 

same tracers.  
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Tracer-based sorting can be relevant, especially for high-value plastics (specific grades or resins) but should be studied separately. Incorporating both 

tracer-based sorting and verification of recycled content based on different types of tracers but similar technologies (fluorescent and Anti-Stokes) could 

make it inefficient at detection. Other techniques can be relevant for tracer-based sorting (diffraction grating, taggants, digital watermarking…) because 

they can be applied at converting.  
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VII.3.4. MARKING PROCEDURE 

The marking solution relies on the incorporation of a tracer by industrials compounding 

recycled plastics.  

In practice, recyclers can purchase the tracer in two ways:  

• Purchasing the tracer individually from a tracer producer and dose it onsite. This option is 

more flexible. However, considering that the range of concentration wished for tracers is 

between 1 ppm (Anti-Stokes) and 100 ppm (Stokes), this requires an adaptation of the 

dosing equipment currently used by recyclers.  

Galloo Plastics indicates for example that they use a dosing equipment efficient between 

0.1% (1000ppm) and 4%.  

• Purchase a masterbatch (a mix of additives) from a selected masterbatch producer (tracer 

manufacturers often offer masterbatches), incorporating the tracer at the appropriate 

concentration. It should not require an adaptation of the dosing equipment for masterbatch 

producers. Therefore, the costs would be reduced. However, it means that recyclers need 

to purchase a new masterbatch is they wish to change the formulation of additives. In 

practice, recyclers may purchase smaller quantities at a time to increase flexibility, which 

could impact on the costs of additives.  

The choice between the two options would be let free for recyclers to decide.  

 

For a verification of recycled content only, one should make sure that the information about recycled 

content does not add up life cycle after life cycle, if there is residual marker. 

Three options have been considered: 

• Destruction of the remaining tracer level by recyclers before a new tracer is incorporated. 

This option is not considered technologically ready and economically feasible: 

▪ Markers should be resistant to heat to resist the conversion process. An increase in 

temperature would not remove the tracer without significantly altering the polymer 

itself.  

▪ Removing tracers using solvent extraction or filtering (sieves for extrusion of PVC) 

are feasible but would be costly and/or not environmental-friendly. 

However, Polysecure indicates that there a wide range of fluorescence materials having 

very diverse properties (resistance to heat, to air…). In the future, it may be possible to tune 

tracers so that their fluorescence is lost during the recycling process, for example if exposed 

to air by mixing.  

• Adjusting the tracer concentration by measuring the residual fluorescence level in the batch 

and adjusting the additive concentration accordingly is challenging. Although compounders 

are used to incorporate additives (black carbon, UV filters…), this procedure would require 

them to adjust the additive quantity real-time based on fluorescence measurement in the 

extruder. It could be difficult to measure continuously the fluorescent level using the 

calibrated detection procedure in a reactor: the distance between the material and the 

detector cannot be unique if materials are mixed in the extruder. There is a doubt on the 

reliability of the adjustment. If this option is preferred, additional research is needed.  
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• Changing the requested detection wavelength every 2-3 years should be feasible, with an 

adaptation of the detection procedure and of adequate tracers. However, research would 

be needed to prove that there is no unwished interaction between remaining and new 

tracers. Interviewed suppliers are confident about the number of potential tracers accessible 

to allow a frequent change of tracers + recycler-specific tracers. However, additional impact 

assessment would be needed, considering that new tracers may not fulfil all other listed 

criteria (compatibility with the polymer, price, detectable by the same equipment).  

If none of this option is viable, each product should return to recyclers who can produce granulates from 

the same brand. It is not compatible with the current organization of the WEEE treatment value chain 

in Europe, and it does seem to be neither cost-efficient nor environmental friendly.  

The marker has to be spread homogeneously in the targeted piece so that it can be controlled at any 

point. In practice the incorporation in granulates (in the compounding process) should lead to a 

homogeneous spread of the tracer, as far as recyclers and experts know. However, as this could directly 

impact the reliability of the marking solution, this aspect needs to be proved by tests on materials. 

Miscibility and possible agglomeration of the chemical will depend on the chemical structure of the 

tracer and of the plastic. 

 

The marker needs to be accepted by other markets (automotive, construction) or put specifically in the 

batches for the EEE industry. A change of batch between market segments is technically feasible 

(Source: Galloo Plastics).  

 

VII.3.5. VERIFICATION PROCEDURE 

Laser stimulation is necessary (in the IR or UV regions). High light intensity is necessary to activate 

the fluorescence of Anti-Stokes phenomenon with stable tracers. Indeed, the quantum yield of stable 

tracers is low (number of photons emitted per photons absorbed). 

Calibration of the photon beam and of the detection are necessary to make sure the potential signals 

are properly detected and interpreted in terms of recycled content:  

• At verification 

• By WEEE plastic recyclers so that they know the amount of marker they have to add to 

comply with the requirements.  

A common calibration procedure would have to be developed by public authorities. According to 

experts, this is feasible.  

 

Markers should be recycler-specific. If they are not tracer-specific, any recycler may purchase it. It 

would then be impossible to know whether the tracer was properly incorporated because the identity of 

the recycled is not known to impose audits. This information would only be accessible by auditing 

manufacturers, which provides no added value compared with certification. 
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Figure 19: PRISM project- PET bottle marking 

 

 

Proposition of a verification procedure for market surveillance authorities32:  

• On site:  

▪ Measure the presence of a fluorescence answer: yes/no answer. Stringent calibration 

is not important. 

▪ Thanks to the recycler-specific tracer registered in a database, identify the recycler 

and its tracer manufacturer 

▪ Check in the database that the recycler and tracer manufacturer are certified. 

European controllers already possess XRF devices, in order to detect heavy metals in 

RoHS. This could simplify the verification. 

• Give some samples to an accredited laboratory applying the strict calibration procedure to 

precisely measure the recycled content. It is unlikely that a mobile device can measure 

precisely enough the recycled content. On the contrary, detecting the presence and the type 

of tracer is common practice for anti-counterfeiting. 

The reliability can only be ensured if there is complementary traceability. Otherwise, some marker 

meeting the public criteria could be introduced even if the recycled content condition is not met:  

• Certification of the tracer manufacturers. They have to: 

▪ Prove that they are producing adequate tracers, not harmful to human health, 

compatible with plastic resins… 

▪ Provide the list of recyclers they sell the tracers to market surveillance authorities 

▪ Provide data to authenticate the tracer and recycler based on interpretation of the 

received light signal. 

                                                      

32 Source: interview of Nextek, plastic recycling and marking techniques expert 
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• Certification of the stakeholders compounding recycled granulates. They should be regularly 

audited to check:  

▪ Quality management of recycled materials, tracer stocks and outputs 

▪ Proper change in tracer when the regulation requires it 

▪ Correspondence between the amount of tracer and the actual recycled content 

▪ Procedure in place to homogeneously add the tracer 

This certification should be based on existing certification systems (such as Eucertplast, but 

international scope is wished) to decrease the costs.  

Stakeholders are doubtful that this traceability system will be properly enforced considering 

the specificities of the EEE market (high volume produced in Asia) and the cost of the 

proposed system.  

Having market surveillance authorities running controls outside EU to check that a tracer is 

well introduced is not possible: market surveillance authorities have no jurisdiction outside 

EU. For EU produced items, the Swedish Energy Agency indicates that visiting sites would 

not be cost-effective. Additionally, controls based on visits cannot ensure 

representativeness because industrials can behave differently when they are informed of a 

control. 

Industrials should be involved in certification processes.  

 

Limits of this procedure:  

Recycling companies can be subsidiaries of larger companies not only doing recycling (for example 

also producing converting plastic into plastic pieces). It may be difficult to control which activity is 

purchasing the marker and whether claims are valid considering the complexity of the value chain. 

(Source: 2ACR) 
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VII.4. Stakeholders opinion 

Manufacturers are doubtful that necessary audit schemes in foreign countries would be reliable enough 

to ensure that recycled content is correctly enforced. They are convinced that the audits are too costly. 

If it cannot be done in a sufficiently reliable way, there will be unfair competition between manufacturers 

who do used properly marked recycled materials (with an increased cost) and manufacturers who mark 

virgin material or do not follow the adequate procedure to mark recycled material.  

 

VII.5. Impact-benefit assessment 

This study is based on the following main hypotheses: 

On the benefits:  

• Policy is well enforced: all manufacturers comply with the requirements. 

• Contrasted impacts of the requirement on the recycling rate: Recycled content 

requirements contributes to increase the plastic recycling rate. The extent of this increase 

varies depending on the type of plastic and on the type of EEE item.  

In the worst cases, recycled content requirements in EEE just reduce recycled plastic 

availability for other existing recycling chains (pipes, automotive plastics…). The 

environmental benefit is then close to zero or zero, in any case significantly lower than when 

plastic is diverted from incineration.  

Additionally, the proportion of recycled plastics that is already incorporated without 

mandatory requirements has to be marked as well, which is associated with a cost, but with 

no benefit for the environment compared with the current situation.  

Two hypothesis have been made for the ratio of the recycled content requirement that leads 

to an increase of the overall recycling rate: 

▪ 50% efficiency 

50% of the mandatory recycled content is either already incorporated today, or 

diverted from existing recycling value chains. 

▪ 100%: requirements increase the recycling rate, divert waste from incineration, 

without diverting waste from existing recycling chains. 

• The environmental benefits of recycling are calculated over the entire lifecycle of 

waste and products, and are monetized. Benefits are due to the avoided virgin plastic 

production and avoided incineration at End of Life. Diverse categories of benefits are taken 

into account: avoided CO2 emissions, resources saving, pollution reduction… 

The environmental benefits of the mandatory requirements are then adjusted based on the 

impact of this policy (detailed above).  

On the costs:  

• The cost of additional recycling for the value chain is assessed based on an 

estimation of the value chain deficit when 1 additional t of waste is recycled. This 

takes into account:  

▪ The additional cost of sorting and recycling 
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▪ The additional costs of quality controls, processing… for manufacturers because 

plastic are from a secondary source.  

▪ The avoided costs of incineration 

The real additional cost for the value chain depends on the effective increase in recycling 

rate (efficiency of the policy. 3 contrasted scenarios are taken into account (see above).  

• Marking costs for recyclers are assessed based on marker costs, detection material 

costs and labour costs for quality control. Only marker costs are significant. 

▪ Marker costs are calculated based on the hypothesis that manufacturers will 

prefer using 100% recycled pieces to comply with the mandatory threshold for 

their item, rather than incorporating a small proportion of recycled plastics (e.g. 10%) 

in all of the item’s plastic parts. This is a realistic behaviour based on our interviews 

with representatives from the industry.  

It means that recyclers can incorporate the marker quantity corresponding roughly to 

the detection limit for quantitative measurement within their recycled granulates (order 

of magnitude 10 ppm but it depends on the marker type). As a sensitivity analysis, we 

have considered that 50% recycled content pieces are possible, which means the 

recyclers should incorporate twice the minimum marker quantity in their recycled 

granulates to enable quantitative detection for both 50% and 100% recycled content 

pieces. It doubles the marker costs. 

▪ Costs for marker detection at recyclers and quality control are fixed costs. They 

are calculated /ton of recycled plastics based on assumptions on the capacity of 

recycling plants.   

▪ No adaptation of the recycling process is considered needed to introduce the 

marker. Based on the information collected in this study, industrials could incorporate 

the marker without significant changes of practice. They would purchase a mix of 

additives including the tracer with the adequate concentration. Before an effective 

implementation of a marking requirement, this assumption would need to be verified 

my means of tests at industrial scale.  

• Market surveillance costs are negligible (both equipment and labour). Indeed, market 

surveillance authorities only control a small proportion of items put on the EU market. 

(Source: Swedish Energy Agency) 

• The environmental impact of policy enforcement is negligible. It could be assessed if 

significant sources of impact are identified (increased shipments of plastics for example). 

The environmental impact of Stokes tracers is negligible according to (Maris, 2014). In case 

the tracer is incorporated with a concentration of 3000 ppm, the environmental impacts of 

the tracer are still only 1% of the environmental impacts of PP production (unique score, 

method Impact 2002+).  
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VII.5.1. BENEFITS ASSESSMENT 

Recycling 1 t of post-consumer thermoplastic waste saves approximately 2.5 tCO2 eq/ton sent to 

recycling 
33 or 2.9 tCO2eq/ton incorporated 

34
. 

 

This study takes a CO2 value ranging from 30€2016/ton (cost to damage approach, short-term) to 

100€2016/ton (cost to target approach, middle-term). See details in Appendix. 

When only CO2 is taken into account, the cumulated cost of a policy increasing the quantity of 

incorporated plastics/recycled plastics ready to be used should not exceed (€ are €2016): 

• 75 € to 250 € /ton sent to recycling (30€/t CO2 x 2.5 t CO2/t= 75 €/t; 100€/t CO2 x 2.5 t CO2/t= 

250 €/t) 

• 90 to 290 € /ton incorporated 35 (30€/t CO2 x 2.9 t CO2/t= 87 €/t ; 100€/t CO2 x 2.9 t CO2/t= 

290 €/t 

When other environmental impacts36 are taken into account, recycling 1 t of ABS as a substitute to 

virgin ABS contributes to a monetized environmental benefit of 100 to 300 €/ton. This variation is 

due to the uncertainty related to the valuation of resources and the valuation of CO2. (Source: 

environmental impacts calculated by (RDC Environment, 2011), monetization expertise RDC) 

 

Conclusion:  

The monetized benefits of recycling are the following: 

 

Min carbon valuation 

Min resource valuation 

(€2016/ton incorporated) 

Max carbon valuation 

Max resource valuation 

(€2016/ton incorporated) 

CO2 only (2 data sources combined) 90 290 

Climate change  

Air acidification 

Water quality 

Human toxicity 

Natural resource consumption 

Local impacts (odour, noise) 

Damage to infrastructure 

100 300 

  

                                                      

33 (Source: RDC data based on internal models of the benefits of recycling. This value ranges from 2.3 to 2.6 for 

the studied thermoplastics: PE, PS, PP, PET. (JRC, 2012) indicates that the benefits of recycling styrene-based 
thermoplastics are similar from one thermoplastic to another: it is therefore also representative data for ABS. 
34 Hypothesis: 1 t entering the recycling process = 850 kg recycled material. « Monétarisation des impacts 

environnementaux liés au recyclage, Le cas des papiers/cartons et des plastiques » Mai 2011 Translation : 

Monetizing environmental impacts of recycling. RDC Environment for the French Ministry of Environment. Standard 

loss rate for plastics.  

35 Hypothesis: 1 t entering the recycling process = 850 kg recycled material 

36 Besides Climate change (CO2 valuation= 20€/tonne) Air acidification, water quality degradation, human toxicity, 

natural resource consumption, local impacts (odor, noise) and damage to infrastructure 
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VII.5.2. COST ASSESSMENT 

There are 2 potential ways of using marking: 

• Voluntary recycled content: We assume that manufacturers who want to claim a given 

recycled content have to comply with marking requirements. However, they are not obliged 

to meet a given PCR content.  

• Mandatory recycled content: Manufacturers have to produce EEE items with a given 

recycled content. It can be relatively small for the entire item (<10%). Current practice shows 

that manufacturers prefer designing specific pieces to be fully or mostly made of recycled 

plastics (the other pieces being made only from virgin plastics), rather than incorporating the 

requested share of recycled plastics in all plastic pieces.  

VII.5.2.1. Cost of additional recycling 

Cost for sorting and recycling high-quality WEEE plastics is in the range of 400-800€/ton (based on 

previous studies by RDC).  The cost depends on the plastic type, the waste source, the technology 

level... 

Manufacturers face higher costs when using recycled plastics instead of virgin plastics. This additional 

cost is relatively constant over time (if quality is constant) and varies depending on the plastic type and 

quality. It tends to decrease if virgin plastic prices are very low (situation at the time of writing). This 

additional cost can be deduced from price difference between recycled and virgin presented in the 

REMIX report (PEP, EuPC and EuPR, 2012-2015): 

• PP: 400-500€/ton (until beginning 2015) 

• HIPS: 800-1000€/ton 

• ABS: 600-700€/ton 

Incineration costs are estimated at 100€/ton over Europe (60-130€/ton). Source : Etat des lieux et 

analyse de l’efficacité de la taxation sur le recours au stockage et à l’incinération des déchets non 

dangereux dans 10 pays industrialisés, Septembre 2016, ADEME, study by RDC Environment 

 

VII.5.2.2. Marker 

Two marker technologies have been identified as suitable techniques in order to authenticate recycled 

content. Adequate concentrations and / or adequate marker costs have been reported by technology 

providers. (Polysecure, Tracing technologies, 2016) These concentrations have been optimized for 

high-throughput reading at end-of life in order to reduce the marker concentration so that the cost of 

marking is reduced. The concentration will need to be optimized in the context of marking for recycled 

content verification, because the technical requirements are different.  

Compared with high-throughput reading, marker concentrations (proportional with marker costs) may: 

• Decrease because detection at recyclers’ and at customs can take longer than detection at 

sorting plants.  

• Increase because quantitative detection is needed. The marker should not only be 

authenticated; it should also be possible to deduce the marker concentration within a plastic 

piece with a fair accuracy (for example 2 or 5%) in order to conclude on the recycled content. 

Recyclers may need to increase the marker concentration in order to ensure accuracy at 

detection because of: 
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▪ Interactions between the marker and the plastic matrix or other additives. In particular, 

black carbon, which is the most commonly used black colour additive in plastics, is 

known to interfere with Anti-stokes tracers. 

▪ Difficulties to homogenize the marker within the matrix.  

Technology providers are confident that quantitative measurement is possible at reasonable costs close 

to the costs encountered for high-throughput reading. This assumption has been considered valid for 

the present cost assumption for lack of specific data. It should be verified experimentally before 

implementing a marking requirement.  

 

Anti-Stokes tracers:  

In white PVC, the order of magnitude of the marker concentration to ensure appropriate reading is 10 

ppm (for a high throughput sorting process at end of life). We have  assumed that this concentration is 

sufficient to enable quantitative detection of the marker content at a slower pace, in order to deduce the 

recycled content in one plastic piece.  

Marking costs are evaluated between 5 and 20 c€/kg plastic based on a homogeneous 10 ppm 

concentration in the polymer37: it includes both the marker cost and marking procedure costs.  

 

Stokes tracers:  

Tracing technologies Ltd (Maris, 2014) has managed to incorporate fluorescent tracers with an 

approximate marking cost of 5c€/kg, based on concentrations adapted for tracer-based sorting. This 

solution also works for plastics containing black carbon. Technical challenges still remain for an 

implementation at industrial scale. It may lead to an increase of the costs.38  

5c€/kg is a significant cost (10%) compared to the material cost (either virgin or recycled, about 50-

60c€/kg). This a valid argument for a voluntary uptake (discussed below). 

 

The range of marking cost 5-20 c€ /kg recycled plastics is kept for the assessment.  

It is a valid range if plastic pieces incorporating recycled materials are 100% recycled. If manufacturers 

chose to manufacture plastic pieces 50% recycled, costs could be doubled to ensure quantitative 

detection even with the dilution factor with virgin plastics. On the other-hand, costs could be significantly 

reduced for white and light plastics. 

 

VII.5.2.3. Adaptation of the recycling process 

Detection for authentication:  

For authentication: A detection machine for authentication and quality control based on fluorescence / 

Antistokes costs 1000-2000€.  

For anti-Stokes tracers, recent developments with the KIT (Karlsruhe Institute of Technology) will lead 

to a cost reduction. Polysecure is confident about decreasing this cost down to 400-500€/authentication 

                                                      

37 In 2017, Polysecure indicates that the marker cost ranges between 2 and 10 c€/kg if it is homogeneously 

embedded in the polymer. 

38 In 2017, Tracing technologies Ltd indicates that, for white or lightly coloured materials, concentration will 

decrease down to 10ppm and cost will then drop down to 1c€/kg. 
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machine. This cost would be applicable both for authentication by the supply chain and authentication 

by market surveillance authorities. 

Assuming a recycling capacity of 30 000 t/y and a 5year lifetime of the authentication device and 5 

authentication machines needed per recycler, the cost of detection for authentication is:  

The maximum cost per recycler = 5 machines * 1000€ / 5 years = 1000€/year 

The maximum cost per kg plastic = 1000€/y / 30 000 t/y = 0.003 c€/kg recycled plastic.  

 The authentication cost is negligible compared to the marker costs.  

Personnel for authentication and quality control 

We assume that a 1 full-time equivalent (on a 39h, 45 week/y basis, it means 1755 hours/year) may be 

needed to perform quality control (maximum) at each recycler.  

Median labour cost ranges from 5 to 40 €/hour depending on EU Member States (including wages and 

salaries and other labour costs such as training, social security… Source = Eurostat, 2015). We use a 

range from 5 to 30 €/h based on the expected type of work.  

The minimum cost of quality control= (5€/h x 1755 h/y)/ (35 000 t/y) = 0.25€/t = 0.025c€/kg.  

The maximum cost of quality control = (30€/h x 1755 h/y)/ (35 000 t/y) = 1.5 €/t = 0.15 c€/kg. 

 The cost of quality control is negligible compared to the marking costs (>30 times lower). 

VII.5.2.4. Traceability costs 

For recyclers, traceability costs include:  

• Costs of a quality management scheme 

• Cost of a separate traceability system for the marker 

This cost is assumed to be negligible.  It is assumed that they already have traceability practices in 

place and that the additional requirements would not add up significantly to these costs.
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VII.5.2.5. Conclusion 

Mandatory requirement 

Table 17: Costs of a requirement for the value chain 

  
Case 1: Business as Usual 

No marking - no additional recycling 
Costs (€/ton) 

Case 2: Marking - additional recycling 
Costs (€/ton) 

  Min Max Min Max 

Sorting and recycling39 0 0 400 800 

Value loss40 for manufacturers PP 0 0 300 600 

Value loss for manufacturers ABS 0 0 600 700 

Value loss for manufacturers HIPS 0 0 800 1000 

Marking costs 0 0 50 400 

Incineration costs 60 130 0 0 

Virgin material price PP 1000 1600 0 0 

Virgin material price ABS 2100 2400 0 0 

Virgin material price HIPS 1700 2000 0 0 

Total 1060 2630 950 2200 

 

  

                                                      

39 The Sorting and recycling cost is clearly underestimated for technical plastics (HIPS, ABS).  The available cost range refers to streams where large quantities are recycled 

(PP). 

40 Value loss are quality control costs for manufacturers, process adaptations for the converters in order to produce pieces of sufficient quality, lower marketing value because 

the piece cannot be proposed in any colour… It is reflected in the price difference between virgin and recycled.  
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Table 18: Cost-benefit analysis 

 
Costs of the marking requirement - 

Difference 
Environmental costs of marking 

requirement 100% efficiency 
Environmental costs of marking 

requirement 50% efficiency 

 Min Max Min Max Min Max 

PP -980 740   - - 

ABS Not reliable  Not reliable    - - 

HIPS Not reliable  Not reliable    - - 

- - - -300 -100 -150 -50 

 

Qualitative conclusions: 

• The cost of the marking requirement should be significantly higher for ABS and HIPS than for PP. Only a detailed practical study could determine a 

sufficiently precise value. It is therefore difficult to conclude on whether marking is acceptable considering both the chain deficit and the environmental 

benefits of recycling. Because of the uncertainties related to the cost of additional recycling, large ranges of values are reported. 

• If recycling is profitable with marking (negative cost of the marking requirement), it is a fortiori profitable without marking. Therefore, marking should 

not be necessary. Theoretically, it is only relevant when recycling is not (or hardly) profitable for the value chain. However, there might be a vicious 

circle (no recycling development because there is no demand, no demand because the is no recycled plastic available) that needs to be broken by 

a temporary incentive. A mandatory requirement could foster investments, decrease the costs of recycling and make it profitable on longer term. 

Nevertheless, these additional costs are justified as long as they are lower than the environmental benefits. 

• The cost for sorting and recycling, incineration, control and virgin material are already internalized by the value chain: they motivate the decision to 

invest in recycling. Therefore, marking cost can be directly compared to the environmental benefits to determine the cost efficiency:  

▪ The marking cost considering a scenario with reasonable pricing for tracers and efficient detection (50-400 €/ton) has the same order of 

magnitude as the environmental benefits of recycling (50-300€/ton).  

▪ In the medium and long-term, marking cost is likely to be < 50€/ton. As the environmental benefit is higher (200€/ton as central value), marking 

is only efficient in some cases. 
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- Case 1: Plastic for which recycled content is already high: the effective environmental benefit must be higher than the cost of the marking 

requirement. Example: if the current recycling rate is 10% and if marking requirements bring the recycling rate up to 20%, then only 50% 

of the marking cost is efficient. The environmental benefit of marking is 100€/ton instead of 200€/t. The additional cost for the recycling 

chain should therefore be < 100€/ton.  

- Case 2: Plastic with a currently low recycled content: it implies that the cost of recycling is likely to be significant (as it does not happen 

spontaneously). The additional cost for the recycling chain should be < 150 €/ton to be relevant (i.e. environmental benefit – marking 

cost = 200-50 = 150€/t).  

Finally, the cost-efficiency of marking should be compared to other traceability systems (Mass Balance, Book and Claim or Product Segregation verified by 

certificates rather than physical marking).  

Note: This cost assessment disregards potential economic and environmental benefits of tracer-based sorting if the tracer is made polymer-specific. 

 

Cost for the customers 

Additional costs for the value chain can reach a maximum value of 100% of the recycled material price for marked pieces. Although the initial cost is mainly 

borne by the recycler, it will be passed on (at least to some extent) to EEE manufacturers and ultimately to the consumer. As plastics account for 1 to 3% of 

EEE production cost41, if all plastics were marked, prices could increase up to 3%. 

 

In the framework of a voluntary scheme, marking cost is likely to be dissuasive as they are significant compared to the price difference between recycled 

materials and virgin materials. It would be dissuasive in particular for plastics for which the value loss for manufacturers is not very high (PP for example). Costs 

seem more reasonable in relation with the value loss for HIPS and ABS.  

This order of magnitude is coherent with other criteria mentioned in similar projects: 

• 60€/t plastic has been selected as a maximum cost for the marking of automotive plastics (Maris, 2014). The source does not provide justification.  

• Nextek reports that in the packaging industry, the cost of tracer-based sorting should not exceed 0.1-0.3c€/item. For a typical weight of 30g, it 

corresponds to a cost of 30 to 100 €/t plastic.  

                                                      

41 (Estimation by RDC, based on input-output table for computer, electronic products, machinery and equipment, Eurostat, year 2008 for France) 
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VII.6. Conclusions 

Conclusion 11 : Florescent tracers seem to be promising solution from a technical point 

of view. Additional technical research is necessary to confirm the technical feasibility of 

using fluorescent tracers to verify recycled content.  

The following characteristics of existing tracers have been demonstrated:  

• Good compatibility with EEE plastic resins 

• Use in master batches, resistance to the converting process 

• No impact on the polymer properties. It should also be demonstrated for styrene polymers. 

• No significant effect on human health, considering they can be detected at very small 

concentrations (a few ppm for a 1-s detection).  

• Detection equipment already exists and is common in the industry (mainly for packaging 

sorting) 

• Diversity of suppliers and technologies accessible on the market.  

• Tracers can be made recycler-specific without the risk of copy. 

The following aspects need to be demonstrated via additional laboratory research:  

• Possibility to correctly interpret a signal composed of multiple recycler-specific tracers, 

potentially changing at a regular frequency.  

• Reliability of the signal interpretation to provide an estimation of the recycled content. 

Although the fluorescent effect is theoretically proportional to the concentration, polymer 

aging and interactions with the polymer and other additives can influence the intensity of the 

received signal. The detection procedure also need to be standardized because the laser 

beam and distance of detection influence the received signal. 

Adequate tests need to be run to prove that these techniques can be used to verify the recycled content. 

 

Conclusion 12 : Marking reliability is lower without recompounding stage. If recycling 

without recompounding develops in the future (projects are ongoing), and additional 

recompounding stage would increase the processing costs.  

If plastics are not recompounded, incorporating tracers remains possible by mixing additive powders 

with fluorescent tracers. However, it means that the incorporation is managed by the 

converter/manufacturer and not by recyclers. This would complicate the scope of the traceability 

procedure and would not provide additional reliability compared with Mass balance or Book and Claim 

traceability systems.  

Stakeholders indicate that most recycled plastics are currently recompounded by plastic sorters or by 

converters. However, projects are under development to directly use flakes (shredded materials) with 

no compounding step. No quantitative data regarding the form of recycled materials used by converters 

has been identified.  

Conclusion 13 : Public authorities would need to develop a harmonized marking and 

detection procedure  

The following parameters shall be defined in a harmonized procedure: 

• The range of emission wavelength: it must be within the detection range of devices. 
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• Calibration: the ratio between the signal intensity and the recycled content must be adapted 

to each detection wavelength. This ratio would be used by recyclers to adjust the tracer 

concentration proportionally to the recycled content. 

• Precision of the measurement. It needs to be tested in labs.  

• Standard detection devices: lasers to be used, intensity of the beam, duration of the beam, 

distance with the object… 

 

Conclusion 14 : An additional heavy traceability system is needed to ensure the reliability 

of recycled content claims. Therefore, marking provides little added value in comparison 

with Mass balance or Book and Claim traceability approaches. 

A traceability scheme is needed to: 

• Certify the tracer manufacturers 

• Certify all users buying or using tracers (recoumpounders, EEE manufacturers if they use 

tracers without recompounding…) 

• Define information that shall be implemented in a database accessible to public authorities 

for the identification of recycler-specific tracers.  

 

Conclusion 15 : Marking with fluorescent or Anti-Stokes represents a significant cost 

compared with the expected environmental benefits of an increased recycling.  

Monetized environmental benefits have been estimated in the range of 100-300€/ton for the 

incorporation of 1 additional ton of recycled plastics. The benefit of a requirement can be significantly 

lower depending on the efficiency of the requirement to increase the recycling rate. 

Marking cost is in the range of 50-400€/ton, which is a significant cost compared with foreseen benefits.  

This conclusion is based on current reported costs but these are likely to decrease as technology 

develops. 
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VIII. Recommendations 

Recommendation 1 : Make sure that policies are implemented at European or international level 

whenever it is possible. The national scale shows little relevance to stimulate Ecodesign. 

Policies related to product design (including Ecodesign, but also eco-fee modulation), if implemented, 

should be implemented at European level rather than nationally:  

• Companies design their products for the global market. Implementing different national 

requirements would increase production costs.  

• Decisions related to sustainable development are implemented at group level. It is difficult 

to organize a dialogue with companies based abroad at national level.  

 

Recommendation 2 : Make sure product and waste policies are coherent 

It would not be possible to prescribe ambitious recycling targets if the products are not properly designed 

to achieve these; and it would be an unnecessary burden to prescribe a special design of the products 

if these are not properly treated at end-of-life.  

If the Commission is requiring extraction, sharing information about the CRM content has to be 

fostered/required as well. Recyclers are not in favour of such a requirement until there are outlets for 

recycled CRM, adequate available information and proper enforcement (including financing). 

In turn, if marking is required, new WEEE requirements could be implemented at reasonable costs for 

recyclers. Product lifetime must be considered when defining objectives. Indeed, even if a marking 

requirement is introduced today, unmarked products would enter sorting facilities for a transitory period 

(from a few years to a few decades depending on the product group).  

Recyclers recommend that future works on material efficiency study the entire EEE value chain rather 

than examine separately waste treatment and product design.  

 

Recommendation 3 : Marking household appliances “containing CFC gas”, “containing 

vacuum insulation panel (VIP)” or “CFC gas free”, “VIP free” could ease sorting at amenity 

sites.  

This mainly applies to fridges but also to some specific technologies of washing machines (wash and 

dryer), which contain CFC gas. The marking should be a logo easily readable for the household and for 

the amenity site responsible, rather than a chip requiring specific detection device.  

This could contribute to the profitability of the value chain but would not bring added value regarding 

CRM RR.   
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VIII.1. On CRM material efficiency 

Recommendation 4 : Increase information sharing at product category-level 

• Voluntary sharing information between producers and recyclers 

In France, the Producer Responsibility Organizations help producers and recyclers 

exchange information to stimulate eco-design for recycling, to launch R&D projects… This 

integrated vision of the value chain is not applicable in all European countries depending on 

the way EPR is organized.  

• Increased participation of recyclers in Ecodesign working groups 

 

Recommendation 5 : Increase material efficiency via waste policies 

• Improve collection efficiency. Only 30-40% of WEEE that can be collected is collected for 

recycling. Other outputs are illegal export, scrap dealers, residual waste and storage at 

home. The “WEEE Trace” project has shown the relevance of using RFID technology to 

avoid WEEE leakages, although some improvement is needed.  

• Increase source-separation: The more product categories are separated at collection; the 

more recyclers’ processes can be optimized. Cultural aspects must be considered to 

evaluate the efficiency of increasing separate collection schemes. Such a decision would 

increase the costs of collection. As the collection costs are partly supported by manufacturing 

companies via the Extended Producer Responsibilities schemes, manufacturers are 

reluctant to further separate streams. This could be assessed in a dedicated study. 

• Collecting WEEE collected by professionals. For instance, hot water tanks are collected 

by construction industrials who often do not offer collection services.  

• Request CRM recycling as part of the WEEE Directive. Financing and enforcement are 

key. 

 

Recommendation 6 : Add requirements on product design 

• Design for dismantling: Marking should be coupled with requirements to ease extractability 

of key components. For batteries, it is the main issue. 

 

Recommendation 7 : Finance R&D 

R&D projects are needed to create recycling value chains for strategic metals.  

Subsidies to finance the recycling of strategic materials could work (compensation of additional costs) 

but recyclers are not confident that subsidies will last. Profitable models should be preferred to ensure 

long-term recovery.  
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VIII.2. Plastic material efficiency 

Recommendation 8 : Stimulate dialogue within the industry 

• Public call for tender can help create a dialogue within the industry as well as between public 

authorities and industrials (example of the ORPLAST project).  

• Dedicated associations like 2ACR sharing experience by exemplarity provide useful 

information to the industry. – Actions undertaken: share examples of incorporation, provide 

training (MOOC), organise meeting between stakeholders, evaluate the amount of plastics 

available in different value chains, evaluate supporting options for the recycling industry and 

for the incorporation of recycled materials.  

• Promote voluntary agreements within sectors or value chains. Starting a Green Deal on 

WEEE plastics could help increase material efficiency. The principle would be to organize a 

dialogue between recyclers, manufacturers and public authorities in order to remove 

technical and regulatory barriers to recyclers. This should be implemented at European level 

(or at global scale). 

 

Recommendation 9 : Encourage dialogue with other industries using the same plastic types 

• Study the relevance of recycled content requirements for heavy and long-life products 

containing plastics, not only for EEE, but also for construction products. Some of them are 

in the scope of Ecodesign. Mandatory recycled content for the automotive industry is not 

recommended because the priority Ecodesign parameter for cars is to lighten the weight and 

decrease fuel consumption. Mandatory PCR could hamper innovations in material 

development. 

• Build standards on the definition of recycled content, on plastics recyclates characteristics 

and on WEEE treatment with the final users of the WEEE recycled plastics. This work should 

not only include the EEE industry, but also the automotive and the construction industry who 

are using the same (recycled) plastic types.  

 

Recommendation 10 : Work on waste policies to increase recycled content 

• Increase controls over collection to increase quantities of plastics that will be managed and 

therefore encourage recyclers to invest in plastic recycling thanks to economies of scale. 

• Increase high-quality plastics recycling. EERA supports the development of CENELEC 

standards for WEEE treatment of plastics and their implementation under the WEEE 

directive as mandatory standards. Current development 

▪ EN 50574 for cooling appliances 

▪ 50625 for WEEE treatment 

• Requirements regarding depollution should be realistic and measurable in oder to avoid 

hampering recycling. 

Example: BFR containing plastics. A threshold of 100 ppm was introduced but it is difficult 

to achieve technically due to sorting yields. EERA agrees that measurements are needed to 

comply with REACH regulations but indicates that CENELEC standards are sufficient to 

comply.  
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• Higher control over exports: Recycling conditions equivalent to the recycling conditions 

imposed on European recyclers should be requested for exported plastics. When plastic is 

exported, there is not only a loss of added value for Europe but an increase of the 

environmental impacts associated with recycling. EERA does not consider that waste status 

is an economic problem for recyclers. End of waste would help ship plastics abroad. It should 

not be permitted unless plastics are shipped to CENELEC certified facilities, with a form of 

traceability.  

• EERA suggests to simplify forms requested under waste regulations in order to decrease 

administrative costs.  

• Plastic sorting requirements by resin (or even by grade, colour…) could be incorporated in 

WEEE Directive. This would increase secondary plastic quality. 

• To be able to impose plastic recycling targets, one of the main challenges to be solved is 

how to differentiate and account for the different plastics’ recycling categories (closed-loop 

recycling vs downcycling). 

• Ban on plastic landfilling 

• Full producer responsibility: include the share of waste that is not selectively collected within 

the scope of producer responsibility 

 

Recommendation 11 : Improve product design 

• The recyclability of plastics should be increased. Additives such as fillers or rubbers in 

thermoplastics hampers recycling. Voluntary instruments to reduce the amount of those 

additives could be studied.  

• The use of white plastics, as well as some piece’s shape, can limit the potential demand for 

recycled plastics. Voluntary instruments or voluntary industry initiatives are welcomed on the 

subject. 

• Marking to identify the plastic resin and ease sorting at EoL could increase the recycled 

plastic quality and market opportunities. Galloo and MBA Polymers point out that plastic 

logos are not fully reliable (20-30% non-conformity). Additionally, some plastic resins cannot 

be sorted by common flotation techniques because they have the same density.  

Tracer-based sorting, digital watermarking or diffraction gratings provide technical solutions 

to sort plastics by type and/or grade with high-throughput when it is not possible with flotation 

or other running technologies. Technical and economic challenges remain but it is relevant 

to follow ongoing research developments (notably in the packaging sector and for WEEE 

plastics42) and identify potential feasibility for the EEE sector. Digital watermarking 

techniques have the advantage to be destructed during the recycling process, and to avoid 

using chemical additives. 

  

                                                      

42 TRIPTIC and TRITRACE projects 
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Recommendation 12 : Finance R&D 

• Subsidies for R&D at European level could stimulate projects in the field. This is a 

recommended option to start the value chain as it creates a favourable network and 

increased dialogue between stakeholders, at a reasonable cost.  

• Recyclers are discussing feedstock recycling with the chemical industry. The principle is to 

recycle plastics as monomers and polymerize them once more at the appropriate grade. It 

provides better perspectives to produce high-quality recyclates from WEEE plastics. It is not 

economically relevant for now. Research is needed on the subject. 

• R&D on plastic marking for EoL sorting. 

• Research on polymer-specific sorting techniques. Current techniques able to distinguish 

plastics of similar density are expensive and cannot be profitable with current oil prices. This 

tends to degrade plastic quality by producing mixed plastics, reducing potential market 

demand for recycled materials as a raw material (rather used for energy recovery). 

 

Recommendation 13 : Work on product standards and legislation 

• Clarify the definition of recycled content, especially for plastics. Definitions should be 

coherent with other materials so that a manufacturer can disclose a coherent recycled 

content value for an entire multi-material product. This definition should be harmonized at 

European level. A 2ACR WG is working on this issue with the objective to propose definitions 

acceptable by all parties and for different types of materials. The Belgium federal government 

has commissioned VKC to do a preparatory study this year for the development of a Belgian 

standard for plastic recycled content for all types of products.  

• Help to develop quality standards for secondary materials, including plastics. This action is 

part of the Circular Economy Action Plan. It is welcomed by manufacturers and recyclers. 

Harmonizing specifications (flammability, odour, impurity level…) would increase trust in 

secondary materials and would allow recyclers to compete for one market, rather that 

engaging one-to-one negotiations with manufacturers for each item. 

• Clarify legislation related to REACH and the need for traceability of legacy substances. 

Requirements should be clarified to increase manufacturer confidence in recycled materials. 

This action is part of the Circular Economy Action Plan. 

• The relevance of using WEEELABEX reporting system to validate the recycled content 

reported by manufacturers should be studied. Cross-checking treated volumes could 

increase the reliability of voluntary or mandatory verification systems. Stakeholders43 

suggest that if cross-checking is needed to ensure reliability, it would be less effort for the 

industry to report streams based on existing database. 

The database may need to be adapted to reach such a purpose because: 

▪ the destination of product granulates is not necessarily known by the tracking system 

(it is not reported if it is End of Waste).  

▪ recycled plastics can be pre-consumer, thus not meeting the definition of recycled 

content in this report. 

                                                      

43 Suggested by Galloo and KUL 
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▪ Recycled plastics can come from other post-consumer markets (auto-shredder 

residue show potential for the studied polymer types) 

▪ WF-Reptool use is voluntary, and limited to European WEEE recyclers. The share of 

WF-Rep tool users has to be estimated. 

However, if these issues are solved, the use of such a database would allow the regulator 

to calculate the total amount of recycled granulates that can be sold by certified 

WEEELABEX recyclers. Thus, the sale of fake certificates to manufacturers would be 

detectable in practice. However, in order to detect which manufacturers introduce fake 

certificates, supplementary information on the identity of WEEE recyclers to whom 

manufacturers have bought their recycled granulates would be needed.  

 

Recommendation 14 : Financial incentives  

• At long-term, adopting a European VAT taking economic, environmental and social benefits 

into account. 

• Energy savings certificates associated with the calculation of the recycling benefits. This 

would be a transversal policy and not a sectorial one.  

• The efficiency of EPR eco-fees needs to be assessed before recommending it.  

 

Recommendation 15 : Require environmental labelling in public purchasing (including recycled 

content criteria) 

European public purchasing could be based on labels such as EPEAT (or EU Ecolabel), which are well 

recognized internationally. This system is efficient to push the industry towards the development of 

greener products. For example, printer manufacturers representing more than 80% of the global market 

for printers, copiers, scanners and multifunction devices have signed up EPEAT standards (not 

necessarily for the entire portfolio). Europe could engage in the development of EPEAT criteria so that 

they better meet European agenda rather than engaging new criteria development processes. In 

EPEAT, recycled content is only a voluntary criterion to get higher grades, except for imaging equipment. 

The reason for it is based on life cycle thinking: mandatory criteria have a higher environmental priority 

for Ecodesign.  
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VIII.3. Further works 

Recommendation 16 : Test product marking and assess its cost and benefit for society 

Paragraph V.2.4 and Conclusion 4 demonstrate the relevance and feasibility of product marking 

connected to a database as a proof of principle. However, as the devil is in the details, its feasibility 

should be confirmed at pilot and/or industrial level.  

These tests should quantify the cost and benefit of the marking system for society, including: 

• Investment cost: machinery but also conveyors belts and additional space that may be 

needed to process the same waste quantity 

• Operational cost:  

▪ Speed of detection in real industrial environment, and associated operation 

constraints and costs for the sorting center 

▪ Energy consumption 

▪ Workforce 

▪ Increase in material sale 

• Societal cost related to working conditions: Marking is likely to increase the worker safety 

and therefore associated cost should decrease (not only cost internalized by the company 

or by the society (social security), but also the cost for society related to a loss of welfare) 

• Environmental benefit related to material efficiency: climate change, resource depletion… 

 

Recommendation 17 : Conduct a benchmarking study on paper trail certification systems for 

sustainability claims. Identify and objectivize the strengths and weaknesses of those 

systems for recycled content in the context of the EEE value chain. Conclude on their 

capacity to be used as a support mandatory recycled content (and/or voluntary). 

This study has shown that even with a physical marking system in place, a robust audit trail based on 

certification should be in place (traceability of the chemical tracer in that case). Marking is not providing 

significant added-value compared to existing certification systems based on paper trails.  

There is little trust in paper trails schemes within the EEE industry, at least as a basis for a mandatory 

requirement. The reliability of controls, mainly outside EU, is considered as a major obstacle.  

To confirm or infirm this statement, we recommend collecting data on existing certifications schemes 

(Product Segregation, Material Balance and Book and Claim) used for other sustainability claims, by 

conducting a benchmarking study.  Indeed, some of these paper trail systems already support the 

enforcement of regulated sustainability claims, with satisfying reliability and at reasonable cost. For 

example, in Sweden, biofuels must meet European sustainability criteria to be exempted from taxes. 

This is verified based on a Mass Balance traceability system and audited based on paper trail.  

For each case study, the value chain particularities should be analysed in order to determine whether 

conclusions can be transposed to the EEE value chain. For example, EEE are produced worldwide and 

especially in Asia while a significant share of biofuels is produced in Europe. However, for some other 

products (palm oil, organic products…), the value chain is commonly extended geographically outside 

Europe.  

The relevance and feasibility of these schemes to control mandatory recycled content should be 

compared. Finally, even if certification schemes are reliable, their cost-efficiency should be compared 

to the cost-efficiency of voluntary schemes. 
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IX. Appendix 

IX.1. Introduction to the regulatory context 

IX.1.1. THE ECODESIGN DIRECTIVE (2009) 

The Ecodesign 2009/125/EC Directive provides the framework for establishing adequate binding 

requirements or voluntary measures to design energy-related products for a reduction of all 

environmental aspects all along the product life cycle.  

The approach aims at reducing the environmental impacts of priority product groups, identified as those 

having significant environmental impact and showing significant improvement potential.  

This directive moves in the direction of an integrated approach towards sustainability, by excluding 

environmental measures showing prejudice to affordability, health & safety or functionality for the 

consumer and profitability for the industry.  

The directive aims at filling the gaps in current legislation and voluntary industry measures, not at 

contradicting existing efficient measures, if they prove to be so.  

Requirements can be generic (not quantified) or specific (quantified targets on given environmental 

aspects). Setting requirements demands specific studies including technical, environmental and 

economic relevance assessment and stakeholder consultation (Methodology for the Ecodesign of 

Energy-related products). 

 

IX.1.2. THE LIST OF CRITICAL RAW MATERIALS 

Critical Raw Materials are defined by the European Commission in the report “Critical Raw Materials in 

the EU- Report of the ad-hoc Group on defining Critical Raw Materials”. CRM are materials showing 

economic concerns for EU economy due to: 

• Supply risks: availability, import dependency, high or rising consumption at global level, 

geopolitical issues, environmental regulations… 

• importance for EU economy in the value chain 
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Figure 20: Last list of CRM according to the European Commission (2013) 
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IX.1.3. THE WEEE DIRECTIVE (2012) 

The WEEE Directive 2012/19/EU regulates professional and household WEEE with the same aims and 

driving concepts as in the Waste Directive (polluter pays principle, waste hierarchy, and continuous 

improvement via tiered targets…). In particular, EEE distributors are responsible for setting or financing 

a collection system at least free of charge so that the WEEE can be returned to them. 

It introduces tiered quantitative targets for collection, recycling or preparation for re-use and recovery of 

different WEEE product groups. 

• collection targets 

▪ For 2016: 45% of the average marketed EEE of the previous 3 years be collected by 

each Member State. 

▪ From 2019 onwards: 65% of the average marketed EEE for the previous 3 years in 

the Member State, or 85% of the WEEE produced on the Member State territory.  
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• recycling, reuse and recovery targets 

Table 19: Targets before August 2018 (Bio Intelligence Service, December 2013) 

 

 

Table 20: Targets after August 2018 (Bio Intelligence Service, December 2013) 

 

 

Different WEEE shall be offered the possibility to be collected separately;  

• temperature exchange equipment containing ozone-depleting substances and fluorinated 

greenhouse gases, 

• fluorescent lamps containing mercury,  

• photovoltaic panels 

• and small equipment  
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The recovery process of WEEE shall use best available techniques and respect the technical 

requirements about the dismantling and treatment process for key components, the following also 

containing CRM:  

• mercury containing components (ex: backlighting lamps for displays): can also contain rare 

earths powders 

• printed circuit boards of mobile phones generally, and of other devices if the surface of the 

printed circuit board is greater than 10 square centimetres: containing platinum group metals 

(Pt, Pd, Au, Rd, Ag) and tantalum 

• liquid crystal displays (together with their casing where appropriate) of a surface greater than 

100 square centimetres and all those back-lighted with gas discharge lamps: containing 

Indium 

• electrolyte capacitors containing substances of concern (height > 25 mm, diameter > 25 mm 

or proportionately similar volume): contain tantalum 

• Other components containing valuable materials not in the CRM list: batteries (containing 

Li), external cables (containing copper) 

 

IX.1.4. HAZARDOUS SUBSTANCES 

RoHS directive (2011/65/EU) bans the use of six hazardous substances in EEE: lead, mercury, 

cadmium, hexavalent chromium, PBB and PBDE (brominated flame retardants). Some exemptions are 

foreseen: batteries and accumulators are excluded (some contain lead or cadmium) and some 

thresholds are introduced for other EEE (lightning equipment for instance).  

The Battery Directive (2006) prohibits some batteries and accumulators having a mercury or cadmium 

content above a certain threshold. Batteries shall be labelled with the chemical symbol of the heavy 

metal they contain if over a certain threshold: >0,0005 % for Hg, > 0,002 % for Cd or more than 0,004 

% for Pb. Batteries and accumulators shall be removable from the equipment (at least by a professional).  

Collection (45% by September 2016) and recycling efficiencies targets for batteries are the following:  

• recycling of 65 % by average weight of lead-acid batteries and accumulators, including 

recycling of the lead content to the highest degree that is technically feasible while avoiding 

excessive costs; 

• recycling of 75 % by average weight of nickel-cadmium batteries and accumulators, including 

recycling of the cadmium content to the highest degree that is technically feasible while 

avoiding excessive costs; and 

• recycling of 50 % by average weight of other waste batteries and accumulators. 

REACH has to be respected for all EEE and in particular authorization is needed when substances of 

very high concern are identified.  
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IX.1.5. THE CIRCULAR ECONOMY ACTION PLAN (2015) 

The Circular Economy package published by the European Commission late 2015 is aiming at 

supporting circular economy « in each step of the value chain » including the « production » step (related 

to the metal identification part of the study) and the management of « secondary raw materials » (plastic 

marking part of the study). It includes several references to material and product marking, although 

these techniques are not required in the current version of the action plan: 

• Requirements for the eco-design of electronic displays including some sort of precious 

metals marking should be released early 2016.  

• A draft 2015 version of this document had been published and the main aspects of this 

regulation are summed up below. An updated version is expected as current version does 

not embody precious marking requirements.  

• The promotion of recyclability, via marking requirements among other solutions, should be 

generalized to other products, with a specific focus on EEE in the near future (2016 

onwards).  

• Information sharing related to the presence of critical raw materials in electronic products 

(rare earth, precious metals) will be encouraged between manufacturers and recyclers from 

2016 onwards but the way to do so has not been specified. 

• Plastic incorporation is planned to remain a voluntary action and no measure has been 

proposed by the Commission to regulate the recycled content. The measures proposed to 

boost the demand for secondary materials, including plastics are the following:  

▪ end of waste policy,  

▪ standardization,  

▪ plastic labelling,  

▪ public exemplarity  

▪ decrease of administrative constraints  

 

The draft eco-design requirements for electronic displays contain: 

• dismantling requirements, in line with the WEEE directive and without additional 

requirements: the manufacturers shall ensure that PMMA board, PCB, mercury backlighting 

components and thin-film LCD transistor can be technically dismantled and provide sufficient 

information to make the information on dismantling and recycling procedures available (not 

on the product) 

• Plastic parts bigger than 25 g shall be marked according to ISO standards for visual 

identification (not compatible with automatic sorting). It does not refer to recycled content. 

Brominated Flame Retardants containing plastics shall be specifically labelled (on each 

piece > 25g). Mercury containing of mercury free displays shall be labelled (on the product).  

• Additional information shall be disclosed by manufacturers: recyclability index of plastic 

parts, the content of mercury and the presence of lead. This could influence purchase but 

has probably no significant influence on end-of-life treatment not is associated with a 

regulatory target.  



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 165 of 207 

 

• Initially, JRC had proposed a mandatory declaration of indium content, which turned out 

later, in current draft, as a voluntary agreement of the industry to disclose the material 

composition of displays, including the indium content, via a centralized database (no 

marking) with access or reporting to the recyclers. The electronic display industry will also 

support the development of recycling processes.  

• No requirement related to precious metals marking. An updated version is expected on this 

matter according to the Circular Economy Package directive to tackle this aspect.   

• Verification procedure are to be organized on one display unit. This is a check of the 

coherence between manufacturer declaration and the presence of a logo, a resistance test 

of the logo durability, and the effective verification of the plastic nature, mercury and BFR 

content.  

 

IX.2. CRM selection 

IX.2.1. ECOSYSTEMES  

Ecosystemes (French PRO organization for WEEE) recommends to study in priority:  

• Pt and Pd in electronic cards 

• Among the rare earths: Nd, Dy and Pr in permanent magnets (speakers, motors, hard 

drives…). Nd is the most common metal and Dy is the most strategic.  

• Ga in LED displays 

• In in LCD flat displays 

Nb, Ge and Be show little potential for recycling according to Ecosystèmes considering the quantities 

involved.  

Ecosystèmes recommends to add Ta in the studied list since its presence in the CRM list is regularly 

discussed and because it is not recovered by smelters at the moment.  



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 166 of 207 

 

IX.2.2. OUR LITERATURE RESEARCH 

Material efficiency is a priority for EU policy, especially for so-called Critical Raw Materials, both for 

environmental and economic reasons.  

Table 21: Production, current and future demand from emerging technologies in critical raw 

materials based on EU Commission works (2010) 

 

Materials of particular concern for eco-design purposes are, according to (Bio Intelligence Service, 

December 2013) of three categories:  

• Critical Raw Materials. They are defined by the European Commission in the report “Critical 

Raw Materials in the EU- Report of the ad-hoc Group on defining Critical Raw Materials” are 

materials showing economic concerns for EU economy due to: 

▪ Supply risks: availability, import dependency, high or rising consumption at global 

level, geopolitical issues, environmental regulations… 

▪ Importance for EU economy in the value chain 

• Materials with a high consumption level, because material efficiency policies have a 

potentially very high environmental impact.  

• Materials with significant environmental impacts: Some materials used in ErP show 

significant environment impacts due to mining and purification processes (energy 

consumption for aluminium refining, tailings management for copper…); 

• Scarce materials, for environmental reasons.  

Some other definitions also include criteria such as recycling and substitution possibilities to identify 

priority materials.  

The literature review realised by Bio Intelligence Service covers the international and European recent 

reference documents related to the identification analysis of critical raw materials (Bio Intelligence 
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Service, December 2013). In this section we sum up the conclusions of their works to drive the selection 

of relevant materials concerned by marking for the present study.  

A first list of materials was selected based on non-ecodesign related literature:  

 

 

Platinum, Neodymium and Praseodymium, PS-HI and ABS could be added to this list by similarity. 

Then, this list of materials was prioritized based on the maximal environmental impacts of their global 

consumption and end of life in ErP products, i.e. products covered by the Ecodesign Directive, on basis 

of the analysis of climate change, aquatic eutrophication and mineral resource depletion impact 



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 168 of 207 

 

categories. The ranking based on environmental impacts seems more relevant for eco-design purposes 

but uncertainty related to the available data should be remembered. 

 

 

Platinum, Neodymium and Praseodymium, PS-HI and ABS could be added to this list by similarity. Their 

environmental relevance was not further studied.  

From the call for tender, this study will focus on metals because of the economic relevance for the EU.  
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We have selected our own list of priority metals for the present study based on the following criteria:  

• Environmental impact of the metal in ErP products, based on Bio study (2013). One 

should note that it ErP is a broader category than only EEE and that environmental aspects 

may be overestimated for some materials. The priority metals based on environmental 

aspects are selected.  

• Economic importance of the metal for the EU, assessed from the 2013 list of CRM 

materials of the EU Commission.  

• Potential influence of material efficiency on the global market of the metal, based on the 

share of the metal used in ErP and if possible, in EEE, based on Bio study (2013) with main 

references taken from JRC works. 

• Need for recycling rate improvement, based on the estimation of the current recycling rate 

for the element in general, and in EEE if possible 

• Marking potential, based on the form of the material in the product. This indicator still needs 

to be assessed.  

Each indicator is characterized with a number going from 0 to 1. The sum determines the ranking of 

materials.
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Based on our literature research, we recommend to prioritize the following CRM:  

Table 22: Priority CRM 

Material EEE concerned 

Intrinsic relevance of recycling Potential for marking 

Global note Priority regarding 
environmental 
aspects in ErP 

Priority 
regarding 
economic 

relevance for EU 

Share 
of end 

use 

Not 
recycled 
fraction 

Potential of 
increase of RR 
due to marking 

Niobium 
Superconductive magnets, micro 

capacitors, ferroalloys 
1 1 100% 1.00 1.00 4.00 

Dy 
Batteries- not mentioned but 

also magnets 
1 1 100% 1.00 1.00 4.00 

Gallium 
Semiconductors, transistor and 
electronics (63%), lightning and 

LED (17%)-arsenium gallide 
1 1 80% 1.00 1.00 3.80 

Indium 

Indium-Gallium alloys, used in 
bearings. Coating in displays in 

electric and electronic 
equipment 

1 1 76% 1.00 1.00 3.76 

Nd 0 0 1 100% 1.00 1.00 3.00 
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Gd 0 0 1 100% 1.00 1.00 3.00 

Tb Luminophores 0 1 1 1.00 1.00 3.00 

Tantalum Capacitors, EEE 1 0 0.6 1.00 1.00 2.60 
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IX.3. EEE statistics 

Remarks: 

(1)  The most reliable data are 2012 data as some of the countries have not provided any data for year 

2013. It is selected as reference data for comments and calculations. 

(2) Whenever data was not available for year X, data for year X-1 were assimilated to data of year X. 

Whenever data of year x-1 was not available, data of year X+1 was assimilated to data of year X.  

 

IX.3.1. EEE PUT ON THE MARKET 

Figure 21: EEE put on the market in the EU 27 (tonnes). Source: Eurostat, RDC treatment 

 

9.05 MT of electric and electronic products were put on the market in 2012.  

 

9453,043

9147,748

9053,492

8794,022

,0 1000,000 2000,000 3000,000 4000,000 5000,000 6000,000 7000,000 8000,000 9000,000 10000,000

2010

2011

2012

2013

EEE put on the market in the EU28 (Tonnes)



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 173 of 207 

 

Figure 22: Distribution of EEE quantities put on the EU 27 market per product category (year 

2012) Source: Eurostat, RDC treatment 
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Figure 23: EEE quantities put on the EU 27 market per product category (year 2012) Source: 

Eurostat, RDC treatment 

 

On average from years 2009 to 2011, 9.40 Mt of EEE were put on the market. 
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IX.3.2. WEEE COLLECTION 

Figure 24: WEEE quantities collected per product category in EU 27 in 2012 Source: Eurostat, 

RDC treatment 

 

In 2012, 3.47 Mt EEE waste were collected in EU 27.  

The recent definition of the collection rate is following: (waste collected in year X /average quantities put 

on the market in year x-1, x-2, x-3) 

The collection rate for year 2012 considering this definition is 37%.  

87% of WEEE waste is collected from households, but this depends on product categories.  
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Figure 25: Share of collected waste collected from households in EU 27 in 2012 Source: 

Eurostat, RDC treatment 

 

 

Figure 26: WEEE quantities collected from households per product category in EU 27 in 2012 

Source: Eurostat, RDC treatment 
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Figure 27: Distribution of WEEE quantities collected in EU 27 in 2012, per category Source: 

Eurostat, RDC treatment 

 

Figure 28: Distribution of WEEE quantities collected from households in EU 27 in 2012, per 

category Source: Eurostat, RDC treatment 
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IX.3.3. EEE AND WEEE COMPOSITION 

IX.3.3.1. Plastic fraction 

The entire plastic fraction in WEEE is estimated to be 21% by (Ongondo, 2011) but some of it cannot 

be recycled. For example, thermosets are the major component in PCBs but these are not recyclable: 

they are not further studied. Independent plastic fraction that can be recycled from WEEE is estimated 

to 15%.  

Figure 29: WEEE materials and % fractions (adapted from (Ongondo, 2011) by (V Goodship, A 

Stevels, août 2012)) 

 

The report (Norden, 2014) reports that directly available data for Norway and Sweden indicates the 

overall fraction of plastics in WEEE is around 17% by mass.  

The plastic fraction depends on EEE product groups. Different estimations have been reported.  

Figure 30: Plastics content by product group (Mepex, 2013) 

 

Data reported in Figure 29 does not seem realistic considering for example than a washing machine 

contains about 25% concrete, not accounted in this estimation. 44 

                                                      

44 Estimations http://eco3e.eu/produits/lave-linge/  

http://eco3e.eu/produits/lave-linge/
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Figure 31: Materials composition (% by weight of the four products covered by the Japanese 

Home Appliance Recycling Laws (HARL) in 2005) 

 

 

Figure 32: Estimated WEEE composition and plastic content in EEE applications (2000) 

Source: (JRC, Assessment of the Environmental Advantages and Drawbacks of Existing and 

Emerging Polymers Recovery Processes, 2007) 

 

 

Data reported by JRC does not seem coherent with an average plastic fraction about 15-20% in WEEE. 

Considering collected quantities, the average plastic content is about 22%. This data cannot be 

considered representative of the EEE waste collected or put on the market today, considering the fast 

evolution of the EEE market. 

Available data are very divergent depending on data source. 

(Mepex, 2013) data is selected for the purpose of this study and for further calculations because it is 

recent data allowing a differentiation per WEEE product category. It is applied both to the EEE stream 

put on the market and to the WEEE stream collected, although there may be significant difference 

considering the evolution of the EEE market. 

 

IX.3.3.2. Repartition per polymer type 

Different distributions of polymer types in the EEE segment are proposed. 
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Figure 33: Repartition of WEEE polymer materials types Source:  (V Goodship, A Stevels, août 

2012) 

 

According to three studies report by (WRAP, Waste and Resources Action Program, Project PLA-037 

Develop a process to separate brominated flame retardants from WEEE polymers, 2006), more than 

50% of the plastic is styrene-based polymer, PP about 25%.  

Some data can also be found for specific WEEE items:  

Figure 34: Plastic typologies in small appliances WEEE 
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Figure 35: Plastics in WEEE by product group in the WEEE Directive (Source: image taken from 

(Norden, 2014), data derived from (Dimitrakakis E., Janz A., Bilitewski B., Gidarakos E., 2009)) 

 

 

Data reported by (Norden, 2014) is in line with the order of magnitudes reported by other sources. PS 

and ABS together represent about 50% of WEEE plastics. This data source is selected for further use 

as data is reported for each WEEE category in a way that can be used with available statistics. It is used 

both for EEE and WEEE, although there may be significant differences between the compositions of the 

two streams at a given year considering the evolution of the EEE market.  
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IX.4. EEE plastics – Market study 

IX.4.1. METHODOLOGY OF WEEE PLASTICS SUPPLY-DEMAND 
BALANCE 

Plastic weight collected in WEEE products per polymer type is calculated based on WEEE weight 

collected per product category (Eurostat, 2012) and estimations of the plastic fraction per product 

category.  

Two different compositions are used: 

• Estimation 1: plastic fraction (Mepex, 2013), repartition of plastic fraction (Norden, 2014) 

based on (Dimitrakakis E., Janz A., Bilitewski B., Gidarakos E., 2009) 

• Estimation 2: Plastics fraction and repartition of plastics by polymer type (WRAP, 

Compositional Analysis of Kerbside Collected Small WEEE, 2009) 

The quantity of waste generated in year 2012 is the average of quantities put on market between year 

2009 and 2011 according to the recent definition of the WEEE recycling rate. Data is extracted from 

Eurostat. 

The ratio of WEEE plastics collected for recycling is 13% in 201145 (plastics sent to recycling/plastic 

waste generated) according to Plastics Europe, as reported by (PEP, EuPC and EuPR, 2012-2015). 

Applying the 2011 ratio to the total amount of plastic waste generated in 2012 in the EEE segment in 

EU28 provides an estimation of the total amount of plastic from WEEE sent for recycling in 2012. Recent 

estimations for the German market for year 2013 (Consultic, 2014) confirm this trend: they estimate that 

slightly less than 10% of collected plastics from WEEE are sent to recycling, while 89% is sent to energy 

recovery and 1% to landfill.  

The recycling rate calculated based on quantities sent to recycling is an overestimation. Yield losses at 

recyclers are usually not considered. Yield losses are particularly high for small WEEE (yield 45-50%) 

of the stream entering the recycling facility is not recycled and lower for large appliance (yield 70-80%). 

(PEP, EuPC and EuPR, 2012-2015). Yields are applied to calculate the quantity of plastics from WEEE 

actually recycled. Categories 2, 3 and 4 of the WEEE Directive are considered small WEEE and all other 

categories are considered as large WEEE.  

EEE weight put on the EU27 market yearly is published by Eurostat, per product category. Plastic 

weight put on the market in EEE products is calculated based on EEE weight put on the market per 

product category (Eurostat data) and estimations of the plastic fraction per product category in WEEE. 

It represents the plastic demand for the EU 27 EEE market, therefore it is the potential scope of a 

recycled content regulation.  

Two different compositions are used: 

• Estimation 1: plastic fraction (Mepex, 2013), repartition of plastic fraction (Norden, 2014) 

based on (Dimitrakakis E., Janz A., Bilitewski B., Gidarakos E., 2009) 

• Estimation 2: Plastics fraction and repartition of plastics by polymer type (WRAP, 

Compositional Analysis of Kerbside Collected Small WEEE, 2009) 

                                                      

45 Plastics Europe estimates that the average plastic mechanical recycling rate (all markets together) is about 25% 
in 2011: it is the ratio of plastic waste sent for recycled out of the total generated plastic waste, considering both 
collected and uncollected waste. In 2014, the mechanical recycling rate reaches 29.7%. WEEE plastic stream is 
particularly diverse and process are primarily optimized to recover precious metals, which explains the lower 
recycling rate. 
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Plastics demand in Europe for the EEE market is the European production of plastics destined to be 

used for the EEE market, whether it is for products marketed in Europe or not. Data is taken from 

(Plastics Europe,, 2014). This allows a comparison between the size of the recycling industry from 

European WEEE and the size of the European virgin plastic industry.  

Estimation 3 is based on recent EERA data (EERA, 2015).  
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IX.4.2. USE OF PLASTICS IN EEE 

Figure 36: Typical application of polymers in the EEE sector Source: (JRC, Assessment of the 

Environmental Advantages and Drawbacks of Existing and Emerging Polymers Recovery 

Processes, 2007), data collected from manufacturers 
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IX.4.3. SUPPLY-DEMAND BALANCE 

IX.4.3.1. Estimation 1 

Figure 37: Supply and demand balance in recycled plastics - based on composition estimations 1 (Mepex, 2013) and (Dimitrakakis E., Janz 

A., Bilitewski B., Gidarakos E., 2009) 

 



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 186 of 207 

 

 

Figure 38: Share of the international plastics demand for EU 28 EEE market available as recycled material - based on composition 

estimations 1 (Mepex, 2013) and (Dimitrakakis E., Janz A., Bilitewski B., Gidarakos E., 2009) 

 

 

Remark: PC/ABS could not be treated isolated as a blend although it is commonly used as a blend for monitors housing and can be recycled as a 

blend. In reality, availability of recycled ABS and PP is probably higher than 12% while data related to PP should be inferior, because ABS and PP are 

main plastics used for large household appliances, for which plastics are better recycled than plastics from small household appliances.  
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IX.4.3.2. Estimation 2 

Figure 39: Supply and demand balance in recycled plastics - based on composition estimations 2 (WRAP, Compositional Analysis of 

Kerbside Collected Small WEEE, 2009) 
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Figure 40: Share of the international plastics demand for EU 27 EEE market available as recycled material in Europe - based on 

composition estimations 2 (WRAP, Compositional Analysis of Kerbside Collected Small WEEE, 2009) 
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IX.4.3.3. Estimation 3 

EERA estimates the WEEE recycling capacity to 120kt, which is lower than our estimations of quantities 

sent to recycling (200-300kt). 

According to EERA, of these 120 kt, only 50% is recycled and 50% is thermally recovered. These 

estimations are coherent with recycling yields presented by (PEP, EuPC and EuPR, 2012-2015) for 

small WEEE but may underestimate the recycling yields for large household appliances. Total quantities 

recycled are therefore significantly lower based on EERA data (60 kt against 130-200kt).  

This provide a lower estimation of the total amount of recycled plastics (60kt), considering that some 

plastics may be exported directly after sorting and sent for recycling outside EU28. 

IX.4.3.4. Limits 

 

• Studied polymers are those reported in database related to the composition of EEE plastics 

(usually ABS, PP, PC, PS (including HIPS), PVC). The market study is no differentiated by 

grade. There is no information on the quality of recycled materials, and whether it can be 

used for an incorporation in the EEE market once more.  

• Considering the necessary estimations made based on available data, this part should not 

be used as a reference basis to influence industrial decisions, but only as indicative ranges 

for the purpose of this study.  

• No recycling rate has been identified per polymer type. ABS, PP and PS are considered the 

only polymer resins to be recycled. PE is also recovered but its content is not reported in 

identified characterizations. PC/ABS starts to be recycled but it has been considered 

marginal.  

• The recycling rate is considered the same for all product categories. In reality, the RR is 

higher for large household appliances (they can produce high quality white PS recyclates) 

than for small household appliances (produce mixed plastics difficult to separate).  

• Exports have not been considered in this methodology: the availability of recycled plastics is 

not geographically located. 

• Country-specific data has not been used. Consumption and WEEE treatment pattern vary 

from country to country which may influence the availability of recycled resins.  

 

IX.4.3.5. Comments 

Estimations based recycling rate from Plastics Europe are coherent with estimations provided by 

(Deloitte, 2014) for the French plastic recycling value chain: 32% of collected waste plastics from WEEE 

are sent to recycling according to our estimations (40% of marketed WEEE are collected and 13% of 

marketed WEEE are recycled), against 38% according to (Deloitte, 2014). 
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IX.4.4. REGIONAL DISCREPANCIES 

IX.4.4.1. Imports of EEE 

43% of EEE weight marketed in Europe is imported, 29% being imported from China (Source: Imports 

based on COMEXT data 2012, EEE put on the EU 27 market based on Eurostat 2012). It means that in 

case a mandatory PCR content is introduced, about 30%46of the necessary recycled materials has to 

be available to Asian EEE manufacturers. It could mean transporting recycled materials from EU to Asia, 

or developing the local recycling market. The benefit of a mandatory recycling requirement for the EU 

recycling industry for those product categories produced in Asia is not ensured. 

 

Figure 41: Imports and exports of electrical and electronic goods in 2012 in EU 27 (Source: 

COMEXT data 2012, aggregated by EEA 2014) 

 

 

The import rate depends on the product category (Source: RDC Calculations, imports based on 

COMEXT data 2012, EEE put on the EU 27 market based on Eurostat 2012): 

• Largely imported (above 85%): Small household appliances (coffee machines, 

microwaves…) and Consumer equipment (sound equipment, television…) are imported 

above 80% 

• Medium level of import (30-50%): IT and telecommunication equipment and Large household 

appliances, Toys and leisure equipment 

• Little imported (<30%): Electric and Electrical tools, lighting equipment, Monitoring and 

control equipment 

                                                      

46 This is an estimation as there can be different import rates depending on product groups  
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Figure 42: (Source: RDC Calculations, imports based on COMEXT data 2012, EEE put on the 

EU 27 market based on Eurostat 2012): 

 

 

Remark: Consistency between the COMEXT and Eurostat database should be checked for use of this 

data in another context. This data is provided to provide trends and identify priority product categories. 
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IX.4.4.2. Exports of WEEE plastics 

Asian imports of mixed waste plastics from other regions, including Europe, is common practice, based 

on market data. Almost half of the plastic waste collected for recycling in EU28 (and 12% of generated 

waste plastics) is exported in 201247, 88% of which going to China directly or indirectly via Hong Kong. 

(ISWA, 2014) There is no specific data available related to WEEE plastics. This primarily affects the 

market of post-consumer packaging waste according to estimations for the French plastic recycling 

value chain (Deloitte, 2014). The first exported polymer in weight type if PE based on UK data. 

 

The demand for European waste plastics originates from the low quality of plastics marketed in China, 

and therefore the low quality of waste plastics collected for recycling. Locally collected plastics end-up 

in low-tech manufacturing plants or maybe as Energy to Waste plants. 

Recycling environmental and health standards and labour costs explain the lower manufacturing costs 

and the competitive position of recycled plastics. There is no guaranteed audit trail for plastics recycled 

in China unless the plastic exporter undertake such audits. There is no reliable data regarding the fate 

of waste plastics exported to China.  

 

It is expected than exporting plastic waste from Europe to Asia will become less profitable in the future 

while recycled materials become more and more available in Asia: 

• Developing countries are developing their domestic waste market (China has announced in 

2011 a 70% recycling targets for “major waste streams”, including plastics, by 2015).  

• There is an increased control over the quality of imported waste: example of the Green Fence 

program set up by China during the year 2013. 

• There is increased investment in larger facilities, which are audited by authorities for 

environmental and health conditions. 

It is still doubtful whether these streams can reach sufficient quality to be incorporated in EEE items 

locally. Recent investments in modern facilities are still outweighed by family-run low-tech and polluting 

recycling facilities. The current outlets for these plastics are unclear. (PEP, EuPC and EuPR, 2012-

2015) Examples of applications of mixed plastics (including plastics from packaging): clothing, toys, 

outdoor applications, insulation…  

 

However, at short-term, with the increase of plastic demand in China, and as long as the domestic 

recycling market is not developed, the demand for secondary plastics is expected to rise. The demand 

will focus on single or sorted polymers and the exports of mixed waste plastics will decrease because 

of increased controls over imports and demand for higher quality plastics. 

There will be a need to increase the quality of WEEE plastics to secure the outlets. Investments in EU 

reprocessing facilities is needed to decrease dependency on a single exporting country as an outlet for 

mixed plastics. This situation leads to a vulnerability of the waste market, which is a risk:  

• China may be self-sufficient in high quality secondary plastics in the future  market 

vulnerability 

                                                      

47 46% of plastics waste collected for recycling i.e. 3.4 Mt, all markets together. It represents 12% of the plastics 

waste generated by EU 27. 3.4 Mt of post-consumer plastics waste are being exported outside Europe, out of 

24.5Mt of post-consumer plastic waste generated in EU27 in 2011. (PEP, EuPC and EuPR, 2012-2015) Waste PE 

shipments alone from the EU to china and Hong-Kong reached 1.6 MTonnes in 2011 (EUWID, 2012). 
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• The sustainability of exporting mixed plastics is questionable considering lower 

environmental and health standards  legal vulnerability 

Exportation of high-quality recyclates (mono or sorted polymers) show better market potential and lower 

vulnerability. 

 

Figure 43: Estimated use of recycled plastics in China. "Estimated use of recycled plastics" 

was calculated from the difference between the production of plastic production and the 

demand for primary plastics. Adapted from Zhou. Data source: China Customs Statistics Image 

from (ISWA, 2014) 

 

.
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IX.4.5. PRODUCT LIFETIME 

Figure 44: Plastics product lifetime (Source: (JRC, Assessment of the Environmental 

Advantages and Drawbacks of Existing and Emerging Polymers Recovery Processes, 2007), 

image from (PEP, EuPC and EuPR, 2012-2015), based on APME (Association of Plastics 

manufacturers in Europe) 1995 data) 

 

The average lifetime of WEEE products is the following: 

• 7-8 years for telecommunications and computers. It is expected the lifetime of these product 

groups is shorter nowadays (1 to 4 years), especially for mobile phones. However, as items 

are generally stored by households before being disposed of, it can be considered as 

representative of the time span before WEEE are collected for lack of better data (JRC, 

Assessment of the Environmental Advantages and Drawbacks of Existing and Emerging 

Polymers Recovery Processes, 2007). 

• 15 years for large household appliances 

Less than 5% of EEE items are disposed of before 2 years’ time.  

 

IX.4.6. TRENDS 

The plastic use is increasing in the EEE market, as in other market segments (PEP, EuPC and EuPR, 

2012-2015): 

• The plastic content in large household appliances is expected to increase as a replacement 

of non-plastic materials to produce lighter items, especially for the housing function 

• A shift from ABS to filled PP can be observed for the housing function, especially for cheaper 

items.  

• Styrene polymers (ABS and HIPS) remain the preferred polymers thanks to easy colouring, 

lustre and transparency. 

• PC is used for top-of-the range goods. PC/ABS blends is the material of choice for mobile 

phones. 
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• There is a reduction of the number of plastics in the same good. Simultaneously, new plastic 

materials with specific characteristics and function emerge (multilayer packaging, 

composites…) for specific applications. 

• The development of Moulded Interconnected Device (MID) in electronic functions  will have 

an impact on the demand for plastics in the EEE market. MID are injected moulded 

thermoplastic parts with integrated circuit traces. MIDs are suitable for communication 

technologies, computers, household appliances or medical technology. The market is 

currently showing an annual growth rate of about 20% and the first massive market of this 

technology is antenna of mobile phone directly on housing. 

Figure 45: Manufacturing of a MID component 

  

• Increased demand of plastics will increase the market for recycled plastics.  

• Green policies increase demand for recycled plastics. 

• The increase of waste recovery targets and the barriers to exports will increase availability 

of recycled plastics.  

• 80% of the recycled plastics in Europe has been collected as mixed plastics. Automatic 

sorting has visibly changed mixed plastics recycling: sorting-for-quality may allow European 

recyclers to substitute higher percentages of virgin resin.  

• NIR/VIS sorting techniques are not adapted to dark plastics sorting. New technologies are 

being developed to sort dark plastics per polymer type, an issue especially relevant for the 

EEE market.  

• In absence of drastic legislative change, by 2020 sorting capacity for mixed packaging will 

have reached at least 7 million tonnes in Europe. Ambitious scenarios taking into account a 

resource-efficiency vision would allow 20 million tonnes per annum of sorting capacity by 

2020 and yielding average annual growth of 32% of mixed waste treatment within Europe. 

In this scenario, Europe might bypass China in mixed plastics recycling volumes, reach a 

50% recycling target for packaging waste which would also be recycled within the EU and 

substitute 12,5 million tonnes of virgin plastics with recycled plastics (30% substitution rate 

considering current demand). 
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IX.4.7. PRICE 

Recycled plastic market, although it has been under constant development, is still underdeveloped in 

comparison with virgin plastics. The price is not determined by marginal production costs but it is firstly 

determined by the price of virgin polymers, and always lower. (Deloitte, 2014) 

Over the years, the gap between recycled plastic and virgin plastic prices is shrinking, because the price 

of virgin plastic is increasing while the quality of recyclates improves, some materials being also suitable 

for food contact applications. The context of low oil price also reduces the gap between recycled and 

virgin. 

Galloo Plastics indicates that recycled plastics need to be 20-30% cheaper to be able to compete fairly 

on the market (considering the technical, logistic and regulatory drawbacks of secondary plastics 

incorporation). Manufacturers indicate that the high-quality recycled plastics is 5 to 10% cheaper than 

virgin, not more. This gap could increase to 15% in case the oil price increase, but not much more, 

because recyclers would increase their margin. Additionally, manufacturers claim that the full cost of 

using recycled plastics is rather higher than the cost of using virgin plastics, once the cost of performance 

decrease and investment amortization are included (Source: Group SEB, Digital Europe). 

Collected data from the REMIX study (PEP, EuPC and EuPR, 2012-2015) tend to corroborate orders of 

magnitude given by recyclers. However, they are not differentiated by grade. The price difference 

between recycled and virgin is polymer dependent:  

• Recycled black PP is approximately 30% cheaper than virgin PP. 

• Recycled black HIPS is 50% cheaper than virgin HIPS. 

• Recycled black ABS is 25% cheaper than virgin ABS. 

Figure 46: Price comparison virgin vs recycled PP 
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Figure 47: Price comparison HIPS and ABS recycled vs virgin 

 

IX.4.8. RELATED MARKETS 

Material efficiency as a target means that mechanical recycling in high-value applications should be 

encouraged. This does not mean that closed-loop recycling or recycling within a single market is the 

goal. Because of the polymer grade in specific applications, this may be the preferred option. However, 

it may be more efficient overall to recycle WEEE plastics in the automotive segment, or vice versa. 

Cooperation between Pro organization may be a solution to encourage transversal plastic recycling. 

(Deloitte, 2014) 

 

IX.4.8.1. Automotive market 

ELV waste contribute to 1.2 Mt mixed plastics in Europe against approximately 830 kt from WEEE origin.  

Is this plastic stream available for the EEE market? 

Figure 48: Average plastic content (2001 above, Source: (JRC, Assessment of the 

Environmental Advantages and Drawbacks of Existing and Emerging Polymers Recovery 

Processes, 2007),  (2008 below, Source: Febelauto) 

 

 



Material efficiency by marking in EU Ecodesign  

 

August 2017 Final report Page 198 of 207 

 

 

34%-42% of the ELV plastic stream is either not a major component of EEE items (PE, PU, PFT, FPP, 

Other) or is not recyclable (Epoxy). 

58-66% of the ELV plastic stream can theoretically be used in the EEE market, among which 40-50% 

PP. (0.7-0.8 MT, approximately 600kt of PP and 60kt ABS)  

Plastics from waste vehicles are shredded. They are part of the Auto-Shredded residue, accounting for 

25% of the depolluted car weight. It is composed of plastics, composites, glass… The recycling rate is 

very low (13%) because this stream is often contaminated.  

A few trends (PEP, EuPC and EuPR, 2012-2015):  

• The share of plastics in cars will increase from 17% in 2011 to 30% by 2018 (Source: Plastics 

Omnium, according to (PEP, EuPC and EuPR, 2012-2015)), which should increase the 

quantity of plastics from ELV available in the future.  

• The use of PP is increasing while the use of PVC is decreasing.  

• Today, composites (thermosets) represent less than 3% of plastics in a vehicle. Composites 

in automotive are predicted to increase to around 6% to 10% within the next 10 years 

(including thermosets and thermoplastic composites).  

• Increasing recycling targets for ELV and increasing use of plastics in new vehicles oblige the 

industry to consider plastic recycling. This will lead to a reduction in the amount of ASR 

(separate sorting rather than separation after shredding) rather than recycling ASR fractions 

according to the REMIX report.  

• ASR recycling processes are developing. MBA Polymers UK has launched a process leading 

to a purification of the ASR, sorting by polymer type, grade and sometimes colour to produce 

PP, HDPE, mineral-filled PP, ABS and HIPS. They are further purified, homogenized and 

compounded to produce secondary pellets for a variety of applications, including electronics.  

 

IX.4.8.2. Construction 

Plastics from construction waste have a long life cycle: they have been degraded, they can be dirty and 

show a risk a contamination which make it difficult to recycle as a substitution to virgin material. 

Some closed-loop initiatives (Vinylplus) may provide recycling solutions for part of construction PVC.  

IX.4.8.3. Packaging 

PP from packaging is difficult to recycle because of the diversity in types of grades, and their frequent 

lamination with other polymeric and non-polymeric lamination. It is not easy to identify PP parts 
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manually, 10% non-conformity rate can be observed with trained personnel. It is not always collected 

for recycling. 

In many countries, PS is not collected for recycling. 40% is used for dairy products.  

IX.4.8.4. Pre-consumer plastic scrap 

Figure 49: Pre-consumer plastic scrap 

 

Pre-consumer industrial plastic scrap can be: 

• Not considered as waste (70%): Reused on-site or on other sites of the group (without 

waste status) but not necessarily in the same application (grinding then reconversion).  

Manufacturers of large plastic parts specialized on a specific resin tend to re-use 

thermoplastic purges internally after one or more processing operations (shredding, grinding, 

compounding). 

• Considered as waste (about 30%). Plastics scrap can also consist of materials not directly 

re-usable in the production process. This kind of scrap constitutes the pre-consumer plastics 

waste: non-conforming parts, samples used for quality tests, sprue materials, purges 

(plastics deteriorated by the start-up and shutdown periods of the machines, used for 

production runs to set-up the process parameters or to clean the equipment). 

1.890 Mt of pre-consumer waste has been generated in 2010 at EU level. According to 

EUROSTAT, EU-27 pre-consumer plastics waste amounted to around 4.1% of plastic 

material inputs in the year 2010 – i.e. the conversion rate was around 95.9%.  

It can be: 

▪ Recycled, partly after export to Asia.  

Based on the case study of waste management scheme for pre-consumer waste in 

the French Plastic Valley, high quality plastic parts (mono-material non-conforming) 

are fully recycled, some of it being exported.  

Medium quality (essentially composed of multi-materials non-conforming parts 

together with smaller quantities of purges, parts with metallic inserts) and low quality 
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(composed of a mix of pre-consumer plastics waste including purges, films, non-

conforming decorated and/or painted parts) are half exported, half landfilled. 

▪ Incinerated with energy recovery. The use of energy recovery strongly depends on 

the energy policies adopted by the countries and leads to the loss of valuable 

materials. 

▪ Landfilled (when not banned by the country legislation). Landfill will progressively stop 

all over Europe due to legislative banning or to significant increase of landfill costs 

making it irrelevant to any economic business model.  

 

In 2004, Plastics Europe stated that approximately 90% of industrial scrap was recovered in all EU 

member states with the majority being mechanically recycled.  

National authorities do not have much information of the plastic scrap streams dealt with directly by the 

industry sector, either reused in-house industrial processes (not considered as a waste) or sold to 

reprocessors (dealt with by the private sector), without entering the publicly managed waste 

management systems. Exports to non EU-countries very rarely allow any traceability of the materials 

exported. In France exports are estimated to 40% of pre-consumer waste. The main reasons identified 

in the Plastic Valley to explain such a high level of exports are: 

• A higher demand in non-EU countries, especially in Asia. 

• Little use of recycled materials by the plastics converters of the Plastics Valley due to a 

specialization on very high quality parts not easily suitable to the use of recyclates. 

• Insufficient recycled plastics quality: most of the recycled plastics are shredded, not 

recompounded 

• Lack of a stable and reliable waste streams. 

• A very high number of plastics grades limiting sorting possibilities 

 

The amount of pre-consumer waste tends to increase because manufacturing is more and more made 

with small orders (lower standardization of products). It leads to high frequency tool changes in plastic 

moulding plants which generates an increased number of downtimes and scrap. Additionally, the rising 

complexity of plastic parts makes it more and more difficult to reach end-user quality specifications. As 

a consequence, the percentage of non-conforming parts in production batches increases. 

This stream is more recycled than post-consumer waste plastics as this is a regular and reliable source. 

It is relatively uncontaminated, easy to recover and available in large volumes from individual sources 

(e.g. from a factory).  

 

It represents 15-35% of the overall plastics waste recovered for the 6 top plastic converting countries in 

EU28 (Germany, Italy, France, UK, Spain, Poland, Belgium), which is a large quantity that can potentially 

be incorporated in new products.  
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IX.5. Focus on the fluorescence marking technologies 

Stokes and anti-Stokes are both fluorescence effects relying on different types of electronic energy 

transition. Most materials execute both transitions, dependent on the exitation wavelength.  

 

IX.5.1. STOKES TRACERS 

Fluorescence is the emission of light from a material that has been exposed to a high energy photon 

beam, inducing ionization, or in other terms the transition of one electron to a higher energy thanks to 

the energy brought by photons. The instability induced causes the electrons to fall back to lower states 

of energy and this phaenomenon is associated with the reemission of photons at characteristic 

frequencies, wavelength and colour (equivalence between the notions) 

The intensity of the reemitted light is proportional to: 

• The amount of fluorescent material exposed (at low concentration, thus neglecting matrix 

effects), i.e. the tracer concentration in the exposed material 

• The quantum yield (amount of photons emitted per photon absorbed), a characteristic of the 

fluorescent material, determined by the tracer choice 

• The intensity of the photon beam. Proper calibration of the photon beam is necessary 

• The fluorescence collection efficiency of the detection equipment. Proper calibration of the 

detection equipment is necessary.  

 

Figure 50: Representation of the fluorescence effect 

Fluorophores are chemical substances (organic or inorganic) showing fluorescent properties. Many 

fluorophores chemical substances families exist. The fluorophore lifetime determines the duration of the 

excited state of a fluorophore returning to its ground state. With typical organic compounds, the lifetime 

is a few ns.  

A longer lifetime eases the detection process and can be observed with lanthanide (rare earths) 

complexes (few ms).  

This phaenomenon can be observed naturally in the X ray region.  

Stokes relies on down-conversion: a photon is absorbed (in UV range for instance) and a photon of 

lower energy is emitted (higher emission wavelength, in visible range for instance). 

IX.5.2. ANTI-STOKES TRACERS 

Anti-Stokes effects imply a multiple-photon absorbance (generally within the IR spectrum) and 

reemission of one photon with higher energy in NIR or Visible range. 

Compared with fluorescence, markers with Anti-Stokes effect can reemit a very sharp and strong signal 

at a very specific wavelength. For tracer-based sorting, the choice of NIR is generally reducing the costs 

of detection because existing sorting machines are already detecting the NIR range. 

Example of Anti-Stokes markets are inorganic particles produced by Polysecure. Their size can be tuned 

but a representative size range is 20-40µm.   
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IX.6. Carbon valuation 

There are different methods to estimate the value of CO2: 

• “Cost to target” approaches estimate the cost of reaching international targets of CO2 

mitigation.  

This approach was chosen in a French report “La valeur tutélaire du carbone” (2009)48.  

This report suggests that the cost to meet the climate change objectives are 50€/tonne in 2016, 111€ in 

2030 and 223€ in 2050. 

Table 23: “Cost-to-target” approach - Carbon valuation 

 2010 2016 2020 2025 2030 2050 

€ 2008 (original data 

from the report) 

32 46.4 56 70 100 200 

(150-350) 

€ 201649 36 52 62 78 111 223 (167-

390) 

• “Cost to damage” approaches estimate the mitigation costs of 1 tCO2 are equivalent to the 

future costs of damages to the environment caused by the emission of 1 tCO2 today.  

The European Investment Bank50 published values using this approach.  

Table 24: “Cost to damage” approach - Carbon valuation 

  2010 2016 2020 2025 2030 

€ 2006 

(original 

data from 

the report) 

High 40 52 60 70 80 

Central 25 31 35 40 45 

Low 10 13 15 17.5 20 

€ 201651 High - 61 71 83 95 

Central - 37 41 47 53 

Low - 15 18 21 24 

The European Investment Bank recommends using the central value to monetize carbon dioxide 

emissions. 

The marginal damage of emissions increases as a function of the atmospheric concentrations of carbon, 

which is why the yearly increase of carbon dioxide cost varies according to the scenario (high, central 

or low).  

 

                                                      

48 It is the deliverable from the work made by a group involving public investment authorities, environmental 

experts, ministries and agencies (environment, economy…).  

49 Correction to take the inflation rate into account. Cumulated inflation in EU 28 from 2008 is 11.3%. 

50 EIB (2013), The Economic Appraisal of Investment Projects at the EIB, chapter 4 ‘Incorporating Environmental 
Externalities’ 

51 Correction to take the inflation rate into account. Cumulated inflation in EU 28 from 2006 is 18.0% (Source: 
Eurostat).  
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IX.8. Interviews 

Organization Description Representatives Expertise Date 

Galloo Metal WEEE recycler Luc WAIGNIEN R&D Manager 12/02/2016 

FCQGED 
Organisation non gouvernementale 
pour la gestion des déchets au 
Québec 

Karel MENARD Director 24/02/2016 

Galloo Plastics Plastic recycler (from WEEE and ELV) 
Luc WAIGNIEN 

Vincent HAUSPIED 

R&D Manager 

Sales Manager 
02/03/2016 

KUL Research associated 
Jef Peeters 

Florian Wagner 

WEEE recycling experts 
and plastic recycling 
experts 

02/03/2016 

Ecosystèmes PRO organization for WEEE in France 

Alice BIZOUARD Recyclers relations 

03/03/2016 
Thomas VAN 
NIEUWENHUYSE 

Eco-design 

Pierre-Marie ASSIMON Eco-design 

Umicore Electronic cards and batteries recycler 
Christina MESKERS 

Market Intelligence and 
Business Research 

04/03/2016 

Ji Un LEE SHIN EU Government Affairs 

Foth Consultancy USA Dan KRIVIT 
Recycled content 
recommendations for 
Wisconsin 

04/03/2016 

RECYC-Québec 
Environmental Agency for waste 
management in Québec 

Alexis EISENBERG Research and planning 09/03/2016 
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MDDELCC Environment Ministry in Québec Nicolas BOISSELLE 
Waste management 
advisor 

11/03/2016 

EuPC Plastic converters organization Antonino FURFARI Eucertplast 18/03/2016 

Nextek 
Consultancy in plastic recycling field, 
including plastic marking techniques 

Edward KOSIOR Director 23/03/2016 

Axion Recycling 
Consultancy (including marking 
techniques) 

Richard MCKINLAY Project engineer 29/03/2016 

Grafe Marking techniques producer Johannes GRAU Export manager 30/03/2016 

Dell EEE producer 
Tom MORIARTY 

Stephanie SCHAFER 

Global Product 
Compliance & 
Environmental Affairs 

04/04/2016 

JRC Technical expertise for EU Commission 
Fulvio ARDENTE Ecodesign Expert 

05/04/2016 
Fabrice MATHIEUX Ecodesign Expert 

Filigrade Digital watermarking manufacturer Johan KERVER CTO 05/04/2016 

Polysecure Marking techniques producer Jochen MOESSLEIN Managing Director 19/04/2016 

Tracing technologies Marking techniques producer Claude LAMBERT Co-founder 29/04/2016 

SEB Manufacturer of household appliances 
Ingrid TAMS  

Yohann BOILEAU 

Environment Manager -  

Quality Direction 
10/06/2016 

2ACR 
Association Alliance Chemistry 
Recycling (France) 

Claire DADOU WILLMANN Director 10/06/2016 

EERA 
European Electronics Recyclers 
Association 

Norbert ZONNEVELD Executive secretary 15/06/2016 

GIFAM 
French Association of Household 
Appliances Manufacturers 

Hortense BRUNIER 
Head of Sustainable 
Development 

23/06/2016 
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Mark Schaffer 
independent 
consultant- IEEE 

Consultant in electronics 

Member of IEEE working groups 
Mark SCHAFFER Independent consultant 29/06/2016 

Digital Europe 

 

Philips  

Apple 

Lenovo 

LGE 

Motorola Solutions 

Association of the digital technology 
industry and some of its members 

Sylvie FEINDT 

Sofia LETTENBICHLER 

Eelco SMIT 

Irina OSWALD 

Magnus PIOTROWSKI 

Gregor MARGETSON 

Michal JANUNSINSKI 

Environmental and 
Sustainability Managers 

30/06/2016 

Galloo Plastics WEEE plastic recycler Jannick SERCU Marketing Director 30/06/2016 

Energimyndigheten 
Swedish market surveillance 
authorities 

Lina KINNING 

Alesia ISRAILAVA 

Energy efficiency in 
Ecodesign Directive 

Biofuel Directive 

04/10/2016 

03/11/2016 

EBRA 
PRO organization for batteries in 
Belgium 

Alain VASSART Secretary General 26/10/2016 

Recupel PRO organization for WEEE in Belgium Peter SABBE CEO 08/11/2016 

 


