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European foreword 37 

This document (prEN 45555:2019) has been prepared by Technical Committee CEN/CLC TC 10 “Energy-38 
related products - Material Efficiency Aspects for Ecodesign”, the secretariat of which is held by 39 
NEN/NEC. 40 

This document is currently submitted to the CEN SecretaryEnquiry. 41 

This document has been prepared under a mandate given to CEN-CENELEC by the European Commission 42 
and the European Free Trade Association, and supports essential requirements of EU Directive(s). 43 



prEN 45555:2019 (E) 

 

5 

 

Introduction 44 

Standardisation request M/543 has asked the European standardisation organisations CEN, CENELEC 45 
and ETSI to jointly draft new European standards and standardisation deliverables on Material Efficiency 46 
Aspects for energy-related products (ErP) in support of implementation of the EcoDesign Directive 47 
(2009/125/EC). It is expected that increased focus on material efficiency aspects in the application of 48 
Directive 2009/125/EC should make a sizeable contribution to the transition towards a more circular 49 
economy. 50 

To close the loop to a truly circular economy, an efficient recycling of waste is paramount. Recovering 51 
materials and energy can reduce environmental impacts over the lifecycle, including reduced extraction 52 
of natural resources and associated emissions of primary material production. To judge the recycling 53 
potential of an ErP in terms of how easy it is to recycle/recover materials from the product or to what 54 
extend a product can undergo recycling/recovery, the concepts of recyclability and recoverability are 55 
introduced/used. 56 
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1 Scope 57 

This document provides a general methodology for: 58 

• Assessing the recyclability of energy related products 59 

• Assessing the recoverability of energy related products 60 

•  Assessing the ability to access or remove certain components or assemblies from energy related 61 
products to facilitate their potential for recycling or other recovery operations.  62 

•  Assessing the recyclability of critical raw materials from energy related products. 63 

This document will elaborate on recyclability and recoverability in a horizontal, cross-product way. 64 
However, a correct assessment can only be done in a product-specific way, taking into account specific 65 
parameters of a specific product group. This standard defines a series of parameters which may be 66 
considered to calculate product specific recycling and recoverability rates. 67 

2 Normative references 68 

The following documents are referred to in the text in such a way that some or all of their content 69 
constitutes requirements of this document. For dated references, only the edition cited applies. For 70 
undated references, the latest edition of the referenced document (including any amendments) applies. 71 

ISO 14040, Environmental management - Life cycle assessment - Principles and framework 72 

ISO 14042, Environmental management - Life cycle assessment - Life cycle impact assessment 73 

EN 50625, Collection, logistics & Treatment requirements for WEEE 74 

IEC/PAS 62596:2009, Electrotechnical products. Determination of restricted substances. Sampling 75 
procedure. Guidelines 76 

IEC/TR 62635:2012, Guidelines for end-of-life information provided by manufacturers and recyclers and 77 
for recyclability rate calculation of electrical and electronic equipment 78 

IEC 62474, Material Declaration for Products of and for the Electrotechnical Industry 79 

3 Terms and definitions 80 

For the purposes of this document, the following terms and definitions apply. 81 

3.1 82 

Dismantling 83 

process whereby parts and/or materials are separated by mechanical, chemical, metallurgical or thermal 84 
means, inter alia such that the item cannot subsequently be reassembled to make it operational  85 

Note to entry The process typically employs actions such as cutting, grinding, scratching, thermal, metallurgical 86 
or solvent based and abrasive processes. 87 

[SOURCE: IEC/PAS 62596:2009, definition 3.1.6, modified] 88 



prEN 45555:2019 (E) 

 

7 

 

3.2 89 

End-of-life treatment 90 

any operation after a waste has been handed over to a facility for product and product part reuse, 91 
recycling, recovery and residue disposal 92 

[Source: IEC 62635:2012, modified] 93 

3.3 94 

End-of-life treatment scenario 95 

description of an end-of-life process flow and corresponding recycling rates of product parts and 96 
materials  97 

[Source: IEC 62635:2012, modified] 98 

3.4 99 

Energy recovery 100 

production of useful energy through direct and controlled combustion or other processing of waste  101 

Note to entry Waste incinerators producing hot water, steam and/or electricity are a common form of energy 102 
recovery. 103 

[Source: IEC 62635:2012] 104 

3.5 105 

Material recovery 106 

any recovery operation, excluding energy recovery and the reprocessing into materials which are to be 107 
used as fuel 108 

[SOURCE: EN 50625-1:2014, 3.23] 109 

3.6 110 

Recovery 111 

Void 112 

Note 1 to entry Directive 2008/98/EC contains the following: “’recovery’ means any operation the principal 113 
result of which is waste serving a useful purpose by replacing other materials which would otherwise have been 114 
used to fulfil a particular function, or waste being prepared to fulfil that function, in the plant or in the wider 115 
economy. Annex II sets out a non-exhaustive list of recovery operations” 116 

 Note 2 to entry Recovery operations include material recovery and energy recovery 117 

3.7 118 

Recoverability 119 

ability of a waste product to be recovered 120 

[SOURCE: IEC 62635:2012, modified] 121 
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3.8 122 

recoverability rate 123 

ratio of recoverable products, product parts, materials mass to total waste product mass reprocessed 124 

[SOURCE: IEC 62635:2012] 125 

3.9 126 

recycling 127 

Void 128 

Note to entry Directive 2008/98/EC contains the following: “’recycling’ means any recovery operation by 129 
which waste materials are reprocessed into products, materials or substances whether for the original or other 130 
purposes. It includes organic recycling but does not include energy recovery and the reprocessing into materials 131 
that are to be used as fuels or for backfilling operations.”  132 

3.10 133 

recycling rate 134 

ratio of recycled products, product parts or materials mass to waste product mass reprocessed 135 

Note to entry A recycling rate is obtained by computing data obtained from recycling operations. 136 
Determination of the recycling rate shall start with the untreated waste and end:  137 

• when the end-of-waste status for fractions is achieved, or;  138 

• with the final recycling or disposal of fractions.  139 

The determination of the recycling rates shall be based on the input/output analysis of every step, of every 140 
operator, within the waste treatment chain. 141 

[SOURCE: IEC 62635:2012, modified, addition to Note 1 to entry from EN 50 625-1, Annex C (Normative)] 142 

3.11 143 

Recyclability 144 

ability of a product to be recycled at end-of-life 145 

[SOURCE: IEC 62635:2012, modified] 146 

3.13 147 

Waste 148 

Void 149 

Note to entry Directive 2008/98/EC contains the following: “’waste’ means any substance or object which the 150 
holder discards or intends or is required to discard” 151 

3.14 152 

Hazardous waste 153 

Void 154 

Note to entry Directive 2008/98/EC contains the following: “’hazardous waste’ means waste which displays 155 
one or more of the hazardous properties listed in Annex III of Directive 2008/98/EC” 156 
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3.15 157 

Removal 158 

Void 159 

Note to entry Directive 2012/19/EU contains the following: “‘removal’ means manual, mechanical, chemical or 160 
metallurgic handling with the result that hazardous substances, mixtures and components are contained in an 161 
identifiable stream or are an identifiable part of a stream within the treatment process. A substance, mixture or 162 
component is identifiable if it can be monitored to verify environmentally safe treatment”. 163 

3.16 164 

Disposal 165 

Void 166 

Note to entry Directive 2008/98/EC contains the following: “’disposal’ means any operation which is not 167 
recovery even where the operation has as a secondary consequence the reclamation of substances or energy. Annex 168 
I sets out a non-exhaustive list of disposal operations” 169 

3.17 170 

Collection 171 

gathering of waste, including the preliminary sorting and preliminary storage of waste for the purposes 172 
of transport to a logistics facility or a treatment facility.” 173 

[SOURCE: adapted from EN 50625-1:2014, 3.9 - modified] 174 

3.7 175 

Part 176 

Component or assembly 177 

Note to entry The term “part” will be used, unless assembly or component provides further necessary 178 
clarification 179 

3.8 180 

Assembly 181 

Set of components assembled into a single part 182 

[IEC 62542, modified] 183 

3.9 184 

Component 185 

Part of a product that cannot be taken apart without destruction or impairment of its intended use 186 

[IEC 62542, modified] 187 

4 Assessment method for the recyclability and recoverability of an energy 188 
related product 189 

4.1 General considerations 190 

Recyclability and recoverability of a product shall be assessed taking into account: 191 
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• the design characteristics of the product such as the structure, material composition, size, weight, 192 
ability of parts and/or material separation into identifiable streams which can be recycled or 193 
recovered;  194 

• the techniques, combination or sequence of techniques used to recycle or recover a given waste 195 
stream.  196 

The recyclability and recoverability assessment of an ErP shall thus be based on an end-of-life 197 
treatment scenario defined according to section 5 by product group specific committees.  198 

While recycling of ErPs aims at closing the circular economy loop, trade-offs might arise between 199 
different material efficiency related topics. In general, different material efficiency aspects like for 200 
instance weight, durability, reparability, re-usability, need to be balanced in order to optimise the 201 
environmental benefit (balancing between different material efficiency choices is quoted in: DIN SPEC 202 
59, CEN Guide 4, ISO Guide 64). 203 

4.2 Assessment procedure and methods 204 

Figure 1 describes the general assessment procedure provided in this standard as well as its relation with 205 
product-specific standards to be developed by product-specific standardisation committees for the 206 
assessment of energy-related products’ recyclability and recoverability. 207 

Data gaps can be a bottleneck that challenges the applicability and the actual implementation of 208 
quantitative assessment methodologies1. 209 

 210 

 211 
Figure 1: Flowchart on assessing the recyclability/recoverability of an ErP 212 
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4.3 Horizontal guidelines to set criteria for the recyclability and recoverability 213 
assessment of an ErP 214 

Depollution and selective treatment of certain materials or parts at end-of-life (EoL) are prerequisites 215 
for recycling and recovery operations. 216 

The following criteria are addressing the design characteristics of ErPs affecting the identification and 217 
removal of hazardous substances, materials or components requiring selective treatment (specified in 218 
the Annex VII of the WEEE Directive 2012/19/EU for products falling under its scope), and their 219 
recycling or recovery. 220 

They shall be considered by product-specific standardisation committees when developing standards on 221 
the recyclability and recoverability of the products falling in their scope, taking into account their 222 
specificities and the corresponding end-of-life treatment scenario defined. 223 

• Identification of hazardous substances: 224 

• Ability to identify (for example in dismantling instructions, on labels or coloured marking 225 
provided by the manufacturer and visible on the products) parts containing hazardous substances 226 
such as those listed in Annex VII of the WEEE Directive and in general in official EU wide lists such 227 
as POP Regulation (EC/850/2004) or the REACH restriction/authorization list (EC/1907/2006), 228 
that shall be easily identifiable for extraction to facilitate removal before selective treatment. It 229 
shall be assessed if the product was granted exemptions, under RoHS for example. 230 

• Product design and structure:  231 

• Ability to remove or liberate joints (including screws, glue, snaps, etc.) that need to be opened in 232 
order to access components that require selective treatment such as for example listed in Annex 233 
VII of the WEEE Directive; 234 

• Ability to remove or liberate joints (including screws, glue, snaps, etc.) to ease material separation 235 
and in case of non-separable material combinations, use of materials which are compatible with 236 
existing recycling streams;   237 

• Non-use of substances which are prohibited to re-enter production process by regulations e.g. 238 
brominated flame retardants, specific heavy metals and phthalate according to ROHs Directive and 239 
REACH restriction/authorisation list (EC/1907/2006); 240 

• For plastic parts: 241 

• Constitute of a single polymer or a blend of compatible polymers 242 
• The use of fillers that may impact the recyclability of this plastic. E.g. Glass fiber, vegetal fiber, 243 

etc. 244 
• The use of coatings that may prevent detection and are not compatible with this plastic 245 
• The use of black or very dark plastics that cannot be detected and separated by optical detection 246 

systems 247 

Product-specific standardisation committees should implement these criteria within the calculation of 248 
the parameters used in the quantitative assessment described in section 4.4, or alternatively under the 249 
form of a checklist if more appropriate in terms of practicability and data availability.  250 

4.4 Quantitative assessment of recyclability and recoverability 251 

4.4.1 General considerations 252 

Recyclability and recoverability rates of an ErP may be assessed through a multi-level approach:  253 
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1) The first level covers the quantification of “potential recyclability and recoverability rates”, 254 
related to technical characteristics of the product affecting the necessary removal or separation 255 
of materials, components or substances to fit with the input restrictions of further recycling or 256 
recovery processes. 257 

2) The second level covers also the efficiency of the recycling and recovery processes and the quality 258 
of the recycled materials. The overall “technical recyclability and recovery rates” can be 259 
calculated as a multiplication of the potential recyclability and recoverability rates (Level 1) 260 
and the efficiency of the recycling and recovery processes (see Table 1).  261 

The first level shall be taken into account for all products.  262 

Product-specific standardisation committees may decide to implement the 2nd level of assessment 263 
depending on the availability of information to calculate the parameters required, as the 2nd level requires 264 
additional information on the efficiency of the recycling and recovery processes specified in the end-of-265 
life treatment scenario (defined according to section 5), which may not be available or uncertain. 266 

Note The second level of assessment is more comprehensive and might provide more differentiations 267 
between products than the first level of assessment. However, the 2nd level of assessment is more influenced by 268 
parameters on which the product designer has in general limited or no control or influence over.  269 

4.4.2 Variables and their symbols  270 

The symbols used in calculating the recyclability and recoverability rates are depicted in Table 1.  271 

Table 1: Symbols and Definitions 272 

Symbol Definition 

mk  Mass of kth part/material 

PRCRk  Potential recyclability factor of the kth part/material related to product design and 
characteristics 

RCRk Recycling efficiency of the kth part/material related to the efficiency of the corresponding 
end-of-life treatment scenario 

TRCRk  Technical recyclability rate of the kth part/material in the corresponding end-of-life 
treatment scenario = PRCRk x RCRk 

PRVRk  Potential recoverability factor of the kth part/material related to product design and 
characteristics 

RVRk Recovery efficiency of the kth part/material related to the efficiency of the corresponding 
end-of-life treatment scenario 

TRVRk  Technical recoverability rate of the kth part/material in the corresponding end-of-life 
treatment scenario = PRVRk x RVRk 

TRcyc  Technical recyclability rate of the product or part 

PRcyc  Potential recyclability rate of the product or part 

TRcov Technical recoverability rate of the product or part 

PRcov  Potential recoverability rate of the product or part 

mtot  Total mass of the assessed product/part/material 

 273 
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PRCRk, RCRk, PRVRk and RVRk values shall be measured or selected taking into account the end-of-life 274 
treatment scenario defined according to the requirements and guidelines provided in section 5.  275 

Note Recyclability and recoverability rates can be calculated either for the product as a whole or for specific 276 
parts or materials of interest. For the whole product or for a specific part this is equivalent to the sum of respectively 277 
recyclable and recoverable materials of that product or part, divided by the total mass of the product or part. If the 278 
rate is calculated for a product that is composed of several parts, the calculated rate for each part is to be summed 279 
up weighted by that part’s mass share of the whole product. The rate for an individual material in the entire product 280 
or in a part of interest can be obtained as the ratio of the rate calculated exclusively for this material, divided by the 281 
total mass of that material that was contained in the product or part. 282 

4.4.3 Potential recyclability and recoverability rates 283 

The Potential Recyclability rate, Rcyc, as a percentage by mass (mass fraction in percent), shall be 284 
calculated using the formula:  285 

𝑃𝑅𝑐𝑦𝑐 =  
Σ (𝑚𝑘𝑥 𝑃𝑅𝐶𝑅𝑘 ) 

𝑚𝑡𝑜𝑡 
𝑥 100% 286 

The Potential Recoverability rate, Rcov, as a percentage by mass (mass fraction in percent), shall be 287 
calculated using the formula: 288 

𝑃𝑅𝑐𝑜𝑣 =  
Σ (𝑚𝑘𝑥 𝑃𝑅𝑉𝑅𝑘 ) 

𝑚𝑡𝑜𝑡 
𝑥 100% 289 

Potential recyclability factors (PRCRk) and potential recoverability factors (PRVRk) for each material 290 
shall be comprised between 0 and 1, depending if and how the ability to recycle or recover the material 291 
is affected by one or several criteria quoted in section 4.3. 292 

For simplification reasons, they can be assessed in a binary approach (0 or 1) by Product-specific 293 
standardisation committees. When joining techniques are applied on two or more materials incompatible 294 
for recycling or recovery, and prevent their separation, the joined surface or weight may be taken into 295 
account as a basis to calculate the PRCRk and PRVRk of these materials. 296 

EXAMPLE:  Percentage of the area of material A that is connected to material B. 297 

Following rules shall be applied when assessing the potential recyclability or recoverability of a part 298 
or material: 299 

• When substances incompatible with recycling or recovery waste streams are used, respectively 300 
PRCRk and PRVRk of the material or part containing it, shall be 0. 301 

• When joining techniques do not allow separation of part or material combinations into recyclable or 302 
recoverable waste streams, respectively PRCRk and PRVRk of the part or material shall be 0.  303 

• When material fillers and coatings incompatible with recycling or recovery waste streams are used, 304 
respectively PRCRk and PRVRk of the material concerned shall be 0. 305 

4.4.4 Technical recyclability and recoverability rates 306 

The Technical recyclability rate, TRcyc, as a percentage by mass (mass fraction in percent), shall be 307 
calculated using the formula:  308 
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𝑇𝑅𝑐𝑦𝑐 =  
Σ (𝑚𝑘𝑥 𝑇𝑅𝐶𝑅𝑘 ) 

𝑚𝑡𝑜𝑡 
𝑥 100% 309 

The Technical recoverability rate, TRcov, as a percentage by mass (mass fraction in percent), shall be 310 
calculated using the formula: 311 

𝑇𝑅𝑐𝑜𝑣 =  
Σ (𝑚𝑘𝑥 𝑇𝑅𝑉𝑅𝑘 ) 

𝑚𝑡𝑜𝑡 
𝑥 100% 312 

The calculation of the recycling and recovery efficiency factors (RCRk and RVRk) shall cover the whole 313 
chain of processes defined in the reference end-of-life treatment scenario, defined by product-specific 314 
standardisation committees according to the requirements set in section 5. The quality of the recycled 315 
material may also be defined relative to the original material in the product e.g. level of contaminants, 316 
alloy content, mixed grade or single grade. 317 

The material-specific efficiency of the treatment processes shall be assessed as their ability to bring the 318 
input materials to output fractions that will be fed into the adequate final technologies. 319 

EXAMPLE: The rate of the technologies related to copper recycling is measured as the mass of copper parts brought 320 
to fractions that will go to a copper smelter divided by the mass of copper contained in the WEEE input flow. 321 

4.5 Relationship with environmental aspects  322 

Recyclability and recoverability assessment do not consider the environmental benefits of avoiding the 323 
production of equivalent amounts of primary materials and energy carriers, nor the impacts associated 324 
with the EoL treatment processes.  325 

The net recyclability and recoverability benefits of a representative end-of-life treatment scenario 326 
for the considered product can address the deficiencies of mass-based approaches, by converting the 327 
amounts of individual recycled and recovered materials or substances into avoided environmental 328 
impacts from the primary production of these materials and substances using Life-Cycle Analysis (LCA) 329 
methods, which principles are set out in ISO 14040 and ISO140442.2 This calculation also allows to 330 
consider the environmental impacts of the recycling, recovery and disposal processes, as well as the 331 
changes in the inherent properties of the materials or substances (“upcycling” or “downcycling”) by 332 
considering the quality of materials on both input and output side.  333 

Recyclability and recoverability benefit rates may then be calculated, in analogy with the mass-based 334 
recyclability and recoverability rates, by putting the net recyclability and recoverability benefits in 335 
relationship to the theoretical benefit potential of the product at EoL. This benefit potential assumes that 336 
all physically contained materials would be entirely recycled, without downcycling and via impact-free 337 
recycling processes. The benefit rates express hence the share of the environmental value of the 338 
embodied materials in a product that can be recycled or recovered in the end-of-life treatment of that 339 
product.  340 

                                                             
2 Other relevant standards for reference are ISO 14067 “Carbon footprint of products — Requirements and 
guidelines for quantification and communication”, and EN 15804 “Sustainability of construction works - 
Environmental product declarations - Core rules for the product category of construction products”. 
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 341 

Figure 2: Illustration of the concept of mass-based and benefits recyclability and recoverability 342 

Note In the mass-based approach, the material masses are summed up, as illustrated in the middle of the 343 
figure above, with the recycled and recovered materials’ shares shown in the same grey tone; shares in white are 344 
lost to landfilling or as emissions. In the right graphic, the material-specific environmental benefits are considered 345 
when summing up the recycled shares and recovered energy carriers, indicated by different grey tones. Emissions 346 
of materials from e.g. incineration in their specific impact quality and other impacts from recycling and recovery 347 
processes are equally included (not shown). 348 

Further explanations are displayed in the informative annex B.  349 

5 End-of-life treatment scenario 350 

5.1 General considerations 351 

An end-of-life treatment scenario is a description of the combination and sequence of processes and 352 
steps required for the EoL treatment of a product. 353 

In general, end-of-life treatment needs to comply with applicable regulations, observe relevant industry 354 
practices and standards, allow efficient recycling and recovery, while at the same time addressing 355 
health, safety and environmental concerns. 356 

The treatment operations may include: 357 

• operations to mitigate hazards and dismantle parts for selective treatment, when it’s required (e.g. 358 
regulations applicable to the recycling facility), or allows a better efficiency of the end-of-life 359 
treatment; 360 

• material separation operations, which can be achieved through several techniques, such as 361 
mechanical separation (e.g. shredding), chemical separation or thermal separation (smelting), with 362 
appropriate sorting processes; 363 

• final treatment technologies aiming at producing secondary raw materials, recovering energy, and/or 364 
at treating fractions by incineration and dispose them e.g. at landfill sites. 365 

Results of the recycling process are the reprocessing of waste materials into products, materials or 366 
substances whether for the original or other purposes. 367 

5.2 Definition of the end-of-life treatment scenario of reference 368 

The reference end-of-life treatment scenario shall be established in product group specific standards. 369 



prEN XXXX:XXXX (E) 

 

16 

 

For full transparency, a flow diagram shall be developed to illustrate the flows of materials through the 370 
treatment chain as shown in Figure 3: 371 

 372 

Figure 3: Schematic example of flow diagram of a treatment chain 373 

The definition of the reference end-of-life treatment scenario shall define and document the chain of 374 
treatment technologies which shall be taken as a reference to specify the applicable recyclability and 375 
recoverability criteria according to the requirements set in section 4.3, and to calculate the parameters 376 
required in the formulas set in section 4.4.  377 

5.3 Representativeness of the end-of-life treatment scenario 378 

Product group specific committees shall define the applicable end-of-life treatment scenario 379 
considering the criteria of representativeness listed in the table below: 380 

Table 2: Representativeness criteria for end-of-life treatment scenario definition 381 

Criteria Guidelines 

Product-related 
representativeness 

The EoL reference scenario shall be appropriate for the category and market of 
the product studied, in particular when treatment technologies are product- or 
product group-specific due to applicable regulations, industry practices or 
health, safety and environmental concerns. 

Some products may be collected through collection flows, consisting of mixes 
of products, and treated together. In this case, the EoL reference scenario shall 
be representative for the corresponding waste flow. 

Technological 
representativeness 

Treatment processes in industrial scale and complying with the applicable 
waste management legislation shall form the baseline of the end-of-life 
treatment scenario. The technologies used in the reference end-of-life 
treatment scenario should reflect Best Available Techniques (BAT). Pilot or 
experimental processes shall be, in principle, excluded. For materials or 

Collected waste (1kg 
material A)

Process 1

0.1kg lost

Process 2 

(material A1 with 
contaminants)

Process 3 (0.8 kg 
material A2 with less 

contaminants) 

Final

Process

0.7 kg Material A of 
same quality
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components that are not contained in the collected waste at the moment of the 
evaluation, processes under development should be studied and documented. 

Temporal 
representativeness 

Due to the variations of the waste composition, recycling strategies and 
treatment technologies available, the end-of-life treatment scenario should 
be defined to be influenced as little as possible by short-term fluctuations that 
do not reflect fundamental changes of the recyclability and recoverability of 
the products 

Geographical 
representativeness 

Harmonized data from different countries (e.g.: countries of the EU) should be 
used. The use of data generated by selecting operators representing BAT out of 
a pool of operators complying with the requirements of European treatment 
standards (e.g. in the case of WEEE: EN 50 625 series) may be considered as 
representative for Europe. 

 382 

5.4 Sources for EoL scenario definition and data collection 383 

Representative data such as data from a public sources or industry association may be used for the 384 
calculation of the RR rates for a specified region and product group. 385 

The most recent and appropriate data sources should be used. It is recognized that data gaps can 386 
challenge the applicability and the actual implementation of quantitative assessment methodologies3. 387 

The end-of-life treatment scenario should be set on the basis of a survey of the suitable end-of-life 388 
treatments and complemented by information from manufacturer and recyclers4.  389 

Recommended sources of data for product group specific committees to define the EoL scenario are:  390 

• Data on recovery and recycling rates of different waste categories, reported with reporting tools 391 
commonly used within the corresponding industry (e.g.: WF-RepTool for WEEE); 392 

• Treatment standards applicable to the category of product (e.g.: EN 50625 standards on WEEE 393 
management) 394 

• Case studies described in the scientific literature; 395 

• Database of reference values, if developed, provided by national or European authorities3; 396 

• Parameters produced through treatment processes modelling through simulation tools5. 397 

6 Assessment of the ability to access and remove certain components and 398 
assemblies 399 

Typical methodologies used to assess the accessibility of components and assemblies are shown in Table 400 
3. 401 

                                                             
3 JRC report "Feasibility study for setting-up reference values to support the calculation of recyclability / 
recoverability rates of electr(on)ic products" 
4 “Refined methods and Guidance documents for the calculation of indices concerning 
Reusability/Recyclability/Recoverability, Recycled content, Use of Priority Resources, Use of Hazardous 
substances, Durability.” Joint Research Centre (JRC) Technical Report, 2013 

5 M. A. Reuter and A. van Schaik, “Product-Centric Simulation-Based Design for Recycling: Case of LED Lamp 
Recycling,” J. Sustain. Metall., vol. 1, pp. 4–28, 2015. 
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These methods may be used by product-specific standardisation committees to develop and specify 402 
criteria according to the requirements set in section 4.3 concerning the ease of removal of some parts, 403 
materials or hazardous substances, e.g. removal of batteries. In addition, Annex A of prEN 45554 404 
provides further methodologies, which may be considered by product-specific standardisation 405 
committees. 406 

The stated methods rely on the hypothesis of manual operations in the end-of-life treatment scenario, 407 
which may be representative only in special cases in recycling plants. 408 

Table 3: Examples of methods to assess the ability to access and remove certain components and 409 
assemblies 410 

Method Comments 

U-effort method – connector 
method 

Dismantling time is calculated for each connector, taking into 
account its physical properties 

Philips ECC method -  
disassembly task method 

Calculates the dismantling time required using a database which 
contains dismantling times for unfastening commonly used 
connectors and for specific dismantling tasks, such as tool change 
or component handling. 

Desai & Mital method – 
disassembly task method 

The dismantling time is determined taking into consideration five 
factors: force, material handling, tool utilisation, accessibility of 
components and fasteners, and tool positioning. The method is 
based on MTM, and allows for the incorporation of penalties for 
specialised postural requirements. 

Kroll method – disassembly task 
method 

Calculates the dismantling time required based on manual 
dismantling experiments performed on computers, keyboards, 
monitors and printers. The main goal of this method is to serve as 
a design tool for disassembly that can highlight opportunities for 
reducing the disassembly time 

7 Assessment of the recyclability and recoverability of critical raw materials 411 

7.1 General considerations 412 

Due to their low weight share, Critical Raw Materials (CRMs) have a negligible effect on the mass-based 413 
recyclability rate of the product, but may contribute to avoid supply, economic and environmental risks 414 
and impacts. Therefore, the recyclability of critical raw materials has to be assessed on their own, 415 
independent from the total mass of a product. 416 

7.2 Assessment method 417 

Assessment method for target substances like CRMs shall be created by product-specific standardisation 418 
groups. Following issues shall be considered when creating assessment criteria: 419 

• Distribution of target CRM(s) over different components; 420 

• Varying thresholds for different CRM(s); 421 

• Easy access and removal of the target CRM(s); 422 

• Miscellaneous matters affecting possibilities to recycle target CRM(s) 423 
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8 Reporting 424 

8.1 General 425 

The assessment of recyclability and recoverability of an ErP shall be documented in an assessment report. 426 

The assessment report shall be considered as confidentiality level 3 in accordance to prEN 45559:2019. 427 

The assessment report shall contain any data and information of importance for any results published in 428 
confidentiality level 2 or 1. 429 

Special care shall be taken to demonstrate transparency and the correlation between information of the 430 
results of the assessment and the data and assumptions used in the assessment. 431 

8.2 Elements of the assessment report 432 

The results, conclusions, data, methods, assumptions and limitations shall be reported completely and 433 
accurately.  434 

The assessment report shall give the following: 435 

a) General aspects 436 
1. Company name and address 437 
2. Date of the report 438 
3. Statement that the assessment has been conducted according to the requirements if this 439 

standard 440 
b) Scope of the assessment 441 

1. Product description (type or family) 442 
2. End-of-life treatment scenario 443 

c) Detailed material and product description 444 
1. Bill of materials including information on material composition, critical raw materials and 445 

hazardous substances 446 
2. List of parts including information on critical raw materials and hazardous substances 447 
3. Joining techniques applied in the product 448 

d) Calculations and results (if applicable) 449 
1. Checklist of horizontal guidelines (4.2) for the recyclability and recoverability assessment 450 
2. Results of calculation of the potential recyclability and recoverability rates 451 
3. Results of the calculation of the technical recyclability and recoverability rates 452 
4. Results of the assessment of the ability to access and remove components 453 
5. Results of the assessment of recyclability and recoverability of critical raw materials.  454 

(NOTE to TC: This list will be adapted to the methodologies we finally agree on. This is a first very quick draft) 455 

8.3 Documentation 456 

The assessment report shall include any documentation or reference to the documentation used for the 457 
assessment. 458 

If generic data are used for the assessment, these shall be referenced and the use shall be justified. 459 

 460 
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Annex A 461 

(informative) 462 

 463 

Quantitative environmental benefits of recycling and energy recovery 464 

A.1 Recycling & Recovery Benefit Rate (RRBR)  465 

As described in section 4.6, the recyclability & recoverability benefit rate and the recyclability & 466 
recoverability benefit loss can be calculated by combining mass based recyclability & recoverability 467 
information with Life Cycle Assessment (LCA) methodology and data. 468 

In addition, the system boundary between the original and subsequent product system needs to be 469 
identified and explained. This point of substitution is the point in the recycling chain where the recycled 470 
material is replacing primary material in a subsequent production step (e.g. injection moulding of 471 
recycled plastics granulate to plastics parts) and where recovered energy is replacing primary energy 472 
(e.g. feeding recovered electricity into the grid).  473 

The Recycling & Recovery Benefit Rate (RRBR) represents the share of environmental value of the 474 
materials and energy that are physically contained in the end-of-life product (expressed as avoided 475 
primary production impacts) that is recovered at the product’s end-of-life. 476 

RRBR is hence the sum of the environmental value of the obtained recycled materials (RcycB) plus of the 477 
recovered energy (RcovEnB) minus the environmental impacts from end-of-life treatment (Rr1 and Rr2), 478 
put in relation to the environmental value of the materials contained in the product before it undergoes 479 
end-of-life treatment (RcontB):  480 

𝑅𝑅𝐵𝑅 = ((𝑅𝑐𝑦𝑐𝐵 + 𝑅𝑐𝑜𝑣𝐸𝑛𝐵 − 𝑅𝑟1 − 𝑅𝑟2) / 𝑅𝑐𝑜𝑛𝑡𝐵) 𝑥 100% 481 

For definition of the components and the variables and parameters see more below in A.3. 482 

Note Benefit rates can be calculated either for the product as a whole or for its parts/materials after pre-483 
treatment. If applied to the parts/materials obtained from pre-treatment, the terms of the formula have to be 484 
summed up first for all parts/materials before the product’s overall RRBR is calculated. 485 

The best possible RRBR value is 100%. Lower values indicate an increasingly lower net benefit. Values 486 
below 0% can occur, indicating that the environmental impacts of recycling and recovery are higher 487 
than the environmental value of the obtained recycled materials and recovery energy, leading to a 488 
negative environmental benefit, i.e. a net environmental burden from end-of-life treatment.  489 
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 490 

Figure A 1: Visualisation of the calculation of RRBR 491 

However, RRBR is not able to discern the efficiency of material use in the analysed product. E.g. adding 492 
an otherwise function-less, but easily recyclable big metal foot to a product would result in a better RRBR 493 
value, without any actual environmental benefit.  494 

A.2 Recycling & Recovery Benefit Loss (RRBL) 495 

The complementing Recycling & Recovery Loss indicator (RRBL) quantifies the net loss of environmental 496 
value of material and energy at end-of-life, i.e. the value of what is not recycled or recovered from the 497 
product but lost to landfill, or that is downcycled, or due to environmentally inefficient recycling and 498 
recovery processes. 499 

 500 

RRBL = RcontB-(RcycB+RcovEnB-Rr1-Rr2) 501 

 502 

Note Benefit loss rates can be calculated either for the product as a whole or for its parts/materials after pre-503 
treatment. If applied to the parts/materials obtained from pre-treatment, the terms of the formula have to be 504 
summed up first for all parts/materials before the product’s overall RRBL is calculated. 505 

An RRBL value 0 indicates perfect recycling and recovery, all positive values express the environmental 506 
impact of the loss of the embodied material and energy due to insufficient recycling and recovery and 507 
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recovery and/or downcycling, but also due to environmentally inefficient recycling and recovery 508 
processes6.   509 

 510 

Figure A 2: Visualisation of the calculation of RRBL 511 

With: 512 

RcycB = Σ 𝑚
𝑖
 𝑥 𝑅𝐶𝑅

𝑖
x 𝑃𝑖  x

𝑄𝑠
𝑖

𝑄𝑝
𝑖

 513 

RcycB is the environmental value (B = benefit) of all recycled materials obtained at EoL from the part or 514 
product, considering their downcycling. 515 

RcovEnB = Σ𝑚
𝑖
 𝑥 𝑒

𝑖
 𝑥 Σ𝑅𝑉𝑅

𝐸𝑁,𝑖,𝑗
𝑥 𝑃𝑗  516 

RcovEnB is the environmental value of the sum of all recovered energy carriers j obtained at EoL from the 517 
part/material or product. 518 

RcontB = Σ 𝑚
𝑖

 x 𝑃𝑖 𝑥 𝑄𝑠
𝑖
/𝑄𝑝

𝑖
 519 

RcontB is the environmental value of all (or all relevant) materials in the part/material or product prior to 520 
end-of-life treatment. Given limitations of availability of the complete composition of complex products, 521 
e.g. electronics, product type- specific standards would be advised to limit the materials to those that are 522 
known to be environmentally relevant for the product type, considering both their typical content ranges 523 
in those products and the material-specific environmental value. Furthermore, some material variants 524 
could be grouped, e.g. different steel grades. The granularity of the materials and material groups should 525 
orient to the similarity of material variants in terms of environmental impact of their production (e.g. not 526 
merging different plastics such as PA, PE, ABS). Such a grouping of material and a cut-off by 527 
environmental relevance can ensure practicality without negatively affecting the accuracy and credibility 528 
of the resulting indicator. RcontB is considering the possibly downcycled quality of recycled content via the 529 
downcycling factor 𝑄𝑠𝑖/𝑄𝑝𝑖 . Note: for the primary material share of material i, 𝑄𝑠𝑖/𝑄𝑝𝑖 is per definition 530 
equal 1.  531 

Note that there is no separate energy term, as the energy that is contained in the EoL product prior to end-of-life 532 
treatment is contained in the materials of the product, hence already covered. 533 

                                                             
6 As the RRBL provides absolute quantitative values for the net environmental impacts of recycling & recovery for 
the analysed product, it allows putting the results in direct, quantitative relation to the product’s use stage’ 
environmental impacts due to its consumption of electricity or other energy carriers. 
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Rr2 = Σ 𝑅𝐶𝑅𝑖  x 𝑅𝑟2,𝑖  + Σ 𝑅𝑉𝑅𝐸𝑁,𝑗  x 𝑅𝑟2,𝑗 534 

Rr2 is the environmental impact of all recycling processes of the i materials plus that of the energy 535 
recovery processes of the j energy carriers in the product or part, i.e. after pre-treatment towards 536 
recycled material or recovered energy. 537 

With: 538 

Table A 1: Symbols and Definitions used in Annex A 539 

mi Mass of ith part/material (both virgin and recycled content) 

Rr1 Environmental impact* of resources consumed/emissions in the pre-treatment of the 
EoL product, including separation, shredding and initial sorting, and the final depositing 
of unrecovered EoL product / fractions (i.e. landfilling)  

Rr2,i Environmental impact* of resources consumed/emissions of the recycling processes 
for each part, fraction or material i obtained from the pre-treatment activities; this 
includes transport, further sorting, melting, refining, extruding, smelting etc. up to the 
point of substitution, and landfilling of remains 

Rr2,j Environmental impacta of resources consumed/emissions of the waste-to-energy 
recovery processes for each part, fraction or material j obtained from the pre-
treatment activities; this includes transport, further processing and landfilling of slags, 
ashes, filter dust.  Note that any possible recycled material from e.g. slag is to be counted 
either as part of the term RcycB OR Rr2,j, not both. 

𝑒𝑖  Specific energy content per kg of the ith material contained in the product at end-of-life 

𝑅𝐶𝑅𝑖 Recycling rate of the ith part/material in the corresponding end-of-life treatment 
scenario (see section 4.5) 

𝑅𝑉𝑅𝐸𝑁,𝑖,𝑗  Energy recovery rate of the jth energy carrier for the ith material/part in the 
corresponding end-of-life treatment scenario. (Considers exclusively the 
parts/materials that undergo energy recovery.) 

Pi Environmental impact* of resources consumed/emissions for the acquisition and pre-
processing of virgin material equivalent to the recycled material. 

Pj Environmental impact* of resources consumed/emissions for the production of the 
primary energy carrier equivalent to the recoverable energy. 

𝑄𝑠𝑖 𝑄𝑝𝑖⁄  Ratio of any differences in quality between the secondary material from the EoL 
processes (e.g. down-cycling), where 𝑄𝑠  is the quality of the secondary material at the 
point of substitution and 𝑄𝑝  is the quality of the primary material7.  

 a: This can be a selected impact category or an aggregated value of several impacts, e.g. a 
normalised, weighted impact value 

The other variables are defined in section 4.5 of this standard. 540 

                                                             
7 This quality ratio can be approximated using an appropriate ratio such as the quantitative amount of primary 
material that is being replaced in subsequent uses, or the physical properties for the primary and secondary 
materials that reflect quality aspects, such as, strength, density, colour etc., or the long-term average relative market 
price ratio of the secondary material and the replaced primary material. 
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All relevant assumptions regarding end-of-life treatment should be based on best available information 541 
and based on current technology and average practice and should be documented in the report. 542 

An informative example calculation for the Recycling & Recovery Benefit Rate and Recycling & Recovery 543 
Benefit Loss is provided in annex A.4. 544 

A.3 Potential data sources 545 

General aspects 546 

For most of the variables in RRBR and RRBL, default values and data should be provided in product-type 547 
specific standards by the respective standardisation committees, possibly across the product-type 548 
specific standards. For ensuring the necessary reproducibility and credibility, well-documented, high 549 
quality data sources, if possible with external reviews of the data, should be selected. Primary data (e.g. 550 
production site specific) for any of the variables and data should be allowed only, if they are 551 
methodologically consistent with the default values and of high accuracy and quality. 552 

In the simplest case, the producer would have to provide exclusively the material composition of the 553 
product-type specifically relevant materials as well as the energy content of the product prior to 554 
treatment, while all other data can be default values. 555 

Life cycle data and impact values 556 

Impact values (LCIA results) can be pre-calculated by combining LCI data with LCIA factors. Single 557 
environmental indicator values combine these LCIA results with normalisation data and weighting 558 
factors. In both cases, tabular default values for all relevant materials, energy carriers, recycling 559 
processes etc. can be provided that express their environmental impact/value.  560 

Life Cycle Inventory (LCI) data sets are the basis for the product-type specific committees to prepare 561 
default impact values for Pi and Pj for all relevant materials and energy carriers as well as for Rr1 and 562 
Rr2.  563 

The combination of data from different sources of different LCI methodologies and/or background data 564 
is to be avoided, as leading to distortions. Only very few databases provide consistent LCI data sets across 565 
a wide range of materials, energy carriers and end-of-life processes. In the following databases are listed 566 
in alphabetical order that could be checked for suitability (non-exhaustive): Base Impacts 567 
(http://www.base-impacts.ademe.fr/), JEMAI CFP database (https://www.cfp-568 
japan.jp/english/overview/index.html), ecoinvent (www.ecoinvent.ch), the Environmental Footprint 569 
database (http://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm#compliant , stepwise made 570 
accessible),  EIME (http://www.codde.fr/page.php?rubrique=20), the ELCD database 571 
(http://eplca.jrc.ec.europa.eu/ELCD3/), and the GaBi ts databases (http://www.gabi-572 
software.com/international/databases/gabi-databases/), ÖKOBAUDAT 573 
(http://www.oekobaudat.de/en.html), US LCI database (https://www.nrel.gov/lci/). 574 

For the Life Cycle Impact Assessment (LCIA), widely used methodologies include CML, EPS, 575 
ILCD2011/EF, Impact World+, Impact 2002+, LIME, ReCiPe, and TRACI. 576 

Where a single environmental indicator would be used as a normalised, weighted impact, normalisation 577 
data and weighting factors should stem form authoritative sources and have to be technically suitable to 578 
be combined with the LCI data sets and with the selected LCIA methods. Examples are the data and factors 579 
developed under by CML, the Environmental Footprint initiative, ILCD/EF, and ReCiPe. 580 

Recyclability, recoverability, downcycling factors 581 

Where primary data is missing for the recycled content (Rcontent), the recyclability (RCRi), the 582 
recoverability of energy (𝑅𝑉𝑅𝐸𝑁,𝑖,𝑗), and downcycling factors  583 

𝑄𝑠𝑖 𝑄𝑝𝑖⁄ , default values are provided, among others under the Environmental Footprint (EF) initiative, in 584 
IEC/TR 62635, and by various research projects. 585 

https://www.cfp-japan.jp/english/overview/index.html
https://www.cfp-japan.jp/english/overview/index.html
http://www.ecoinvent.ch/
http://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm#compliant
http://www.codde.fr/page.php?rubrique=20
http://eplca.jrc.ec.europa.eu/ELCD3/
http://www.gabi-software.com/international/databases/gabi-databases/
http://www.gabi-software.com/international/databases/gabi-databases/
http://www.oekobaudat.de/en.html
https://www.nrel.gov/lci/
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A.4 Example calculation of recyclability and recoverability benefit rates and losses 586 

An example calculation of the quantitative environmental benefits rate is provided as follows (all 587 
numbers imaginative, for illustration purposes only): 588 

EoL of an electronic product, mass assumed as 187.3 g  589 

The environmental value of the contained materials and of the recycled materials and recovered energy 590 
in this example is expressed as an overall Eco value / impact, a single number per kg of material or 591 
process. Instead, also specific impacts, such as e.g. the Climate change impact potential expressed in kg 592 
CO2-equivalents could be used. 593 

Table A 2: Calculation of the variables RcontB, RcycB, RcovEnB 594 

Materi
al 

[i] 

 

 

Cont
ent in 
EoL 
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uct 

[𝒎𝒊] 

Down 
cycling 
factor 
recyc. 
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[𝑸𝒔𝒊/
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mat. / 
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Eco 
value 
of 
produ
ct at 
EoL 
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Energy 
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[
𝑹𝑽𝑹𝑬𝑵,𝒊,𝒋

] 
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MJ 

[Pj] 
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energy 
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j] 

ABS, 
second
ary 

40% 
= 75 g 

0.8 2.5 149 10% 0.6 11.2 
40 
MJ/kg 

Electrici
ty, high 
voltage 

5.1% 25 3.8 

Heat for 
district 
heating 

13% 8.3 3.3 

Glass 
31% 
= 58 g 

1 0.7 40.6 0% 1 0      

Stainle
ss steel 

15% 
= 28 g 

1 1.5 42.1 70% 1 29.4      

Copper 
7% = 
13 g 

1 8.6 112.75 85% 1 96      

Gold 
0,1% 
= 0.19 
g 

1 6879 1288 80% 1 1030      

others ... ... ... ... ... ... ... ... ... ... ... ... 

SUM     1976   1229     7.1 
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conten
t /BoM 

 595 

The environmental impacts for Rr1 and Rr2 of the analysed EoL scenario, i.e. the environmental impacts 596 
of the pre-treatment and of the recycling and energy recovery operations of the single piece of 597 
electronic equipment, may have been calculated, using default values or measured data (not shown here) 598 
as follows: 599 

Rr1 = 8.5 (Eco impact) 600 

Rr2 = 78.6 (Eco impact) 601 

The interim indicator of the recycling and recovery benefit rate gives the following results: 602 

RRBR = ((RcycB+RcovEnB-Rr1-Rr2) / RcontB) x 100% = (1229+7.1-8.5-78.6) / 1976 x 100% = 58 %, i.e. we have 603 
a combined net environmental benefit rate of 58 %. 604 

For the final material recycling energy recovery loss of environmental value (RRBL) we obtain: 605 

RRBL = RcontB-(RcycB+RcovEnB-Rr1-Rr2) = 1976 – (1229+7.1-8.5-78.6) = 827, i.e. we have lost 827 Eco value 606 
units (dimensionless) of the contained environmental value of materials and energy due to incomplete 607 
recycling and energy recovery as well as the environmental impacts to run these processes. (Note: If 608 
we would have used e.g. Climate change impacts instead of the Eco value, the result would be measured 609 
in kg CO2-equivalents.) 610 

Note  The amount of material recycled by mass of the whole product is below 20%, while the recycled 611 
environmental value in these materials is almost 60%.  612 
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