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Foreword 57 

 58 

Introduction 59 

WORKING NOTE: INTRODUCTION TO BE COMPLETED AFTER POTENTIAL COORDINATION WITH 60 
OTHER JTC10 WGs 61 

This standard, along with the standards of the CEN-CLC XXXXX series, has been developed under Mandate 62 
M/543 of the European Commission.  63 

CEN, CENELEC and ETSI were requested by M/543 to develop horizontal standards and standardisation 64 
deliverables for energy-related products in support of implementation of the Ecodesign Directive (2009/125/EC) 65 
and to contribute to the transition towards a more circular economy. The standards developed under M/543 will 66 
be the baseline for future product publications covering specific energy-related products (ErP) or groups of 67 
related ErPs. The primary addressee of the standards in the CEN-CLC XXXXX series are experts preparing 68 
product specific publications on the various covered topics.  69 

Topics covered in the CEN-CLC XXXXX series are inter alia, product durability, reparability, reusability, 70 
recyclability, recycled content, ability to remanufacture, and product lifespan. While various important topics in 71 
the context of material efficiency are covered in the standards of the CEN-CLC XXXXX series, other subjects 72 
of material efficiency, e.g. renewable resources, biodegradable plastics, light weighting and multi functionality, 73 
are not covered for the moment, despite their potential impact on material efficiency. 74 

As ErP can often not be completely recycled and the benefits associated with material recovery cannot fully 75 
compensate the energy (and material) demand of the whole production chain, each disposed ErP also means 76 
losses in energy and materials. Especially precious and special metals are at present recycled only to a very 77 
limited extent and plastics are mainly used for energy recovery.  78 

As ErP can often not be completely recycled and the benefits associated with material recovery cannot fully 79 
compensate the energy (and material) demand of the whole production chain, each disposed ErP also means 80 
losses in energy and materials. Especially precious and special metals are at present recycled only to a very 81 
limited extent and plastics are mainly used for energy recovery.  82 

Therefore securing a minimum technical life time or prolonging useful life by repair and reuse are relevant 83 
contributions to resource efficiency of energy-related products. Improving recyclability of ErP or use of recycled 84 
materials in product manufacturing contribute to better close material cycles. 85 

In order to ensure that measures indeed reduce the environmental impact related to ErPs the entire life cycle of 86 
an ErP needs to be considered. In the case of prolonging useful life this includes for example the evaluation of 87 
trade-offs between longer lifetime and reduced environmental impacts of new products. Considerations such as 88 
these are addressed in the preparatory studies commissioned under Directive 2009/125/EC, which include life 89 
cycle assessment and life cycle costing. Whilst such aspects establish a relevant context for this standard, they 90 
are not addressed in detail. 91 

In this standard, common elements for reusability, reparability and upgradeability such as an evaluation of ease 92 
of disassembly are addressed at a part and product level. Quantitative (index-related) evaluation and qualitative 93 
(checklist / scoring based evaluations) options for evaluation of reusability, reparability and upgradability are 94 
considered.  95 

This standard is especially linked to the horizontal standards on “durability” and “Ability to re-manufacture” that 96 
have been published under CEN-CLC XXXXX series. 97 
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1 Scope 98 

This standard provides non product-specific parameters and methods relevant for Energy-related Products 99 
(ErP) to assess: 100 

1. the ability to repair products 101 
2. the ability to reuse products, or parts thereof,  102 
3. the ability to upgrade products, excluding remanufacturing. 103 

It specifically includes horizontal/generic parameters and methods relevant for assessing the ability to access 104 
or remove certain parts, accessories or consumables from products to facilitate repair, reuse or upgrading. 105 

The parameters and methods in this standard focus on the design of the product and related conditions when 106 
the product is placed on the market, taking into account knowledge of parts that are likely to fail or need 107 
replacing, or have reuse potential.  108 

This standard is general in nature. It is not intended to be directly applied, but may be cited together with product-109 
specific or product group harmonised standards. 110 

This standard provides a framework to guide vertical standardisation groups in the development of product 111 
group specific methods for assessing the ability of Energy-related Products to be repaired, upgraded or 112 
prepared for re-use. It offers a toolbox of parameters and methods to choose from as needed by Technical 113 
Committees. 114 

2 Normative references 115 

WORKING NOTE: LIST FORESEEN TO BE EXPANDED TO INCLUDE AT LEAST THE STANDARD 116 
DEVELOPED BY JTC10/WG2 IN ACCORDANCE WITH https://boss.cen.eu/ref/IR3_E.pdf 117 

The following referenced documents are indispensable for the application of this document. For dated 118 
references, only the edition cited applies. For undated references, the latest edition of the referenced document 119 
(including any amendments) applies. 120 

Zandin, Kjell B (2003). MOST Work Measurement Systems. New York: Marcel Dekker. ISBN 0-8247-0953-5. 121 

IEEE 1874:2013 Standard for Documentation Schema for Repair and Assembly of Electronic Devices - 122 
“oManual”; licensed under the Creative Commons attribution license (CC-BY 4.0; 123 
https://creativecommons.org/licenses/by/4.0/). 124 

Directive 1999/44/EC on consumer sales and guarantees (http://eur-lex.europa.eu/legal-125 
content/EN/TXT/?qid=1441982346675&uri=CELEX:01999L0044-20111212; consolidated version)  126 

 127 

3 Terms and definitions 128 

For the purposes of this document, the following terms and definitions apply: 129 

3.1 130 
Part 131 
Component or assembly . 132 
Note 1 to entry: The term “part” will be used, unless assembly or component provides further necessary 133 
clarification. 134 

Note 2 to entry: software, consumables and accessories are not considered parts 135 
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3.2 136 
Assembly 137 
set of components assembled into a single part. 138 
[SOURCE: IEC 62542 definition 3.2, modified to cover more than “electronic assembly”] 139 
 140 
3.3 141 
Component 142 
part of a product that cannot be taken apart without destruction or impairment of its intended use. 143 
[SOURCE IEC 62542 definition 3.3, modified to cover more than “electronic component”] 144 
 145 
3.4 146 
Consumable 147 
product content that is foreseen to be frequently replaced or refilled during the normal life time of the product. 148 
EXAMPLE: filter, filter bag, ink or toner, lubricant, refrigerants and heat exchange liquid/gas... 149 
 150 
3.5 151 
Accessory 152 
device supplementing a main device or apparatus, by adding to its functionality as an add-on or exchangeable 153 
device. 154 
Note 1 to entry: this standard only considers accessories supplied or recommended by the manufacturer of the 155 
main product 156 
[SOURCE: 151-11-24, modified] 157 
 158 
3.6 159 
Direct re-use 160 
use, by a person other than its previous owner or user, of products for the same purpose for which they were 161 
conceived without any preparation for reuse, except minimal cleaning and adjustments that can be performed 162 
by the owner himself, e.g. a data wipe of any product which can contain personal settings. 163 
Note 1 to entry: products subject to direct re-use are also called “second hand” products 164 
 165 
3.7 166 
Disassemblibility 167 
characteristic of a product which can be disassembled in several parts, and subsequently be reassembled (with 168 
the same or equivalent parts) and made operational. 169 
 170 
3.8 171 
Disassembly 172 
process whereby an item is taken apart in such a way that it could subsequently be reassembled and made 173 
operational. 174 
 [SOURCE: IEC 62542 definition 6.1, modified by deleting the note] 175 
 176 
3.9 177 
Disjointment 178 
process whereby materials are separated by mechanical means such that the item cannot subsequently be 179 
reassembled to make it operational. 180 
Note 1 to entry: The process typically employs actions such as cutting, grinding, scratching and abrasive 181 
processes. 182 
[SOURCE: IEC 62542 definition 6.2] 183 
 184 
3.10 185 
Maintenance 186 
set of procedures to ensure the serviceability of a product. 187 
Note 1 to entry: the word “maintenance” is sometimes reserved for “preventive maintenance” 188 
[SOURCE: ISO 4306-1:1990, definition 5.1, modified by addition of the note 1 to entry] 189 
 190 
3.11 191 
Preparation for re-use 192 
sequence of operations by which products, or parts thereof, are prepared so that they can be used by a person 193 
other than its previous owner or user, for the same purpose for which they were conceived 194 



prEN 45554:2017 (E) 

7 

Note 1 to entry: preparation for re-use of products consists in cleaning, testing, repairing, etc. and can apply to 195 
both hardware and software settings and updates. 196 
Note 2 to entry: preparation for re-use of parts or components consists in extracting them from the product 197 
where they are installed so that they can be used to build or repair other products. 198 
Note 3 to entry: “preparation for re-use” has a specific meaning and is subject to specific requirements for 199 
products in scope of the WEEE Directive (2008/98/EC); see EN 50614 for more details. 200 
 201 
3.12  202 
Reusability 203 
characteristic of a product that allows all or some of its parts or the product as a whole to be used again for 204 
the same purpose  205 
 206 
3.13 207 
Re-use 208 
any operation by which products or parts thereof are used again for the same purpose for which they were 209 
conceived 210 
 211 
3.14 212 
Refurbishing 213 
functional or aesthetical maintenance or repair of an item to restore to original, upgraded, or other predetermined 214 
form and functionality 215 
[SOURCE: IEC 62542 definition 6.11] 216 
 217 
3.15 218 
Remanufacture 219 
production process that creates products using parts taken from previously used products 220 
[SOURCE: IEC 62542 definition 6.12] 221 
 222 
3.16 223 
Repair 224 
process of returning the product to serviceability 225 
Note 1 to entry: “repair” is sometimes referred to as “corrective maintenance” 226 
[SOURCE: ISO 4306-1:1990, definition 5.2, modified by addition of the note 1 to entry] 227 
 228 
3.17 229 
Reparability 230 
characteristic of a product that allows all or some of its parts to be separately repaired or replaced without having 231 
to replace the entire product 232 
 233 
3.18 234 
Replaceable part 235 
Part of a product, that can be replaced in order to repair or upgrade a product. 236 
Note: 1: Replacement of parts can also refer to the replacement of software, accessories and consumables. 237 
 238 
3.1.19 239 
Serviceability 240 
ability of a product to perform the specified functions 241 
[SOURCE: ISO 4306-1:1990, definition 1.2] 242 
 243 
3.20 244 
Spare part 245 
part which can replace a faulty, failed or worn-out replaceable part. 246 
 247 
3.21 248 
Upgradability 249 
characteristic of a product that allows all or some of its parts to be separately upgraded or replaced without 250 
having to replace the entire product 251 
[SOURCE: ISO 14021:1999, definition 3.1.4, modified (replaced “its modules or parts” by “all or some of its 252 
parts”)] 253 
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 254 
3.22 255 
Upgrade 256 
Upgrading 257 
process to enhance the functionality or capacity of a product 258 
Note 1 to entry: upgrading may involve hardware as well as software 259 
[SOURCE: IEC 62075:2012, definition 3.23, modified by addition of note 1 to entry 260 

4 How to use this standard 261 

This general standard provides a framework for the development of parameters and methods for assessing 262 
Reusability, Reparability and Upgradability (RRU) of specific groups of products.  263 

The normative part of this standard describes aspects and parameters influencing the RRU of products. . These 264 
are generic and shall not apply as such to all Energy-related Products. However, they may be used as 265 
references by regulators and product specific standards committees when addressing specific groups of 266 
products.  267 

The informative annexes of this standard provide more detailed information on parameters and methods of the 268 
framework. These offer a toolbox to choose from as deemed appropriate for the development of product specific 269 
standards.  270 

Parameters and methods covered in this standard can be grouped in three main assessment options: 271 

1. Qualitative assessment, i.e. evaluating the existence of specific attributes associated to the product 272 
2. Semi-quantitative assessment, i.e. individual or combined quantification of quality levels of one or 273 

more attributes associated to the product 274 
3. Quantitative assessment, i.e. numeric measuring of the degree to which an attribute is addressed 275 

in the product (e.g. indices) 276 

Qualitative assessment can be suitable for the development of product specific checklists, although 277 
differentiation between products could be limited. Semi-quantitative and quantitative assessment in contrast can 278 
allow for a more comprehensive assessment although at the expense of more complexity. 279 

5 General considerations 280 

5.1 General considerations for the assessment of RR U 281 

The range of possible repairs and upgrades varies between those performed by professionally skilled individuals 282 
in a specialised setting and those that can be managed by consumers in a home environment. This is similarly 283 
the case for the removal of a component for reuse, where the extent of reusability of components will be very 284 
different for a consumer compared to a professional repairer or remanufacturer. 285 

In chapter 7 a list of relevant parameters influencing RRU is provided, differentiating by those related to product 286 
design (e.g. tools, skills, service environment) and those related to service conditions (e.g. availability of spare 287 
parts and provision of information). A classification as a function of possible repair conditions and actors is 288 
proposed for each parameter. 289 

The wider the range of actors that a product design allows for repair, upgrade or preparation for re-use 290 
processes, the broader is the range of repair scenarios possible. Repair options are likely to be more accessible 291 
for a product that can be repaired, upgraded or prepared for reuse by actors having a lower level of skill category 292 
or when common tools are needed. 293 

The parameters and classification listed under chapter 7 shall equally apply to reparability, reusability and 294 
upgradeability. The relevance of each parameter and appropriateness of a classification for a specific product 295 
group shall be assessed on product-by-product basis according to the characteristics of the product group under 296 
study. This list of parameters and their classification shall be considered as non-exhaustive. 297 
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TCs should carefully assess priority parts, together with applicable parameters and classification, as well as any 298 
methods for assessing RRU they wish to develop. 299 

5.2 General considerations on reparability 300 

Assessments of reparability can take place at three levels, at part level, at product level and in terms of the 301 
service that accompanies the product. 302 

Services accompanying the product are prerequisites for reparability: 303 

1. Availability of adequate repair instructions 304 
a. Troubleshooting instructions 305 
b. Disassembly and repair instructions 306 
c. Information on spare parts 307 
d. Information on testing, resetting and restarting 308 

2. Availability of spare parts needed 309 
3. Availability of software and firmware updates 310 

At product level reparability is determined by: 311 

1. The fraction of parts of the product that can be repaired,  312 
2. Reparability at part level 313 
3. Products interface for fault diagnostics, programming and resetting 314 

a. The time needed to identifying the repair needed upon failure of the product 315 
b. The time needed to test, reset and restart after repair of the product 316 

At part level reparability is determined by: 317 

1. The average occurrence of failure of the part 318 
2. The time needed to do disassembly/ies, depending on 319 

a. Number of disassembly steps and manipulations 320 
b. Time to undo any fastenings 321 

3. Time to do repair activities 322 
4. The time needed to do reassembly/ies, depending on 323 

a. Number of disassembly steps and manipulations 324 
b. Time to close any fastening 325 

5. The average occurrence of failure of any part during disassembly and reassembly. 326 

Reparability is also influenced by: 327 

1. Tools needed for disassembly to gain access to parts that failed 328 
2. Workshop environment related to safety of the product and the repairer (e.g. clean room, ESD safe 329 

environment or dust extraction) 330 
3. Repairers’ ability/skills 331 

5.3 General considerations on reusability 332 

For reuse two situations can occur: 333 

- direct reusability of whole products and 334 
- harvesting of reusable parts for potential reuse of parts as spare parts or for remanufacture. 335 

NOTE: Remanufacture and remanufacturability are out of the scope of this document, but are treated in prEN45554 - 336 
General method for assessing the ability to remanufacture. 337 

NOTE: Traceability of reused components in the value chain is essential for verification of any claims to third parties about 338 
the incorporation of reused components in products. Assessing the portion of reused components in products and traceability 339 
reused components in the value chain is outside the scope of this standard, but is treated in prEN45556 -- General method 340 
for assessing the proportion of reused components in energy related products. 341 



prEN 45554:2017 (E) 

 

10 

Reusability could be a function of upgradeability and/or reparability, as well as durability. TCs should decide on 342 
the appropriateness of including upgradeability, reparability and/or durability as part of the assessment of 343 
reusability for a specific product group according to the characteristics of the product group under study. 344 

NOTE: Durability of parts or products is essential for reuse or remanufacture of parts or products. Assessing durability is 345 
outside the scope of this standard, but is treated in prEN45552 -- General method for the assessment of the durability of 346 
energy related products. 347 

If a TC decides to do assessments of reusability as a function of reparability and upgradeability, it can take 348 
place at the parts level, at the product level and in terms of the service that accompanies the product. This is 349 
described in point 4.3 and point 4.4. Additional information for parts or products should be available on: 350 

- availability firmware and software updates 351 
- part-coding to identify parts suitable for reuse 352 
- testing and resetting for reuse 353 
- how to wipe any personal data 354 
- minimal cleaning and adjustments 355 

Also the following differences should be noted: average occurrence of failure of the part is relevant, but contrary 356 
to reparability, reusability is more relevant for a part with lower failure rates and longer wear out times  357 

If the intention is to establish direct reusability of whole products for either direct reuse or refurbishment, the 358 
pre-requisite is that the product is in good working order and allows transfer of ownership without transfer of 359 
any personal data. 360 

Where data is stored on storage internal to the product, secure data deletion tools should be pre-installed or 361 
build in or made available which permanently delete all user data without compromising the functionality of the 362 
device for further use.  363 

Simplified transfer of data from an old to a new product is made available via installed or downloadable tools 364 
such as an application, a cloud based service or instructions detailing a manual process.  365 

5.4 General considerations on upgradeability 366 

As reparability, assessments of upgradeability can take place at part level, at product level and in terms of the 367 
service that accompanies the product. This is described in point 4.3. The following differences should be noted: 368 

- upgradability should explicitly include availability firmware and software updates. 369 
- upgrades will be needed, not spare parts 370 
- troubleshoot instructions and failure diagnostics upon failure will not be required 371 
- average occurrence of failure of the part is less relevant, but technology changes and changes in 372 

use profiles over life time of the product are 373 

6 Definition of parts that are relevant for the RRU  assessment 374 

Reusability, Reparability and Upgradability (RRU) shall be considered in a targeted way. The term priority is 375 
used to indicate those parts that are deemed to be generally more relevant for RRU. 376 

Unless a list of priority parts is defined through a regulatory process or can be established for the development 377 
of product specific standards with which to assess RRU, all parts need to be assessed.  378 

When no list is available, a 3 step process shall be followed:  379 

1. Identify and list parts of a given product category that are more prone to be replaced, repaired, re-used 380 
or upgraded 381 

2. Assess the value of replacing parts 382 
3. Rank parts in a priority list 383 



prEN 45554:2017 (E) 

11 

6.1 Identify and list parts prone to be replaced, r epaired, reused or upgraded 384 

The starting point shall be a preliminary list of potentially priority parts that are more prone to be replaced, 385 
repaired, re-used or upgraded for a given product group.  386 

This shall come from manufacturers and the literature. Alternatively, the list may be established based on a 387 
physical disassembly exercise. 388 

Potential priority parts can either be hardware, software or both. Software shall be considered only when 389 
meeting the following conditions: 390 

- It is related to one of the functions specified by the manufacturer, and 391 
- It is supplied, recommended or supported by the manufacturer 392 

Note 1: “third party applications (apps)” generally do not meet those conditions and therefore should not be included in such 393 
list of potentially priority parts. 394 

Priority parts shall also include consumables and accessories, unless specified otherwise.  395 

6.2 Assess the value of parts 396 

The value of having a part replaceable or upgradeable is highly dependent on the likelihood that such a 397 
replacement is needed for repairing or upgrading the product during its lifetime.   398 

Relevant data shall be collected that allows assessing the likelihood that parts need to be replaced or repaired 399 
during that time. Data may be based on statistical surveys, calculations (e.g. MTBF) or experimental data. Part 400 
failure, accidental breakdowns and normal wear-out shall be considered. More details can be found in the 401 
Durability standard prEN45552. A list of key features typically upgraded in the product group shall also be 402 
compiled. 403 

The value of a part can be influenced by:  404 

1. Part/product characteristics (part failure rate, functional criticality, ease of disassembly) 405 
2. Environmental and economic factors (environmental impacts and economic value) 406 
3. Other aspects (e.g. technical development and aesthetic appearance) 407 

A cut-off rule shall be set to select the most important parts which to focus on. 408 

6.2.1 Repair 409 

Evaluation of parts for repair should focus on the average occurrence of failure of the part, taking also into 410 
account random failures and wear out characteristics.  411 

EXAMPLE 1: Part failure covers all cases where a part unexpectedly fails, in absence of accidental breakdown or normal 412 
wear-out. 413 

EXAMPLE 2 accidental breakdowns cover cases where the part is broken by a cause external to the product, regardless its 414 
age or the one of the whole product.  Typical example is the glass of a screen or display, which can be damaged by a fall, 415 
scratches and other shocks or contacts. 416 

EXAMPLE 3: Normal wear-out concerns parts with a lifetime (expressed as a time or as a number of cycles) knowingly 417 
shorter than the one of the product itself. Typical example is the battery, which usually has a limited number of charging 418 
cycles, after which its capacity significantly drops. 419 

The following information shall be collected:  420 

- Main functions / sub functions / parts 421 
- Typical limiting states, failures and misuses 422 
- Typical frequency of failures modes and impacted components 423 
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- Frequency of repair and temporal distribution; 424 
- Repair operations requiring the replacement of components and disassembly steps number or difficulty; 425 

Based upon this information, relative weights can be assigned to the relevant parts as appropriate. 426 

For each identified priority part, it shall be clearly specified under which conditions a given part is deemed to be 427 
a priority part for an entire product group.  This is important in order to differentiate between different 428 
technologies that might be used for a given priority part.  429 

Example for the clear specification of priority parts include 430 

“Nickel Metal Hydride batteries with a cycle life below X cycles”  431 

“Brushed electric motors” 432 

6.2.2 Reuse 433 

In the case of reuse there are two levels of consideration: 434 

- Parts reuse:  Identification of priority parts for extraction and reuse 435 
• The durability analysis for Prioritisation of parts for repair (point 6.2.1 - Evaluation of 436 

importance of replaceable parts for repair) can be used to identify parts with low failure rate 437 
and long wear out time. 438 

- Whole product reuse:  Identification of parts for repair and upgrading to enable product reuse. 439 
• In the event of a fault with the product, the prioritisation for repair can be followed. 440 
• In the event that a working product is intended to be upgraded in preparation for reuse, the 441 

Prioritisation of parts for upgrading (point 6.2.3 - Evaluation of importance of replaceable 442 
parts for upgrading) can be followed. 443 

For reusability of components the boundaries comprise at least the replaceable parts for which spares are 444 
available. A manufacturer may declare more parts of a product, or even the entire product, reusable if this 445 
information is given, justifying the relevance of such reuse, e.g. existing markets for used parts or 446 
remanufacturing activities. 447 

6.2.3 Upgrading 448 

Evaluation of parts for upgrading is expected to focus mainly, but not necessarily, on parts subject to rapid 449 
technology changes or changes in use profiles over life time of the product. 450 

In order to identify priority parts for upgrade purposes, insights from a range of sources should be used to 451 
identify and rank: 452 

- Typical upgrade features and frequency of upgrade 453 
- Product replacement motivations : The typical reasons for products being replaced even although 454 

they still function as originally intended 455 
• Sources of information can include for example online forums, field experience, consumer 456 

surveys, consumer testing activities and expert judgement in TCs developing product 457 
specific upgradability standards 458 

- Repair to upgrade options : The priority parts for repair are analysed for their potential to be replaced 459 
with enhanced functionality or capacity. 460 

6.3 Ranking parts in a priority list 461 

After establishing a list of priority parts, it shall be assessed if these can be ranked or weighted according to 462 
their importance in terms of RRU using criteria suggested in the previous chapter.   463 
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7 Classification of parameter for the assessment of  RRU 464 

7.1 Introduction 465 

This chapter gives an overview of the parameters that should be considered in the course of writing product-466 
group specific standards. The parameters listed below may be compiled in a product specific checklist of 467 
pass/fail requirements. 468 

Method options for assessing the ability to repair, upgrade or re-use according to the selected parameters are 469 
reported in Annex B. It also provides an example of a scoring system for the semi-quantitative and quantitative 470 
assessment of RRU, which provides guidelines for the development of product specific methods. 471 

7.2 Product design-related parameters for assessing  RRU 472 

Product design parameters can have a significant influence on the ability to disassemble priority components 473 
from a product for the purpose of repair, reuse or upgrade, which can be referred to also as disassemblability. 474 

Parameters influencing the disassemblability of a product can be for example type and number of fasteners and 475 
tools, which will influence  the amount of work required to disassemble until the parts to be removed, repaired 476 
or changed are reached. 477 

A non-exhaustive list of parameters influencing repair is provided in this section. Some of these parameters are 478 
also relevant for reuse and upgrade of products. 479 

7.2.1 Disassembly sequence 480 

In general, the disassembly sequence is the order of steps needed to remove a part from a product. The 481 
disassembly sequence depth is the number of minimum steps required to remove a part from a product. 482 

The analysis of disassembly sequences and depths is fundamental to facilitate the disassembly of priority parts 483 
from products, although other design parameters can also be important (see below). 484 

Annex B includes more details about disassembly sequence and disassembly sequence depth. 485 

7.2.2 Fasteners type, number and visibility 486 

Fasteners and connectors play an important role in the disassembly of a product, as replaceable parts in a 487 
product are affixed in a product and while accessing a priority part most likely a number of fasteners need to be 488 
opened and closed. Fasteners are closely interlinked to the assessment of necessary tools and skills for RRU. 489 
The number of fasteners and their visibility can be a proxy for the time needed to repair or upgrade a product. 490 

7.2.3 Tools needed 491 

Tools, in most cases are indispensable for carrying out the repair, upgrade or preparation for re-use process. In 492 
some cases they are also necessary for testing after repair or for diagnostics. 493 

They vary in availability and complexity and/or cost. They can be of general purpose or be dedicated to certain 494 
products. 495 

7.2.4 Disassemblability 496 

WORKING NOTE: CHANGES ARE FORESEEN TO BE IN LINE WITH THE WORK ON JTC10/WG4 497 

The disassemblability of products is influenced, among other technical aspects, by the number of steps needed 498 
to disassemble parts of the product, by the ease of access to parts and by the difficulty of the operation itself. 499 
These parameters can be used to assess the ability of a product to be disassembled in order to have access to 500 
priority parts. Additionally, these parameters can be combined into single indices. Annex B includes alternative 501 
methods for the quantification of such indices (from easier and practical to more complex). 502 



prEN 45554:2017 (E) 

 

14 

Note: Either the use of quantitative methods, the individual assessment of single parameters, or both, can be considered 503 
appropriated to assess the disassemblability of the product under study. 504 

7.2.5 Working environment 505 

Working environment requirements refer to the degree of specialisation of the environment required to perform 506 
the RRU process; which can take place for example at home, in a professional workshop or in a production 507 
environment. Security provisions and equipment are some of the factors influencing where the RRU process 508 
can be performed. 509 

7.2.6 Skill level 510 

Repairing a faulty product requires a certain technical skill of the person who performs the repair. This comprises 511 
the ability to identify and localise the fault, to access the faulty part within the product, handle the tools safely 512 
and in case of electrical and electronic products to manage risks due to electricity and static discharge. 513 

7.3 Assessment of manufacturer support to facilitat e repair, reuse or upgrade 514 

Depending on the type of product the repair, reuse or upgrade process might require technical competences 515 
and/or access to certain information, which can be dependent on a professional status. The necessary level of 516 
skills depends on the product and is closely associated to the identification of priority parts.  517 

Next to the assessment of the product or design-related aspects of the product, the support provided by 518 
manufacturers to faciliate repair, reuse or upgrade shall be assessed based on the declaration of the 519 
manufacturer. 520 

7.3.1 Diagnostic support and interfaces 521 

This step of the assessment of product service support is about the provision of information facilitating the 522 
identification of the problem or faulty component. Further it relates to the type of interface available for a repair, 523 
upgrade or preparation for re-use process, including operations such as adjustment or resetting of parameters 524 
or settings.  525 

Depending on the product group this information might be made available through self-diagnostic capabilities 526 
of the product or it might be made otherwise available by the manufacturer. 527 

Technical Committees developing product specific standards, defining methods for assessing the ability to 528 
repair, upgrade or re-use, shall establish for their product group a categorisation of tools for diagnostic support 529 
and interfaces. 530 

The product interface category of a product and or the support provided by a manufacturer can be calculated 531 
for example according to Annex B.  532 

7.3.2 Availability of spare parts, software and fir mware 533 

The availability of spare parts is a crucial aspect of the repairability of a product, as the availability of functioning 534 
replacement parts for faulty or worn-out parts is a prerequisite for a successful repair. For many product groups, 535 
the availability of software and firmware is comparably relevant. 536 

Spare parts availability could refer to a specified minimum number of years after the sale of the product, or the 537 
end of last production, during which spare parts will be available or to an exact date till which after sales support 538 
will be provided for the product or priority part.  539 

7.3.3 Information availability  540 

Availability of Information is an essential ingredient for enabling repair, reuse and upgrading of products. 541 
Information availability should be assessed with regard to the audience (target group) of information, 542 
communication channels, formats and types of information. 543 
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The level of detail of this information will largely vary on the targeted audience. Information can be freely 544 
accessed by the public or provided to users when the product is purchased (unrestricted access), or provided 545 
specifically to interested third parties by registration or similar (restricted access). 546 

Information mechanisms include amongst others, websites, instruction manuals / handbooks, user manuals or 547 
information on the product or its parts (e.g. warnings). 548 

7.3.4 Information types 549 

For the assessment of the information the following types should be considered. For a meaningful assessment, 550 
the types and availability of information should be matched with the skills level, representing specific target 551 
audiences. The list is non-exhaustive and may be extended to cover product-group specific aspects. 552 

- Product identification and documentation 553 
- List of spare parts and how to obtain them   554 
- Overview of repair services offered by the manufacturer  555 
- Information about upgradability of the product 556 
- Disassembly and repair instructions including identifying required tools   557 
- Troubleshooting instructions such as software diagnostic tools or testing hard and software   558 
- Repair training material for professionals  559 

A proposal for a more detailed method for how information availability can be categorised can be found in Annex 560 
B.  561 

7.4 Reusability and upgradability 562 

Re-use assumes that the product is fully functional when transferred to another user. Hence, in addition to the 563 
parameters provided in section 7.2 and 7.3 relevance of additional parameters shall be assessed for reusability 564 
and upgradability.  565 

7.4.1 Reusability  566 

The Reusability of a product is predominantly influenced by its ability to withstand wear and tear during product 567 
use. As such data points from standard (prEN45552) indicating the durability of a product shall be taken into 568 
consideration. Depending on the product category, built-in functionality for supporting transfer of data from the 569 
old to the new product can be a key factor that determines whether products are being reused in practice. The 570 
same importance should be given to secure data deletion where needed to support the deletion of all data 571 
contained in data storage components (i.e. hard drives and solid state drives) in order to grant the security of 572 
personal data and to facilitate the reuse of the product or data containing components. 573 

A proposal for a more detailed method for how information availability can be categorised can be found in Annex 574 
B.  575 

7.4.2 Upgradability  576 

Upgradability of the product can be assessed by measuring the possibility to upgrade one or more product-577 
specific key features by means of replacing hardware or software components. For assessing the upgradability 578 
of products the process in chapter 7.2 and 7.2 should be followed. Specific attention however should be given 579 
to the role of software and firmware. The ability to upgrade a product might have a positive impact on the 580 
likelihood that a product is being reused.  581 

A proposal for a more detailed method for how information availability can be categorised can be found in Annex 582 
B.  583 

 584 

  585 
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Annex A  586 

(normative) 587 

 588 

Common General Purpose Tools 589 

This annex contains a list of commonly available tools and their reference standards in table A.1 590 

This list represents the tools most commonly used for repair purposes in general, regardless of the specific 591 
product being repaired. 592 

As a means of identifying the lowest possible threshold for those processes which cannot be performed without 593 
the use of any tools, it contains a very limited number of tools which are hand operated, widely used and readily 594 
available for purchase by any individual or business without restrictions. 595 

NOTE 1: Many processes, such as the removal of fasteners for instance, can be completed with several different types of 596 
tools. This annex lists only the simplest tool that can be used to complete a given process. Although many other types of 597 
tools may be used in practice during a given repair, upgrade or preparation for re-use process, only the ability to use the 598 
simplest version of the tool as listed in this annex determines whether the process is categorised as requiring general-599 
purpose tools. 600 

EXAMPLE 1: Screws may be actuated by a regular screwdriver or by an electrically or pneumatically powered driver 601 
equipped with the appropriate driving bit. Since only hand operated tools are considered as common general-purpose tools, 602 
only the regular screwdriver is listed here. Any process which is not feasible with a regular screwdriver but requires the use 603 
of a power tool, for instance due to the required level of fastening torque, is therefore not categorised as requiring general-604 
purpose tools. 605 

EXAMPLE 2: A hexagon head bolt may be turned with a variety of tools such as an open-ended wrench, box wrench, 606 
combination wrench, socket wrench, adjustable wrench etc. Since the combination wrench can be considered to be the 607 
simplest and most universal of these tools, only the combination wrench is listed here. Any process which is not feasible 608 
with a combination wrench but for instance requires the use of a socket wrench due to the fact that the fastener is deeply 609 
recessed, is therefore not categorised as requiring general-purpose tools. 610 

EXAMPLE 3: Both regular and spherical head hex keys may be used on hex socket head bolts. Since the regular hex key 611 
can be considered to be the simplest and most universal of these tools, only the regular hex key is listed here. Any process 612 
which is not feasible with a regular hex key but requires the use of a spherical head hex key, for instance because access 613 
is restricted and the fastener needs to be accessed at an angle, is therefore not categorised as requiring general-purpose 614 
tools. 615 

NOTE 2: Most tools come in different sizes. This list only refers to the tool type. Although some sizes are more common 616 
than others, for practical purposes, any size of the listed tools is considered to be a common general purpose tool.  617 

NOTE 3: Personal safety equipment and cleaning tools are not included in this list.  618 

Table 1 – Exhaustive list of commonly available too ls and their reference standards 619 

Tool type Illustration  
(informative example) 

Reference 

Hammer, steel head 

 

ISO15601 
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Combination pliers  

 

ISO5746 

Half-round nose pliers 

 

ISO5745 

Multigrip pliers  
(multiple slip joint pliers) 

 

ISO8976 

Diagonal cutters 

 

ISO5749 

Combination pliers for wire 
stripping & terminal crimping 

 

 

Combination wrench 

 

ISO7738 

Hexagon socket keys  
(Allen keys) 

 

ISO2936 

Screwdriver for slotted heads 

 

ISO2380 

Screwdrivers for cross-recessed 
(Phillips® and Pozidriv®) heads  

 

ISO8764 

Screwdrivers for hexalobular 
recess (Torx®) heads  

ISO10664 (driving feature) 

Multimeter 

 

 

Utility knife (cutter) with snap-off 
blades 

 

 

  620 
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Annex B  621 

(informative) 622 

 623 

Assessment methods for RRU 624 

This annex provides more detailed information on parameters and methods of the framework. It offers a toolbox 625 
to choose from, as needed for the development of product specific standards. Parameters and methods included 626 
in this annex can be grouped in three main assessment options: 627 

1. Qualitative assessment, i.e. evaluating the existence of specific attributes associated to the product 628 
2. Semi-quantitative assessment, i.e. individual or combined quantification of quality levels of one or 629 

more attributes associated to the product 630 
3. Quantitative assessment, i.e. numeric measuring of the degree to which an attribute is addressed 631 

in the product (e.g. indices) 632 

Qualitative assessment is suitable for the development of product specific checklists of requirements, although 633 
differentiation between products could be limited. Semi-quantitative and quantitative assessment in contrast can 634 
allow for a more comprehensive assessment although at the expense of more complexity and uncertainty. 635 

B.1 Qualitative assessment 636 

The aim of qualitative assessment is to develop a product-specific checklist of positive attributes that can 637 
positively influence the reparability, reusability and upgradability of the product. 638 

This can be based on the analysis of the general parameters described in chapter 7, although attributes can be 639 
either adapted to the targeted product group, removed (when not relevant), or introduced (if new. parameters 640 
are identified). 641 

Table 2 - Example of a check-list of positive attri butes positively influencing the upgradability of a n 642 
illustrative product group 643 

Parameter Positive aspect 

Modular design The product has a modular design facilitating the change of priority 
parts (to be defined for the specific product group) 

Updatable features The product allows users the possibility to update all product-specific 
key features (to be defined for the specific product group) with no 
limitation of time. 

The update of feature shall be achievable in the product without 
performing a product exchange. 

For institutional products, ports, slots, or connectors used for the 
update are accessible either with (a) no tools, or (b) common tools, or 
(c) tools provided by or available from the manufacturer.  

For all other products, ports, slots, or connectors are accessible 
without tools. 

Information is provided about: 

a. Features being claimed and communication to 
consumers 
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b. Update method, including a list of required tools, for 
each feature claimed 

c. Documentation that these are offered for at least XX 
years after the point of sale 

Availability of spare parts Original or backwardly compatible spare parts are widely available to 
replace priority parts (to be defined for the specific product group) 

Availability is ensured for a minimum of X years following the end of 
production for the model 

Types of tools needed Basic tools (like scissors, flathead and screwdrivers) are needed to 
disassemble priority parts 

Data deletion Built-in secure data deletion functionality is available to support the 
deletion of all data contained in data storage parts (i.e. hard drives 
and solid state drives) in function of the risks faced and in order to 
grant the security of personal data and to facilitate the reuse of these 
parts. 

B.2 Semi-quantitative assessment 644 

A semi-quantitative assessment enables the evaluation of the quality of products in relation to one or more RRU 645 
parameters of relevance.  646 

This can be performed following these steps: 647 

1. Determination of priority parts for the assessment 648 
2. Selection of one or more parameters of relevance for a target product group 649 
3. Assignment of a ranking/classification score to each parameter based on evaluation criteria 650 

The higher the score the better the RRU associated with that parameter. Scores of single parameters can also 651 
be normalised, weighted and aggregated into a single rating score or thematic indices (e.g. design 652 
characteristics and service conditions). The rating can be expressed for instance on a 1-to-5 scale, on 1 0-to-1 653 
scale, or using a different basis. 654 

Note: Weights can be assigned if some criteria are considered to be more important (e.g. to highlight objective 655 
or subjective attributes, or to focus on specific aspects).  656 

Technical Committees developing product specific standards for assessing the ability to repair, upgrade or re-657 
use products, should carefully select parameters and decide on classification criteria and aggregation. TCs 658 
should integrate this work with the assessment of priority parts. 659 

Further guidance for the evaluation and rating of the parameters reported in Section 7 is provided in the 660 
following. 661 

B.2.1 Disassembly sequence 662 

The analysis of disassembly sequences is fundamental to facilitate the disassembly of priority parts from 663 
products, some aspects to take into consideration when describing the disassembly sequence are: 664 

1. Priority parts can be labelled in the progressive removal order.  665 
2. Different strategies to disassemble a part from products can be compared in terms of disassembly 666 

steps.  667 
3. Optimal disassembly sequences can be for instance found through process simulation or on 668 

through the analysis of their relative accessibility and importance. 669 
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The disassembly sequence depth is the number of minimum steps required to remove a part from a product 670 
and it is obtained by applying an iteration of steps: 671 

- Step1: Every part that can be removed are set at Level 1 and a list of remaining parts is made 672 
- Step2: Every part that can be removed are set at Level +1 and a list of remaining parts is made 673 
- Step3: Go back to Step2. 674 

Knowing the largest sequence depth of a product, a score could be assigned to this parameter for each priority 675 
part according to the following formula: 676 

����������	
_����,� = 	1 −
���
�����

 677 

Where: 678 

DDi is the sequence depth for the part i 679 

DDmax is the longest sequence depth for the product group 680 

B.2.2 Fasteners 681 

Type, number and visibility of fasteners could be assessed as follows. The assessment shall be done for each 682 
priority part and the results shall be summed up to an overall score. 683 

Score for the type of fasteners (SFT): 684 

1. Only screws and/or clear multiple-use snap-fits are used to assemble priority parts (1 point) 685 
2. Multiple-use snap fits and/or stay-sticky glue fasteners are used to assemble priority parts (0.5 points) 686 
3. Adhesives, single-use snap fits and/or solders are used to assemble priority parts (0 points) 687 

Score for the visibility of fasteners (SVF): 688 

1. Screws and other fasteners used to assemble priority parts are clearly visible (1 point) 689 
2. Screws and other fasteners used to assemble some parts are not clearly visible (0.5 points) 690 
3. Screws and other fasteners used to assemble priority parts are hidden, e.g. behind an adhesive or other 691 

parts (0 points) 692 

B.2.3 Tools 693 

The tools required for a RRU process could be categorised as in the table below.  694 

Table 3 – Tool availability categories and proposal  for corresponding scores 695 

Category Description Score 

Toolless A RRU process, which can be carried out without the use of any 
tools 

4 

Common general purpose 
tools 

A RRU process which can be carried out using only common 
general purpose tools (including the generic tools listed in Annex A) 

3 

Professional product group 
specific tools 

A RRU process which can be carried out only  

a. with a tool that is supplied with the product, part, accessory, 
consumable or fastener, or 

b. with a product group specific set of tools. 

2 
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Note:  

i) Product-specific TCs shall establish a set of specific tools relevant for 
their product group.  

ii) The list must meet the following conditions:  

1. it covers parts, consumables, accessories and fasteners 
2. Only non-proprietary tools are listed. A tool is considered to be 

non-proprietary if it is legally available for purchase by the general 
public and if any applicable patents are available for licensing 
under fair, reasonable, and non-discriminatory terms. 

3. Only tools are listed which are required for repairing, upgrading or 
preparing for re-use a significant part of products produced by at 
least two different manufacturers. 

iii) The list must be periodically updated to follow the pace of development 
in the RRU sector for their product group.  

iv) Alternatively, TCs could further develop and detail the above set of 
criteria that allows to define and verify professional, product group 
specific tools. This should better allow to add novel tools and avoid 
limiting innovation. 

v) Ideally a listed basic set of professional, product group specific tools 
could be combined with criteria to complement the list. 

vi) In the absence of any list or criteria of professional, product group 
specific tools defined in a product-specific standard, the category 
‘professional, product group specific tools' is limited to tools supplied 
with the product. 

Proprietary tools A RRU process which can be carried out only with proprietary or 
very specialised tools available to the manufacturer or its repair 
service providers. 

Note: TCs should not closed lists for this category of tools. 

1 

 696 

����	,� =	
����	�������������
����	��������������

 697 

Where 698 

- Stool, i: the tool score for priority part i 699 
- Tool availability i: the tool score for priority part i 700 
- Tool availability max: the maximum tool score achievable 701 

B.2.4 Disassemblability 702 

An overall score for disassemblability of the priority part i could be assessed either as combination of the above 703 
scores related to product design parameters or using one of the quantification methods reported later. In the 704 
latter case, the overall score for disassemblability would be calculated as follows: 705 

����������	���	��
,� = 1 −	
���
�����

 706 
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Where 707 

- Sdisassemblability, i: the disassemblability score for the priority part i 708 
- DSi: the quantitative value of the parameter used to assess the disassemblability of the priority part i 709 

(e.g. disassembly index, time for disassembly) 710 
- DSmax: the maximum value of the parameter used to assess the disassemblability of the product group 711 

(e.g. disassembly index, time for disassembly) 712 

B.2.5 Working environment 713 

The environment can be categorised according to the table below. 714 

Table 4 - Working environment categories and propos al for corresponding scores 715 

Category Description Score 

Home / no 
requirements  

If a repair, upgrade or preparation for re-use 
process can be carried out without any 
working environment requirements it is 
categorized under home / no requirements.  

4 

General purpose 
workshop 

If a repair needs to be carried out in a basic 
workshop with the common equipment listed 
in Annex A, that process is categorised as 
requiring a general-purpose workshop. It 
could be field interventions are typical for 
certain repairs. If field interventions are done 
with the common equipment listed in Annex A, 
those field interventions are classified as 
processes requiring a general-purpose 
workshop. The list of workshop equipment in 
Annex A is intended to represent the 
equipment most commonly found in repair 
workshops in general, regardless of the 
specific product being repaired. As a means of 
identifying the lowest possible threshold for 
those processes which cannot be performed 
in the home environment, it contains a very 
limited set of equipment which is widely used 
and readily available for purchase by any 
individual or business without restrictions. 

3 

Specialised 
workshop 

If a repair, upgrade or preparation for reuse 
process cannot be carried out  

- in a home environment 
- or in a basic workshop with the 

equipment listed in Annex A  

but can only be carried out in a specialised 
workshop with a special set of equipment, that 
process is categorised as requiring a 
specialised workshop. 

Technical Committees developing product 
specific standards, defining methods for 
assessing the ability to repair, upgrade or re-
use, shall establish for their product group a 

2 
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list of specialised workshop equipment, 
relevant for repair, reuse and/or upgrade. 

Depending upon the product group, a finite list 
of specialised workshop equipment could be 
developed in a product specific standard 
defining methods for assessing the ability to 
repair, upgrade or prepare for re-use. The list 
would meets the following conditions:  

- Only non-proprietary equipment is 
listed. Equipment is considered to be 
non-proprietary if it is legally available 
for purchase by the general public 
and if any applicable patents are 
available for licensing under fair, 
reasonable, and non-discriminatory 
terms. 

- Only equipment is listed which are 
required for repairing, upgrading or 
preparing for re-use a significant part 
of products produced by at least two 
different manufacturers. 

Alternatively to a finite list TCs could further 
develop and detail the above set of criteria that 
allows to define and verify specialised 
workshop equipment. This should better allow 
to add novel tools and avoid limiting 
innovation. 

In the absence of a finite list of professional, 
product group specific tools defined in a 
product-specific standard defining methods 
for assessing the ability to repair, upgrade or 
prepare for re-use a given category of 
products, the category 'specialised workshop' 
is void. 

Production 
environment  

If a repair, upgrade or preparation for re-use 
process cannot be carried out in any of the 
aforementioned environments, or if there are 
safety or information security provisions that 
mean that it can only be carried out in an 
environment that is comparable with the 
environment in which the product is 
manufactured, that process is categorized as 
requiring a production site environment. 

TCs should not make criteria for this category 
of working environment 

1 

 716 
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 717 

Where: 718 
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- Ssetting, i: the setting score for priority part i 719 
- Working environment i: the setting score for priority part i 720 
- Working environment max: the maximum setting score achievable 721 

B.2.6 Skill level 722 

The skill categories a given process can be classified as shown in the Table below. 723 

Table 5- Skill categories and proposal for correspo nding scores 724 

Category  Description Score 

Layman An example of a layman is a consumer able to 
repair or upgrade their own products in a 
household environment with readily available 
tools. 

4 

Generalist Independent professional services or non-profit 
repair initiatives where a generalist with 
knowledge of basic techniques and safety 
precautions is able to carry out repairs or 
upgrades in a workshop with specialised tools. 

3 

Professional Independent or manufacturer authorised 
professional services centre where individuals 
have training and/or experience for the specific 
product with dedicated tools to do the repairs. 

An authorised professional is a professional who 
is recognized by the manufacturer and receives 
from the manufacturer any tools, information or 
other support required for the type of repair that 
he or she is entrusted with by the manufacturer, 
including tools, information or other support not 
available to the general public or independent 
repair professionals. 

2 

Manufacturer Professional repairer as in level 3 with full access 
to all design documentation and maintenance 
files of products, working in the manufacturer’s 
workshop. 

In some instances, certain repair operations may 
be restricted on grounds of safety, quality, 
performance or data security to a limited group of 
companies that have a closer relationship to the 
manufacturer and can be directly trained and 
audited. 

1 

 725 
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 726 

Where: 727 

- Sskill, i: the skill score for priority part i 728 
- Skill i: the skill score for priority part i 729 
- Skill max: the maximum skill score achievable 730 
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B.2.7 Diagnostic support and interface – categories  and formula 731 

Interfaces for diagnostic support, failure detection, software and firmware updates, resetting of failure modes 732 
and factory settings can be categorised as follows: 733 

Examples of different diagnostic interfaces include 734 

• Visually intuitive interface:  If a repair, upgrade or preparation for re-use process can be carried out 735 
by just a visual interface that can be intuitively understood without the need for any supporting 736 
documentation or software, that process is categorised as having a visually intuitive interface. 737 

• Coded interface with public reference table:  If a repair, upgrade or preparation for re-use process 738 
only can be carried out with supporting documentation or software, and through reading and/or entering 739 
codes which are available in a table, which is supplied with the product and / or publically available, that 740 
process is categorised as having a coded interface with public reference table. 741 

• Publically available hardware / software interface : If a repair, upgrade or preparation for re-use 742 
process can only be carried out through the use of hardware and software which is publically available, 743 
that process is categorised as having a publically available hardware / software interface.  744 
This can include hardware functionality testing software tools developed by a third party, provided the 745 
software tools are publicly available and the manufacturer provides information on their accessibility 746 
and applicable updates. The product has to be equipped with an appropriate interface for hardware and 747 
software to do fault diagnosis and reading, adjustment or resetting of parameters or settings (e.g., 748 
external memory device; data cable connection; or from a remote source using a network connection). 749 
The port, slot, or connector that is used for the hardware and software interface is accessible without 750 
tools.  751 

• Proprietary interface : If a repair, upgrade or preparation for re-use process can only be carried out 752 
using proprietary tools for diagnosis, change of settings or transfer of software, that process is 753 
categorised as having a proprietary interface. 754 

Table 6 - Interface intensity categories for parts and proposals for corresponding scores 755 

Category Description Score 

Visually intuitive interface 4 

Coded interface with public reference table 3 

Publically available hardware / software interface 2 

Proprietary interface 1 

 756 

��#�%!(�)%,� = 	
*#�%!(�)%	�#�%#+����
*#�%!(�)%	�#�%#+���,�-

 757 

Where: 758 

- Sinterface, i: the interface score for priority part i 759 
- Interface intensity i: the interface score for priority part i 760 
- Interface intensity max: the maximum interface score achievable 761 

A design that allows with a more accessible diagnostic’s and reset interface, will enable for a broader range for 762 
RRU scenarios. 763 
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B.2.8 Detailed method to determine a score for avai lability of RRU parts, software and 764 
firmware 765 

The availability of spare parts and parts for upgrading as such and their availability over time may be assessed 766 
according to the following table. The availability of software and firmware updates may be assessed the same 767 
way as for parts. 768 

TCs should specify duration that is to be considered as short, mid or long term, taking the maximum known 769 
lifespan of products covered as a reference for long-term availability and minimal legal requirements on 770 
consumer guarantees as a reference for short-term availability 771 

Table 7 - Spare parts availability categories for p arts and proposal for corresponding scores 772 

Category Description Spare parts availability score  

Long-term availability 4 

Mid-term availability 3 

Short-term availability 2 

No information on duration of availability 1 

Spare part not available 0 

 773 

�+.�!%,� = 	
�.�!%	.�!�	�������������
�.�!%	.�!�	������������,�-

∗ 0� 774 

Where: 775 

- Sspare, i: the spare parts score for priority part i 776 
- Spare part availability i: the spare parts availability for priority part i 777 
- Spare part availability max: the maximum spare parts availability achievable 778 
- Ci: correction factor if spare parts for part i are only available to specific service condition target groups 779 

(0≤ Ci ≤1) 780 

If a spare part is not required to do a repair of part i, the spare parts score for priority part i (Sspare, i) is one by 781 
default. 782 

If upgrade or spare parts are only available to specific service condition target groups (e.g. professional or 783 
authorised repairers), a correction factor (Ci) should be applied. TCs should decide on the purchaser groups 784 
and correction factors to be assigned. 785 

B.2.9 Method to determine availability of RRU infor mation 786 

Information availability may be assessed based on the types of information available. Classification of types of 787 
information into categories below needs to be product group specific. As an alternative or in addition the degree 788 
of availability itself could be categorized based on how accessible the information is.    789 

Table 8 - Information availability categories and p roposal for corresponding scores 790 

Category Description Information availability score  

No information available 0 
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Basic information available   2 

Comprehensive information available 4 

 791 

��#(�,� = 	
*#(�!&����#	�������������
*#(�!&����#	������������,�-

∗ 0� 792 

Where: 793 

- Sinfo, i: the information score for priority part i 794 
- Information availability i: the information availability for priority part i 795 
- Information availability max: the maximum information availability achievable 796 
- Ci: correction factor if information for part i are only available to specific service condition target groups 797 

(0≤ Ci ≤1) 798 

It is possible information availability is better evaluated at product (or assembly) level. In such case the 799 
information availability score for all priority parts covered is one. 800 

If information is only available to specific service condition target groups (e.g. professional or authorised 801 
repairers), a correction factor (Ci) shall be applied. TCs should decide on the purchaser groups and correction 802 
factors to be assigned. 803 

Availability of information facilitates repair, reuse and upgrade operations. Service support with most information 804 
available receives the highest score. 805 

B.2.10 Reusability and upgradability 806 

B.2.10.1 Availability of upgradable features 807 

The score for the availability of updatable features (SUF) could be assessed as follows: 808 

1. The product allows users the possibility to upgrade one or more product-specific key features with no 809 
limitation of time. The update of feature shall be achievable in the product without performing a product 810 
exchange (1 point) 811 

2. The product allows users the possibility to upgrade some product-specific key features only for a limited 812 
period of time (e.g. after XX years new updates will not be supported by the model) (0.5 points) 813 

3. The product does not allow users the possibility to update features (0 points) 814 

B.2.10.2 Reusability 815 

In addition to data points from standard prEN45552 indicating the durability of the product and its components, 816 
a score for data deletion (SDD) could be assessed as follows: 817 

1. Built-in secure data transfer and deletion functionality is available to support the deletion of all data 818 
contained in data storage parts (i.e. hard drives and solid state drives) in function of the risks faced and 819 
in order to grant the security of personal data and to facilitate the reuse of these parts (1 point) 820 

2. Secure data transfer and deletion is available under request to support the deletion of all data contained 821 
in data storage parts (i.e. hard drives and solid state drives) in function of the risks faced and in order 822 
to grant the security of personal data and to facilitate the reuse of these parts (0.5 points) 823 

3. Secure data transfer and deletion is not available (0 points) 824 

B.2.11 Scoring RRU based on repair setting and serv ice conditions 825 

RRU for a product (or any priority part) can be classified according to repair situation (tools, skills, service 826 
environment) and service conditions (availability of spare parts and of information available product interface 827 
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and software support). A score can be given to evaluate the RRU from a technical point of view, in a semi-828 
quantitative way, according to the following formula: 829 

�)�!%1�,1�2��,345 =6∑  8���,� ∗ S���	,�
�:
�:; + ∑  8���,� ∗ S�����=4,�

�:
�:; +∑  8���,� ∗ S�'�		,�

�:
�:; + ∑  8���,� ∗

�:
�:;830 

S�=��5>�?�,� +∑  8���,� ∗ S��5�,�
�:
�:; +∑  8���,� ∗ S245,�

�:
�:; + ∑  8���,� ∗ S��>�@,�

�:
�:; + ∑  8���,� ∗ S�=>�,� +

�:
�:;831 

∑  8���,� ∗ S>����=�5,�
�:
�:; A 832 

Where: 833 

- Wneed, i: the overall weighting factor of part i  834 

- Stool, i: the tool score for priority part i 835 

- Ssetting, i: the setting score for priority part i 836 

- Sskill, i: the skill score for priority part i 837 

- Sinterface, i: the interface score for priority part i 838 

- Sspare, i: the spare parts score for priority part i 839 

- Supgr, i: the upgrades score for priority part i 840 

- Ssoftw, i: the software score for priority part i 841 

- Sinfo, i: the information score for priority part i 842 

- Sfasten,i: the fastener score for priority part i 843 

Tables are given in this chapter for Stool; Ssetting,; Sskill; Sinterface; Sspare; Supgr; Ssoftw; Sinfo and Sfastner . The higher the 844 
score the better the RRU of the part or product, the formula normalises the scores to one. A score of zero 845 
represents a product for which RRU is not an option, a score of one represents a product with ideal RRU. 846 

The formula presented here is the most comprehensive approach possible. Assessment of tools for repair, 847 
reuse and upgradability should be done separately (ScoreRep; ScoreReuse; ScoreUpgr). TCs could decide to omit 848 
weighting, leave out certain aspects (e.g. because they are irrelevant for their product group).  849 

This scoring system could be the basis for product classification and requirements. Optionally at TC could 850 
choose to complement those with minimum sub-scores on specific criteria (e.g. Sinfo, i shall be at least XY). 851 

For example, if ‘professional repair by an independent repairer’ needs to be assessed, Stool; Ssetting,; and Sskill 852 
could be omitted from the formula. The product design should have minimum scores for Stool; Ssetting,; and Sskill 853 
corresponding to a repair situation for ‘independent repairer’. 854 

Ranking products (or parts) in terms of a RRU score makes sense. But, it can be important to take into account 855 
the need for disassembly in terms of functional criticality, value, environmental impact and/or failure rate of the 856 
parts. This can be expressed by an overall need for disassembly weighting factor Wneed. This overall weighting 857 
factor is a function of the functional criticality (wcrit), value (wvalue), environmental impact (wenv) and/or failure rate 858 
(wfail).  859 

Technical Committees developing product specific standards, defining methods for assessing the ability to 860 
repair, upgrade or re-use, should carefully decide on classification of required tools, skills and service 861 
environment, as well as the service conditions the (available product interface and firmware updates; availability 862 
of spare parts and of information needed to carry out the repai). TC should integrate this work with the 863 
assessment of priority parts. 864 
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B.3 Quantitative assessment 865 

B.3.1 Disassemblability 866 

B.3.1.1 Disassemblability index 867 

A disassembly index can be calculated based on the number of parts to be removed, the fastener types and 868 
difficulty coefficients.  869 

Using the minimum number of fasteners is a key principle in design for disassembly. Different fastener types 870 
may indeed require different unfastening tools, different access directions and different disassembly 871 
configurations, which would ultimately result in an increase in the disassembly effort.  872 

The parameter is calculated with the following equation:  873 

BB = BB= + C ∙ BB> =
1 + #E
#

+ C ∙
∑ ∝'∙ (E'G
':;

(
 874 

Where: 875 

- dd is the disassembly index of a part 876 

- (1 + nD) is the number of all the parts to be removed (including the part whose disassembly index 877 
is being evaluated), 878 

- n is the total number of parts,  879 

- h is the number of fastener types 880 

- fDk is the number of fasteners of the kth type to be removed,  881 

- f is the total number of fasteners in the system,  882 

- αk is the difficulty of disassembling a kth type fastener (Allowing for values of the coefficients αk in 883 
the interval [0, 1], αk = 1 indicates the maximum difficulty of disassembly), 884 

- β is a coefficient (β > 1) which takes into account the greater weight of the second term ddf with 885 
respect to the first ddn.  886 

The disassembly index can assume values from 0 to 1+β, with the maximum value expressing the maximum 887 
disassembly depth. This occurs when, in order to remove a part, it is necessary to disassemble all the fasteners 888 
and all the other parts present in the system. The α and β coefficients which need to be quantified for the 889 
analysed product based on other methods (e.g. the disassembly time). 890 

B.3.1.2 Time for disassembly 891 

The disassemblability of products is influenced, among other technical aspects, by the number of steps needed 892 
to disassemble parts of the product, by the ease of access to parts and by the difficulty of the operation itself. 893 
The time for disassembly can be an aggregated parameter to assess the overall disassemblability of products. 894 
Time can easily measured but the overall length depends on the operator skills and other factors. The Ease of 895 
Disassembly Metric (eDiM)1 method is based on the Maynard Operation Sequence Technique (MOST)2 and 896 

                                                      
1 Vanegas P. et al. (2016) Study for a method to assess the ease of disassembly of electrical and electronic equipment. JRC 
Technical Reports.  
2 MOST is a measurement technique used by industrial engineers and practitioners to measure assembly times for a wide variety of 
products. Reference values of eDIM have been determined by using it. 
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requires information about product parts and adopted fasteners that can be directly verified within the 897 
product.The eDiM is a comprehensive method, although it comes with a significant computational effort. 898 

The tasks necessary to disassemble a particular part/product are listed in eDiM and reference time values are 899 
associated to each of them, representing the effort needed to perform such operation. The eDiM report includes 900 
a database of common disassembly tasks which can be adapted, extended and/or updated. 901 

The overall eDiM, measured in time units, is calculated by summing all contributions associated to a determined 902 
disassembly sequence. Subjectivity is reduced when single disassembly activities are measured and standard 903 
values quantified, as done in MOST. 904 

As shown in Figure 1, a spreadsheet can be used to calculate the eDiM. The first five columns of the table 905 
contain the data required to compute the time taken to complete the six categories of disassembly tasks: 906 

1. Parts are listed in Column 1 in the order of disassembly. If parts are attached by different connectors, 907 
they can be repeated in the column.  908 

2. Connector types used are listed in Column 2 in the order in which they should be unfastened to 909 
remove the different parts. An example is provided in table 10 to show different connector types and 910 
their main characteristics.  911 

3. The number of connectors of the same type in a part are specified in Column 3. 912 
4. The number of any manipulations needed to access a connector are listed in Column 4. This could for 913 

instance be the case of a product that has to be turned upside down to remove the connector.  914 
5. Information on the ease of identification of the connector is contained in Column 5. Two categories, 915 

visible and hidden, are presented in table 10.  916 
6. The type of tool required for disconnecting the fasteners is listed in Column 6. Tools can be selected 917 

from a predefined list. The box is left empty if no tool is required. 918 

The time needed for the disassembly process is estimated through the last seven columns based on the 919 
information provided in the first six columns and the MOST reference time values.  920 

7. Column 7 indicates the time needed to change tools defined in column 6. This is calculated based on 921 
the information on connectors provided in MOST, from which it can be determined whether a tool is 922 
required for disconnecting that type of connector.  923 

8. Column 8 indicates the time needed to identify connectors. This is calculated using the information 924 
provided in Column 5 and the reference time values.  925 

9. Column 9 indicates the time needed for product manipulation. This is calculated using the number of 926 
manipulations reported in Column 4 and the reference time values. 927 

10. Column 10 indicates the time needed for positioning tools, in relation to the type of connectors used. 928 
This is calculated by multiplying the connectors specified in Column 3 by the reference time values for 929 
tool positioning. 930 

11. Column 11 indicates the time needed for disconnecting the fasteners. This is calculated by multiplying 931 
the fasteners indicated in Column 3 by the reference time values for disconnecting the corresponding 932 
type of fastener.  933 

12. Column 12 indicates the time needed for removing parts. This is calculated once per part.  934 
13. The overall eDIM for a set of parts is assessed in Column 13 as sum of time values reported in columns 935 

7 to 12. 936 

The eDiM method is presented here as a method to estimate the time for disassembly, however the method 937 
could be used as well to estimate the time for reassembly, the sum of the two would allow the estimation of the 938 
total time needed for replacing one or more parts. 939 

Figure 1– Generic eDiM calculation sheet for N part s 940 
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 941 

Table 9 – Proposed MOST sequences for the disconnec tion of fasteners 942 

 943 
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Table 10 - Example of table of reference values (ti me) for standard disassembly tasks based on MOST 944 
sequences 945 

 946 

B.3.2 Product reparability index 947 

Product reparability is determined by proper design parameters (e.g. skills, tools needed) and the availability of 948 
service conditions (e.g. availability of spare parts and information). The range of repairs that can be done by 949 
professionally skilled individuals in a specialised setting is distinctly different to those that can be implemented 950 
by consumers in a home environment. 951 

So, TCs that wish to develop a method to determine a product reparability index should establish what 952 
prerequisites are to proceed with the calculation of a product reparability index, and how a manufacturer shall 953 
document these. They shall use the classification of required tools, skills and service environment and service 954 
conditions (available product interface and firmware updates; availability of spare parts and of information 955 
needed to carry out the repair) developed according to section B.1.  956 

The Product reparability index can be expressed as the combination of the portion of the product parts that 957 
could be repaired and the time needed to do the repairs: 958 

H!%.��! = ∑
�!%.��!,�

&�∗IJKKL,M

.
�=1 ∗

�NON
�PKQ

      Rrepair ≥ 0; [dimensionless] 959 

where: 960 

- Rrepair  = Product reparability index     [dimensionless]; 961 
- p  = number of parts considered      [dimensionless]; 962 
- mi  = mass of part i        [kg]; 963 
- Wneed,i  = overall weighting factor of part i,    [dimensionless]; 964 
- trepair,i  = Time for repair of part i     [s]; 965 
- tref  = reference time      [s]; 966 
- mtot  = total mass of the product      [kg]. 967 

The more parts that can be repaired and the shorter the repair time for those parts, the lower the index, the 968 
better the reparability. A normalisation is done by dividing by a reference time (tref). A place holder for weighting 969 
need for reparability of parts (e.g.  =���,� = R>��	,� ∗ R?5��,� ∗ R�=S,� ∗ RS�	2�,�) is included in the formula. Any 970 
weighting shall be done with the method developed according to section 6. 971 
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Alternatively to total mass of the product (mtot) and mass of part i (mi), number of parts (ntot) could be used in 972 
the formula. 973 

Time for repair of a priority part (trepair,i) is the sum of the time needed to do disassembly and reassembly, as 974 
well as time needed to do any repair and testing of the proper functioning of the part: 975 

�!%.��!,� = �B�+,� + ��%+�,� + �!%�++,�       [s] 976 

where: 977 

- tdis,i  = time to disassemble part i     [s]; 978 
- ttest,i  = time to repair and test part i     [s]; 979 
- treass,i  = time to reassemble part i     [s]. 980 

TCs that wish to develop a method to determine a product reparability index (Rrepair) or establish time for repair 981 
of a priority part (trepair,i), should consider the testing and repair actions and decide on a method to assign time 982 
values to them (e.g. providing a table of values for ttest,i). TCs should also decide how to include disassembly 983 
and reassembly time and a method to determine it, as well as reference times (tref,i). To establish disassembly 984 
and reassembly time testing methods are proposed in B.3.1.2. 985 

B.3.3 Product reusability index 986 

Harvesting of reusable components could be done for potential reuse of components as spare parts or for 987 
remanufacture. Similar to the product reparability index, a product reusability index can be developed: 988 

 H!%T+% = ∑
�!%T+%,�

&�∗IJKKL,M

.
�=1 ∗

�NON
�PKQ

     Rreuse ≥ 0; [dimensionless] 989 

where: 990 

- Rreuse  = Product reuseability index     [dimensionless]; 991 
- p  = number of parts considered      [dimensionless]; 992 
- mi  = mass of part i        [kg]; 993 
- Wneed,i  = overall weighting factor of part i,    [dimensionless]; 994 
- treuse,i  = Time for reuse of part i     [s]; 995 
- tref  = reference time      [s]; 996 
- mtot  = total mass of the product      [kg]. 997 

Time for reuse of a priority part (treuse,i) is the sum of the time needed to do disassembly and reassembly, as 998 
well as time needed to do any refurbishing and testing of the proper functioning of the part: 999 

�!%T+%,� = �B�+,� + ��%+�,� + �!%�++,�       [s] 1000 

where: 1001 

- tdis,i  = time to disassemble part i     [s]; 1002 
- ttest,i  = time to refurbish and test part i     [s]; 1003 
- treass,i  = time to reassemble part i     [s]. 1004 

TCs that wish to develop a method to determine a product reusability index (Rreuse) or establish time for 1005 
reusability of a priority part (treuse), should establish what prerequisites to proceed with the calculation of a 1006 
product reusability index are, and how a manufacturer shall document these. They shall use the classification 1007 
of required tools, skills and service environment and service conditions (available product interface and firmware 1008 
updates; availability of spare parts and of information needed to carry out the repair) developed according to 1009 
section B.1.  1010 

TCs should also consider the testing and refurbishing actions and decide on a method to assign time values to 1011 
them (e.g. providing a table of values for ttest). TCs should also decide how to include disassembly and 1012 
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reassembly time and a method to determine it, as well as reference times (tref,i). To establish disassembly and 1013 
reassembly time testing methods are proposed in B.3.1.2. 1014 

B.3.4 Product upgradability index 1015 

Similar to the product reparability index, a product upgradeability index can be developed: 1016 

 HT.$!�B% = ∑
�T.$!�B%,�

&�∗IJKKL,M

.
�=1 ∗
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     Rupgrade ≥ 0; [dimensionless] 1017 

where: 1018 

- Rupgrade  = Product upgradability index     [dimensionless]; 1019 
- p  = number of parts considered      [dimensionless]; 1020 
- mi  = mass of part i        [kg]; 1021 
- Wneed,i  = overall weighting factor of part i,    [dimensionless]; 1022 
- Tupgrade,i = Time for upgrade of part i     [s]; 1023 
- tref  = reference time      [s]; 1024 
- mtot  = total mass of the product      [kg]. 1025 

Time for upgrade of a priority part (tupgrade,i) is the sum of the time needed to do disassembly and reassembly, 1026 
as well as time needed to do any resetting and testing of the proper functioning of the part: 1027 

�T.$!�B%,� = �B�+,� + ��%+�,� + �!%�++,�       [s] 1028 

where: 1029 

- tdis,i = time to disassemble part i      [s]; 1030 
- ttest,i = time to upgrade and reset part i     [s]; 1031 
- treass,i = time to reassemble part i      [s]. 1032 

TCs that wish to develop a method to determine a product upgradeability index (Rupgrade) or establish time for 1033 
upgradeability of a priority part (tupgrade), should establish what prerequisites to proceed with the calculation of a 1034 
product upgradeability index are, and how a manufacturer shall document these. They shall use the 1035 
classification of required tools, skills and service environment and service conditions (available product interface 1036 
and firmware updates; availability of spare parts and of information needed to carry out the repair) developed 1037 
according to B.1.  1038 

TCs should also consider the testing and resetting actions and decide on a method to assign time values to 1039 
them (e.g. providing a table of values for ttest). TCs should also decide how to include disassembly and 1040 
reassembly time and a method to determine it, as well as reference times (tref,i). To establish disassembly and 1041 
reassembly time testing methods are proposed in B.3.1.2. 1042 

  1043 
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