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Summary:  

Improving the material efficiency of products can be important to reduce their 

environmental impacts. In particular, an improvement of the reparability and 

upgradability of products can have the potential of bringing added value to the 

environment and to the economy by limiting the early replacement of products and 

thus saving resources. However, the design of products needs to be assisted by 

appropriate assessment methods.  

In this context, the Joint Research Centre Directorate B, Circular Economy & 

Industrial Leadership unit, has compiled multi-level approaches for assessing the 

reparability and upgradability of products. This report describes the application of 

such approaches to TVs, with the aim of improving the knowledge about the 

assessment of the reparability and upgradability of ErP.  

This draft report is structured in the following chapters: 

1. Product group characterisation (i.e. scoping and definitions and relevant 

information on legislation and testing methods, market, user behaviour and 

technologies); 

2. Assessment of reparability and upgradability (i.e. identification of critical 

aspects and priority parts, quantitative, qualitative and quali-quantitative 

assessment of TVs); 

3. Questions for stakeholders; 

4. Preliminary conclusions; 

Annex I: Background information about failures; 

Annex II: Additional information about assessment methods. 

Two written consultations have been planned: the first one took place from 20 April until 14 

May 2018; the 2
nd

 and last consultation is taking place now. The goal of this second and last 

consultation is to receive any relevant input for the completion of the study, which will be 

integrated it in the final report. Any feedback and comments must be delivered by 30 April 

2019 to JRC-B5-E4C@ec.europa.eu by using the provided commenting sheet.  

The final report will be made available on a dedicate website 

(http://susproc.jrc.ec.europa.eu/E4C/index.html). 
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INTRODUCTION 103 

The Communications from the Commission COM(2015) 614 "Closing the loop - An EU 104 

action plan for the Circular Economy" and COM(2016) 773 "Ecodesign Working Plan 2016-105 

2019" point out the increased importance of improving the resource efficiency of products in 106 

order to promote a transition towards a more circular economy in the EU. This can be for 107 

instance supported through a series of measures aiming to make products more durable, easier 108 

to repair, reuse or recycle.  109 

Improving the material efficiency of products can be important to reduce their environmental 110 

impacts. In particular, an improvement of the reparability and upgradability of products1 can 111 

have the potential of bringing added value to the environment and to the economy by limiting 112 

the early replacement of products and thus saving resources (Deloitte 2016). However, the 113 

design of products needs to be assisted by appropriate assessment methods. The importance of 114 

assessment and verification procedures is also confirmed by the recent creation of the CEN-115 

CENELEC JTC10 "Energy-related products – Material Efficiency Aspects for ecodesign", 116 

which is working on the development of general standards on material efficiency aspects for 117 

Energy-related Products (ErP). 118 

In this context, the Joint Research Centre has compiles multi-level approaches for assessing 119 

the reparability and upgradability of products (Cordella et al. 2018a): 120 

 Calculation of quantitative indicators (quantitative assessment); 121 

 Definition of checklists of qualitative attributes (qualitative assessment); 122 

 Rating and aggregation of parameters into indices (quali-quantitative assessment). 123 

This report describes considerations about how such approach could be applied to TVs, with 124 

the main aim to improve the knowledge about the assessment of the reparability and 125 

upgradability of ErP. The work, entrusted by DG ENV, has a research orientation which does 126 

not mean to interfere with ongoing policy processes. Results could however feed into work on 127 

actions contained in the Circular Economy Action Plan related to product policy
2
 and the 128 

Ecodesign task force for ICT products
3
.  129 

The report is structured in the following chapters: 130 

5. Product group characterisation (i.e. scoping and definitions and relevant information 131 

on legislation and testing methods, market, user behaviour and technologies); 132 

6. Assessment of reparability and upgradability (i.e. identification of critical aspects and 133 

priority parts, quantitative, qualitative and quali-quantitative assessment of TVs); 134 

7. Questions for stakeholders; 135 

8. Conclusions; 136 

Annex I: Background information about failures;  137 

Annex II: Additional information about assessment methods. 138 

                                                      

1
 Reparability and upgradability are here defined, respectively, as the ability to restore the functionality 

of a product after the occurrence of a fault, and the ability to enhance the functionality of a product, 

independently on the occurrence of a fault. Both can refer to one or more parts of a product. Since 

similar processes apply to repair and upgrade, the same service conditions and design strategies can 

influence both reparability and upgradability of a product 
2
 COM(2015) 614  

3
 COM(2016) 773  
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Two written consultations have been planned in order to get technical input and feedback 139 

from the Technical Working Group (TWG) of experts, consisting of manufacturers, retailers, 140 

repairers, academia, environmental and consumer NGOs, as well as Member States: 141 

 The first one took place in April-May 2018;  142 

 The second one is taking place now. 143 

The goal of this second and last consultation is to receive any relevant input for the 144 

completion of the study, which will be integrated it in the final report. Any feedback and 145 

comments must be delivered by 30 April 2019 to JRC-B5-E4C@ec.europa.eu by using the 146 

provided commenting sheet.  147 

The final report will be made available on a dedicate website 148 

(http://susproc.jrc.ec.europa.eu/E4C/index.html). 149 

  150 

mailto:JRC-B5-E4C@ec.europa.eu
http://susproc.jrc.ec.europa.eu/E4C/index.html
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1 PRODUCT GROUP CHARACTERIZATION 151 

1.1 Scoping and definitions 152 

The Ecodesign Regulation No. 642/20094 defines televisions as follows: 153 

1. "television" means a television set or a television monitor;  154 

2. "television set" means a product designed primarily for the display and reception of 155 

audiovisual signals which is placed on the market under one model or system designation, and 156 

which consists of:  157 

a) a display;  158 

b) one or more tuner(s)/receiver(s) and optional additional functions for data storage 159 

and/or display such as digital versatile disc (DVD), hard disk drive (HDD) or 160 

videocassette recorder (VCR), either in a single unit combined with the display, or in 161 

one or more separate units;  162 

3. "television monitor" means a product designed to display on an integrated screen a video 163 

signal from a variety of sources, including television broadcast signals, which optionally 164 

controls and reproduces audio signals from an external source device, which is linked through 165 

standardised video signal paths including cinch (part, composite), SCART5, HDMI (High 166 

Definition Multimedia Interface), and future wireless standards (but excluding non-167 

standardised video signal paths like DVI and SDI), but cannot receive and process broadcast 168 

signals. 169 

In the draft version of the revised Ecodesign regulation (unpublished at March 2019), 170 

television is defined as: "an electronic display designed primarily to display broadcast 171 

television images; a television integrates one or more tuners to decode broadcast signal and 172 

may integrate software and/or hardware solutions for hospitality offering management and 173 

maintenance of the guest room". The scope of the regulation has been extended to electronic 174 

displays, including computer displays and signage displays, among others6. However, the 175 

scope of the present study only covers the assessment of televisions.  176 

The two definitions presented for TVs do not seem to differ significantly one from the other, 177 

as both have the same primary function (i.e. to display audio-visual signals) and consider the 178 

possibility to have other features/parts. The most recent definition, which will be included in 179 

the revised Ecodesign regulation for displays, is used to define the scope of this study, which 180 

will focus on the most representative technologies on the market. 181 

Given the similarities of TVs with other products under the scope of the revised Ecodesign 182 

regulation (e.g. computer monitors), the present study will briefly analyse to what extent the 183 

conclusions drawn for TVs could apply to other products of the same family. 184 

An important aspect to classify TVs is their screen resolution, which depending on the 185 

number of pixels can be standard definition, high-definition (HD), full HD, ultra HD (4k and 186 

8k), true 4k or true 8k. The screen resolution of TVs improves as technology progresses, for 187 

example, ultra HD 10k is currently under development. Table 1 shows the most common 188 

resolutions available on the market. 189 

                                                      

4
 COMMISSION REGULATION (EC) No 642/2009 of 22 July 2009 implementing Directive 

2005/32/EC of the European Parliament and of the Council with regard to ecodesign requirements for 

televisions (Note: the revised regulation on displays is planned to be published in summer 2019) 
5
 SCART is a 21-pin socket used to connect video equipment 

6
 A signage display is an electronic display designed primarily to be viewed by multiple people in non-

desktop based environments 
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 190 

Table 1 Classification of TVs according to the image resolution 191 

Name 
Resolution 

(pixels) 

Standard definition 704x480 

HD 1280x720 

Full HD 1920x1080 

Ultra HD (4k) 3840x2160 

Ultra HD (8k) 7680x2160 

 192 

  193 
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1.2 Legislation and testing methods 194 

1.2.1 Mandatory legislation 195 

This section describes mandatory legislation which can influence repair and/or upgrade of 196 

TVs. Legislation of other aspects (like REACH, CLP, F-gases, RoHS) has not been 197 

considered in this study.  198 

 Ecodesign and Energy 1.2.1.1199 

Label 200 

TVs are covered by the Ecodesign Regulation No. 642/2009. This has been amended by 201 

Regulation No. 801/20137, which is under revision. The revised regulation is planned to be 202 

published by summer 2019. The revised regulation should cover both televisions and 203 

monitors for energy requirements but also other monitors for resource efficiency aspects and 204 

provision of information. Requirements under discussion for material efficiency aspects are 205 

related to the end of life treatment of the displays such as the marking of plastics, in particular 206 

if containing flame retardants, and possible presence of mercury and cadmium. Requirements 207 

for dismantling, recycling and recovery could be potentially used also to improve the design 208 

for disassembly of TVs for repair and upgrade purposes.  209 

TVs are moreover covered by the Energy Label Regulation No. 1062/2010, which is also 210 

under revision. The revised label will indicate if the purchased TV uses an external power 211 

supply or not. In terms of reparability assessment, this aspect will ease the replacement of that 212 

part when failure occurs, especially if standardised models are used like USB type C for 213 

example. 214 

 Reparability 1.2.1.2215 

To promote circular economy and boost the repair sector, a few EU member states have 216 

implemented VAT reductions on repair services of bicycles, clothing, textiles and leather 217 

goods. The list of countries includes Ireland, Luxemburg, Malta, Netherlands, Poland, 218 

Slovenia, Finland and Sweden. Other actions taken by governments to incentivise repair are 219 

listed in Table 2. Moreover, the European Parliament has asked the EC in July 2017 to 220 

consider a "voluntary European label" covering, in particular, the product's durability, eco-221 

design features, upgradeability in line with technical progress and reparability8. 222 

 223 

Table 2 Strategies with tax reduction to incentivise repair9 224 

Country Strategy 

Sweden  

50% labour costs for repairs of large household appliances are tax deductible up to 

a maximum of 25000 Kr / year or 50000 Kr for persons over the age of 65. This is 

for repairs performed by professionals at the owner's home.  

                                                      

7 COMMISSION REGULATION (EU) No 801/2013 of 22 August 2013 amending Regulation (EC) 

No 1275/2008 with regard to ecodesign requirements for standby, off mode electric power 

consumption of electrical and electronic household and office equipment, and amending Regulation 

(EC) No 642/2009 with regard to ecodesign requirements for televisions 
8 http://www.europarl.europa.eu/news/en/press-room/20170629IPR78633/making-consumer-products-

more-durable-and-easier-to-repair (accessed on 19 March 2018) 
9 http://www.rreuse.org/position-paper-on-reduced-taxation-to-support-re-use-and-repair/ (accessed on 

10 March 2018) 

http://www.europarl.europa.eu/news/en/press-room/20170629IPR78633/making-consumer-products-more-durable-and-easier-to-repair
http://www.europarl.europa.eu/news/en/press-room/20170629IPR78633/making-consumer-products-more-durable-and-easier-to-repair
http://www.rreuse.org/position-paper-on-reduced-taxation-to-support-re-use-and-repair/
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Austria  

Proposal put forward by the Federal Chancellor Christian Kern in January 2017 to 

make repair cheaper by reimbursement of 50% of the labour costs of repair. The 

maximum amount would be 600 EUR per year per private person and year. 

Applicable for bikes, shoes, clothes, leather goods, electric household appliances. 

The city of Graz already introduced this system in November 2016 with maximum 

support of 100 EUR per household and year.  

Spain  

In Spain there is the Patronage law that allows tax reductions to companies and 

individuals who donate money from assets to charities. It also includes the 

donation of used goods, without differentiating them from new ones.  

 225 

Another relevant piece of legislation is the French decree 2014-1482 published in December 226 

2014
10

, which puts new requirements on retailers to inform consumers about the durability of 227 

their products and the availability of spare parts, under the threat of fine of 15'000 EUR. 228 

Manufacturers, in turn, are required to deliver the parts needed for repairs within two months. 229 

The French decree also extends the burden of proof on the seller in the case of a fault to 24 230 

months. Planned obsolescence is also legal offence punishable by 300,000 €. Planned 231 

obsolescence is defined as "all techniques by which a producer seeks to deliberately limit 232 

product life in order to increase the replacement rate". 233 

 General Product Safety 1.2.1.1234 

Directive 2001/95/EC 235 

The General Product Safety Directive (GPSD) 2001/95/EC aim is to ensure that only safe 236 

products are made available on the market.  237 

The GPSD applies in the absence of other EU legislation, national standards, Commission 238 

recommendations or codes of practice relating to safety of products. It also complements 239 

sector specific legislation. Specific rules exist already for the safety of toys, electrical and 240 

electronic goods, cosmetics, chemicals and other specific product groups11. The GPSD does 241 

not cover pharmaceuticals, medical devices or food, which fall under separate legislation. 242 

The GPSD establishes obligations to both businesses and Member States' authorities: 243 

Businesses should place only products which are safe on the market, inform consumers of any 244 

risks associated with the products they supply. They also have to make sure any dangerous 245 

products present on the market can be traced so they can be removed to avoid any risks to 246 

consumers. 247 

Member States, through their appointed national authorities, are responsible for market 248 

surveillance. They check whether products available on the market are safe, ensure product 249 

safety legislation and rules are applied by manufacturers and business chains and apply 250 

sanctions when necessary. Member States should also send information about dangerous 251 

products found on the market to the Rapid Alert System for non-food dangerous products 252 

(RAPEX). This is a cooperation tool enabling rapid communication between EU, EEA 253 

authorities about dangerous products to be able to trace them everywhere on the European 254 

market. Third countries like China and international institutions are also involved. 255 

Market surveillance authorities cooperate closely with customs, which play a major role in 256 

protecting consumers from any imported unsafe products coming from outside the EU. 257 

                                                      

10 Decree No. 2014-1482 of 9 December 2014 concerning Disclosure Requirements and Supply of 

Spare Parts 
11 https://ec.europa.eu/info/business-economy-euro/product-safety-and-requirements/consumer-

product-safety/standards-and-risks-specific-products_en (accessed on 21 March 2018) 

https://ec.europa.eu/info/business-economy-euro/product-safety-and-requirements/consumer-product-safety/standards-and-risks-specific-products_en
https://ec.europa.eu/info/business-economy-euro/product-safety-and-requirements/consumer-product-safety/standards-and-risks-specific-products_en
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 Guarantees for 1.2.1.2258 

consumers 259 

The Consumer Sales Directive 1999/44/EC regulates aspects of the sale of consumer goods 260 

and associated legal guarantees. According to the 1999/44/EC Directive the term guarantee 261 

shall mean any undertaking by a seller or producer to the consumer, given without extra 262 

charge, to reimburse the price paid or to replace, repair or handle consumer goods in any way 263 

if they do not meet the specifications set out in the guarantee statement or in the relevant 264 

advertising. 265 

The duration of the guarantee for new products must be at least 2 years. The minimum 266 

duration is applied in the majority of EU-countries. Longer durations are applied in some 267 

countries (e.g. Sweden, Ireland, the Netherlands and Finland) depending on the expected 268 

lifespan of the item sold. The duration of the guarantee for second hand goods can be lower 269 

(minimum 1 year). 270 

The seller must deliver goods to the consumer, which are in conformity with the contract of 271 

sale, and then further specifies presumption of conformity of a number of conditions. The 272 

Directive introduced a "reversal of burden of proof" of at least 6-months. This is the period 273 

within which the lack of conformity is presumed to have existed at the time of delivery and 274 

the seller is thus liable to the consumer, i.e. the seller must prove that the item was not 275 

defective. After six months the burden of proof shifts to the consumer, i.e. the consumer must 276 

prove that the product was defective. The Directive is currently revised. In the Commission 277 

proposal for a revised Directive, the burden of proof shifts to the consumer only after 2 years.  278 

Article 3 of the Consumer Sales Directive indicates a list of remedies that should be provided 279 

to the consumer in the case of a defect (i.e. repair, replacement, reduction in price and 280 

rescission of contract). In the first place, the consumer may require the seller to repair the 281 

goods or he may require the seller to replace them.  282 

In addition, Directive 2011/83/EU on consumer rights defines the concept of "commercial 283 

guarantee" (also known as "warranty"), which can be offered by sellers or producers in 284 

addition to the legal guarantee obligation. This can either be included in the price of the 285 

product or at an extra cost.  286 

1.2.2 Standards and testing procedures 287 

Although several standards have been developed for testing the energy performance of TVs12 288 

13 14 15 16, few standards address aspects of relevance for the assessment of the reparability 289 

and upgradability of TVs.  290 

Table 3 includes the most relevant ones.  291 

Table 3 Standards of relevance for assessing the reparability and upgradability of TVs 292 

Standard Title / Scope 

IEEE 1680.3:2012  IEEE Standard for Environmental Assessment of Televisions 

                                                      

12 Energy Conservation Program: Test Procedures for Television Sets - Uniform Test Method for 

Measuring the Energy Consumption of Television Sets 
13 EN 50301:2001 - Methods of measurement for the power consumption of audio, video and related 

equipment 
14 IEC 62087:2011 - Methods of measurement for the power consumption of audio, video and related 

equipment 
15 IEC 62301:2011 - Household electrical appliances - Measurement of standby power 
16 JEITA Test Standard - Measurement method for energy consumption efficiency of television 

receivers 



 

14 

 

ONR 192102:2014 
Sustainability label for electric and electronic appliances designed for 

easy repair (white and brown goods) 

prEN 45554 

(November 2018)17 

General methods for the assessment of the ability to repair, reuse and 

upgrade energy related products. (Note: the publication of this 

standard is expected in 2020) 

 293 

The IEE 1680.3:2012 standard includes a specific chapter on product longevity (life cycle 294 

extension), where it requires to the manufacturers to provide: a) upgradeable firmware; b) 295 

information about how and where the TV can be serviced, and c) a resolution process for 296 

products that fail within one year. These three criteria are also included in the EPEAT 297 

ecolabel scheme, as described in Table 6 of the following section. 298 

The ONR 192102:2014 includes a list of criteria to facilitate the repair of products. The 299 

criteria are separated into product design criteria (25 requirements of which 9 are mandatory) 300 

and service documentation criteria (14 requirements of which 7 are mandatory). For each list 301 

of criteria the non-mandatory requirements give points to the assessed product when fulfilled 302 

(5 or 10 points). At the end of the assessment the product is rated according to the final score 303 

obtained as it appears in Table 4. 304 

 305 

Table 4 Assessment scores and quality levels of the ONR 192102:2014 306 

Points Quality level Assessment 

45-69 5 Good 

70-94 6  

95-119 7 Very good 

120-144 8  

145-174 9 Excellent 

175-205 10  

 307 

The prEN 45554:2018 standard about repair, reuse and upgrade of ErP is part of 308 

CEN/CENELEC JTC10, currently working on the preparation of generic standards for the 309 

assessment of material efficiency aspects of ErP. In the case of prEN 45554, the standard 310 

includes a series of parameters influencing the ability of an ErP to be repaired, reused or 311 

upgraded, as well as methods to assess such parameters individually. It is expected that the 312 

final standard will be published in 2019.  313 

 314 

                                                      

17 
https://www.cenelec.eu/dyn/www/f?p=104:7:1493784429841701::::FSP_ORG_ID,FSP_LANG_ID:22

40017,25 (accessed on 7 March 2019) 

https://www.cenelec.eu/dyn/www/f?p=104:7:1493784429841701::::FSP_ORG_ID,FSP_LANG_ID:2240017,25
https://www.cenelec.eu/dyn/www/f?p=104:7:1493784429841701::::FSP_ORG_ID,FSP_LANG_ID:2240017,25
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1.2.3 Environmental labelling 315 

Several environmental labelling schemes exist worldwide for TVs. These schemes include 316 

pass/fail criteria over the entire life cycle of the product with the aim of targeting 317 

environmentally superior products and setting the reference for improving the overall 318 

environmental performance of the product group. An overview of environmental labelling 319 

schemes for TVs is provided in Table 5.  320 

 321 

Table 5 Environmental labels for TVs 322 

Scheme Title Version Effective Valid until 

EU Ecolabel 
EU Ecolabel for 

TVs18 
- November 2009 

31 December 

2019 

Blue Angel Television sets19 - July 2012 
31 December 

2017 

Nordic Swan 

Nordic 

Ecolabelling of 

TV and 

Projector20 

5.5 20 June 2013 30 June 2020 

TCO 

Development 

TCO Certified 

Displays21 
7 November 2015 Not specified 

TCO Certified 

Edge Display  
2.0 April 2014 Not specified 

EPEAT Televisions22 - Not specified Not specified 

US Energy star 
Television 

specification 
7.0 October 2015 Not specified 

Green Mark 

(Taiwan) 
Televisions Second revision November 2013 Not specified 

 323 

Ecolabel schemes have been analysed to identify any criteria addressing repair and upgrade 324 

aspects. Table 6 includes the results of the analysis. As apparent, reparability and/or 325 

upgradeability aspects are not covered systematically in all schemes. The majority of them 326 

request the availability of spare parts for a certain period of time after ceasing the production 327 

                                                      

18 COMMISSION DECISION of 12 March 2009 establishing the revised ecological criteria for the 

award of the Community Eco-label to televisions 
19 https://www.blauer-engel.de/en/products/electric-devices/fernsehgeraete (accessed on 19 March 

2018) 
20 http://www.nordic-ecolabel.org/product-groups/group/?productGroupCode=071 (accessed on 19 

March 2018) 
21 http://tcocertified.com/files/2015/11/TCO-Certified-Displays-7.0.pdf (accessed on 19 March 2018) 
22 https://www.epeat.net/resources/criteria-2/#tabs-1=televisions (accessed on 19 March 2018) 

https://www.blauer-engel.de/en/products/electric-devices/fernsehgeraete
http://www.nordic-ecolabel.org/product-groups/group/?productGroupCode=071
http://tcocertified.com/files/2015/11/TCO-Certified-Displays-7.0.pdf
https://www.epeat.net/resources/criteria-2/#tabs-1=televisions
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of the TV. In the Blue Angel criteria for TVs, for example, spare parts are defined as the parts 328 

of the TVs that may break down within the scope of the ordinary use of the product. 329 

However, no scheme provides a specific list of these parts.  330 

The criteria of EPEAT is based on the standard IEE 1680.3 described in the previous section 331 

and the manufacturers interested in obtaining the EPEAT certificate of their product may 332 

order a copy of the standard. 333 

 334 

Table 6 Reparability and upgradability aspects covered in environmental labels for TVs  335 

Label / 
Aspect 

Instructions Durability / life time extension 

EU Ecolabel  

Information for professionals about 

easy dismantle for the purpose of 

repair and replacement of worn parts 

and upgrading older or obsolete parts 

Availability of compatible 

electronic replacement parts 

should be guaranteed for 7 years 

from that time the production 

ceases 

Blue Angel  - 

Availability of replacement parts 

shall be guaranteed for 5 years 

from that time the production 

ceases 

Nordic Swan 

Information for professionals about 

easy dismantle for the purpose of 

repair and replacement of worn parts 

Availability of compatible 

replacement parts shall be 

guaranteed for 7 years from that 

time the production ceases 

TCO certified 

diplays /edge 

displays 

Instructions for professionals available 

upon request 

Availability of replacement parts 

shall be guaranteed for at least 3 

years from that time the 

production ceases 

EPEAT - 
Upgradeable firmware; Service 

information readily available; 

Early failure process 

Note: Environmental labels not addressing reparability and reparability aspects are not 336 

reported in the table above. 337 

  338 
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1.3 Market information 339 

This section intends to provide a summary description of the market of TVs, as well as 340 

indications about costs, which can be used to understand the economic impact of critical 341 

aspects associated to the repair and upgrade of products. 342 

1.3.1 Market sales and trade 343 

Figure 1 includes the number of TVs produced in the EU-28 member states for the period 344 

2010 to 2016. Within the EU-28 member states, Poland is the main producer with about 65% 345 

of the total units in 2016, followed by Slovakia (28%) and Czech Republic (5%)23.  346 

  347 

                                                      

23
 PRODCOM database, http://ec.europa.eu/eurostat/web/prodcom/data/database (accessed on 20 

March 2018). Note: The PRODCOM code used for TVs is 26.40.20.90 "Other television receivers, 

whether or not combined with radio-broadcast receivers or sound or video recording or reproduction 

apparatus n.e.c.")  

http://ec.europa.eu/eurostat/web/prodcom/data/database
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Figure 2 shows the imports and exports of TVs for the EU28 during the period of time 2010 348 

to 2016. Net size of imports is of the same order of magnitude of internal production in the 349 

EU. The number of imported units has had a gradual increase from 2013 to 2016, up to reach 350 

the levels of 2012. On the other hand, the number of exports shows a gradual decrease from 351 

2012 to 2016.  352 

 353 

Figure 1 Production of TVs in EU-2824 354 

 355 

 356 
  357 

                                                      

24
 PRODCOM database, http://ec.europa.eu/eurostat/web/prodcom/data/database (accessed on 20 

March 2018). Note: The PRODCOM code used for TVs is 26.40.20.90 "Other television receivers, 

whether or not combined with radio-broadcast receivers or sound or video recording or reproduction 

apparatus n.e.c.")  
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Figure 2 EU28 imports and exports of TVs 25 358 

 359 

 360 

1.3.2 Market share of technologies 361 

Several types of TVs can be found in the market, the dominant technology is LCD (liquid 362 

crystal display), as CRT (cathode ray tube) technology has been gradually replaced by flat 363 

TVs. Table 7 includes a description of TV technologies that can be found on the market.  364 

 365 

Table 7 Description of the different technologies for TVs26 366 

Technology Description 

CRT 

With CRT TV the image is generated by shooting electrons through a tube 

onto a screen, exciting the particles on it. CRT TV formats have been on the 

fall since the early 2000's with the introduction of far thinner LCD screens. 

LCD with 

CCFL
*
 

backlight 

A liquid crystal display is a special flat panel that can block light, or allow it 

to pass. The panel is formed by segments with a block filled with liquid 

crystals. By increasing or reducing the electrical current, the colour and 

transparency of the blocks can be modified. In order to generate the image 

an external light source is needed, e.g. a fluorescent light. 

                                                      

25
 PRODCOM database, http://ec.europa.eu/eurostat/web/prodcom/data/database (accessed on 20 

March 2018). Note: The PRODCOM code used for TVs is 26.40.20.90 "Other television receivers, 

whether or not combined with radio-broadcast receivers or sound or video recording or reproduction 

apparatus n.e.c.")  
26

 https://www.ebuyer.com/blog/2014/03/tv-types-explained-plasma-lcd-led-oled/ (accessed on 22 

March 2018) 
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LCD with 

LED 

backlight 

LED TVs are an updated version of the LCD generation, indeed the 

technology is similar but instead of using a backlight fluorescent bulb they 

use an array of LEDs. This makes them more efficient and allows smaller 

sizes, meaning the TV can be narrower. LED have two further major 

categories Direct (Back-lit) LED and Edge-lit LED: 

Direct LED: These displays are backlit by an array of LEDs directly behind 

the screen. This enables focused lighting areas – meaning specific cells of 

brightness and darkness can be displayed more effectively. 

Edge-lit LED: Lights are set around the television frame. Edge-lit models 

reflect light into the centre of the monitor, and are the thinnest, lightest 

models available. Since they have fewer lights in the centre of the screen.  

PLASMA 

Plasma screens are composed of two sheets of glass with a mixture of gases 

in between the layers. In the manufacturing process these gases are injected 

and sealed in plasma form. The gases react and cause illumination in the 

pixels across the screen when charged with electricity. Plasma is superior to 

LCD & LED in terms of contrast and colour accuracy. It is used in the 

super-sized 80-inch+ screens as the plasma screens are easier, and more cost 

effective, to produce in larger formats.  

Apparently there are no plasma TVs on the EU market since they cannot 

meet the minimum energy efficiency requirements of the Ecodesign 

regulation 642/2009. 

OLED 

OLED uses "organic" materials like carbon to create light when supplied 

directly by an electric current, and do not require a backlight to illuminate 

the set area. OLED screens can be very thin and flexible thanks to that. 

Since the individual areas are lit up directly, the colours and contrasts are of 

better quality. 

*CCFL - Cold Cathode Fluorescent Lamp 367 

 368 

Data from 2013 about the shipment of TV technologies suggested an increased penetration of 369 

LCD at the expenses of CRT and plasma TVs, which are gradually disappearing from the 370 

market (see Figure 3). In the long term, the TV replacement cycle seems shifting from the flat 371 

panel replacement of CRTs to flat panel upgrades, especially as new features become more 372 

affordable (Osmani et al. 2013). LCD TVs represent the majority of the market, plasma has 373 

never had a significant share and OLED has a low share at the moment, although it is growing 374 

and predicted to be significant27.   375 

 376 

                                                      

27 https://www.flatpanelshd.com/flatforums/viewtopic.php?f=2&t=8453 (accessed on 21 March 2018) 

https://www.flatpanelshd.com/flatforums/viewtopic.php?f=2&t=8453


 

21 

 

 377 

Figure 3 Worldwide TV shipments by technology (Source: Osmani et al. 2013, forecasts from 2013 made by 378 
DisplaySearch) 379 

Figure 4 shows a technology share prediction for TVs above 1000 USD. As shown in Figure 380 

4, 4k OLED TVs could replace 4k LCD in the coming years, although the new generation of 381 

8k LCD could also take part of the corresponding market share. However, according to a TV 382 

manufacturer involved in the development of this study, the market of OLED and LCD TVs is 383 

well established in the high-end market, and it cannot be expected that one replaces the other.  384 

 385 

 386 

Figure 4 Technology share of $1000-plus TV Market (unit basis)28 387 

 388 

Figure 5 shows the share of shipments worldwide by main brands, it has to be noted that it 389 

includes only LCD TVs. 390 

TV manufacturers involved in the development of this study have indicated that LCD is the 391 

dominant technology in the market and that it can be expected that this will be also in the 392 

coming years for the low-medium market, due to the maturity of this technology. 393 

                                                      

28
 http://news.ihsmarkit.com/press-release/oled-tv-expected-grow-more-50-percent-1000-plus-market-

2019 (accessed on 20 March 2018) 

http://news.ihsmarkit.com/press-release/oled-tv-expected-grow-more-50-percent-1000-plus-market-2019
http://news.ihsmarkit.com/press-release/oled-tv-expected-grow-more-50-percent-1000-plus-market-2019
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Manufacturers see OLED and eventually micro-LED as relevant for high end markets but 394 

without indication of how this relevance will be in the coming years. Quantum dot enriched 395 

LCD29 could also cover an important share of the high-end market in the future.  396 

  397 

Figure 5 Share of shipments LCD TVs worldwide by main brands30 398 

The market share of smart TVs is instead very difficult to quantify at the moment. While 399 

some manufacturers indicate that this is about 40% (by units) others estimate it at about 80%, 400 

depending on the size of the TV. No matter the share, the demand for this kind of TV is 401 

increasing. Some manufacturers expect that smart TVs will have 100% of market share in the 402 

near future. 403 

1.3.3 Key actors in the repair market 404 

The TV repair market is mainly covered by professional repairers, normally certified by the 405 

brand manufacturers and located at the point of sale, but not necessarily. The do-it-yourself 406 

repair seems to be rather low as the repair normally requires electronic knowledge by the user. 407 

The availability of disassembly information seems to be as well limited to professionals and 408 

in some cases it requires a fee to access it. This aspect influences the cost of the repair 409 

operation making it more expensive.  410 

The repair cost is one of the most important factors taken into consideration when deciding 411 

whether to repair or not a TV. Repair costs vary depending on the country, especially due to 412 

labour costs. With the current trend towards larger sizes of TVs, the repair is requested to take 413 

place on-site, which significantly increases the cost of the repair. For instance, in the case of 414 

models above 55 inches, the repair might require the intervention of two technicians. 415 

According to a TV manufacturer involved in the development of this study, 80% of the 416 

repairs performed during the warranty period took place at the users' house.  417 

The cost of the spare part also plays an important role in the repair decision. According to a 418 

TV manufacturer involved in the development of this study, the cost of the different parts 419 

                                                      

29
 Quantum dot LCD TV is constructed very similar to a normal LCD display, the main difference is 

the addition of quantum dots for picture quality improvement. 
30

 https://www.statista.com/statistics/267095/global-market-share-of-lcd-tv-manufacturers/ (accessed 

on 1 March 2018) 

https://www.statista.com/statistics/267095/global-market-share-of-lcd-tv-manufacturers/
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forming a TV ranges between 3% (e.g. power supply or peripherical electronics) and 80% 420 

(screen) of the total manufacturing cost of the product, with the screen being the most 421 

expensive part (see  422 

 423 

Table 8). The cost of spare parts would be more or less similar to that of the original parts 424 

used in the product.  425 

Some manufacturers reported to have a take back system in place to collect end of life TVs, 426 

and from which they refurbish some of the parts, which are then offered at a lower price to 427 

reduce the costs of the repair.  428 

 429 

Table 8 Relative contributions to the total cost of materials for a flat TV 430 

Part 
Relative contributions to the total cost of 

materials for a flat TV (%) 

Screen (e.g. LCD cell, optical sheets, Backlight 

unit, T-con board, mechanics) 
75 - 80 

Signal board 7 - 10 

Power Supply 3 - 5 

Peripheral electronics (Wi-Fi/Bluetooth 

module, IR receiver board, Keyboard, etc.) 
3 - 5 

Others 3 - 5 

Websites like iFixit.com31 provide guides and solutions to repair household electronics. In the 431 

case of TVs, the website compiles questions from the users regarding different failure modes 432 

and descriptions on how to fix them, as an illustrative example Figure 6 shows a screenshot of 433 

the information than can be found. When available, the website provides information about 434 

where to purchase the parts needed for replacement and/or tools required. For some TV 435 

models the website includes a trouble shooting for general, audio and video problems, one 436 

example is showed in the right side of Figure 6, where the list of problems included in the 437 

troubleshooting appears.  438 

For the repairs where technical expertise is not required, some manufacturers offer support to 439 

customers through contact centres. These types of self-repair are safe and can be performed 440 

by the user, as for instance repairs of remote controllers, stand base, adaptors, batteries, 441 

adaptors, power cord. 442 

 443 

                                                      

31 https://www.ifixit.com/ (accessed on 20 March 2018) 

https://www.ifixit.com/
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 444 

Figure 6 Example of information available in iFixit32 445 

 446 

  447 

                                                      

32 https://www.ifixit.com/Device/LG_32CS560 (accessed on 20 March 2018) 

https://www.ifixit.com/Device/LG_32CS560
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1.4 User behaviour: product's lifetime and replacement 448 

This section intends to provide a summary description about the experience of users with 449 

TVs, in particular with respect to repair and upgrade considerations. 450 

The research performed by Bakker et al. (2014) sets the lifespan of a TV as 10 years (from 451 

TV acquisition until EoL in the Netherlands with data from 2007-2009). However, according 452 

to the input received from TV manufacturers involved in the development of this study, the 453 

TV replacement by users in the EU can range from 5 to 10 years.  454 

The TV replacement cycle has apparently decreased on a global scale from 8.4 to 6.9 years, 455 

compared to the previous 10-15 year average, when the main replacement was from CRT-to-456 

CRT technology (Osmani et al. 2013). Reasons for this trend could have been the declining of 457 

prices, a wider variety of sizes, and the desire for the latest technologies. 458 

Regarding the replacement of TVs, the most critical driver in nearly all countries seems to be 459 

a desire to trade up in size, followed by wanting to own a flat panel TV with improved picture 460 

quality (Osmani et al. 2013). Price related factors are also important in TV replacement 461 

decisions. The existing TV being outdated or broken seems also a strong driver for TV 462 

replacement, but not one of the top reasons. New advanced features such as LED backlights, 463 

3D and internet connectivity, seem however only to a minor extent be important to buy a new 464 

TV just because these features become available. Regarding internet connectivity, most 465 

consumers view it as a nice feature to have, but not as a principle reason to upgrade a TV. For 466 

3D, the lack of broadly available content is making this feature not a main reason to upgrade 467 

the TV in the first place.  468 

 469 
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1.5 Product and system aspects 470 

This section intends to provide a technical description of TVs, with the aim of supporting the 471 

further analysis of reparability and upgradability aspects. 472 

1.5.1 Design and innovation 473 

Product design of TVs is closely related with market demands. The current trend is towards 474 

thinner displays, which may have an impact on the ease of repair, since more compact designs 475 

require other types of connectors (e.g. snap-fits or flat connectors) which have to be handled 476 

with care by professionals. In addition, the smart functionality of the TV, which is as well 477 

growing in demand, requires more complex electronics that may increase the difficulty of 478 

repair as well as the level of knowledge required. 479 

The design cycle of a TV can vary between 1.5 and 2 years, depending on the level of 480 

innovation involved. New TV models are typically offered on a yearly basis, but the actual 481 

process for each model can start up-to 2 years in advance. The manufacturing process itself 482 

can be rather short (typically few months) compared to the overall manufacturing cycle, i.e. 483 

from conception of the product to its placing on the market. 484 

1.5.2 Functions 485 

As described in section 1.1, the main purpose of a TV is to display broadcast television 486 

images (i.e. to receive audio-visual signals). The television functions as a graphical interface 487 

between the received signal and the user.  488 

Secondary functions of TV can include: 489 

 data storage with a HDD (mainly used to store broadcast recordings),  490 

 video output for external sources like DVD, VCR, video-consoles,  491 

 streaming services and internet browsing (for smart TVs). 492 

1.5.3 Parts 493 

Table 9 provides the list of typical parts included in an LCD computer display, which can be 494 

considered similar to those of an LCD TV (Socolof et al. 2005).  495 

 496 

Table 9 Typical parts of an LCD display (Socolof et al. 2005) 497 

Function  Part 

Image display 

Liquid crystals 

Thin-film transistors 

Electrodes 

Colour filters 

Polarizers 

Orientation film 

Backlight 

Glass structure 
Front panel 

Back panel 

Electronics 

LCD controller PCB 

Backlight PCB 

Column and row driver PCBs 

Other PCBs (e.g. power PCB and sound PCB) 

Casing 
Plastic casing and stand 

Plastic frame and stand 

 498 
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Figure 7 provides a graphical representation of how key parts of an LCD TV can be arranged, 499 

while Figure 8 shows the parts of an OLED TV. Variations exist among manufacturers, and 500 

these are more significant for OLED TVs. As it can be appreciated, the circuits are different 501 

for LCD and OLED TVs, although they have similar parts (main board, T-con board, 502 

speakers, etc.). Parts like WIFI board and MOIP are characteristics of a smart TV. 503 

Manufacturers are reducing the amount of boards by integrating them (for example, the T-con 504 

is often integrated in the main board). Another important part that is not included in the two 505 

representations is the remote control.  506 

The main difference between TVs and other products of the same family (displays) is the 507 

possibility to decode broadcast signals (signal board), but there are as well other differences 508 

related to picture settings. For example, TVs are intended to be seen by several people at a 509 

certain distance and with moving images, while monitors of computers are intended to be 510 

seen by a single person with a maximum distance of one meter and with steady images. The 511 

environment where the display is planned to be used also has an influence on the design (e.g. 512 

medical displays). Although some similarities exist, these aspects need to be taken into 513 

considerations, when analysing different types of display, before extrapolating characteristics 514 

of computer displays to commercial TVs. 515 

  516 
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A: Power Board 

B: T-con Board 

C: EMI Filter board (sometimes is built into the 

Power Board) 

D: Inverter Board (sometimes is built into the 

Power board and called as I/P board) 

E: Main Board 

F: Jackpack 

G: Side Key Panel/Power 

Control/Remote Receiver Unit 

(IR/LED control) 

H: Left Speaker 

I: Right Speaker 

J: Display module 

K: Low-voltage differential signaling 

(LVDS) cable 

Figure 7 Parts of an LCD TV
33

 517 

 518 

                                                      

33 http://www.electronicrepairguide.com/lcd-tv-repair-basic.html (accessed on 21 March 2018) 

http://www.electronicrepairguide.com/lcd-tv-repair-basic.html
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MOIP: Multimedia over Internet Protocol 

SMPS: Switch mode power supply, left (L) and right (R) 

IR: Infra-red receiver  

Figure 8 Parts of an OLED TV34 519 

 520 

A BOM has been found for a LCD-TV of 20.1" with an integral cold cathode fluorescent 521 

lamp as backlight system (Ardente and Mathieux 2012). 522 

 523 

Table 10 BOM of an LCD-TV (Ardente and Mathieux 2012) 524 

Component Material 
Mass 

(g) 

F
ra

m
es

 /
 c

o
v
er

s 

Back cover ABS 920 

Main front cover ABS 340 

Support ABS 250 

Secondary front covers 
PC 15 

Plastic unspecified 98 

Main metal frame Iron/steel 1580 

Metal frame (#2) Iron/steel 261 

PCB support Iron/steel 48 

Support for cable support 
Iron/steel 34 

Plastic unspecified 38 

                                                      

34 https://electronicshelponline.blogspot.com.es/2016/02/samsung-oled-tv-smps-troubleshooting.html 

(accessed on 21 March 2018) 

https://electronicshelponline.blogspot.com.es/2016/02/samsung-oled-tv-smps-troubleshooting.html
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Component Material 
Mass 

(g) 

Internal support Aluminium 353 

Lamps support Aluminium 30 

P
C

B
 a

n
d

 c
o

n
n
ec

to
rs

 Main PCB 

Various (rich in precious metals) 

245 

PCB (secondary) 61 

PCB (secondary) 1 

PCB 
Various (rich in precious metals) 

55 

Film connectors (#4) 4 

PCB (secondary) 
Various (poor in precious metals) 

300 

PCB (secondary) 8 

L
C

D
 s

cr
ee

n
 

LCD (larger than 100 cm2) Glass, plastics, others 473 

Plastic light guide PMMA 1565 

Plastic foils Plastics 100 

Fluorescent lamps (#2) Glass + various 8 

O
th

er
s 

Capacitors (#2, diameter larger than 2.5cm) Various 9 

Fan Plastic, steel 19 

External cables Copper, plastic 120 

Internal cables Copper, plastic 25 

Speakers 
Steel 137.2 

Plastics 58.8 

Screws Iron/steel 30 

 525 

1.5.4 Software 526 

The operating system installed in normal TVs (i.e. not a smart TV) is normally not subject of 527 

updates, as this type of TV runs with the same software during its entire life. This software is 528 

used to control volume, brightness, subtitles, image format, tune channels, etc.  529 

With the introduction of smart TVs, manufacturers seem to be upgrading the 530 

software/firmware for a better use experience and efficiency of the system. Normally the 531 

updates can be downloaded from the manufacturer's website and it can be downloaded 532 

directly from the TV with an internet connection or by pairing a device (computer or tablet) to 533 

the TV (directly or via an intermediate storage device such as a USB stick).  534 

Issues with software updates might arise if future versions of software cannot be installed due 535 

to insufficient pre-installed memory. Moreover, consumers and testing organisations detected 536 

some smart TVs which after a few years of use are not compatible with the most common 537 

apps for video streaming, and therefore are turned into a non-smart TV. 538 

  539 
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2 ASSESSMENT OF REPARABILITY AND UPGRADABILITY 540 

Three levels have been conceived for assessing the reparability and upgradability of ErP 541 

(Cordella et al. 2018a): 542 

 Calculation of quantitative indicators (quantitative assessment), which aim at 543 

supporting the analysis of the technical complexity of products and of 544 

environmental/economic impacts associated to repair scenarios; 545 

 Definition of checklists of qualitative attributes (qualitative assessment), which aim at 546 

establishing requirements with which to improve the reparability and upgradability of 547 

products; 548 

 Rating and aggregation of parameters into indices (quali-quantitative assessment), 549 

which build on the previous elements and aim at assessing reparability and/or 550 

upgradability of alternative design options. 551 

The adoption of one or more levels depends on specific targets, familiarity with tools and 552 

methods, and availability of data.  553 

2.1 Identification of critical aspects and priority parts  554 

Independently from the level of assessment, as preliminary step it is required identifying 555 

critical aspects and priority parts of relevance for the repair/upgrade of a product, TVs in this 556 
study.  557 

Products are generally made of a large number of parts. In order to reduce the complexity of 558 

the assessment, it may be relevant to focus only on those parts that are more relevant for 559 

repair and/or upgrade operations, which are referred to in this context as "priority parts". 560 

Relevance is expressed in this context in terms of functional importance and likelihood of 561 

failure/upgrade (see also the study about the development of a Repair Score System35). 562 

The identification of priority parts is a core part of the assessment which should as far as 563 

possible based on the analysis of: 564 

1. Failure modes, their frequencies and the impacted parts; 565 

2. Frequency and distribution over time of repair operations; 566 

3. Typical upgrade features and frequencies of upgrade; 567 

4. Technical, market and legal barriers associated with the repair/upgrade operations 568 

(e.g. unavailability of repair instructions, spare parts and/or software updates, costs, 569 

disassembly steps/difficulty). 570 

The analysis can be fed by different sources of information as for instance: technical-571 

scientific documents containing data on product's design analyses (e.g. Failure Mode and 572 

Effect Analysis, stress analysis and damage modelling); durability/reliability testing results; 573 

risk assessments; statistical surveys about accidental breakdowns and normal wear-out; 574 

experts' judgements and field experience (e.g. demand of spare parts). All in all, insights can 575 

be provided by a broad pool of sources that include: manufacturers of products and parts, 576 

repairers, reuse and remanufacture organisations, consumer testing organizations, insurance 577 

companies, researchers and regulators. 578 

When the number of priority parts is considered to be not operational because tool large, 579 

priority parts could be ranked based on economic, environmental and technical 580 

considerations.  581 

                                                      

35 http://susproc.jrc.ec.europa.eu/ScoringSystemOnReparability/documents.html  

http://susproc.jrc.ec.europa.eu/ScoringSystemOnReparability/documents.html
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Due to the difficulties in gathering robust quantitative information, a matrix has been defined 582 

for the quali-quantitative assessment and selection of priority parts (see Table 11). As a 583 

practical guidance, it is considered that: 584 

 The functional importance of a part is higher if that part is necessary in the 585 

product to deliver either primary or secondary functions36 586 

 When failure rates are 10% or more, a higher priority could be set for these 587 

parts. A lower priority could be associated with failure rates between 3% and 588 

10% or when supported by qualitative information.  589 

 590 

Table 11 Matrix for the quali-quantitative assessment and selection of priority parts  591 

 
Likelihood of failure  

High Normal 

F
u

n
ct

io
n

a
l 

im
p

o
rt

a
n

ce
 

High 3 2 

Normal 2 1 

lNote: the higher the score the higher the priority ranking 592 

 593 

2.1.1 Failure modes and impacted parts 594 

A study conducted by WRAP (2011) on three LCD TVs, identified the following most 595 

common faults in these products: 596 

 Screen faults – due to damage, sometimes caused by impact; 597 

 Power circuit board faults; 598 

 Main circuit board faults – including hardware and microchip software; 599 

 Damage to connections – often between circuit boards; 600 

 Damage to television stands. 601 

Their study aims at providing guidance to buyers and manufacturers to procure and produce 602 

longer lasting and easier to repair TVs. According to that study, assemblies such as the screen 603 

that are fragile and critical to use, are particularly susceptible to damage. Damage occurs 604 

through strains on connectors and printed circuit boards that are subject to flexing, causing 605 

strain on soldered joints. Electronic parts and solder can also become damaged by variations 606 

in temperature and humidity for example, that can aggravates poorly soldered joints and 607 

corrupts chips. Continuing with this work, WRAP published a more detailed study about 608 

durable LCD TVs (WRPA 2014). Common failures and impacted parts of TVs were 609 

identified in that report, their findings are summarised in ANNEX I. 610 

                                                      

36 According to prEN 45552 (2018) a primary function is necessary to fulfil the intended use, whilst a 

secondary function enables, supplements or enhances the primary function(s). Note: depending on the 

product, the function of a part could also include aesthetic aspects. 
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A study about user behaviour in Europe37 identifies other problems for flat TVs. The most 611 

common problem would be the remote control followed by screen and connectors. For more 612 

recent televisions, the streaming from the smartphone or tablet is also a common problem, and 613 

for smart TVs the portal with apps.  614 

Another common failure in LCD televisions are faulty capacitors that can lead to: flickering 615 

screen, screen image disappears after several seconds, dim screen, slow start, power LED on 616 

but no image, shuts down for no apparent reason, no LED no picture or no sound, sound and 617 

no picture and unusual colours. The capacitors can be examined on the televisions and see if 618 

they are in bad condition38.   619 

Other failure modes have been also identified by independent repairers and websites 620 

containing repair information for LCD TVs
39

. These are included in ANNEX I, as well as 621 

other failures identified with the input of stakeholders involved in the development of this 622 

study. 623 

Building on the information gathered, a summary of failure modes and respective causes is 624 

provided in Table 12 (the list also contains failures of smart TVs). 625 

 626 

Table 12 Typical failure modes and cause of LCD TVs 627 

Failure mode Cause Source(s)  

Remote control 

does not work 

- Electronic faults on the PCB of the remote control, 

which could be caused by poor connections, part failures 

and/or battery leakage/corrosion 

- The print on the keypads might get worn 

- Damaging the casing 

- Insert batteries the wrong way 

- Not following the instructions 

WRAP 

Screen related    

Image disappears 

immediately 

- Failure in the inverter that supplies energy to the lamps 

- Weakening of a lamp 

Independent 

repairers 

Lines in the 

image 

- Failure in the transistor column 

- Failure in the transference of the low-voltage differential 

signalling 

 

Image showed 

with a mosaic 

effect 

- Failure in one of the parts in the T-con board 

- Failure in the low-voltage differential signalling 

 

Entire LCD 

defective 

- Overheating image processor  

Failure when 

streaming from 

smartphone/tablet 

- Failure when pairing the TV with the devices sometimes 

due to complex set up or unclear instructions 

Consumer 

organisation 

                                                      

37 Confidential information from stakeholders 
38 http://apike.ca/content/2012/11/how-find-bad-capacitors-tv.html (accessed on 21 March 2018) 
39 http://buscotecnicos.com/blog/?p=519 (accessed on 23 March 2018) 

http://apike.ca/content/2012/11/how-find-bad-capacitors-tv.html
http://buscotecnicos.com/blog/?p=519
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Connectors - Weak mounting on the main PCB or by a user mistake in 

forcing the plugs into the connector 

WRAP 

Portal with apps - Software updates 

- Various apps running at the same time 

Consumer 

organisation 

Digital 

synchronizer 

- Complex set up or unclear instructions WRAP 

Poor sound 

quality or no 

sound 

- Case vibrations 

- Speaker damaged physically 

- Fault with the sound PCB 

WRAP 

USB ports not 

working 

- Burn out ports 

- Outdated firmware of the TV 

- Compatibility issues with the format of the USB (NTFS, 

FAT32 or exFAT) 

Stakeholder

s consulted 

No power supply - Poor contact of the on-off switch 

- Fault on the power PCB (e.g. failure in the transformer) 

Stakeholder

s consulted 

 628 

2.1.2 Typical repair operations 629 

Repairing a TV requires electronic knowledge from the repairer and access to the service 630 

manual of the product, these two aspects influence in raising the price of the total cost of the 631 

repair operation, to the point that the consumer could consider more convenient the purchase 632 

of a new TV. 633 

Problems related to the different boards could be easily fixed by facilitating the replacement 634 

of the corresponding board and/or the specific part on the board (e.g. fuse, capacitors, diodes). 635 

To do so, manufacturers should facilitate the disassembly of the TV by avoiding soldering of 636 

the board and use robust connectors or plugs. An example of the required steps to disassemble 637 

a flat TV is given in section 2.2.2. Websites like iFixit include detailed manuals about how to 638 

replace specific parts of a TVs (for example, one of them describes how to replace a faulty 639 

diode from the power board of an LCD TV). 640 

According to the input of stakeholders involved in the development of this study, the most 641 

expensive part to replace in a TV is the screen (LCD module). The most common and cheaper 642 

repair operations are instead related to remote control and power supplies (capacitors). Repair 643 

of main board, power board or sound board can be found at a middle position. Repair of 644 

speakers can be expected to be relatively cheaper when the problem is not related with the 645 

board. Faults in the main board or the display module can be fixed by either replacing or 646 

repairing these parts. 647 

 648 

2.1.3 Typical upgrade operations 649 

The upgrade of TVs normally implies the substitution of the product by a new one. The 650 

upgrade of specific parts or features appears limited. For example, upgrading from LCD to 651 

OLED it is impossible due to difference in circuits and connections of the hardware. On the 652 

other hand, upgrading a normal LCD TV to a smart TV can be carried out by connecting a 653 

smart TV receptor (like for example the google chromecast or the apple TV). In these cases 654 

the TV only needs to have the correct connector to plug the receptor.  655 

Software upgrades are instead possible for smart TVs and they are provided by the 656 

manufacturer. Their frequency of update is also influenced by the updates in the applications 657 

or platforms that smart TVs offer. Limitations on processing power or space in the hard drive 658 

can limit future upgrades of software in smart TVs, as identified by consumers and testing 659 

organisations in some models. One solution to keep the smart TV updated is offered by 660 

Samsung, which is known as the "evolution kit". It consists of a device, in the form of a small 661 
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box, which improves the performance of a TV through enhanced processors once connected. 662 

The kit includes the latest contents and features developed by the manufacturer. 663 

2.1.4 Priority parts 664 

A list of priority parts, to be considered in the following steps of the assessment, has been 665 

defined based on Table 11. 666 

 667 

Table 13 List of priority parts with relevance basis and weight (calculated according to the matrix defined 668 
in Table 11) 669 

Part 
Failure 

likelihood 

Functional 

relevance 
Weight 

Main board High (a) High 3 

T-con board High (a) High 3 

Sound board High (a) High 3 

Power board High (a) High 3 

Inverter board (sometimes combined with power 

board) 
High (a) High 3 

Internal/external power supply Normal (b) High 2 

Transistor column High (a) High 3 

Speakers High (a) High 3 

LVDS cable High (a) High 3 

Lamps High (a) High 3 

TV stand Normal (a) High 2 

Remote control High (a) Normal 2 

Connectors for external equipment High (a, b) Normal 2 

Capacitors, batteries and accumulators High (a, b) High 3 

DVD/Blue ray module (when applicable) Normal (b) Normal 1 

HD/SSD (when applicable) Normal (b) Normal 1 

(a) input from section 2.1.1  670 

(b) listed in the revised Ecodesign Directive on displays (to be published)  671 

 672 

2.1.5 Technical barriers for repair and upgrade 673 

According to stakeholders involved in the development of this study, the most relevant 674 

barriers which can hinder repair and/or upgrade are: 675 

- Difficulties in the identification of parts. In some cases it can be hard to identify parts, 676 

for instance when marking has become illegible due to overheating. In such cases, the 677 

availability of diagrams and lists of parts is important to facilitate their identification. 678 

However, this information is not always available to independent repairers.  679 

- Use of adhesives. Some manufacturers use adhesives to fix the back cover of TVs 680 

which makes disassembly difficult with common tools.  681 

- Use of specific tools. The use of specific tools for the disassembly of TVs should be 682 

avoided, or at least limited. 683 

- Difficulties in the identification of the problem. When the display is used as interface 684 

to provide a diagnosis of the problem but it does not work, it can be complicated to 685 

identify the problem. In such cases, a possible solution could be to allow the switch to 686 

auxiliary interfaces like a blinking LED. 687 
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- Spare parts. Some parts of the circuit boards are difficult to find on the public market 688 

as spare parts and in some cases even impossible, especially for the parts of the T-con 689 

board. On the other hand, some manufacturers like LG40 already provide spare parts 690 

publicly for some of their models, where circuit boards can be found as well. 691 

- Lack of standardisation of LCD screens. In the study "Réparez vous-même vos 692 

appareils électroniques" (Boyer 2014), it was identified that screens with identical 693 

specifications often have different connectors and operate with different signals 694 

(number of leads, signal frequency, voltage). Even screens with identical dimensions, 695 

mounting means and connectors may not be interchangeable. The same model of TV 696 

may be equipped with a different type of LCD and the firmware may or may not be 697 

adaptable to another type. Repair could be made much easier if screens of identical 698 

size and specifications had identical interfaces, at least for a given brand. This would 699 

allow repairers to stock common parts and potentially recover parts for repair 700 

purposes from appliances presenting another defect. 701 

The main barriers specifically encountered for upgrade are the lack of processing capacity of 702 

the TV and/or the insufficient pre-installed memory, necessary to support newer versions of 703 

software and to store them, respectively. 704 

  705 

                                                      

40 http://www.spareslg.com/gb/familias-tv-20-# (accessed on 8 June 2018) 

http://www.spareslg.com/gb/familias-tv-20-
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2.2 Fully quantitative approaches 706 

From a purely design-oriented perspective, repair and upgrade of products are influenced by 707 

the complexity of its assembly/disassembly. This is also linked to the concept of 708 

disassemblability, i.e. the ability to disassemble a product in its parts in a reversible way. As 709 

described in the Annex, several methods can be found in literature to measure such 710 

complexity (see for instance: Das et al. 2002; Fang et al. 2015; Gershenson et al. 1999; 711 

Giudice and Kassem 2009; Kobayashi and Higashi 2013; Olson and Riess 2012; Soh et al. 2015; 712 

Vanegas et al. 2016). In particular, the following approaches have been considered of possible 713 

interest to assess the disassembly complexity: 714 

1. Analysis of disassembly sequences and disassembly depths; 715 

2. Calculation and analysis of the time for disassembly (Vanegas et al. 2016). 716 

Both approaches can be applied to understand the difficulties associated to the disassembly 717 

and extraction of priority parts of TVs, and to potentially identify design options facilitating 718 

repair/upgrade operations. The time for disassembly is an aggregated parameter to assess the 719 

overall disassemblability of products taking into account aspects as number of disassembly 720 

steps, easiness to access parts or difficulty of the operation itself
41

. Although more 721 

comprehensive, it is anticipated that the time for disassembly is even more sophisticated and 722 

difficult to apply compared to the separate analysis of its integrating aspects. 723 

However, the use of LCA has to be mentioned as well among the quantitative approaches 724 

since the resulting calculations are necessary elements to understand impacts associated to 725 

repair/upgrade scenarios and conditions under which they can be favourable. This could also 726 

be supported by LCA-based indices quantifying relative benefits over a reference scenario 727 

(Cordella et al. 2018a, Tecchio et al. 2016).  728 

Quantitative approaches can provide useful tools for the assessment of the product 729 

reparability and upgradability, but requires a certain effort both in terms of data input and 730 

calculations. Although data collection and assessment and verification of results can be 731 

difficult in practice, a critical interpretation of the results can provide valuable information 732 

about the ability to repair and upgrade products, as shown for TVs in the following sub-733 

chapters. 734 

2.2.1 Life Cycle Assessment 735 

A streamlined LCA has been performed to analyse the environmental impacts associated to 736 

the manufacturing of an LCD TV and to alternative repair scenarios.  737 

 Goal and scope 2.2.1.1738 

The main goal of this LCA application is to understand when the repair of TVs could be a 739 

more environmentally friendly solution than substituting faulty TVs. 740 

The life cycle stages considered in the assessment are, as represented in Figure 9, the 741 

manufacturing, transport and use of the product. Repair has been also included in the 742 

respective scenarios. The end-of-life treatment of the TV has not been included in the 743 

assessment to simplify this study, which focuses on the use and repair of TVs. 744 

 745 

                                                      

41 Disassembly time could be measured, but this would be subjective since the overall length depends, 

among other factors, on the operator skills. Standard time units representing the effort needed to 

perform an operation could thus be assigned to each task of the disassembly process 
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 746 

Figure 9 System boundaries of the LCA study 747 

 748 

The functional unit of the study is the average use in a European household of a virtual LCD 749 

TV of 20.1" (see Table 14 for further details). Two scenarios have been defined to model the 750 

use stage of the TV (see Figure 10): 751 

1. Replacement Scenario: the product A is used during its average lifetime (10 years, as 752 

estimated in section 1.4) without the need of being repaired. At the EoL, the TV is 753 

replaced with a new product B. 754 

2. Repair Scenario: a failure occurs during the use of the product and this need to be 755 

repaired (the product is called AR). The failure can occur at different times during the 756 

use stage, e.g. at year 1, 4 or 8. 757 

 758 

Figure 10 Use stage scenarios 759 

 760 

The following nomenclature is used in the assessment:  761 

 A: TV model with no repair; 762 

 B: TV model which replaces model A; 763 

 AR: TV model where repair takes place; 764 

 tA: expected lifetime of TV model A; 765 

 tB: expected lifetime of TV model B; 766 

 tAR: lifetime of TV model AR before failure occurs; 767 
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 x: additional time of use of TV model AR after repair. 768 

Following the description of the scenarios 1 and 2, and taking into account the life cycle 769 

stages considered in the scope of this study, the environmental impacts of each TV model can 770 

be calculated as follows: 771 

𝐼𝑖 = 𝑀𝑖 + 𝑇𝑖 + (𝑢𝑖 ∙ 𝑡𝑖)         772 

Where:  773 

 Ii: overall environmental impacts of product i; 774 

 Mi: environmental impacts during manufacturing of product i; 775 

 Ti: environmental impacts during distribution of product i from factory to consumer; 776 

 ui: environmental impacts per year of use of product i; 777 

 ti: expected lifetime in years of product i. 778 

In the case that a repair operation takes place, the environmental impacts during 779 

manufacturing and transport of the spare part (MRP and TRP, respectively) have to be also 780 

considered in equation 1. 781 

From the observation of Figure 10 it appears evident that the lifetime of products A and B 782 

does not necessarily match with the lifetime of product AR. The two scenarios have to be 783 

assessed for the same period of time, which is tA + x. This means that the impacts due to the 784 

use of product B for a time tB have to be allocated to the period x – (tA – tAR). 785 

To understand when repairing a TV can be beneficial (Scenario 2) means to analyse how long 786 

the repaired TV has to last (i.e. "tAR + x" according to the nomenclature used in Figure 10) in 787 

order to compensate the environmental impacts of replacing a product (Scenario 1). This is 788 

also referred to as "break even time" in the present application. 789 

 Life cycle impacts 2.2.1.2790 

modelling 791 

The method used to calculate the environmental impacts is the CML-IA baseline v3.0542, 792 

which considers the following impact categories: abiotic depletion (kg Sb eq), abiotic 793 

depletion (fossil fuels) (MJ), global warming potential (100yr) (kg CO2 eq), ozone layer 794 

depletion (kg CFC-11 eq), human toxicity (kg 1,4-DB eq), fresh water aquatic ecotoxicity (kg 795 

1,4-DB eq), marine aquatic ecotoxicity (kg 1,4-DB eq), terrestrial ecotoxicity (kg 1,4-DB eq), 796 

photochemical oxidation (kg C2H4 eq), acidification (kg SO2 eq), eutrophication (kg PO4eq). 797 

These have been quantified based on the attributional modelling approach described below, 798 

and with the support of the software tool SimaPro 8.5.2.043 and the Ecoinvent database 3.544. 799 

The bill of materials used to model the TV manufacturing stage is shown in section 1.5.3. The 800 

same bill of materials has been used for products A, B and AR. Energy consumption and 801 

emissions in the manufacturing stage have not been considered.  802 

The distribution of the product to the consumers has been modelled using the default scenario 803 

provided in the guidelines for Product Environmental Footprint Category Rules45. 804 

                                                      

42 https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors 

(accessed on 7 February 2019) 
43 https://simapro.com/ (accessed on 7 February 2019) 
44 https://www.ecoinvent.org/database/database.html (accessed on 7 February 2019) 

https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
https://simapro.com/
https://www.ecoinvent.org/database/database.html


 

40 

 

Finally, the energy consumption during the use stage has been modelled using the data 805 

reported in Table 14. 806 

At first instance, it has been assumed that all the TV models (A, B and AR) have the same 807 

characteristics in terms of manufacturing, transport and use. An allocation factor has been 808 

attributed to the TV model B based on time (see section 2.2.1.1). Variation of key parameters 809 

has been applied in a sensitivity analysis. 810 

For the repair scenario, three parts of the TV have been selected based on the list of priority 811 

parts presented in section 2.1.4 and on the inventory data available. These are: main PCB, T-812 

con board, and speakers. 813 

 814 

Table 14 Assumptions during the use stage (Ardente and Mathieux 2012) 815 

Parameter Amount Units 

Product lifetime 10 years 

Use of the product on mode 4 hours/day 

User of the product in standby mode 20 hours/day 

Energy consumption on mode 40 W 

Energy consumption standby mode 0.3 W 

 816 

 Results 2.2.1.1817 

Figure 11 shows the contributions of manufacturing, transport and use stages to the impacts 818 

associated to product A without considering repair. The results show that manufacturing is the 819 

primary contributor to the life cycle impacts for all categories. Depending on the impact 820 

category, contributions vary from almost 80% to nearly 100%, as it is the case for abiotic 821 

depletion. Based on the modelling assumptions made and the data used, impacts of 822 

manufacturing are mainly due to the circuit boards, i.e. T-con board, main board and sound 823 

board. These represent 93% of the global warming potential impact for the manufacturing 824 

stage. For the other impact categories their contribution ranges from 87% in photochemical 825 

oxidation to 98% in abiotic depletion and acidification. 826 

                                                                                                                                                        

45
 http://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR_guidance_v6.3.pdf (accessed on 25 January 

2019) 

http://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR_guidance_v6.3.pdf
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 827 

Figure 11 Contribution to the environmental impacts of the different life cycle stages of an LCD TV 828 
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 829 

Following the modelling described in the above section, the number of years that a repaired 830 

TV has to last, to be considered as a more environmentally friendly solution than replacement, 831 

have been calculated. It has been assumed that the failure of critical parts occurs at year 4. 832 

Results of the calculations for Global Warming Potential (GWP) are shown in Table 15. It 833 

should be observed that the year of failure does not influence the results from an 834 

environmental point of view: x varies if failure occurs for example at year 1 or 8, but not the 835 

total lifetime that the TV should last to be an environmentally viable solution. When 836 

calculating the break-even time for other impact categories the number of years obtained does 837 

not change significantly (variation of ± 0.1 years).  838 

The repair operation implies additional impacts due to the replacement of the part, which are 839 

compensated if the product is used longer up to the point in which repair becomes potentially 840 

more beneficial than replacing a device. In the case of T-con board, the device should be used 841 

more than 4 years longer than the average to make repair beneficial, while the extra-time of 842 

use is negligible in case of the speakers. 843 

Table 15 Calculated lifetimes when the GWP impact of Repair and Replacement Scenarios are equals 844 

Part 

repaired 

x 

(years) 

Break even time 

(years) 

Main PCB 9.4 13.4 

T-con board 10.2 14.2 

Speakers 6 10 

As expectable, it can be noticed that the lifetime of the TV has to be extended more years 845 

when higher environmental impacts are associated to the part to be repaired. From the 846 

inventory used in this study, the T-con board has in fact a higher mass than the main PCB and 847 

therefore a higher impact. Regarding the speakers, their environmental impact is sufficiently 848 

low to not require an extension of the lifetime to compensate the emissions.  849 

Contributions of the use stage to overall life cycle impacts of the TV calculated in the present 850 

study appears lower than other available LCA information about LCD TVs (see Figure 12 and 851 

Figure 13 for comparison). This difference could be due to the values used for the power of 852 

the TV during the modes on and standby. According to the literature review performed in this 853 

study, the values can be up to 180 W and 5W for the on mode and standby mode respectively 854 

(Thomas et al. 2012). This value is of course influenced by the size of the screen and the 855 

energy efficiency of the product/technology. A sensitivity analysis on this parameter is 856 

performed in section 2.2.3.2 857 

 858 

Figure 12 LCA of a Sony Bravia LCD TV46 859 

                                                      

46
 https://www.sony.net/SonyInfo/csr_report/environment/products/dfe.html (accessed on 11 February 

2019) 

https://www.sony.net/SonyInfo/csr_report/environment/products/dfe.html
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 860 

 861 

Figure 13 LCA of a 55-inch Ultra HD display by Samsung47  862 

 863 

 Sensitivity analysis 2.2.1.2864 

The modelling and assessment of the impacts associated to the life cycle of an LCD TV is 865 

based on a series of assumptions. A sensitivity analysis has been performed for the scenarios 866 

involving the failure of the main PCB to understand the influence of the most important 867 

assumptions on the GWP impact. The parameters considered are: 868 

 The environmental impact due to manufacturing (Mi) and the use of the device (ui),  869 

 The expected lifetime (ti). 870 

To analyse the variability or results, each parameter has been multiplied by a factor ranging 871 

from 0.5 to 1.5, as shown in Figure 14 and Figure 15. Two cases have been analysed: 872 

 Case 1: the life cycle impacts of product A equals product B (which means that MA = 873 

MB, tA = tB, uA = uB), therefore variations in these parameters affect equally to both 874 

products; 875 

 Case 2: the life cycle impacts of product A are kept unvaried, while the life cycle 876 

impacts of product B are varied.  877 

All other parameters have been kept unvaried, including impacts associated to the hours of 878 

use of TVs per day.  879 

Results are shown in Figure 14 and Figure 15 for Case 1 and Case 2.  880 

For Case 1 it is observed that: 881 

 If the impact of manufacturing models A and B is higher, the repaired TV has to be 882 

used for a shorter amount of time due to the increased importance of materials. This 883 

corresponds to a smaller contribution of the repaired part to the overall impact of the 884 

manufacturing stage, and is consistent with the results reported in Table 15.  885 

 The calculation of the break-even time is not affected by the use stage if products A, 886 

B and AR have the same energy consumption (only the impacts due to materials 887 

become relevant). 888 

                                                      

47
 

https://images.samsung.com/is/content/samsung/p5/sec/aboutsamsung/sustainability/pdf/2018/2018Life

-CycleAssessmentforHHPandDisplay_180831.pdf (accessed on 11 February 2019) 

https://images.samsung.com/is/content/samsung/p5/sec/aboutsamsung/sustainability/pdf/2018/2018Life-CycleAssessmentforHHPandDisplay_180831.pdf
https://images.samsung.com/is/content/samsung/p5/sec/aboutsamsung/sustainability/pdf/2018/2018Life-CycleAssessmentforHHPandDisplay_180831.pdf
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 The shorter the expected lifetime of the device the shorter the break-even time, since 889 

the relevance of materials increase. The break-even time varies in the same order of 890 

magnitude as the factor applied to TV models A and B, meaning that it is reduced by 891 

50% when applying a 0.5 factor to the expected lifetime and increased by 50% with a 892 

1.5 factor. 893 

The results of the sensitivity analysis for Case 2 have the same pattern of Case 1. However, 894 

for Case 2 it is observed that 895 

 A slightly longer break even time is calculated when MA is kept constant and MB is 896 

decreased, because the relative impact of the repaired part increases. Opposite results 897 

are expectable when MB increases. 898 

 When the energy efficiency of product B increases, the break-even time becomes 899 

slightly longer because the impact of product B decreases. Probably, the hours of use 900 

of TVs play a more important role in the assessment of the environmental impacts of 901 

the device. 902 

 The break-even time is reduced by 13% when a 0.5 factor is applied to the expected 903 

lifetime and by 6% with a 0.75 factor. Vice versa, this is increased by 6% and 13% 904 

with the application of 1.25 and 1.5 factors, respectively. Variability of results is 905 

lower than for Case 1 since only product B is affected. 906 

 907 

 908 

Figure 14 Results of the sensitivity analysis case 1 for GWP 909 
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 910 

Figure 15 Results of the sensitivity analysis case 2 for GWP 911 
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2.2.2 Steps for the disassembly of parts 913 

A disassembly step can be defined as an operation that finishes with the removal of a part, 914 

and/or with a change of tool48. Accessing a target part through a reduced number of steps can 915 

contribute to make the disassembly process easier, in association with other parameters such 916 

as fasteners and connectors used, tools and skills needed. 917 

Two important definitions can be associated to the definition of disassembly step: 918 

1. The disassembly sequence, which is the order of steps needed to remove a part from a 919 

product (which might include the access to fasteners).  920 

2. The disassembly depth, which is the number of steps required to remove a part from a 921 

product.  922 

The disassembly depth can be obtained by applying the following iterations (Kobayashi and 923 

Higashi 2013): 924 

- 1: Every components that can be removed are set at Level 1 and a list of remaining 925 

components is made; 926 

- 2: Every components that can be removed are set at Level +1 and a list of remaining 927 

components is made; 928 

- 3: Go back to 2. 929 

Although this concept in principle does consider neither other characteristics that can affect 930 

the ease of removing components nor the effort needed, the analysis of disassembly sequences 931 

and depths is fundamental to assess the effort required to access and/or replace priority parts. 932 

This can influence the time needed to repair the product and, potentially, the cost of the 933 

repair/upgrade operation.  934 

The repair/upgrade operation can be facilitated by the availability of information about the 935 

steps needed to disassemble specific parts, as well as by design options where the number of 936 

disassembly steps is reduced. Optimal disassembly sequences can be for instance found 937 

through process simulation (Go et al. 2012) or on through the analysis of their relative 938 

accessibility and importance (Kobayashi and Higashi 2013).  939 

By definition, disassembly has to be reversible, i.e. to enable re-assembly without causing 940 

damages to functional parts of the product. Depending on its relevance and on the availability 941 

of information, the analysis of disassembly steps could also include the reassembly process. 942 

According to a study from WRAP (2011), it is a common practice to use clips as joint 943 

technique for the cover of the TV, which increase the risk of damage when opening it for 944 

repair. They also encountered difficulties to find fastening points in mid to high-cost models. 945 

In favour, all the models assessed in their study used standard screws which allow 946 

disassembly and reassembly. A part from screws and clips, some manufacturers use adhesives 947 

to fix the back cover, which makes disassembly practically impossible, according to an NGO. 948 

Regarding the circuit boards, the same study from WRAP (2011) concludes that power circuit 949 

boards were easy to access and they could be easy replaced at board or part level.  This was 950 

not the case of the video circuit board and the control inverter, which in some cases were 951 

located between the cover and the screen, hindering or making impossible the access to them. 952 

They also conclude that the majority of electrical joints were designed with clip-fit connectors 953 

or spades, which facilitate the replacement of parts.  954 
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 COMMISSION DECISION (EU) 2016/1371 of 10 August 2016 establishing the ecological criteria 

for the award of the EU Ecolabel for personal, notebook and tablet computers 
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In order to facilitate the disassembly of the parts of a TV which are prone to fail, the 955 

manufacturer has to provide clear indications on how to disassemble the product, as well as 956 

facilitate the access and disassembly of the part by using adequate joining techniques, as 957 

indicated in the findings from the WRAP study mentioned about. An example of indications 958 

to disassemble an LCD TV is provided in Table 16 (referred to the model PDI-P23LCD)49. 959 

The disassembly starts with the removal of the stand and back cover, which are usually 960 

attached with screws.  961 

Once the back cover is removed the repairer can have access to all the boards and cables 962 

connecting them, although this depends on the specific model. For example, some TVs can 963 

indeed have the T-con board in another assembly level (between the screen and the cover) and 964 

it could be even soldered.  965 

All the boards need to be removed to have access to the LCD module of the TV. Normally 966 

they are attached with connectors and plugs which might require delicate movements as the 967 

connectors and/or boards can be fragile. Separating the LCD module might require the 968 

removal of several screws as this part is normally attached to different parts of the TV and 969 

frame.  970 

Once the LCD module is removed, the remaining part is the front cover of the TV. 971 

Since the steps to disassemble a TV can vary from manufacturer to manufacturer and from 972 

model to model, the example used in Table 16 is valid only for illustrative purposes.  973 

The tools needed to disassemble a TV are normally easy to find. The time for the total 974 

disassembly is influenced by the skills of the repairer, apart from the number of screws and/or 975 

connectors to be removed. More recent models of LCD TVs might use less screw, or even 976 

none, and more plastic parts. A quantitative analysis of disassembly steps is provided below 977 

for a sample of 12 models.   978 

                                                      

49 http://cdn2.hubspot.net/hubfs/2506483/PDiarm_Oct2016/pdf/PD196I93R1.pdf (accesed on 21 March 

2018) 

http://cdn2.hubspot.net/hubfs/2506483/PDiarm_Oct2016/pdf/PD196I93R1.pdf
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Table 16 Example of disassembly steps for an LCD TV50 979 

Step 1: Removal of stand 
Step 2: Removal of back 

cover 
Step 3: Metal plate and rear chassis 

   

Step 4: Remove bracket 
Step 5: Disconnect 8 plugs on 

Main PCB 

Step 6: Remove 11 screws from 

main PCB and SMPS PCB 

   

Step 7.1: Remove LCD 

module – part 1 

Step 7.2: Remove LCD 

module – part 2 

Step 7.3: Removal of LCD module – 

part 3 

   
Step 7.4: Removal of LCD 

module – part 4 

Step 7.5: Removal of LCD 

module – part 5 

Step 7.6: Removal of LCD module – 

part 6 

  

 
 

 

 

 

 

 

 980 

                                                      

50 http://cdn2.hubspot.net/hubfs/2506483/PDiarm_Oct2016/pdf/PD196I93R1.pdf (accesed on 21 March 

2018) 

http://cdn2.hubspot.net/hubfs/2506483/PDiarm_Oct2016/pdf/PD196I93R1.pdf
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 Analysis of disassembly 2.2.2.1981 

steps 982 

Based on available data it has been possible to conduct an analysis of the number of steps 983 

needed to access the different circuit boards identified as priority parts (main board, T-con 984 

board and sound board) and the speakers of a sample of 12 LCD TVs. The data used in the 985 

analysis has been obtained from the Recycle Information Centre51, which is part of the Close 986 

WEEE52 project and includes information about safe disassembly procedures for reuse and 987 

recycle.  988 

Table 17 describes the steps needed to access the PCBs and the speakers, showing that for the 989 

majority of the cases investigated it is only needed to dismount the back cover to access these 990 

parts. In 4 of the 12 models analysed it is needed to disassemble another metal part which acts 991 

as protector to PCBs. The main difference among the models is the way in which the back 992 

cover is attached to the main frame: the number of screws used varies from 8 to 27, while the 993 

number of clips/connectors ranges from 0 to 42. Therefore, the disassembly of the back cover 994 

could be a tedious task for repairers when the number of fasteners and connectors used is 995 

excessive. It should be also observed that for large models the operation might require two 996 

technicians. Moreover, stakeholders involved in this study have mentioned that manufacturers 997 

are using less and less screws and more clips in new models of TV. However, as mentioned 998 

ealier, it has been reported that this trend could increase the risk of damaging the TVs when 999 

opening them for repair (WRAP 2011). 1000 

With this approach, the disassemblability of a product is evaluated in terms of disassembly 1001 

steps. By considering the consecutive removal of fasteners with the same tool a single step, 1002 

the ease of disassembly is not affected if one or more fasteners are removed consecutively and 1003 

without a change of tool. 1004 

Having this in mind and looking at the results of the analysis, it can be considered that the 1005 

number of disassembly steps needed to extract PCBs and speakers from a TVs will not vary 1006 

significantly among different models. Although information about the disassembly of the 1007 

product is very relevant to enable repair/upgrade operations, the analysis of disassembly steps 1008 

does not appear to bring sufficient added value to compare TVs. 1009 

The results from the analysis do not show any issue related to the accessibility to certain 1010 

circuit boards, as highlighted in the study from WRAP (2011) mentioned earlier. This is due 1011 

to the fact that the databased used in this exercise is focused in disassembly for 1012 

recycle/recovery of parts; therefore accessibility of parts for repair is not reported in the 1013 

database used. 1014 

 1015 

                                                      

51 https://ric.werecycle.eu/ (accessed on 10 August 2018)  
52 http://closeweee.eu/ (accessed on 10 August 2018) 

https://ric.werecycle.eu/
http://closeweee.eu/
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Table 17 Analysis of disassembly steps for different LCD TV models 1016 

Model Difficulty* Description to disassemble PCBs Description to disassemble 

speakers 

[1] Medion P12181 Very easy PCBs can be accessed after step 1, when the back cover is 

removed (8 screws and unfasten clips). The PCBs can be 

disassembled by removing the corresponding screws, 11 in 

total. 

No information 

[2] Panasonic TX-

32AW304  

Moderate PCBs can be accessed after step 1, when the back cover is 

removed (14 screws and 16 clips). All PCBs can be 

disassembled after removing the connectors, clips and tape used 

as well as the corresponding screws.  

Speakers can be accessed 

after removing the back cover 

in step 1 and they can be 

disassembled manually.  

[3] Philips 

40PFK4509/12  

Moderate PCBs can be accessed after step 1, when the back cover is 

removed (16 screws and 42 clips). All PCBs can be 

disassembled after removing the connectors, tapes and 

corresponding screws. One of the PCBs has two clips that need 

to be released.  

Speakers can be accessed 

after removing the back cover 

in step 1, 3 screws per speaker 

need to be removed for their 

disassembly. 

[4] Polaroid 

P50LED14  

Moderate PCBs can be accessed after step 1, when the back cover is 

removed (22 screws). For the complete disassembly of all PCB 

parts another step to remove some metal and plastic parts is 

needed. PCBs can be disassembled by removing the 

connectors, clips, tape and corresponding screws.   

Speakers can be accessed 

after removing the back cover 

in step 1, the disassembly is 

done by removing them from 

their mounting. 
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[5] Samsung 

UE32H6470SSXZG  

Moderate PCBs can be accessed after removing the back cover (11 

screws). All PCBs can be disassembled after removing the 

connectors, tapes and corresponding screws.   

Speakers can be accessed 

after removing the back cover 

and disassembled by 

removing them manually 

from their mountings. 

[6] Hisense 

LTDN40K220WSEU  

Moderate PCBs can be accessed after removing the back cover (27 screws 

and 15 clips). All PCBs can be disassembled after removing the 

connectors, tapes and corresponding screws. One of the PCBs 

includes two clips.  

Speakers can be accessed 

after removing the back cover 

and disassembled by 

removing them manually 

from their mountings. 

[7] LG 24PN450B  Moderate PCBs can be accessed after removing the back cover (23 

screws). All PCBs can be disassembled after removing the 

connectors, tapes and corresponding screws.   

Speakers can be accessed 

after removing the back cover 

and disassembled by 

removing them manually 

from their mountings. 

[8] LG 47LM760S  Moderate PCBs can be accessed after removing the back cover (24 

screws, 4 clips and some connectors). All PCBs can be 

disassembled after removing the connectors, tapes and 

corresponding screws.   

No information 

[9] PEAQ 

TFT32NUMUNE  

Moderate PCBs can be accessed after removing the back cover (16 

screws). All PCBs can be disassembled after removing the 

connectors, tapes and corresponding screws.   

Speakers can be accessed 

after removing the back cover 

and disassembled by 

removing them manually 

from their mountings. 
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[10] Telefunken 

T39EX1425  

Moderate PCBs can be accessed after removing the back cover (21 screws 

and some connectors). For the complete disassembly of all 

PCBs another step to remove some metal and plastic parts is 

needed. PCBs can be disassembled by removing the 

connectors, clips, tape and corresponding screws.   

No information 

[11] Vestel 40''  Moderate PCBs can be accessed after removing the back cover (21 

screws). For the complete disassembly of some PCBs another 

step to remove a protective metal mounting is needed. PCBs 

can be disassembled by removing the connectors, clips, tape 

and corresponding screws.   

Speakers can be accessed 

after removing the back cover 

and disassembled by 

removing them manually 

from their mountings. 

[12] Toshiba 

48L1443DG  

Moderate PCBs can be accessed after removing the back cover (21 screws 

and some connectors). For the complete disassembly of some 

PCBs another step to remove a protective metal mounting is 

needed. PCBs can be disassembled by removing the 

connectors, clips, tape and corresponding screws.   

Speakers can be accessed 

after removing the back cover 

and disassembled by 

removing them manually 

from their mountings. 

*According to Recycle Information Center (https://ric.werecycle.eu/) 1017 

  1018 
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2.2.3 Disassembly time 1019 

As previously said, the disassemblability of a product is influenced by number of disassembly 1020 

steps and ease of access to parts, tools needed and difficulty of the operation itself. These 1021 

aspects could be combined in a single indicator: the disassembly time.  1022 

Time can be measurable directly but its measurement is subjective to the operator skills. 1023 

Manual/semi-automatic operations are generally relevant for repair processes, while the level 1024 

of automation should increase at the industrial scale. 1025 

Different methods (Boks et al. 1996; Desai and Mital 2003; iFIXIT 2018; Kroll and Carver 1026 

1999; Kroll and Hanft 1998; McGlothin and Kroll 1995; Olson and Riess 2012; Peeters et al. 1027 

2018; Sodhi et al. 2004; Vanegas et al. 2016, 2018) have been proposed, which range from 1028 

empirical estimations through linear equations to detailed and direct measurements and more 1029 

elaborated quantifications. In order to limit measurement and calculation uncertainties, is 1030 

recommendable to refer to standard time units (Zandin 2003) for specific disassembly 1031 

operations, as done in the eDiM (Peeters et al. 2018; Vanegas et al. 2016, 2018). The eDiM 1032 

enumerates a series of parameters which need to be defined based on the disassembly 1033 

sequence of the product.  1034 

Time provides an indication of the operational costs associated to repair/upgrade, in case a 1035 

service is paid, but it should be considered with other factors (e.g. the cost of spare parts). 1036 

Moreover, its calculation is more complex and field research is needed in case of data gaps. 1037 

Although being an interesting concept, its applicability should be evaluated on a case-by-case 1038 

basis. 1039 

For this study on TVs, the calculation of the disassembly time is based on the eDiM and 1040 

targeted to PCBs in general and to the speakers, similarly to the previous section. The 1041 

information available to calculate disassembly times does not make sufficient differentiation 1042 

between PCB types of TV. Because of this, the main board, T-con board and sound board and 1043 

the other PCBs identified as priority parts are analysed as a single group.  1044 

The parameters needed for the calculation of the disassembly time according to the eDiM are 1045 

shown in   1046 
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Table 18. This represents a generic calculation sheet for the eDIM time. The information to 1047 

fill in columns from 1 to 6 have been obtained from Table 17 and complemented with further 1048 

details obtained from RIC53 (e.g. type of tool). Reference time values have been obtained from 1049 

Vanegas et al. (2016). It has to be mentioned that the data used to calculate disassembly times 1050 

comes from different sources which did not provide complete information for TVs. Therefore 1051 

it was necessary to make some assumptions fill data gaps: 1052 

 When the number of connectors used (column 3 of Table 18) was unknown, a 1053 

reference value of 4 has been used; 1054 

 Some characteristics of the connectors are needed to determine the time reference 1055 

value (columns 7 to 12 of Table 18), as for instance the diameter of the screws and 1056 

the force applied to remove clips, snapfits and tapes. The highest values provided in 1057 

Vanegas et al. (2016) have been considered (most conservative assumption). 1058 

 1059 

  1060 

                                                      

53 https://ric.werecycle.eu/ (accessed on 10 August 2018) 

https://ric.werecycle.eu/
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Table 18 Generic eDiM calculation sheet 1061 
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 1062 

The disassembly times calculated for PCBs and speakers according to the eDiM are 1063 

represented in Figure 16. The average disassembly times are 232.2 seconds for PCBs and 1064 

242.5 seconds for speakers. As order of magnitude, disassembly times range from about 100 1065 

to 350 seconds showing that the variation is not significant from a practical point of view. The 1066 

main contribution to the disassembly time is apparently done by removing fasteners. 1067 

Due to the nature of the data used and to the assumptions made, a critical interpretation of the 1068 

results is needed. The main purpose of this application is to show how time for disassembly 1069 

can potentially feed the assessment of the reparability and upgradability of products, and to 1070 

show which indications can be provided for TVs.  1071 

When the values given in the assumptions have been varied no significant changes in the final 1072 

eDiM calculations have been observed. 1073 

 1074 



 

56 

 

 1075 

 1076 

Figure 16 Disassembly times calculated for the PCBs and speakers using the eDiM (Note: Note: no 1077 
information about the removal of the speakers was available for samples [1] and [10]) 1078 

 1079 

  1080 
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2.3 Qualitative attributes 1081 

This level of the assessment consists in the development of a product-specific checklist of 1082 
positive attributes that can positively influence the reparability and upgradability of TVs. 1083 

Based on information available in the literature (Commission Decision (EU) 2016/1371; 1084 

Flipsen et al. 2016; IEEE 1680.1, 1680.1/Draft_23, 1680.3; iFIXIT 2017) and the outcome of 1085 

the JRC study about a scoring system on reparability54, a generic list of parameters 1086 

influencing repair and upgrade has been created and listed in Table 19. 1087 

It should be noted that there is quite important overlap between repair and upgrade of 1088 
products since both operations can be considered as the replacement of a part (in one case to 1089 
return a faulty product to a condition where it can fulfil its intended use; in the other case to 1090 
enhance the functionality, performance, capacity or aesthetics of a product). Some parameters 1091 
that a first sight could be considered inherently associated with upgrade operations only can 1092 
be in reality important also for the repair of the product, for instance in those cases associated 1093 
with 2

nd
 hand market or change of user. 1094 

 1095 

Table 19 Parameters influencing the repair and upgrade of products 1096 

Design Process 

1) Disassembly depth/sequence 5) Diagnosis support and interfaces 

2) Fasteners 6) Type and availability of information 

3) Tools 7) Spare parts 

4) Disassembly time 8) Software and firmware 

 9) Safety, skills and working environment 

 10) Data transfer and deletion 

 
11) Password reset and restoration of factory 

settings 

 12) Guarantee 

 1097 

For each parameter, a pass/fail requirement can be defined to indicate when a product is more 1098 

reparable and/or upgradable.  1099 

Different approaches can be used in the evaluation of parameters. For example, parameters 1 1100 

and 4 could be potentially evaluated through the quantitative methods shown in sections 2.2.2 1101 

and 2.2.3. More qualitative approaches can be followed for the other parameters. 1102 

Although focused on qualitative aspects "only", this level of the assessment can provide 1103 
useful indications to design products which are easier to repair and upgrade. However, this 1104 
level does not allow taking design variations into account (i.e. a product can be more 1105 
reparable/upgradable or not).  1106 

                                                      

54 http://susproc.jrc.ec.europa.eu/ScoringSystemOnReparability/documents.html (accessed on 5 March 

2019) 

http://susproc.jrc.ec.europa.eu/ScoringSystemOnReparability/documents.html
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The requirements should be adapted depending on the level of ambition of the policy tool in 1107 
which this level of the assessment is potentially implemented (e.g. mandatory or voluntary 1108 
policies) (Cordella et al. 2018b). 1109 

 1110 

2.3.1 Selection of parameters for TVs 1111 

A selection of parameters has been made to take into account the characteristics of TVs. For 1112 

each parameter, a pass/fail requirement has been defined.  1113 

The following parameters reported in Table 19 have been excluded from the analysis of TVs: 1114 

 #4 "disassembly time", since a relevant differentiation among TV models does not 1115 

seem possible with this parameter, as discussed in section 2.2.3. The definition of 1116 

reference values for a representative sample of products would require a significant 1117 

amount of resources, for a parameter that is covered indirectly by other parameters. 1118 

 #9 "safety, skills and working environment", since priority parts like PCBs require to 1119 

be repaired by professional repairers, and other priority parts like the remote control 1120 

and the TV stand have not been identified to be an issue in terms of safety, skills and 1121 

working environment. 1122 

2.3.2 Checklist of positive attributes for TVs 1123 

Examples of how positive attributes could be defined for each parameter selected for TVs are 1124 

described below. However, the ambition level should be modulated to take into account the 1125 

context of the application (e.g. design optimisation, cut-off of worst products, labelling of 1126 

front runners).  1127 

#1 "Disassembly depth/sequence" 1128 

Information about the disassembly sequence is made available to professional repairers and 1129 

consumers for each priority part. 1130 

#2 "Fasteners" 1131 

Fasteners can be removed without causing damage or leaving residue which precludes 1132 

reassembly or reuse of the removed part. 1133 

#3 "Tools" 1134 

The repair/upgrade process is feasible for each priority part with existing tools and the list of 1135 

tools needed is provided by the manufacturer. 1136 

#5 "Diagnosis support and interfaces" 1137 

A list of the most frequent failure modes of the TV together with a description of the cause is 1138 

provided to users and professional repairers. The list includes at least the failure modes 1139 

identified in Table 13. Description of error codes, messages indicated on the screen and/or 1140 

blinking light indicators are provided. The list can be provided either in printed or online 1141 

form. 1142 

#6 "Type and availability of information" 1143 

Repair and maintenance information is made available for at least 7 years, after placing the 1144 

last unit of the model in the market, at least to professional repairers, including: 1145 

- Product identification and exploded view; 1146 

- Instructions for regular maintenance; 1147 

- Troubleshooting charts; 1148 

- Repair or upgrade services offered by the manufacturer; 1149 
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- List of necessary repair and test equipment; 1150 

- Component and diagnosis information (such as minimum and maximum theoretical values for 1151 
measurements); 1152 

- Safety issues related to the use, maintenance and repair, as well as guarantee issues (e.g. 1153 

commitment to repair in case of failure, post-repair guarantee if any); 1154 

- Disassembly sequences; 1155 

- Wiring and connection diagrams; 1156 

- Diagnostic fault and error codes (including manufacturer-specific codes, where applicable); and 1157 

- Data records of reported failure incidents stored on the electronic display (where applicable). 1158 

- List of available updates, spare parts and recommended retail prices, as well as repair 1159 

costs of the common failures as offered by the manufacturer. 1160 

Depending on the level of sensitiveness, a part of this information may also to be disclosed to 1161 

other end users. 1162 

Channels for communicating information may include printed manuals, websites, digital 1163 

information carriers such as QR codes, DVDs or flash drives. 1164 

#7 "Spare parts" 1165 

For each priority part: 1166 

i) Spare parts are declared to be available for at least 7 years after placing the last unit on the 1167 

market; 1168 

ii) Spare parts are deliverable within 15 working days; 1169 

iii) Lists of spare parts and recommended retail prices set by manufacturers (and/or 1170 

contractors, if applicable) are made publicly available (see #6). 1171 

This requirement does not apply in the case of unavoidable and temporary circumstances that 1172 

are beyond manufacturer’s control such as a natural disaster. 1173 

For software and firmware, #8 applies instead of #7. 1174 

#8 "Software and firmware" (for smart TVs only) 1175 

Software/firmware updates and support are offered for a duration of at least 7 years after 1176 

placing the last unit of the model on the market. 1177 

The manufacturer should provide updates to allow the use of the recent versions of apps and 1178 

platforms provided with the TV, this includes as well software for pairing other devices (e.g. 1179 

computers, smartphones, tablets). 1180 

The update of feature should be achievable in the product without performing a product 1181 

exchange, for example by using an external memory device (e.g., USB card or cable 1182 

connection, SD card, or equivalent) or from a remote source using a network connection. The 1183 

port, slot, or connector that is used for the firmware upgrade shall be accessible without tools. 1184 

Information on upgrading the product firmware should be provided in the product owner's 1185 

manual. 1186 

#10 "Data transfer and deletion" 1187 

Secure data transfer and deletion is available on request to support the deletion of all data 1188 

contained in data storage parts (i.e. hard drives and solid state drives)11) Password reset and 1189 

restoration of factory settings  1190 

#11 "Password reset and restoration of factory settings" 1191 
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password reset and restoration of factory settings (whilst ensuring security of personal data of 1192 

previous user) is permitted using services offered by the manufacturer (service reset) 1193 

#12) Guarantee 1194 

A 7 year commercial guarantee is offered by the guarantor, and including a "commitment to 1195 

free repair as first remedy" in case of failures and, where relevant, a "commitment to upgrade 1196 

the product periodically". 1197 

  1198 
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2.4 Quali-quantitative assessment  1199 

Classification and rating criteria can be defined for each attribute described in the previous 1200 

section to analyse design options with a better differentiation level. These can be used to build 1201 

a scoring framework to assess the reparability and upgradability of different product models55.  1202 

The scoring framework can be conceived as a hybrid system composed of pass/fail 1203 

requirements and rating classes: 1204 

1. Specific pass/fail requirements, to be fulfilled in order to consider a product as 1205 

reparable/upgradable, and thus eligible for being scored; 1206 

2. Scoring requirements based on rating classes indicating to what extent/ how much a 1207 

product is reparable or upgradable.  1208 

Points ranging from 0 to 1 have been modulated proportionally to different rating classes for 1209 

each parameter assessed at priority part/product level56. 0 corresponds to the case in which 1210 

repair/upgrade is not possible. Points above 0 have been set to conditions facilitating the 1211 

repair/upgrade of products, with 1 being the ideal condition. Since the fulfilment of pass/fail 1212 

requirements is by definition considered to enable main repair/upgrade operations, a score 1213 

higher than 0 is in general assigned in the corresponding rating/classification criteria. 1214 

For each parameter, rating is applied either for the product or its priority parts. In the latter 1215 

case, rates of priority parts are weighted to calculate an overall product rate. Weights reported 1216 

in section 2.1.4 can be applied. When a priority part or a parameter does not apply to a 1217 

specific product, that part or parameter can be excluded from the assessment. Table 20 1218 

compiles the classification and rating of parameters proposed for the assessment of the 1219 

reparability and upgradeability of TVs. 1220 

The focus on a reduced number of indices could stimulate the removal of barriers to 1221 

repair/upgrade. Parameters can be combined into indices based on the following approach: 1222 

1. A score is calculated for each parameter (when scores are assigned for each priority 1223 

part, a weighted average is calculated) and combined into indices addressing: design 1224 

for disassembly (parameters from #1 to #4), repair and upgrade process (parameters 1225 

from #5 to #12), overall reparability and upgradability of a product (parameters from 1226 

#1 to #12). 1227 

2. The aggregation is made by assigning a weight to each parameter (based on the 1228 

specificities of a defined product group) and calculating the weighted average. As 1229 

general rule, weights are set to 1 by default and the weight is doubled when a 1230 

parameter is considered more important. 1231 

3. The analysis of the reparability and upgradability of specific priority parts of products 1232 

can also be carried out by calculating, for each priority part, the weighted average of 1233 

the scores assigned to each parameter.  1234 

Although this quali-quantitative assessment can allow analysing design options with a better 1235 

differentiation level, the assessment itself becomes more subjective due to the inclusion of 1236 

elements like evaluation criteria, weighting factors and rating scales.  1237 

 1238 

                                                      

55 http://susproc.jrc.ec.europa.eu/ScoringSystemOnReparability/documents.html (accessed on 14 

February 2019) 

56 Scores can be rescaled if needed, for instance resorting to 5-10 classes, also depending on intended 

application and related purposes (e.g. mandatory requirements or voluntary/mandatory label in a 

regulatory context, support tool for manufacturers, retailers and reviewers of products) 

http://susproc.jrc.ec.europa.eu/ScoringSystemOnReparability/documents.html
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Table 20 Classification and rating of parameters for the assessment of reparability and upgradeability of TVs 1239 

Parameter Pass/fail criteria Rating classes(a) Support to assessment (A) and 

verification (V) 

Weight of 

the 

parameter  

1) 

Disassembly 

depth/sequence 

Information about the sequence to follow to 

disassembly priority parts has to be provided to 

consider the product reparable. 

Not included (see section 2.2.2.1) A: A description supported by illustrations 

of the steps needed to disassemble priority 

parts is needed. 

The description has to show that the 

disassembly is reversible by including the 

steps needed for the reassembly of priority 

parts. 

 

V: physical disassembly and recording of 

the operation are needed. 

High = 2 

2) Fasteners None A score is assigned for each priority part according to the 

reversibility and reusability of the fasteners used for its 

assembly. 

I) Reusable: an original fastening system that can be 

completely re-used, or any elements of the fastening 

system that cannot be re-used are supplied with the new 

part for a repair or upgrade process = 1 pt. 

II) Removable: an original fastening system that is not 

reusable, but can be removed without causing damage or 

leaving residue which precludes reassembly or reuse of the 

removed part = 0.5 pt. 

III) Non-removable: original fastening systems are not 

removable or reusable, as defined above = 0 pt. 

Note(s):  

In case different types of fasteners are used in the 

assembly of a priority part, the score corresponding to the 

worst type of fasteners case will be considered. 

A: A description supported by illustrations 

of the fasteners to be removed for the 

disassembly of priority parts is needed. 

V: Physical disassembly and inventory of 

fasteners are needed. 

High = 2 
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3) Tools The repair/upgrade process is feasible for each 

priority part with existing tools 

A score is assigned for each priority part according to the 

complexity and availability of the tools needed for its 

repair/upgrade: 

I) Basic tools: repair/upgrade of the priority part is feasible 

without any tools, or with tools that are supplied with the 

product, or with the list of basic tools provided in note 1 = 

1 pt. 

II) Other commercially available tools (if needed): 

repair/upgrade of the priority part is unfeasible with basic 

tools; other tools are also required that are not proprietary 

tools = 0.66 pt. 

III) Proprietary tools: repair/upgrade of the priority parts 

is feasible only with one or more proprietary tools = 0.33 

pt. 

Note(s): 

1) Indicative list of basic tools (independently from the 

size): Screwdriver for slotted heads, cross recess or for 

hexalobular recess heads (ISO2380, ISO8764, ISO10664); 

Hexagon socket key (ISO2936); Combination wrench 

(ISO7738); Combination pliers (ISO5746); Half round 

nose pliers (ISO5745); Diagonal cutters (ISO5749); 

Multigrip pliers (multiple slip joint pliers) (ISO8976); 

Locking pliers; Combination pliers for wire stripping & 

terminal crimping; Prying lever; Tweezers; Hammer, steel 

head (ISO15601); Utility knife (cutter) with snap-off 

blades; Multimeter; Voltage tester; Soldering iron; Hot 

glue gun; Magnifying glass. 

2) Proprietary tools are tools that are not available for 

purchase by the general public or for which any applicable 

patents are not available to license under fair, reasonable, 

and non-discriminatory terms. 

A: Description of the repair/upgrade 

operations, including documentation of the 

tools to use, is needed. 

V: Physical disassembly and check of 

suitability of tools are needed. 

High = 2 

4) 

Disassembly 

time 

Not included (see sections 2.2.3 and 2.3.1) Not included (see sections 2.2.3 and 2.3.1) Not included (see sections 2.2.3 and 2.3.1) Not included 

(see sections 

2.2.3 and 

2.3.1) 
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5) Diagnosis 

support and 

interfaces 

None A score is assigned for the product based on the 

availability of diagnosis support and interfaces to aid the 

identification of typical failure modes associated to the 

priority part: 

I) Intuitive/ coded interface with public reference table: all 

main faults can be diagnosed either by i) a signal that can 

be intuitively understood, or ii) by consulting fault-finding 

trees and/or reference codes information supplied with the 

product = 1 pt. 

II) Publicly available hardware/ software interface: to be 

diagnosed, some of the main faults need the use of 

hardware, software and other support which is publicly 

available = 0.66 pt. 

III) Proprietary interface: to be diagnosed, some of the 

main faults need the use of proprietary tools, change of 

settings or transfer of software which are not included with 

the product = 0.33 pt. 

Note(s): 

1) Typical failure modes associated to LCD TVs are listed 

in Table 12 

2) Publicly available hardware / software interface can 

include hardware functionality testing software tools 

developed by a third party, provided the software tools are 

publicly available and the manufacturer provides 

information on their accessibility and applicable updates. 

The product can be equipped with an appropriate interface 

for hardware and software to do fault diagnosis and 

reading, adjustment or resetting of parameters or settings 

(e.g. external memory device, data cable connection, or 

from a remote source using a network connection in the 

case of smart TVs). The port, slot, or connector that is used 

for the hardware and software interface is accessible 

without tools. 

A: The following documentation is 

needed, where applicable: 

- Description of failure modes and related 

coding (if used); 

- Reference to the required hardware 

material /software tools required (if used); 

- Contact details of support service, 

services offered and associated costs (if 

any). 

V: Check of actual availability and 

operability. 

High = 2 
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6) Type and 

availability of 

information 

Repair and maintenance information is made 

available for at least 7 years, after placing the last 

unit of the model in the market, at least to 

professional repairers, including: 

- Product identification and exploded view; 

- Instructions for regular maintenance; 

- Troubleshooting charts; 

- Repair or upgrade services offered by the 

manufacturer; 

- List of necessary repair and test equipment; 

- Component and diagnosis information (such as 

minimum and maximum theoretical values for 

measurements); 

- Safety issues related to the use, maintenance and 

repair, as well as guarantee issues (e.g. 

commitment to repair in case of failure, post-

repair guarantee if any); 

- Disassembly sequences; 

- Wiring and connection diagrams; 

- Diagnostic fault and error codes (including 

manufacturer-specific codes, where applicable); 

and 

- Data records of reported failure incidents stored 

on the electronic display (where applicable). 

- List of available updates, spare parts and 

recommended retail prices, as well as repair costs 

of the common failures as offered by the 

manufacturer. 

Depending on the level of sensitiveness, a part of 

this information may also to be disclosed to other 

end users. 

Channels for communicating information may 

include printed manuals, websites, digital 

information carriers such as QR codes, DVDs or 

flash drives. 

 

A score is assigned for the product based on the cost and 

availability of the information listed on the left column 

note: 

I) All information is available publicly at no additional 

cost = 1 pt; 

II) Otherwise = 0.5 pt. 

A: All relevant information for 

maintenance, repair and upgrade needs to 

be compiled and made available to the 

target audience. 

V: Check of actual availability. 

High = 2 
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7) Spare parts For each priority part: 

i) Spare parts are declared to be available for at 

least 7 years after placing the last unit on the 

market; 

ii) Spare parts are deliverable within 15 working 

days; 

iii) Lists of spare parts and recommended retail 

prices set by manufacturers (and/or contractors, if 

applicable) are made publicly available (see #6). 

This requirement does not apply in the case of 

unavoidable and temporary circumstances that are 

beyond manufacturer’s control such as a natural 

disaster. 

For software and firmware, #8 applies instead of 

#7. 

a) A score is assigned for each priority part based on the 

period of time during which spare parts are available: 

I) The spare part is declared to be available for at least 10 

years = 1 pt. 

III) The spare part is declared to be available for at least 7 

years = 0.5 pt. 

b) A score is assigned for each priority part based on the 

target groups: 

I) The spare part is publicly available to all interested 

parties = 1 pt. 

II) The spare part is available to any self-employed 

professional as well as any legally established organization 

providing repair services = 0.66 pt. 

III) The spare part is available to service providers 

authorised by the product manufacturer to offer repair 

services = 0.33 pt. 

Score (#7) = Score (#7a) x Score (#7b) 

Note: 

1) For software and firmware #8 applies instead of #7 

A: Commitment by the manufacturer 

about the availability of spare parts over 

time, as well as provision of information 

about: 

- Delivery time; 

- Recommended retail price of spare parts; 

- Target groups; 

- Interface used. 

V: Check of actual availability. 

High = 2 
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8) Software 

and firmware 

(only for smart 

TVs) 

Software/firmware updates and support are 

offered for a duration of at least 7 years after 

placing the last unit of the model on the market. 

 

a) A score is assigned for the product based on the period 

of time during which software/firmware updates and 

support are offered: 

I) Software/Firmware updates and support are offered for a 

duration of time post-manufacture of at least 10 years = 1 

pt. 

II) Software/Firmware updates and support are offered for 

a duration of time post-manufacture of at least 7 years = 

0.5 pt. 

b) A score is assigned for the product based on the cost of 

the software/firmware update service57: 

I) Software/Firmware updates and support are offered free 

of charge for the entire period of time (either 7 or 10 years 

depending on the choice of a) = 1 pt. 

II) Software/Firmware updates and support are offered free 

of charge for Z years = Z/X or Z/Y (depending on the 

period of time) pt 

Score (#8) = Score (#8a) x Score (#8b) 

A: Declaration about the duration of 

availability of software and firmware over 

time, as well as information about costs, 

and information about how updates will 

affect the original system characteristics. 

V: Check of actual availability, 

compatibility, and possibility to 

avoid/reverse the update. 

Normal = 1 

9) Safety, 

skills and 

working 

environment 

Not included (see section 2.3.1) Not included (see section 2.3.1) 
Not included (see section 2.3.1) Not included 

(see section 

2.3.1) 
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10) Data 

transfer and 

deletion (only 

for smart TVs) 

None A score is assigned for the product based on the 

availability of secure data transfer and deletion 

functionality: 

I) Built-in secure data transfer and deletion functionality is 

available to support the deletion or transfer of all data 

contained in data storage parts (i.e. hard drives and solid 

state drives) = 1 pt. 

II) Secure data transfer and deletion is permitted without 

restrictions, using freely accessible software or hardware 

solutions = 0.66 pt. 

III) Secure data transfer and deletion is available on 

request to support the deletion of all data contained in data 

storage parts (i.e. hard drives and solid state drives) = 0.33 

pt. 

A: Information about the availability of 

secure data transfer and deletion 

functionality / service is needed. 

V: Check of actual availability. 

Normal = 1 

11) Password 

reset and 

restoration of 

factory settings 

(only for smart 

TVs) 

None A score is assigned for the product based on the 

availability of an option for resetting the password and 

restoring the factory setting: 

I) Integrated reset: password reset and restoration of 

factory settings (whilst ensuring security of personal data 

of previous user) is permitted without restrictions, using 

functionality integrated within the product = 1 pt. 

II) External reset: password reset and restoration of factory 

settings (whilst ensuring security of personal data of 

previous user) is permitted without restrictions, using 

freely accessible software or hardware solutions = 0.66 pt. 

III) Service reset: password reset and restoration of factory 

settings (whilst ensuring security of personal data of 

previous user) is permitted using services offered by the 

manufacturer = 0.33 pt. 

A: Information about the availability of a 

feature / service for password reset and 

restoration of factory settings is needed. 

V: Check of actual availability. 

Normal = 1 
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12) Guarantee  None A score is assigned based on the availability of a 

"commercial guarantee" for the (entire) product offered by 

the guarantor, and including a "commitment to free repair 

as first remedy" in case of failures and, where relevant, a 

"commitment to upgrade the product periodically": 

I) A commercial guarantee of at least 10 years is offered = 

1 pt. 

II) A commercial guarantee of at least 7 years is offered = 

0.66 pt. 

III) A commercial guarantee of 2-to-7 years is offered = 

0.33 pt. 

Note(s): 

1) "Commercial guarantee" means any undertaking by the 

seller or a producer (the guarantor) to the consumer, in 

addition to his legal obligation relating to the guarantee of 

conformity, to reimburse the price paid or to replace, 

repair or service goods in any way if they do not meet the 

specifications or any other requirements not related to 

conformity set out in the guarantee statement or in the 

relevant advertising available at the time of, or before the 

conclusion of the contract. 

2) For the purpose of being able to be taken into account in 

the "Repair Score System", the commercial guarantee must 

be related to the entire product (not only specific 

components), provided in the entire EU, be included in the 

sale price of the product, and the remedies proposed by the 

guarantor will not result in any costs for the consumer (e.g. 

it means that the repair is for free). 

3) Long-, mid-, and short- terms to be defined at product 

group level or mirrored from the requirement on spare 

parts. 

A: Guarantee contract is needed, with 

emphasis on "free repair first" clauses. 

V: Check of availability of guarantee, 

clauses statement and actual possibility of 

repair in case of failure. 

Normal = 1 

(a) Classification of parameters in general adapted from prEN 45554 (November 2018)  1240 
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3 QUESTIONS FOR STAKEHOLDERS 1241 

Section 2.1 

1) When a failure occurs with the transference of the low-voltage differential signalling (lines 

in the image), is it the LVDS cable what needs to be replaced or the connectors in the board 

that need to be checked? 

2) Do you agree with the list of priority parts reported in Table 13? Do you think that some of 

the priority parts are not relevant for new technologies entering in the market?  

Note: if you don't agree with the information reported, please explain which are in your 

opinion the most relevant parts for the repair/upgrade of TVs (providing supporting 

justification about costs, environmental impacts and difficulty of disassembly and reassembly, 

if the case). 

3) Regarding the inverter that supplies energy to the lamps, should it be considered as a 

separate priority part or is it better to consider the whole inverter board as a priority part? 

4) Do you agree the proposed weight given at each priority part in Table 13? If not, please 

provide a revision of it considering failure rate and functionality of the parts 

Section 2.2.1 

5) Can the assumptions made in the LCA study be realistic? If not, please indicate which 

specific modifications you would apply and why. 

Section 2.2.2 

6) Some stakeholders have pointed out that more and more, new TV models include clips 

rather than screw. Which is in your opinion the influence of such design change in relation to 

the ability to disassemble the product?  

Section 2.3/2.4 

7) Are you aware of any existing standards related the interfaces of the priority parts 

identified for LCD TVs? As for example IEC 62680-1-3 related to USB type-C electric 

receptacles. 

8) Which parameters and indices could be worthy to consider for the assessment of TVs? 

Would you have available data to support us in the assessment? 

9) How would you calibrate rating criteria and weighting factors in the quali-quantitative 

assessment? 

General 

10) Are there any other relevant studies, projects and initiatives (including LCAs) about the 

reparability and upgradability of TVs that you would like to point out? 

11) Do you have any other comments to make? 

 1242 

  1243 
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4 PRELIMINARY CONCLUSIONS 1244 

A study has been carried out to provide approaches and methods to assess the reparability and 1245 

upgradability of ErP. Methods have been applied for the analysis of TVs. 1246 

Approaches can be categorised into quantitative, qualitative and quali-quantitative, all of them 1247 

based on the preliminary identification of priority parts. 1248 

The qualitative approach is the easiest method and aims at the definition of a positive list of 1249 

pass/fail requirements to screen products. 1250 

Quantitative methods are more complex, both in terms of data and calculation needs, but can 1251 

be valuable tools for understanding when the repair/upgrade of a product is relevant and for 1252 

identifying possible design barriers for the product disassembly. In between, quali-1253 

quantitative approaches can allow the differentiation between design options in a relatively 1254 

simple but more subjective way. 1255 

In the specific case of TVs it was found that: 1256 

 Main priority parts, taking into account their likelihood to failure and their functional 1257 

importance, are: the main board, T-con board, sound board, power board, inverter 1258 

board, IPS/EPS, transistor column, speakers, LVDS cable and lamps.  1259 

 Results of the LCA show that the circuit boards are the major contributor to the 1260 

environmental impacts of the manufacturing stage (93% for GWP). In case of failure 1261 

of theses parts, the repair of a TV would be more convenient from an environmental 1262 

point of view than its replacement if the expected lifetime is extended of about 35-1263 

40%. For parts as speakers that have less relevance in terms of environmental impacts 1264 

the repair would be convenient within the initially expected lifetime. 1265 

 There seem to be no significant differences in terms of disassembly complexity of 1266 

parts. However, other attributes can play an important role for the ease of 1267 

repairing/upgrading this product, as for example the availability of spare parts. 1268 

The study can be used to support the ongoing CEN/CENELEC JTC10 standardisation process 1269 

and the possible methodological refinement of the Repair Score System, as well as reference 1270 

for policy making and designers (e.g. the revision of Ecodesign and Ecolabel requirements on 1271 

TVs). Also in the perspective of applying the Repair Score System to real products on the 1272 

market, future developments could cover the analysis of a representative sample of products 1273 

and the calculation of disassembly sequences and times for disassembly to better understand 1274 

the presence of any significant variations. 1275 

 1276 

  1277 
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ANNEX I: BACKGROUND INFORMATION ABOUT FAILURES 1385 

Background information about failures, and summarised in section 2.1, is reported in the 1386 

following tables. 1387 

 1388 

Table 21 Common failure in LCD TVs according to WRAP (2011) 1389 

Part  Failure mode 

Remote control 

- Electronic faults on the PCB of the remote control, caused by poor 

connections, part failures and/or battery leakage/corrosion. 

- The print on the keypads might get worn. 

- Damaging the casing. 

- Insert batteries the wrong way. 

- Not following the instructions. 

Power supply 
- Fault with the power supply, the remote power button or the TV 

on-off switch. Caused by a poor switch contact or a fault on the 

power PCB. 

Control board 

and connectors 

- Failures can cause screen and picture failures. This can be due to 

poor connectors or an electronic fault on the control PCB. 

- Faults on external connectors (SCART, HDMI and Aerial sockets) 

can be caused by weak mounting onto a PCB or by a user mistake 

in forcing the plugs into the connector. 

Speakers and 

mounts 

- Poor sound quality due to case vibrations, speaker damaged 

physically transit or a fault with the sound PCB resulting in poor 

or no sound. 

- Thermal or mechanical faults by excess input power, power 

outside the speaker bandpass and excessive diaphragm movement 

through low frequencies. 

Stand wall, 

mount and case 

- Some are weak in relation to the TV weight. 

- Cracking and failure, crack propagation. 

Programming / 

set-up 

- Complex set-ups, tuning procedures and/or poor instructions can 

lead to consumer dissatisfaction and returns, despite not having a 

real failure. 

 1390 

  1391 
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Table 22 Additional failure modes in LCD TVs according to independent repairers and stakeholders 1392 
involved in the development of this study 1393 

Failure mode Cause 

Image 

disappears 

immediately 

The main cause is due to a failure in the inverter that supplies energy to the 

lamps. This failure can also be made by other irregularities in the board, as 

for example the weakening of a lamp and as consequence the inverter 

identifies the drop of energy consumption, switching off the TV for 

security measures. 

The TV does 

not switch on 

It can be generated by a failure in the transformer or in the power supply, 

generating a failure in the electricity supplied to the circuit boards.  

Lines in the 

image 

The most common cause is a failure in the transistor column or irregularity 

in the transference of the low-voltage differential signalling. It could also 

be related to failure on the T-con board. 

Image showed 

with a mosaic 

effect 

It is normally cause by a failure in one of the parts in the T-con board, 

although sometimes it can be caused by a failure in the low-voltage 

differential signalling.   

Firmware/softw

are problems 

 

Incorrect settings 

Incorrect or disturbed supply signals 

Failure of CCFL tubes or LED strips 

Entire LCD 

defective 

Overheating of image processors due to lack of cooling. Sometimes these 

processors are surface mounted and very complex to repair. The cost of the 

replacement leads to an entire appliance replacement with a failure caused 

by a minor part.  

 1394 

  1395 
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 1396 

ANNEX II: ADDITIONAL INFORMATION ABOUT ASSESSMENT 1397 

METHODS 1398 

This section includes additional information about quantitative methods which could be 1399 

potentially used in the assessment of the disassemblability of products. However, these have 1400 

not been considered applicable for policy and verification purposes, at least for the moment, 1401 

due to their complexity. 1402 

Quantitative raking of priority parts 1403 

Building on the work of Kobayashi and Higashi (2013), a fitness function has been drafted in 1404 

Annex II that consider the following aspects:  1405 

1. Frequency of failure of parts 1406 

2. Relative importance of parts (for instance due to economic/environmental/functional 1407 

reasons)
58

 1408 

3. Disassembly depth of parts, expressed as number of parts that need to be removed to 1409 

reach the target part (see Section 2.2.2). 1410 

The three factors could be combined by applying the following equation: 1411 

Fi = fRi
α

 • IRi
β
 • (Di / Dmax)

γ
  1412 

Where: 1413 

 Fi is the overall score for part i; 1414 

 fR is frequency of failure for part i; 1415 

 Di is the typical number of steps needed to disassemble part i; 1416 

 Dmax is the maximum number of steps needed to disassemble a part from the product; 1417 

 IRi is the relative importance of the part in the product (note: it could be more 1418 

convenient that cheaper parts are more reparable and that more expensive parts are 1419 

more durable); 1420 

 α, β, γ are parameters modulating the relative importance of the previous factors for 1421 

the overall assessment: α is always 1 for reparability; β and γ could vary from 0 (no 1422 

importance) to 1 (full importance) depending on the potential of the factor to 1423 

influence reparability. 1424 

The method can be refined and calibrated when applied to the analysis of specific products of 1425 

interest. 1426 

  1427 

                                                      

58 The assessment of the relative importance of components can either rely on: their economic or 

environmental "value" (more practical and simpler procedure); or the Life Cycle Assessment of the 

economic and environmental benefits associated with the replacement of the components compared 

with the purchase of new products (more comprehensive but complex). 
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Disassembly indices 1428 

Giudice and Kassen (2009) propose a different concept of disassembly depth than that 1429 

described in section 2.2.2. According to them, the disassembly depth is a normalised index 1430 

calculated based on the number of parts to be removed, the fastener types and difficulty 1431 

coefficients.  1432 

Using the minimum number of fasteners is a key principle in design for disassembly. 1433 

Different fastener types may indeed require different unfastening tools, different access 1434 

directions and different disassembly configurations, which would ultimately result in an 1435 

increase in the disassembly effort (Fang et al. 2015). The disassembly depth proposed by 1436 

Giudice and Kassen could be thus considered as a measure of the design complexity of a 1437 

product. 1438 

The parameter is calculated with the following equation:  1439 

𝒅𝒅 = 𝒅𝒅𝒔𝒄 + 𝜷 ∙ 𝒅𝒅𝑱𝑪 =
𝟏 + 𝒏𝑫
𝒏

+ 𝜷 ∙
∑ ∝𝒌∙ 𝒇𝑫𝒌
𝒉
𝒌=𝟏

𝒇
 

Where: 1440 

 dd is the disassembly depth of a part 1441 

 (1 + nD) is the number of all the parts to be removed (including the part whose 1442 

disassembly depth is being evaluated), 1443 

 n is the total number of parts,  1444 

 h is the number of fastener types 1445 

 fDk is the number of fasteners of the k
th
 type to be removed,  1446 

 f is the total number of fasteners in the system,  1447 

 αk is the difficulty of disassembling a k
th
 type fastener (Allowing for values of the 1448 

coefficients αk in the interval [0, 1], αk = 1 indicates the maximum difficulty of 1449 

disassembly), 1450 

 β is a coefficient (β > 1) which takes into account the greater weight of the second 1451 

term ddJC with respect to the first ddSC.  1452 

The index dd can assume values from 0 to 1+β, with the maximum value expressing the 1453 

maximum disassembly depth. This occurs when, in order to remove a part, it is necessary to 1454 

disassemble all the fasteners and all the other parts present in the system.  1455 

The index dd of a specific component can be compared to the maximum disassembly depth of 1456 

the analysed system, obtaining for each component the normalized value: 1457 

DDi = ddi / ddMAX. 1458 

This approach is more comprehensive than that presented in section 2.2.2 as it considers the 1459 

difficulty to disassemble the different junction typologies. However, it is more complicated 1460 

since introduces α and β coefficients, which need to be quantified for the analysed product 1461 

based on other methods (e.g. the disassembly time, as presented in Section 2.2.3). This 1462 

method is potentially interesting but its applicability is considered difficult. 1463 

Additional methods are also available to assess disassembly complexity. The disassembly 1464 

complexity of an individual component could be intuitively assessed also through the use of 1465 

entropy in information theory (Fang et al. 2015) by considering (1) the number of fasteners 1466 

types, and (2) the number of fasteners for each fastener type, as indicated below: 1467 
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 1468 

Where: 1469 

 Nt is the number of the joining types, and  1470 

 Nf(i) is the number of fasteners of type i. 1471 

When the number of fasteners is low, the addition of a fastener is significant, while the 1472 

opposite is true for more complex systems. Moreover, the variation of the fastener types is 1473 

considered to overweight that of the number of fasteners. This could be a relatively simple 1474 

index to potentially measure the structural complexity of a product. However, this method: 1475 

1. allows only an assessment at the product level (for which it would be also difficult 1476 

understanding when the complexity is acceptable or not) 1477 

2. does not take into account the difficulty in fitting the parts of a product together.  1478 

Another parameters to assess the disassembly complexity is provided by Soh et al. (2015). 1479 

According to them, the disassembly complexity is the extent to which individual components 1480 

or sub-assemblies have geometrical/physical attributes that can cause difficulties or problems 1481 

during handling and removal of components. Given a disassembly sequence, the evaluation is 1482 

based on the application of the following formula to each component to remove: 1483 

𝑰𝒄𝒐𝒎 =
𝑪𝒉∑ 𝑪𝒉,𝒇 + 𝑪𝒓∑ 𝑪𝒓,𝒇

𝒌
𝟏

𝑱
𝟏

∑ 𝑪𝒉,𝒇 +
𝑱
𝟏

∑ 𝑪𝒓,𝒇
𝑲
𝟏

 

Where: 1484 

 Ch,f is the difficulty factor for attributes belonging to the handling group (the values 1485 

are defined by the authors) 1486 

 J is the number of handling attributes matched for each part 1487 

 Cr,f is the difficulty factor for attributes belonging to the removal group (the values 1488 

are defined by the authors) 1489 

 K is the number of non-zero removal attributes matched for each part 1490 

 𝐶ℎ =
∑ 𝐶ℎ,𝑓
𝐽
1

𝐽
 is the handling complexity factor 1491 

 𝐶𝑘 =
∑ 𝐶𝑟,𝑓
𝐾
1

𝐾
 is the average removal complexity factor  1492 

The overall complexity is the sum of the complexity indices calculated for each component 1493 

listed in the disassembly sequence. The application of this method would be difficult, 1494 

although not excessively since it mainly requires data from the Bill of Materials. As for the 1495 

former method, the challenging element would be to assess when the complexity of a product 1496 

is high or low. 1497 

  1498 



 

81 

 

Table 23 Example of disassembly codes and steps to separate batteries in computers 1499 

 1500 

Note:  1501 

1. The size of a part is defined as the largest non-diagonal dimension of the part’s 1502 

outline when projected on a flat surface. It is normally the length of the part.  1503 

2. Thickness for a non-cylindrical part is defined as the maximum height of a part with 1504 

its smallest dimension extending from a flat surface while for a cylindrical part the 1505 

thickness is its radius (if its Ø < length otherwise it is considered as non-cylindrical) 1506 

3. The difficulty factor for a mechanical unfastening process is normalized from the U-1507 

effort indices obtained by Das et al (2002) 1508 

4. Specialized tools include improvised tools that are used not for its intended purposes, 1509 

e.g., using a hammer with a flathead screw driver to knock a part out from its 1510 

position. 1511 

 1512 

  1513 
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Modularity index 1514 

Modularity is a feature of products that can enhance their disassemblability and/or 1515 

upgradability and consequently act against their early disposal due to technical obsolescence. 1516 

Subassemblies, which are relatively modular in nature, are modules. Modules contain a high 1517 

number of components that have minimal dependencies upon and similarities to other 1518 

components not in the module (Gershenson et al. 1999). 1519 

Gershenson et al. (1999) proposed a method to measure the relative modularity of a product to 1520 

encourage a design approach oriented to product modularity. The method is based in four 1521 

steps: 1522 

1) Generation of a Component Tree - A component tree details the physical relationships 1523 

among components at all levels of abstraction. The product is divided into its constitutive 1524 

modules and components. The modules are further classified into subassemblies, components, 1525 

and lastly product attributes that describe the components.  1526 

2) Generation of Process Graphs – A flow chart diagram is built that includes the various life 1527 

cycle processes and (sub-)tasks that each of the components in all of the modules undergo are 1528 

noted down.  1529 

3) Construction of evaluation Matrices - Using the component tree and process graphs, two 1530 

modularity evaluation matrices are constructed, one to record similarities and one to record 1531 

dependencies. The square matrix has row and column headings corresponding to the most 1532 

specific levels of the component tree and process graphs. The contents of the two modularity 1533 

evaluation matrices are the similarity and dependency relationships among components and 1534 

processes. Each subassembly and process is broken down into its constitutive elements, 1535 

attributes, and subtasks. The boxes contain the weights of the similarity and dependency 1536 

relationships. Different relationships can exist between similarity and dependency: 1537 

 Component-Component Dependency occurs when two components are reliant upon 1538 

each other with respect to their physical design, specifically their attributes.  1539 

 Component-Component Similarity is not used because changes in one component do 1540 

not necessarily affect the design of the other. 1541 

 Component-Process Dependency details relationships in which product design is 1542 

contingent upon the life-cycle process a component undergoes, i.e. process drives 1543 

design. If the same process drives the designs of two different components, the 1544 

components should be grouped in the same module so that they can evolve with the 1545 

process and minimize effects on other components.  1546 

 Component-Process Similarity details relationships in which a component uses or 1547 

goes through the life-cycle process. The logic is to group components that undergo 1548 

the same life-cycle processes in one module to minimize the impact a change in 1549 

process will have on the product. 1550 

 Process-Process Dependency and Process-Process Similarity do not affect product 1551 

design directly, due to the exclusion of component interaction. 1552 

A set of ratings to insert in the modularity evaluation matrices, is shown in Table 24.  1553 

 1554 

Table 24 Similarity and dependency ratings 1555 

Similarity Dependency 

1: Not similar 1: Not dependent 

2: Slightly similar 3: Dependent 
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3: Similar 5: Highly dependent 

4: Very similar  

5: Extremely similar  

 1556 

4. Calculation of the Relative Modularity - For a high degree of modularity, it is important to 1557 

have a high similarity between components within a module (Sin), a low similarity between a 1558 

component of a concerned module and other components outside of the module (Sout), a high 1559 

dependency between components within the module (Din), and a low dependency between a 1560 

component within a module and a component outside of the module (Dout). The measure of 1561 

relative modularity is: 1562 

𝑴𝒐𝒅𝒖𝒍𝒂𝒓𝒊𝒕𝒚 =
𝑺𝒊𝒏

𝑺𝒊𝒏 + 𝑺𝒐𝒖𝒕
+

𝑫𝒊𝒏

𝑫𝒊𝒏 +𝑫𝒐𝒖𝒕
 

Where: 1563 

 Sin: Component similarities between each component within a particular module. 1564 

 Sout: Similarities between the components of a module and each component 1565 

external to the module. 1566 

 Din: Dependencies between each component within a particular module. 1567 

 Dout: Dependencies between the components of a module and each of the 1568 

components that are external to the module. 1569 

𝑺𝒊𝒏 = ∑ ∑ ∑ ∑√𝑺𝒊𝒌 ∙ 𝑺𝒋𝒌

𝑻

𝒌=𝟏

𝒔

𝒋=𝒊+𝟏

𝒔−𝟏

𝒊=𝒓

𝑴

𝒎=𝟏

 

Where:  1570 

 m is a module, i, j are components in the same module, and k is a task. 1571 

 M = number of modules in the product 1572 

 r = first component in module m or module n. 1573 

 s = last component in the module m or module n 1574 

 T = number of processes under consideration 1575 

 Sik is similarity between component i and task k 1576 

 Sik is similarity between component j and task k 1577 

𝑺𝒐𝒖𝒕 = ∑ ∑ ∑ ∑∑√𝑺𝒊𝒌 ∙ 𝑺𝒋𝒌

𝑻

𝒌=𝟏

𝒔

𝒋=𝒓

𝑴

𝒏=𝒎+𝟏

𝒔−𝟏

𝒊=𝒓

𝑴

𝒎=𝟏

 

Where: 1578 

 i, j are components not in the same module, and n is a module 1579 

𝑫𝒊𝒏 = ∑ ∑ ∑ ∑(√𝑫𝒊𝒌 ∙ 𝑫𝒋𝒌 +𝑫𝒊𝒋)

𝑻

𝒌=𝟏

𝒔

𝒋=𝒊+𝟏

𝒔−𝟏

𝒊=𝒓

𝑴

𝒎=𝟏

 

Where:  1580 

 i, j are components in the same module. 1581 
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 Dik is the dependence between component i and task k 1582 

 Djk is the dependence between component j and task k 1583 

 Dij is the dependence between component i and component j 1584 

𝑫𝒐𝒖𝒕 = ∑ ∑ ∑ ∑∑(√𝑫𝒊𝒌 ∙ 𝑫𝒋𝒌 +𝑫𝒊𝒋)

𝑻

𝒌=𝟏

𝒔

𝒋=𝒓

𝑴

𝒏=𝒎+𝟏

𝒔−𝟏

𝒊=𝒓

𝑴

𝒎=𝟏

 

Where:  1585 

 i, j are components not in the same module.  1586 

 M = number of modules in the product. 1587 

 Dik is the dependence between component i and task k 1588 

 Djk is the dependence between component j and task k 1589 

 Dij is the dependence between component i and component j 1590 

Although addressing an interesting topic, implementing this method appears difficult, 1591 

especially for complex products. The calculation of the modularity with the method requires 1592 

indeed extensive work, especially during the construction of the matrix.  1593 

 1594 

Accessibility index 1595 

Accessibility represents the ease or difficulty with which a part can be reached. The more 1596 

difficult to access a part, the more time is required to remove it. Accessibility of a part could 1597 

be quantified through an Accessibility Index (Soh et al. 2015): 1598 

𝑰𝒂𝒄𝒄 = −(𝒍𝒐𝒈𝟐
∆𝑿

𝑿
+ 𝒍𝒐𝒈𝟐

∆𝒀

𝒀
+ 𝒍𝒐𝒈𝟐

∆𝒁

𝒁
) 

Where 1599 

 Iacc = Accessibility index 1600 

 ΔX = part accessible range along X-axis 1601 

 ΔY = part accessible range along Y-axis 1602 

 ΔZ = part accessible range along Z-axis 1603 

 X = Largest dimension of part along X-axis 1604 

 Y = Largest dimension of part along Y-axis 1605 

 Z = Largest dimension of part along Z-axis 1606 

The accessibility index (Iacc) measures how easy a part can be grasped by a hand or a tool 1607 

during a disassembly operation (a minimum value of 1 mm should be assigned to ΔX if a part 1608 

could not be grasped at all). Accessibility of fasteners is not considered as part of this index. 1609 

If fasteners for a particular part are difficult to access, it implies certain parts of the product 1610 

have to be removed prior to that particular part. 1611 

A method for assessing fastener accessibility during a disassembly operation is defined in 1612 

Fang et al. (2015), however, the modelling is difficult as it requires a complete understanding 1613 

and control of the geometric features of the entire assembly. 1614 

These methods are considered too complex and not of practical use in this context. 1615 

  1616 
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Recoverability index 1617 

Recoverability means the possibility that a component can be restored to its original 1618 

specification for reuse. A method for assessing the recoverability of component is provided by 1619 

Fang et al. (2015). Recoverability is determined by the fastening failure rate (γ), the relative 1620 

recovery cost factor (k), the number of joining types (Nt), and the number of contact surfaces 1621 

of each joining type (Ns(i)), as indicated below:  1622 

𝑴𝑹𝑬𝑷 = 𝑬𝑿𝑷(−∑(
𝒌𝒊

𝟏 − 𝜸𝒊
∙ 𝒍𝒐𝒈𝟐(𝑵𝒔(𝒊) + 𝟏))

𝑵𝒕

𝒊=𝟎

) 

Recoverability falls within [0, 1]. However, this method is considered too complex and not of 1623 

practical use in this context. 1624 

 1625 

Time for disassembly  1626 

As described in section 2.2.3, the disassemblability of products is influenced, among other 1627 

technical aspects, by the number of steps needed to disassemble parts of the product, by the 1628 

ease of access to components and by the difficulty of the operation itself. These 1629 

characteristics can be summarised in the time for disassembly. 1630 

Time can be measurable directly but its measurement is subjective to the operator skills. This 1631 

should better refer to standard disassembly operations to limit measurement and calculation 1632 

uncertainties. Manual / semi-automatic operations are generally relevant for repair processes, 1633 

while the level of automation can increase at the industrial scale. 1634 

Different methods have been proposed, which range from empirical estimations through 1635 

linear equations to detailed and direct measurements and more elaborated quantifications (e.g. 1636 

using standard units of times). Most significant methods are described in the followings. 1637 

Although interesting as concept, its applicability, to be evaluated on a case-by-case basis, 1638 

could be complicated.  1639 

U-effort method 1640 

The U-effort method (Sodhi et al. 2004) calculates an Unfastening Effort Index (UFI) which 1641 

takes into account the main attributes influencing the time needed to unfasten commonly used 1642 

connectors, such as size or shape.  1643 

The disassembly time (TU-effort) per connector required by an average worker is calculated 1644 

according to the following equation, measured in seconds. 1645 

𝑇𝑈−𝑒𝑓𝑓𝑜𝑟𝑡 = 5 + 0.04 ∗ (𝑈𝐹𝐼)   1646 

The UFI score for each connector type is calculated with the following equation 1647 

𝑈𝐹𝐼𝑖=Ψ𝑖 + 𝛽𝑎 ∗ 𝐴𝑖 + 𝛽𝑏 ∗ 𝐵𝑖+ 𝛽𝑐 ∗ 𝐶𝑖 + 𝛽𝑑 ∗ 𝐷𝑖  1648 

Where 1649 

 i represents the code of the connector type,  1650 

 Ai, Bi, Ci Di represent the different causal attributes, and  1651 

 βa, βb, βc, βd represent the weight of each attribute.  1652 

For example, for a screw, these causal attributes are head shape, length, diameter and use of 1653 

washers. 1654 

One limitation of this method is the need of casual attributes for each connector, which can 1655 

complicate the calculations when new connectors are used. Another limitation is that this 1656 
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method does not consider the time to change tools, to identify connectors and to manipulate 1657 

the product.  1658 

Philipps ECC method 1659 

The Philips ECC method (Boks et al. 1996) calculates the disassembly time required using a 1660 

database which contains disassembly times for unfastening commonly used connectors and 1661 

for specific disassembly tasks, such as tool change or component handling.  1662 

The times used in the Philips ECC method are determined based on time measurements made 1663 

during real disassembly sessions using a stopwatch, or by analysing videos of disassembly 1664 

tasks.  1665 

The method includes a database to calculate the disassembly time of products based on the 1666 

time required for releasing specific categories of connectors and for different disassembly 1667 

tasks. Once the disassembly sequence and type of connectors are provided, the model 1668 

automatically determines the required handling, tool operations and disconnection time based 1669 

on the times required for the individual tasks stored in the database. 1670 

The main limitation is considered to be the low level of accuracy for measuring the time and 1671 

calculating product-specific average values. 1672 

Desai & Mital method 1673 

Desai and Mital (2003) developed a method of design for disassembly in which the 1674 

disassembly time is determined taking into consideration five factors: force, material 1675 

handling, tool utilisation, accessibility of components and fasteners, and tool positioning. The 1676 

times for common disassembly tasks are based on detailed time studies.  1677 

The main drawback of this method is that it does not account for the time needed for 1678 

preparatory tasks, such as reaching for the tool, picking it up, and putting it back. Therefore, 1679 

the disassembly time estimation could be seen as being incomplete. 1680 

Kroll method 1681 

The main goal of the Kroll method (Kroll and Carver 1999; Kroll and Hanft 1998; 1682 

McGlothlin and Kroll 1995) is to serve as a design tool for disassembly that can highlight 1683 

opportunities for reducing the disassembly time. The method defines 16 basic disassembly 1684 

tasks (Table 25) and four categories of difficulty: accessibility, positioning, force and a 1685 

category for other non-standard aspects that affect disassembly time, called “special”.  1686 

 1687 

Table 25 Basic disassembly tasks of the Kroll method 1688 

 1689 

 1690 

The method is very detailed, as it covers a large range of conditions for disassembly tasks, 1691 

which is not always essential for product policy that aims to benchmark products. 1692 
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Ease of Disassembly Metric 1693 

At the state of the art, the Ease of Disassembly Metric (eDiM) (Vanegas et al. 2016) appears 1694 

one of the most comprehensive methods, although it comes with a significant computational 1695 

effort. The eDiM method is based on the Maynard Operation Sequence Technique (MOST)
59

 1696 

and requires information about product components and adopted fasteners that can be directly 1697 

verified within the product. The tasks necessary to disassemble a particular 1698 

component/product are listed and reference time values (coming from MOST) is associated to 1699 

each of them, representing the effort needed to perform such operation. The overall eDiM, 1700 

measured in time units, is calculated by summing all contributions associated to a determined 1701 

disassembly sequence. Subjectivity is reduced when single disassembly activities are 1702 

measured and standard values quantified, as done in MOST. As shown in Table 26, a 1703 

spreadsheet can be used to calculate the eDiM. The first five columns of the table contain the 1704 

data required to compute the time taken to complete the six categories of disassembly tasks: 1705 

1. Components are listed in Column 1 in the order of disassembly. If components are 1706 

attached by different connectors, they can be repeated in the column.  1707 

2. Connector types used are listed in Column 2 in the order in which they should be 1708 

unfastened to remove the different components. An example is provided in   1709 

                                                      

59 MOST is a measurement technique used by industrial engineers and practitioners to measure assembly times of 

a wide variety of products. Reference values have been determined by using it. 
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3. Table 27 to show different connector types and their main characteristics.  1710 

4. The number of connectors of the same type in a component are specified in Column 1711 

3. 1712 

5. The number of any manipulations needed to access a connector are listed in Column 1713 

4. This could for instance be the case of a product that has to be turned upside down 1714 

to remove the connector.  1715 

6. Information on the ease of identification of the connector is contained in Column 5. 1716 

Two categories, visible and hidden, are presented in   1717 
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7. Table 27; 1718 

8. The type of tool required for disconnecting the fasteners is listed in Column 6. Tools 1719 

can be selected from a predefined list. The box is left empty if no tool is required; 1720 

9. The time needed for the disassembly process is estimated through the last seven 1721 

columns based on the information provided in the first six columns and the MOST 1722 

reference time values provided in   1723 
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10. Table 27 and Table 28: 1724 

11. Column 7 indicates the time needed to change tools defined in column 6. This is 1725 

calculated based on the information on connectors provided in  1726 

  1727 
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13. Table 27, from which it can be determined whether a tool is required for 1728 

disconnecting that type of connector.  1729 

14. Column 8 indicates the time needed to identify connectors. This is calculated using 1730 

the information provided in Column 5 and the reference time values.  1731 

15. Column 9 indicates the time needed for product manipulation. This is calculated 1732 

using the number of manipulations reported in Column 4 and the reference time 1733 

values. 1734 

16. Column 10 indicates the time needed for positioning tools, in relation to the type of 1735 

connectors used. This is calculated by multiplying the connectors specified in Column 1736 

3 by the reference time values for tool positioning. 1737 

17. Column 11 indicates the time needed for disconnecting the fasteners. This is 1738 

calculated by multiplying the fasteners indicated in Column 3 by the reference time 1739 

values for disconnecting the corresponding type of fastener.  1740 

18. Column 12 indicates the time needed for removing components. This is calculated 1741 

once per component.  1742 

19. The overall eDIM for a set of components is assessed in Column 13 as sum of time 1743 

values reported in columns 7 to 12. 1744 

 1745 

Table 26 Generic eDiM calculation sheet 1746 
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Table 27 Proposed MOST sequences for the disconnection of fasteners 1749 

 1750 

 1751 

  1752 
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Table 28 Example of table of reference values (time) for standard disassembly tasks based on MOST 1753 
sequences 1754 

 1755 

 1756 

Ease of Disassembly by iFixit 1757 

The Ease of Disassemble (EoD) method developed by iFixit (2018) also calculate a 1758 

time for disassembly based on MOST. In this case the parameters considered are:  1759 

 part and subassembly number,  1760 

 quantity,  1761 

 mininum number of parts, t 1762 

 ask type (code),  1763 

 number of consecutive tasks repeated,  1764 

 required tool (code), and  1765 

 difficulty rates (accessibility, positioning, force, base time and special score). 1766 

 1767 

VDE method 1768 

In the VDE method (Olson and Riess 2012), the disassembly time is measured by considering 1769 

the items or hand movements to disassemble, the difficulty of the step (from one to five and 1770 

based on expert knowledge) and the joining technique (from one to five). The total 1771 

disassembly time is then calculated multiplying these three parameters, as shown in   1772 
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Figure 17. 1773 

  1774 
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Figure 17 Calculation of the disassembly time according to the VDE method 1775 

 1776 

 1777 


