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 https://susproc.jrc.ec.europa.eu/product-bureau//product-groups/522/documents 



 

 

Figure 1: A matrix of ICT environmental effects (Hilty et al., 2015)

 

 

 

 

 

 



 

 

 

Figure 2: 

 
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Figure 3: Relative mass distribution of the materials contained in EoL consumer ICT devices in 

Switzerland (reference year 2010). 

Figure 4: Relative mass distribution of the materials contained in EEE (above) and  ICT / E&M 
devices. Source: Ericsson (2018)  

                                           
 Abiotic depletion refers to the depletion of non-living (abiotic) resources such as fossil fuels, minerals, clay, 

and peat. Abiotic depletion is measured in kilograms of Antimony (Sb) equivalents. 



 

 

 

Figure 5: Example of product disassembly for a tablet (Samsung Galaxy Tab 4 SM-T530, 2014), 
illustrating the main components (Babbitt et al., 2020).  

 

Figure 6: Cradle-to-cradle cycle for metals. Source: Pradip et al., 2019 

 

 



 

 

 

Figure 7: Supply chain of Cobalt Source: Van den Brink et al., 2020 



 

 

Figure 8 : Example of extractive activities involving several countries and continents. Source: CEE 

Bankwatch Networks, 2020). 

Figure 9

 

 



 

 

                                           
 https://www.reuters.com/article/us-vale-sa-disaster-ahome-idUSKCN1Q405J 



 

 

Figure 10: Total life cycle result for all impact 

categories for smartphone Z5 with 

accessories using Ecoinvent database and 
adopting a 50/50 recycling approach with 
19% recycling of gold assumed. 

Figure 11: Total life cycle result for all impact 

categories for smartphone Z5 with 
accessories using GaBi database for gold and 
energy production and a 50/50 recycling 
approach with 83% recycling of gold 
assumed. Note that the figure shows relative 

results compared to Figure 10  

                                           
The term “paragenesis” indicates the sequence in which the minerals are formed in an ore deposit. 



 

 

Table 1: 

 

                                           
 https://www.ft.com/content/13094950-fb45-4686-9ef9-8199c674b90d 



 

 

Table 2  

Material Raw Materials of 
High Supply Risk / 

Relevance (EU List of Critical 

Raw Materials of  
High 

Environmental Relevance* 

Conflict Minerals 
Regulation (EU) 2017/821  

                                           
 Regulation (EU) 2017/821 of the European Parliament and of the Council of 17 May 2017 laying down supply 

chain due diligence obligations for Union importers of tin, tantalum and tungsten, their ores, and gold 
originating from conflict-affected and high-risk areas 

 https://www.apple.com/environment/pdf/Apple_Material_Impact_Profiles_April2019.pdf  

 https://www.fairphone.com/wp-content/uploads/2017/05/MaterialScopingStudy_Feb2017.pdf  

https://www.apple.com/environment/pdf/Apple_Material_Impact_Profiles_April2019.pdf
https://www.fairphone.com/wp-content/uploads/2017/05/MaterialScopingStudy_Feb2017.pdf


 

 

Raw Materials) 

Antimony (Sb)  X  

Borates (B) X   

Cobalt (Co) X X X** 

Copper (Cu)  X  

Chromium (Cr)  X  

Hafnium (Hf) X   

Gallium (Ga) X   

Germanium (Ge) X X  

Gold (Au)  X X 

Graphite (C) X   

Indium (in) X X  

Lithium (Li) X   

Magnesium (Mg) X   

Manganese (Mn)  X  

Nichel (Ni)  X  

Niobium (Nb) X   

Rare Earth Elements (REE) X   

Palladium and other 
Platinum Group Metals 
(PGM) 

X X  

Silicon metal (Si) X   

Silver (Ag)   X  

Tantalum (Ta) X  X 

Tin (Sn)   X 

Tungsten (W) X  X 

*The Environmental relevance is based on the “OekoRess II” assessment (Dehoust et al., 2020) and includes the materials 
classified as high he aggregated environmental hazard potential (EHP). 
** Cobalt Regulation (EU) 2017/821 does not include cobalt in the EU list of conflict minerals. 

 

 

Figure 12: Cradle to grave lifecycle of chips. Source: Villards et al. 2015 
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 https://www.bbc.com/news/world-asia-56798308 
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https://www.digitaleurope.org/wp/wp-content/uploads/2019/01/Best%20practices%20-%20Recycled%20plastics%20paper.pdf
https://www.digitaleurope.org/wp/wp-content/uploads/2019/01/Best%20practices%20-%20Recycled%20plastics%20paper.pdf
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Figure 13: Teardown of wireless earbuds 
(1) Source: iFixit , 2019   
(2) Source: iFixit, 2020   

. 

Chargers 

                                           
 Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste electrical and 

electronic equipment (WEEE) Text with EEA relevance (recast) 

https://www.ifixit.com/Teardown/AirPods+Pro+Teardown/127551
https://www.ifixit.com/Teardown/Samsung+Galaxy+Buds+Live+Teardown/135908


 

 

 

 

Figure 14: Material consumption of chargers sold each year in the baseline scenario, by material 
(tonnes), 2014-2018 



 

 

 

Figure 15: E-waste generation of chargers disposed each year in the baseline scenario, by 
materials (tonnes), 2020-2028.

 

Figure 16: Shipments of wireless charging enabled phones (EU-28 2016-2018) 

Table 3: Absolute impact values for lifecycle of smartphone, smartphone with same back cover 
material, and charger. Source: Sánchez et al. 2018



 

 

Figure 17  
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Figure 18: Common parts of notebooks reported to suffer damage. 

 

 



 Table 4: Defects in smartphones, Germany 2019 (Source: clickrepair 2019) 

 

Table 5: Kind of damages of dropped tables, Germany 2018 (Wertgarantie 2018) 

 

Table 6: Requirements on spare parts availability for electronic displays 

Product Group 

Spare parts availability 

Which parts? To whom? 
For how 
long?* 

Electronic 
displays 

internal power supply, connectors to connect external equipment (cable, 
antenna, USB, DVD and Blue-Ray), capacitors, batteries and 

professional 
repairer  

min 7 
years  



 

 

(EU)2019/2021 accumulators, DVD/Blue-Ray module and HD/SSD module 

external power supply and remote control 
professional 

repairers and end-
users  

min 7 
years  

 

 

Figure 19: Share of removable and non-removable batteries in mobile phones 3 between 2000 and 
2020 (Proske et al. 2020a) 

                                           
 https://blog.izm.fraunhofer.de/the-weakest-link-aging-lithium-ion-batteries/ 

 https://globalelectronicscouncil.org/ 

 https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20078-201701-en-Criteria-V4.pdf 



 

 

 

                                           
 https://tcocertified.com/files/certification/tco-certified-generation-9-for-notebooks-edition-2.pdf  

 https://www.blauer-engel.de/en/certification/basic-award-criteria 

 https://eur-lex.europa.eu/eli/reg/2016/679/oj 

https://tcocertified.com/files/certification/tco-certified-generation-9-for-notebooks-edition-2.pdf
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Figure 20: Collected Waste Electrical and Electronic Equipment (WEEE) by EEE Category (%), 
EU27, 2017. Source: Eurostat 

                                           
  
  

https://ec.europa.eu/eurostat/statistics-explained/index.php/Waste_statistics_-_electrical_and_electronic_equipment


 

 

 

Figure 21: Waste generation and collection by region (2019). Source: own with data from the 

Global E-Waste Monitor 2020 (Forti et al., 2020) 

Figure 22: End-of-life processes. Source: Baxter et al 2016 
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Table 7: feasibility of the recycling for a number of key components and CRMs typically found in 

ICT products.  

                                           
 https://cewaste.eu/ 



 

 

Figure 23: Contribution of recycling to meet EU demand of CRMs: End-Of-Life Recycling Input Rate 
(EOL-RIR). Source: SCRREEN (2019) (JRC elaboration based on the 2017 CRM study and on the 
MSA study 2015). 

— 

— 

— 

Table 8: advantages and limitations of different strategies for the recycling of PCBs 

 Advantages Limitations 

Pyrometallurgy 

 

 the PCB can be used without any 
pretreatment, 

 very fast processing time 

 produces cu rich allow that can be 
separated and processed further. 

 energy intensive,  

 high investment cost 

 corrosion resistant reactor/furnace design is 
required 

 low efficiency in the conversion/recovery of 
metals 

 downstream hydrometallurgical and 
electrometallurgical techniques required to 



 

 

reach higher yields. 

Hydrometallurgy 
 easy to apply, manage, high 

selectivity, fast reaction kinetics, and 
good extraction efficiency for 
different metals 

 single/multi-stage leaching can be 
done in two stand-alone reactors/ 
vessels, at a low cost 

 low gas emission, less operational 
temperature 

 no slag generation and high recovery 
rates. 

 protection of workers/safety is required due 
to the use of toxic chemicals (lixiviates) 

 produces large quantities of leachate 

 special corrosion-resistant equipments are 
required 

 high cost for the selective recovery of the 
desired metal,  

 requires multiple chemicals to recovery 
different metals 

Bio-

hydrometallurgy 

 considered as an upgraded, modern 
and green technology, 

 both precious and base metals can be 
recovered from e-waste,  

 low operational temperature, energy 
requirement, low 
investment/operating cost 

 selective leaching of metals can be 
achieved by using different 
microorganisms. 

 difficulty in maintaining the purity of the 
inoculated microorganism, and reproducing 
the results in lab-scale and pilot-scale 
bioreactors 

 microorganisms require nutrients and carbon 
source to support its growth 

 toxicity of specific metal components present 
in e-waste can affect the activity of the 
microorganism 

 long processing time compared to other 
technologies for e-waste refining 

Pyrolysis 
 the e-waste can be used in its "as 

available" form, irrespective of the 
discarded electronic or electrical 
appliance 

 very short processing time 

 reduces e-waste volume  

 produces gases, oil and even metal 
containing char that can be processed 
further. 

 energy intensive, high investment cost 

 requires further treatment of the toxic gases 
produced 

 low metal recovery rates and less purity of 
the final product,  

 requires post-treatment to increase the 
recoverability of the metals from e-waste 



 

 

                                           
 Directive 2011/65/EU of the European Parliament and of the Council of 8 June 2011 on the restriction of the 

use of certain hazardous substances in electrical and electronic equipment Text with EEA relevance (recast) 
 http://www.basel.int/ 
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Table 9: Obsolescence issues and corresponding examples in the ICT sector 
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Figure 24: LEUF-Circle and its circular dependencies (Source: Poppe et al. 2021) 

Table 10: Software induced obsolescence (direct) and software related obsolescence (indirect)

 

  

 

Table 11. Case studies of software-induced obsolescence issues in ICT devices. 



 

 

 

                                           
https://www.theverge.com/2020/1/21/21075043/sonos-software-updates-ending-play-5-connect-zone-

players  
 https://www.theverge.com/2020/3/5/21166777/sonos-ending-recycle-mode-trade-up-program-sustainability 

https://www.iottechtrends.com/belkin-shut-down-wemo-netcam-feeds/

https://www.theverge.com/2020/1/21/21075043/sonos-software-updates-ending-play-5-connect-zone-players
https://www.theverge.com/2020/1/21/21075043/sonos-software-updates-ending-play-5-connect-zone-players
https://www.iottechtrends.com/belkin-shut-down-wemo-netcam-feeds/


 

 

Table 12. Case studies of software-related obsolescence issues in ICT devices. 

                                           

 https://www.theverge.com/2021/6/29/22555371/microsoft-windows-11-cpu-support-hardware-

requirements-tpm-response  

https://www.theverge.com/2021/6/29/22555371/microsoft-windows-11-cpu-support-hardware-requirements-tpm-response
https://www.theverge.com/2021/6/29/22555371/microsoft-windows-11-cpu-support-hardware-requirements-tpm-response


 

 

Figure 25: warning messages after replacing a part with a not paired one.  

                                           
 https://repair.eu/about/ 

 https://repair.eu/news/part-pairing-a-major-threat-to-independent-repair/ 

https://www.tomsguide.com/opinion/buy-ps3-games-online#xenforo-comments-497403
https://www.theverge.com/2021/10/6/22713526/sony-ps3-vita-buy-games-credit-debit-card-paypal
https://www.theverge.com/2021/10/6/22713526/sony-ps3-vita-buy-games-credit-debit-card-paypal
https://www.theverge.com/2019/7/30/20746919/peloton-first-generation-bike-monitor-screen-stop-updates
https://www.theverge.com/2019/7/30/20746919/peloton-first-generation-bike-monitor-screen-stop-updates


 

 

 

 

 

                                           
 https://www.backmarket.com/  

 Webinar recording available at https://youtu.be/CvCThm0tHCA 

 https://therepairacademy.com/ 

https://support.apple.com/en-au/HT210321
https://www.backmarket.com/


 

 

Figure 27: Growth in the ICT infrastructure related to the 5G rollout. Source: McKinsey and 
Company, 2018  

Source: 
 

Figure 28: Main drivers enabling WEEE growth.  Source: ITU and WEEE Forum, 2020. 

https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/the-road-to-5g-the-inevitable-growth-of-infrastructure-cost
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/the-road-to-5g-the-inevitable-growth-of-infrastructure-cost


 

 

Figure 29: Overview of 5G network infrastructure and associated critical materials. Source: ITU and 
WEEE Forum, 2020.  

 



 

 

Figure 30: ICT sector as driver of reduction (or increase) in material and energy consumption 

Table 13: Global demand for metals in 2013 and 2035 compared to the global production volume 

of the respective metal in 2013. Source: (Marscheider-Weidemann et al., 2016). 

 



 

 

 

 



 

 

 

Figure 31: “Cascade model” of the use phase of ICT devices, including several active uses and 
storage periods.  Cascade model of the process “use phase”, divided into “active use”, and 

“storage”. Source: Thiébaud et al. (2017b)  



 

 

Figure 32: Comparison of the box plots of the service lifetime for ten different electronic device 
types. 

Figure 33: Comparison of the box plots of the storage time for ten different electronic device types. 



 

 

 



 

 

 

Table 14: Example of reliability provisions of ICT devices 

                                           
 EN45552:2020. General method for the assessment of the durability of energy-related products 

 https://www.ecosmartphones.info/  



 

 



 

 

 

                                           
 Directive (EU) 2019/771 of the European Parliament and of the Council of 20 May 2019 on certain aspects 

concerning contracts for the sale of goods, amending Regulation (EU) 2017/2394 and Directive 
2009/22/EC, and repealing Directive 1999/44/EC. 

 European Commission (2022a). COM(2022) 143 final: Proposal for a Directive of the European Parliament 

and of the Council amending Directives 2005/29/EC and 2011/83/EU as regards empowering consumers for the 
green transition through better protection against unfair practices and better information 
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Table 15: Example of software related provisions on ICT devices 

                                           
 https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20215-202001-en-Criteria-2020-02-

13.pdf 
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 https://www.cedaci.org/ 



 

 

Figure 35: Examples of design of the server’s chassis and effects on reusability of fans. Source: 

Cedaci Interreg project 

 

Figure 36: modular components of the Fairphone 3 smartphone.  

 

 

 

                                           
https://www.fairphone.com/en/impact/long-lasting-

design/#:~:text=Modular%20Smartphones&text=Fairphones%20are%20designed%20out%20of,unconven
tional%20can%20deliver%20major%20benefits. 

 ISO/IEC 2382-1:1993 - Information technology — Vocabulary — Part 1: Fundamental terms 

 COM(2021)547 - Proposal for a Directive amending Directive 2014/53/EU on the harmonisation of the laws of 

the Member States relating to the making available on the market of radio equipment 



 

 

 

Figure 37: Basic Universal Power Adaptor (UPA) configurations and connection options (Source: 
ITU-T 2016) 

                                           
 Detachable alternating current (AC) cable: A detachable cable used to connect the power adapter to the AC 

mains for powering through two connectors, one on the universal power adapter side and the other on the 
AC mains side.  

 Detachable direct current (DC) cable: A detachable DC cable connects the power adapter to the ICT device for 

powering through two connectors, one on the universal power adapter side and the other on the ICT device 
side. 



 

 

 

 

Table 16: Examples of reparability / upgradability requirements applied (or proposed) for ICT 
devices in the EU Ecodesing and Energy Labelling framework. 

                                           
 https://eco-smartappliances.eu/en 

 https://ses.jrc.ec.europa.eu/development-of-policy-proposals-for-energy-smart-appliances 

 EN45554:2020 General methods for the assessment of the ability to repair, reuse and upgrade energy-

related products 
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https://www.sciencedirect.com/topics/computer-science/data-controller
https://www.sciencedirect.com/topics/computer-science/medium-sanitization


 

 

  

  

Table 17: Examples of reusability requirements applied (or proposed) for ICT devices in the EU 
Ecodesing and Energy Labelling framework. 

 

                                           

 

https://www.sciencedirect.com/topics/computer-science/data-deletion
https://www.sciencedirect.com/topics/computer-science/wider-acceptance


 

 

Table 18: Design strategies relevant for remanufacturing according to the EN45553:2020. 

                                           

 https://circulareconomy.europa.eu/platform/en/good-practices/recosi-refurbishing-ict-products-re-use 

 https://rreuse.org/about-us/ 

 https://www.aliternetworks.com/ 

 EN45553:2020 General method for the assessment of the ability to remanufacture energy-related products 
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 https://www.polyce-project.eu/results/ 



 

 

Table 19: Design strategies and rationale to make easier the recycling of WEEE. Source: PolyCE 
(2022) 
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Table 20: Parameter-based influence of the ability to repair, reuse, upgrade products (including ICT 

devices) or components. 



 

 



 

 

Table 21: Synergies and trade-offs between circularity strategies  

 

 

 

  

 

 

 
  

 

 

 

 

 

 

 



 

 



 

 

 

 

 

                                           
 C. Bakker, F. Wang, J. Huisman, M. Hollander (2014) Products that go round: exploring product life extension 

through design J. Clean. Prod., 69, pp. 10-16, 10.1016/j.jclepro.2014.01.028  



 

 

 



 

 

https://www.amnesty.org/download/Documents/AFR6231832016ENGLISH.PDF

  
   

   
 

https://bankwatch.org/publication/dirty-precious-

metals-dumping-european-toxic-waste-in-tsumeb-namibia 

   

https://www.amnesty.org/download/Documents/AFR6231832016ENGLISH.PDF
https://doi.org/10.1038/s41597-020-0573-9
https://xarxanet.org/file/128782/download?token=LawktFcQ
https://doi.org/10.1016/j.resconrec.2019.02.015
https://assets.website-files.com/5d1ca4414cf9cbff0c5be3eb/61d5c0c40c777a6345f585b6_The%20significance%20of%20Product%20Design%20in%20the%20Circular%20Economy.pptx
https://assets.website-files.com/5d1ca4414cf9cbff0c5be3eb/61d5c0c40c777a6345f585b6_The%20significance%20of%20Product%20Design%20in%20the%20Circular%20Economy.pptx
https://assets.website-files.com/5d1ca4414cf9cbff0c5be3eb/61d5c0c40c777a6345f585b6_The%20significance%20of%20Product%20Design%20in%20the%20Circular%20Economy.pptx
https://bankwatch.org/publication/dirty-precious-metals-dumping-european-toxic-waste-in-tsumeb-namibia
https://bankwatch.org/publication/dirty-precious-metals-dumping-european-toxic-waste-in-tsumeb-namibia
https://doi.org/10.1016/j.jclepro.2020.125388
https://doi.org/10.1016/j.jclepro.2020.120512
https://report.counterpointresearch.com/posts/report_view/Emerging_Tech/1660


 

 

https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2020-06-

17_texte_80-2020_oekoressii_environmentalcriticality-report_.pdf

https://doi.org/10.1007/s11367-019-01678-8

https://doi.org/10.1007/978-981-15-6779-7_14
https://doi.org/10.1007/978-981-15-6779-7_14
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2020-06-17_texte_80-2020_oekoressii_environmentalcriticality-report_.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2020-06-17_texte_80-2020_oekoressii_environmentalcriticality-report_.pdf
https://digital-europe-website-v1.s3.fr-par.scw.cloud/uploads/2019/01/Best%20practices%20-%20Recycled%20plastics%20paper.pdf
https://digital-europe-website-v1.s3.fr-par.scw.cloud/uploads/2019/01/Best%20practices%20-%20Recycled%20plastics%20paper.pdf
https://digital-europe-website-v1.s3.fr-par.scw.cloud/uploads/2019/01/Best%20practices%20-%20Recycled%20plastics%20paper.pdf
https://doi.org/10.1007/s11367-019-01678-8
https://www.eunomia.co.uk/reports-tools/final-report-chemical-recycling-state-of-play/
https://data.europa.eu/doi/10.2873/528465
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https://blog.izm.fraunhofer.de/the-weakest-link-aging-lithium-ion-batteries/
https://blog.izm.fraunhofer.de/the-weakest-link-aging-lithium-ion-batteries/
https://www.futuresource-consulting.com/insights/true-wireless-headphone-bandwagon-gets-more-crowded-as-brands-vie-to-challenge-apple/?locale=en
https://www.futuresource-consulting.com/insights/true-wireless-headphone-bandwagon-gets-more-crowded-as-brands-vie-to-challenge-apple/?locale=en
https://gadgets.ndtv.com/wearables/news/wearable-devices-market-to-hit-223-million-units-in-2019-idc-2057047
https://gadgets.ndtv.com/wearables/news/wearable-devices-market-to-hit-223-million-units-in-2019-idc-2057047
https://arxiv.org/pdf/2011.02839.pdf
https://sustainable-procurement.org/fileadmin/templates/sp_platform/lib/sp_platform_resources/tools/push_resource_file.php?uid=3858981d
https://sustainable-procurement.org/fileadmin/templates/sp_platform/lib/sp_platform_resources/tools/push_resource_file.php?uid=3858981d
https://sustainable-procurement.org/fileadmin/templates/sp_platform/lib/sp_platform_resources/tools/push_resource_file.php?uid=3858981d
https://www.ifixit.com/Teardown/AirPods+Pro+Teardown/127551
https://www.ifixit.com/Teardown/Samsung+Galaxy+Buds+Live+Teardown/135908
https://www.ifixit.com/News/35377/which-wireless-earbuds-are-the-least-evil
https://technology.inquirer.net/106855/smartphones-sold-without-a-charger-why-is-this-a-trend
https://weee-forum.org/wp-content/uploads/2020/10/Internet-Waste-2020_FINAL.pdf


 

 

  
 

   

 

https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://doi.org/10.1016/j.resourpol.2021.102015
https://www.greenpeace.de/sites/www.greenpeace.de/files/publications/20161109_oeko_resource_efficency_final_full-report.pdf
https://www.greenpeace.de/sites/www.greenpeace.de/files/publications/20161109_oeko_resource_efficency_final_full-report.pdf
https://doi.org/10.1007/s13563-018-0160-0
https://www.nytimes.com/wirecutter/blog/your-wireless-earbuds-are-trash-eventually/
https://www.oecd.org/publications/global-material-resources-outlook-to-2060-9789264307452-en.htm
https://www.oecd.org/publications/global-material-resources-outlook-to-2060-9789264307452-en.htm
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