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About the project and purpose of the course 
 

The primary goal of the TRAIN-ECO project is to develop training materials on eco-innovation for electric and 

electronic equipment production professionals and entrepreneurs from SMEs and start-ups. Electric and 

electronic equipment (EEE) refers to devices that include the following criteria:  

● need electric currents or electromagnetic fields to fulfil at least one intended function or  

● generate, transfer or measure such currents or fields and  

● has a voltage rating not exceeding 1,000 volts for alternating current and 1,500 volts for direct current.  

 

Examples of EEE are household appliances, televisions, phones, battery-operated tools, watches, vending 

machines and various monitoring devices, such as fire detectors. Many products that are not thought to be 

electronic devices but that contain, for example, battery-operated LED lights, actually meet the definition of 

EEE. Clothes and other textiles with LED lights are electrical equipment.  

 

SMEs and start-ups play an important role in the EU economy and need to transition to sustainable business 

models in order to support the EU's efforts to build a green economy. For example, waste from the electric and 

electronics industry, known as e-waste, is an increasing problem for the EU and the world. However, currently, 

SME and start-up staff lack the skills necessary to develop innovative and eco-sustainable electronics products 

that comply with EU regulations. To address this, TRAIN-ECO will: 

 

● Develop training materials on eco-innovation that leads to sustainable development, and quality 

management in electronics product development; 

● Develop training materials on EU environmental and safety standards;  

● Design online training course (MOOC) that will comprehensively cover the above topics;  

● Create shorter e-modules on these topics and an open repository of project materials;  

● Create guidelines for providers of vocational training on how to incorporate our learning materials into 

flexible continuing education programs and courses. 

 

All of our objectives have been set in recognition of the specific needs of electronics professionals and 

entrepreneurs. Since working professionals often lack time to engage in longer duration continuing study 

programs, TRAIN-ECO will pay special attention to creating flexible learning opportunities for this group, in 

particular by designing a online course and a series of shorter e-modules on eco-innovation. In addition to staff 

from SMEs and start-ups, we will target continuing education learners, students of electronics engineering and 

vocational education and training including adult education providers, who will be able to freely use TRAIN-ECO 

materials. Main project objective is to develop the training materials on eco-innovation and disseminate 

them as a MOOC. 

 

The primary target group is professionals and entrepreneurs from electronics SMEs and start-ups (with a 

focus on female entrepreneurs) and the secondary target group is students of electronics engineering, 

continuing education learners, vocational education providers and policy-makers. 

 

Outcomes of the project: Two sets of training materials: IO1 (eco-innovation and quality management) & IO2 

(EU environmental, safety and other regulations) that result in 16 workshops with 180 participants. Material will 

be utilised in provision of online training through accredited platform, MOOC, with 150 participants. By the end 

of the project, at least 370 people have improved their understanding of eco-innovation. 

 

The training material is organised into 4 main pillars:  

1. Quality of product 

2. Eco- and circular design 

3. Quality of production 

4. New circular business models 

http://www.testelectronics.eu/train-eco-materials/#1667827224514-fca96975-585f _blank
http://www.testelectronics.eu/train-eco-materials/#1667827224514-c13d81f1-095d _blank
http://www.testelectronics.eu/train-eco-materials/#1667827643754-c4c95c21-84a2 _blank
http://www.testelectronics.eu/train-eco-materials/#1667827684723-5f3e4816-5b5f _blank
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PILLAR 1: QUALITY OF PRODUCT  

1.1. Overview of existing regulations and standards pertaining to electronics 
products  

1.1.1. Introduction 

The requirements applied to electrical equipment are derived from EU directives, regulations, and decisions 

and also from national legislation. EU legislation in the electrical sector is important to ensure that health and 

safety requirements are the same across Europe for products placed on the market.  

 

Producers are obliged to place only safe products on the market (Directive 2001/95/EC of the European 

Parliament and of the Council on general product safety) "Safe product" means any product which, under normal 

or reasonably foreseeable conditions of use including duration and, where applicable, putting into service, 

installation and maintenance requirements, does not present any risk or only the minimum risks compatible with 

the product's use, considered to be acceptable and consistent with a high level of protection for the safety and 

health of persons, taking into account the following points in particular: 

(i) the characteristics of the product, including its composition, packaging, instructions for assembly 

and, where applicable, for installation and maintenance; 

(ii) the effect on other products, where it is reasonably foreseeable that it will be used with other 

products;  

(iii) the presentation of the product, the labelling, any warnings and instructions for its use and disposal 

and any other indication or information regarding the product;  

(iv) the categories of consumers at risk when using the product, in particular children and the elderly. 

 

Directives for electrical equipment include essential requirements for the equipment and assessment methods 

that are used to assess the conformity of the equipment. The technical details required for electrical equipment 

are specified in European harmonised standards.  

 

Manufacturers of electrical equipment must ensure the conformity of their products before they are released 

onto the market and importers are responsible for ensuring that the manufacturer has fulfilled its obligations. 

The importer and the distributor are usually responsible for ensuring that the equipment meets any special 

national requirements.  

 

European Union institutions in many cases provide wide range of tools and guidelines for manufacturers and 

consumers to easier identify respective requirements and legislative norms, which apply to the specific group 

of products. One of such tools is “Access2Markets” (A2M)1. A2M web portal combines the Market Access 

Database, the EU Trade Helpdesk and much more in a single tool. Access2Markets has information about 

duties, taxes, product rules and requirements for all EU countries and over 120 other markets around the world. 

 

NOTE 

This format and shading colour will be used within the document to distinguish examples provided to help 

illustrate a specific document or approach on a specific product group.  

 

To find a product on an A2M tool, it requires an HS code. HS is short for Harmonized System codes2. HS is a 

global product classification system and HS code is needed to export any product. A number of pages can be 

used to find a HS code: one such page is Tariffnumber.3 

 
1 https://trade.ec.europa.eu/access-to-markets/en/home (Access2Markets tool) 
2 https://www.trade.gov/harmonized-system-hs-codes (HS codes) 
3 https://www.tariffnumber.com/ (HS Code, Customs Tariff Number, Taric guide - European Database) 

https://trade.ec.europa.eu/access-to-markets/en/home
https://www.trade.gov/harmonized-system-hs-codes
https://www.tariffnumber.com/
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Here is an example provided for electronic displays. In the Tariffnumber webpage, Section XVI 

titled“Machinery and Mechanical Appliances; Electrical Equipment; Parts thereof; sound Recorders and 

Reproducers, Television Image and Sound Recorders and reproducers, Television Image and sound 

Recorders and Reproducers, and Parts and Accessories of such articles” fits the description and when 

choosing it a submenu appears:  

 
Fig. 1.1. Categories of products in Tariffnumber website under Section XVI 

 

Choosing appropriate Chapter 85 provides a long list of categories and subcategories which are under the 

85th category. 8528 subheading is for “Monitors and projectors, not incorporating television reception 

apparatus; reception apparatus for television, whether or not incorporating radio-broadcast receivers or 

sound or video recording or reproducing apparatus”. When the subheading is identified you can search more 

specific or enter the subheading in A2M website.  

 

Entering HS code 8528 in A2M tool and defining import from China to Latvia results in list of product 

categories:   

 

 

Fig. 1.2. List of categories in Access2Markets tool for example HS code “8528” 
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In the next step, choosing a specific display, for example an LCD with an HS code of 85287230 is followed. 

Clicking on the name of the category links it to a new webpage displaying results for “8528.72.40 from China 

to Latvia”. There is information on tariffs, taxes, import requirements and trade flow statistics. The main 

information is under the import requirements listed in Overview, General and Specific. 

 

The Overview section contains all related information and explanations of topics that are not specific to the 

HS code. Some of these are related to Environment protection (control of Dangerous chemicals, REACH, 

Classification, Labelling and Packaging (CLP), Control and management of Waste, Waste Electrical and 

Electronic Equipment (WEEE) and others), product safety, technical standardisation, packaging, labelling 

and Information of organisations and their contacts for receiving country. Each of the topics contains links to 

the latest up-to-date versions of EU documents.  

 

The General section contains information for invoices, declaration, insurance, packing lists and related 

documentation.  

 

The Specifics contain information related specifically to the HS code – Marketing requirements (RoHS, 

WEEE, Legislation, and again links for the importing country-specific institutions); technical standards for 

EMC, low voltage electric equipment, radio equipment; Energy efficiency requirements; voluntary EU 

Ecolabel for displays info. Although these are more specific – still only the links to specific documents are 

provided and no values are reported in A2M – since the documents would change versions.  

 

1.1.2. Labelling for proving conformity 

Before placing electrical and electronic equipment on the market, one must ensure that the equipment bears all 

markings and information required in the directives, to ensure the safe and purposeful deployment, use, 

maintenance, and decommissioning of the equipment. Several standards applying to the equipment determine 

the compulsory information and markings that must be affixed to the equipment. Furthermore, there are at least 

72 ecolabels available for electronics4.  

1.1.2.1 Energy Labelling Framework Regulation  

When the energy labels were introduced in Europe in 1992, absolute criteria were defined for different types of 

appliances to determine the energy class of each appliance to be sold in Europe, ranging from A (best energy 

performance) to G (worst energy performance). After several years of use, for some types of appliances such 

as refrigerators, technological progress brought the labels to their limits because, when applying these criteria, 

most appliances on the market were classified in the highest energy classes. 

 

To avoid this problem, in 2011 the European Union kept the same criteria but introduced three new energy 

classes A+, A++, and A+++. Since then, the energy classes have ranged from the dark green class-A+++ label 

(best energy performance) to the red class-D label (worst energy performance). When the change was made 

in 2011, appliances that were classified B or worse kept the same classification (since the same criteria were 

applied), but many appliances classified A got the chance to move up to A+ or better. 

 

In recent years, it has become clear that these labels have again reached their limits for certain types of 

appliances. First, under the combined effects of technological progress and minimum standards, for some 

appliances (especially cold appliances), the least energy-efficient appliances currently available on the market 

are classified A+. This means that the classes A to E are empty. Second, consumers are convinced that the 

label classes A+ to A+++ are all very efficient. With grades better than an A and a green colour, a refrigerator 

 
4 https://www.ecolabelindex.com/ecolabels/?st=category,electronics (Ecolabels for electronics) 

https://www.ecolabelindex.com/ecolabels/?st=category,electronics
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labelled A+ seems to be a good choice, whereas in fact consumers who buy this appliance buy the worst 

available appliances on the market as far as energy efficiency is concerned. For these types of appliances, the 

labels therefore no longer fulfil their function of informing consumers. To take care of these problems, the 

European Union scheduled a replacement of the current energy label by March 2021; the replacement process 

officially started throughout the EU on November 1, 2020. During these four months, both labels may be used 

on the appliances concerned (refrigerators and freezers, washing machines, dishwashers, TVs and screens). 

 

Easy to recognise thanks to new icons and the addition of a QR code to access a database of appliances, the 

new label will rescale all existing appliances on the familiar A to G scale (the categories A+ to A+++ will no 

longer exist). Instead of keeping the 1992 criteria, the criteria have been updated to reflect technological 

progress. An appliance that was classified A+++ in 2020 will likely be classified B or C in 2021, one classified 

A++ likely classified D or E, and the lowest performance appliances currently classified A+ will find themselves 

at the bottom with an F or G label class. This is therefore the first time that the label will be rescaled, and that 

all appliances on the market will receive a new label class. 

 

To account for future technological progress, the best label classes will first be left empty: there will therefore 

be no refrigerator or washing machine with a label class A in 2021 under the new label. This will provide time 

for manufacturers to make progress and fill up the better energy classes in the coming years. Once the top 

energy classes fill up again (specifically, once more than 20% of the appliances on a given category achieve 

the energy class A), a new rescaling will be undertaken.5 

 

In the EU there are 27 product groups. Energy labelling and eco-design legislation can affect each of them 

differently. The summary of the groups and related legislation can be found in the EC website under “List of 

energy efficient products Regulations: by product group”6 

 

An example for electronics displays of label classes from EC impact report [1]. Stakeholders viewed the 

proposed labelling change as ambitious, while NGOs were requesting even more ambitious levels.  

 
Fig. 1.3. Proposed label classes compared with non-EU labelling schemes for a 40" (44dm2) HD display. 

 
5 https://theconversation.com/why-are-the-european-energy-labels-changing-again-151803 (About EU’s Energy Labels) 
6https://energy.ec.europa.eu/topics/energy-efficiency/energy-label-and-ecodesign/list-energy-efficient-products-regulations-

product-group_en?redir=1 (List of energy efficient products Regulations: by product group) 

https://theconversation.com/why-are-the-european-energy-labels-changing-again-151803
https://energy.ec.europa.eu/topics/energy-efficiency/energy-label-and-ecodesign/list-energy-efficient-products-regulations-product-group_en?redir=1
https://energy.ec.europa.eu/topics/energy-efficiency/energy-label-and-ecodesign/list-energy-efficient-products-regulations-product-group_en?redir=1
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1.1.2.2 CE Marking 

The letters ‘CE’ appear on many products traded on the extended Single Market in the European Economic 

Area (EEA). CE letters stand for Conformité Européenne. They signify that products sold in the EEA have been 

assessed to meet high safety, health, and environmental protection requirements.  

 

The sole responsibility of placing CE on the product lays on the manufacturer. Manufacturers play a vital role in 

ensuring that products placed on the extended single market of the EEA are safe. It is their responsibility to 

carry out the conformity assessment, set up the technical file, issue the EU declaration of conformity and affix 

the CE marking to a product. 

 

The importers and distributors as intermediaries between manufacturers and traders must have knowledge of 

the legal requirements and ensure that products they distribute or import meet them. By affixing the CE marking 

to a product, a manufacturer declares that the product meets all the legal requirements for CE marking and can 

be sold throughout the EEA. This also applies to products made in other countries that are sold in the EEA. 

 

There are a number of legislative documents that have to be considered to fulfil the CE marking requirements. 

CE marking is a part of the EU’s harmonisation legislation, which is mainly managed by the Directorate-General 

for Internal market, Industry, Entrepreneurship and SMEs. Comprehensive guidance on the implementation of 

EU product rules can be found in the so-called Blue Guide7.  

 

One of the ways how to approach this is to use provided guidelines at official website8. If you are a manufacturer, 

you have to follow these 6 steps to affix a CE marking to your product:  

 

1. Identify the applicable directive(s) and harmonised standards; 

2. Verify product specific requirements; 

3. Identify whether an independent conformity assessment (by a notified body) is necessary; 

4. Test the product and check its conformity; 

5. Draw up and keep available the required technical documentation; 

6. Affix the CE marking of the preceding link and draw up the EU Declaration of Conformity; 

7. These 6 steps may differ by product as the conformity assessment procedure varies. Manufacturers 

must not affix CE marking to products that don’t fall under the scope of one of the directives 

providing for its affixing. 

 

For products that present higher safety risks such as gas boilers, safety cannot be checked by the manufacturer 

alone. In these cases, an independent organisation, specifically a notified body appointed by national 

authorities, has to perform the safety check. The manufacturer may affix the CE marking to the product only 

once this has been done. 

 

An alternative method of making it easier to develop documentation for CE marking is to use specific tools. 

Euronorm.net has developed a tool for such purpose9. This tool follows the principles in the Fig. 1.7 principle of 

firstly determining related directives, which is done in the tool by asking, what kind of product it is. Afterwards 

wizards are used to check if the product lays under some of the directive exceptions. That is followed by a 

wizard that goes through each directive asking if specific properties or aspects have been checked and ensured 

that fulfil the directive requirements. It is formed in the risk analysis method.   

 
 

 

 

 
7 Blue Guide https://ec.europa.eu/docsroom/documents/18027/  
8 CE marking information https://ec.europa.eu/growth/single-market/ce-marking_en  
9 Eurnorm.net CE tool https://euronorm.net/content/ce-marking/ce-tool-introduction.php  

https://ec.europa.eu/docsroom/documents/18027/
https://ec.europa.eu/growth/single-market/ce-marking_en
https://euronorm.net/content/ce-marking/ce-tool-introduction.php
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The tool goes through a wizard to fill all the required 

documentation. The folders to fill are:  

 

1) Applicable Directives 

2) Risk analysis 

3) Technical documentation 

4) Test Certificates / Report (s) 

5) Operating instructions 

6) Type plate / label 

7) Declaration of Conformity 

8) Additional documentation.  

 

Some of these are filled by using wizards, while others have 

explanatory documents provided on what the documentation 

prepared by the company should include.  

Fig. 1.7. CE marking development loop for Euronorm.net tool 

 

The CE marking must be affixed to the electrical 

equipment or its rating plate in such a manner that it is 

visible, easily readable, and permanent.  

 

 

The CE marking must be at least 5 mm high. The CE 

marking should not be confused with the very similar-

looking China Export marking.  

 

In addition to the CE marking, each piece of electrical equipment must have a type, batch, or serial number 

to allow its identification. If this is not possible due to the size or nature of the equipment, the required 

information must be specified on the packaginge 

or in a document included with the equipment. 

The manufacturer must state his name, registered 

trade name or trademark, and address on the 

equipment or, if this is not possible, on the 

packaging of the equipment or in the included 

documentation.  

 

The markings can often be found on the rating plate affixed to the relevant equipment. An example of the 

rating plate of a washing machine. When appropriate, accumulators and batteries must also be marked 

with the symbols indicating heavy metal content (Pb, Cd, or Hg).  

 

1.1.2.3 Surveillance of CE marking in the market   

The CE marking can only be affixed to products that require a CE marking in accordance with applicable product 

legislation. If the CE marking is used inappropriately, the authorities supervising the products may act. 

 

If a product is missing the statutory CE marking, or if the marking does not comply with the requirements, the 

authorities may order the product to be removed from the market. Inappropriate use of the CE marking is also 

punishable.   

 



 

12 

 

According to regulation (Regulation (EC) No 765/2008  — setting out the requirements for accreditation and 

market surveillance relating to the marketing of products) each country organises and carries out market 

surveillance to ensure the safety of products.  

 

Every EU member state has a single liaison office that is responsible for certain tasks related to market 

surveillance nationally and within the EU. E.g. in Finland, the single liaison office is located within Tukes (Finnish 

Safety and Chemicals Agency). The single liaison office coordinates cooperation between the authorities related 

to market surveillance and assists the market surveillance authorities in national and international cooperation. 

The single liaison office is responsible for preparing the harmonised opinion of the Finnish market surveillance 

authorities and the Finnish Customs and notifying EU bodies of it.  

 

The tasks of the single liaison office further include creating a national market surveillance strategy in 

collaboration with the market surveillance cooperation group. The cooperation group includes representatives 

from the market surveillance authorities and the Finnish Customs (Table below).  

 

Product group subject to 

CE marking 
EU regulations Surveillance authorities in Finland 

Ecodesign of energy-related 
products 

Ecodesign Directive 2009/125/EY  
Hot-water Boiler Directive 92/42/ETY 

Tukes 

Personal protective 
equipment 

Personal Protective Equipment 
Regulation (EU) 2016/425 

Personal protective equipment intended 
for use at work:  

Occupational safety and health 
authorities STM  

Personal protective equipment intended 
for consumer use: 

Tukes  

Lifts Lifts Directive 2014/33/EU Tukes 

Recreational crafts 
Recreational Craft Directive 

2013/53/EU 
Traficom 

Gas appliances 
Decree on Gas Appliances (EU) 

2016/426 
Tukes 

Machinery Machinery Directive 2006/42/EY 

Machinery intended for use at work: 
Occupational safety and health 

authorities STM 
Machinery intended for consumer 

use:Tukes 

Noise emissions of 
machinery 

Noise Emissions Directive 2000/14/EY 

Occupational safety and health 
authorities STM 

Machinery intended for consumer 
use:Tukes 

Cableways Cableways Regulation (EU) 2016/424 
Occupational safety and health 

authorities STM 

Toys Toy Directive 2009/48/EY Tukes 

Measuring instruments 

Measuring Instruments Directive 
2014/32/EU 

Weighing Instruments Directive 
2014/31/EU 

Tukes 

Pressure equipment, 
pressurised containers 

Pressure Equipment Directive 
2014/68/EU 

Simple Pressure Vessels Directive 
2014/29/EU 

Tukes 

Pyrotechnic products 
Pyrotechnic Articles Directive 

2013/29/EU 
Tukes 

Radio equipment 
Radio Equipment Directive 

2014/53/EU (RED) 
Traficom 

https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:32008R0765
https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:32008R0765
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX:32009L0125
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX:31992L0042
https://tukes.fi/tuotteet-ja-palvelut/sahkolaitteet/ekosuunnittelu
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500879834095&uri=CELEX:32016R0425
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500879834095&uri=CELEX:32016R0425
https://stm.fi/tyosuojeluvalvonta/markkinavalvonta
https://stm.fi/tyosuojeluvalvonta/markkinavalvonta
https://tukes.fi/tuotteet-ja-palvelut/henkilonsuojaimet
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501493772755&uri=CELEX:32014L0033
https://tukes.fi/tuotteet-ja-palvelut/hissit
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500881265213&uri=CELEX:32013L0053
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500881265213&uri=CELEX:32013L0053
http://www.trafi.fi/veneily/veneilyturvallisuus/huvivenedirektiivi
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=uriserv:OJ.L_.2016.081.01.0099.01.FIN&toc=OJ:L:2016:081:TOC
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=uriserv:OJ.L_.2016.081.01.0099.01.FIN&toc=OJ:L:2016:081:TOC
https://tukes.fi/tuotteet-ja-palvelut/kaasulaitteet
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX%3A02006L0042-20091215
http://www.tyosuojelu.fi/markkinavalvonta/koneet-ja-laitteet
http://www.tyosuojelu.fi/markkinavalvonta/koneet-ja-laitteet
https://tukes.fi/tuotteet-ja-palvelut/koneet
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500879020978&uri=CELEX%3A32000L0014
http://www.tyosuojelu.fi/markkinavalvonta/koneet-ja-laitteet
http://www.tyosuojelu.fi/markkinavalvonta/koneet-ja-laitteet
https://tukes.fi/tuotteet-ja-palvelut/koneet
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=uriserv:OJ.L_.2016.081.01.0001.01.FIN&toc=OJ:L:2016:081:TOC
http://www.tyosuojelu.fi/markkinavalvonta/koneet-ja-laitteet/tarkastettavat-koneet-ja-laitteet
http://www.tyosuojelu.fi/markkinavalvonta/koneet-ja-laitteet/tarkastettavat-koneet-ja-laitteet
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1497346952089&uri=CELEX:32009L0048
https://tukes.fi/tuotteet-ja-palvelut/lelut
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501494274511&uri=CELEX:32014L0032
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501494274511&uri=CELEX:32014L0032
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501494419777&uri=CELEX:32014L0031
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501494419777&uri=CELEX:32014L0031
https://tukes.fi/tuotteet-ja-palvelut/mittauslaitteet
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500880297894&uri=CELEX:32014L0068
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500880297894&uri=CELEX:32014L0068
https://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX:32014L0029
https://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX:32014L0029
https://tukes.fi/tuotteet-ja-palvelut/painelaitteet
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX:32014L0029
http://eur-lex.europa.eu/legal-content/FI/TXT/?uri=CELEX:32014L0029
https://tukes.fi/tuotteet-ja-palvelut/rajahteet-ilotulitteet-patruunat-ja-ruuti
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500880809702&uri=CELEX:32014L0053
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1500880809702&uri=CELEX:32014L0053
http://www.viestintavirasto.fi/taajuudet/radiolaitteet/radiolaitteidenmyyntimaahantuontijavalmistus.html
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Product group subject to 

CE marking 
EU regulations Surveillance authorities in Finland 

Construction products 
Construction Products Regulation 

(EU) N:o 305/2011 (CPR) 
Tukes 

Equipment in potentially 
explosive atmospheres 

ATEX Directive 2014/34/EU Tukes 

Explosives intended for civil 
use 

Civil Explosives Directive 2014/28/EU Tukes 

Electrical appliances 
Low Voltage 

Directive  2014/35/EU (LVD) 
Tukes 

Electromagnetic 
compatibility 

EMC Directive 2014/30/EU Tukes 

Healthcare devices and 
equipment 

Medical Devices Regulation (EU) 
2017/745 

Fimea 

Restrictions on the use of 
certain hazardous 

substances in the EEE 
RoHS II Directive 2011/65/EU 

Tukes 
Fimea 

 

Supervision conducted by Tukes is risk based. Risk based means that Tukes mainly focuses supervision on 

targets that pose the greatest risks or on areas in which Tukes’ supervision will have the greatest effect. 

 

Tukes supervises the safety and compliance of products and chemicals. The authorities do not normally conduct 

advance inspections or approvals of products and chemicals. Instead, Tukes monitors products and chemicals 

on the market and on sale to consumers in brick-and-mortar stores and in online stores in Finland. This is called 

market surveillance. Market surveillance is targeted at the following: 

● products 

● product documentation 

● markings and labels on products 

● procedures for demonstrating compliance.

Tukes conducts supervision: 

 

● in a project-oriented manner, by selecting a product group as the target of supervision. 

● by inspecting products sold in shops and by purchasing products and chemicals, such as cosmetics, 

for further inspection and testing. 

● based on notifications and reports of accidents and dangerous situations. 

Tukes does not inspect every product on the market. Tukes conducts spot-checks on a small proportion of 

products and chemicals. When conducting market surveillance, Tukes will purchase products from shops, online 

stores, etc. Tukes will have the products tested in testing laboratories or conduct an in-house product 

assessment with regard to the compliance of the product or material. It is not always necessary for Tukes to 

purchase the actual product; a compliance assessment can be carried out based on a document or an image. 

Consequences for not complying   

 

The diversity of sanctions across the Union is one of the main reasons for inadequate deterrence and uneven 

protection. Rules on establishing sanctions, including monetary penalties, are a matter of national jurisdiction 

and should, therefore, be determined by national law. The most common are bans and orders, removal of 

products from the market, product recalls, monetary penalties to be set in court according to the severity of the 

offence (repetition adds to severity), imprisonment.  

 

Example description of sanctions by Tukes: 

 

Bans and orders: if a product has safety defects, or a product or service does not comply with the appropriate 

requirements, Tukes may issue a non-inclusion decision of a product or service. Tukes may order a 

company to stop supplying products to retailers and retailing or otherwise conveying products. Tukes may also 

order a company to alter a product or activity so that it complies with legislation or take certain measures, such 

as producing documentation required by legislation. 

http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1497355743295&uri=CELEX:32011R0305
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1497355743295&uri=CELEX:32011R0305
http://www.rakennustuoteinfo.fi/
http://eur-lex.europa.eu/legal-content/fi/TXT/?uri=CELEX%3A32014L0034
https://tukes.fi/en/industry/potentially-explosive-atmospheres/atex-equipment-for-potentially-explosive-atmospheres
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1497356525357&uri=CELEX:32014L0028
https://tukes.fi/tuotteet-ja-palvelut/rajahteet-ilotulitteet-patruunat-ja-ruuti
http://eur-lex.europa.eu/legal-content/fi/TXT/?uri=CELEX%3A32014L0035
http://eur-lex.europa.eu/legal-content/fi/TXT/?uri=CELEX%3A32014L0035
https://tukes.fi/tuotteet-ja-palvelut/sahkolaitteet/sahkolaitteiden-vaatimuksia/sahkoturvallisuus-lvd
http://eur-lex.europa.eu/legal-content/fi/TXT/?uri=CELEX%3A32014L0030
https://tukes.fi/tuotteet-ja-palvelut/sahkolaitteet/sahkomagneettinen-yhteensopivuus-emc
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501511144167&uri=CELEX%3A32017R0745
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501511144167&uri=CELEX%3A32017R0745
https://www.fimea.fi/web/en/medical-devices
http://eur-lex.europa.eu/legal-content/FI/TXT/?qid=1501494731944&uri=CELEX:32011L0065
https://tukes.fi/tuotteet-ja-palvelut/sahkolaitteet/sahkomagneettinen-yhteensopivuus-emc
https://www.fimea.fi/web/en/medical-devices
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Removing products from the market: if a product has significant safety deficiencies or does not properly 

comply with the appropriate requirements, Tukes may order the product to be removed from the market. 

Removing a product from the market means that the company is required to: 

o stop selling or conveying the product 

o Take swift action in order to collect any products from the retailers. 

 

Product recalls: if a product has serious safety deficiencies that are hazardous to health, property of the 

environment, Tukes may issue an order for a product recall. A product recall means that the company must 

remove the product from the market, but also: 

o take action to recall the products that do not comply with the appropriate requirements from 

consumers or other end users 

o inform consumers and other end users about the hazard caused by the product and ask consumers 

and end users to return the product. This communication must be as extensive as possible and 

targeted in a manner that will reach  

o as many of the consumers that possess the product as possible. 

 

Examples of penalties relating to CE marking infringements (data from 2010): 

 

 

Country Monetary penalties  

Latvia an upper limit of ca. € 4.200 for legal persons (€ 350 for natural 

persons) 

Estonia € 3.200 if committed by a legal person; imprisonment (of natural 

persons) possible in case of "danger to human life or health or to the 

environment“ 

Germany  fines with an upper limit of € 3.000 

Czech Republic  fines with an upper limit of ca. € 2 million;  

Finland fines based on income and calculated as day-fines.  
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Notifying Tukes of dangerous or non-compliant products 

 

If the company has manufactured, imported, sold, forwarded or otherwise distributed a product that poses risks, 

the company must submit a notification to Tukes on the product that poses the risk and cooperate with Tukes. 

(Report-a-dangerous-or-defective-product)  

 

If the product has been sold also in other EU or EEA states, the Business Gateway can also be used to submit 

a notification on the product that poses risks. The notification on a dangerous product is primarily submitted by 

the manufacturer located in the EU area, or if the manufacturer is not located in the EU area, a representative 

of the manufacturer or the importer. The party submitting the notification must assess the risk level posed by 

the product. 

 

Registers of dangerous products:  

https://marek.tukes.fi/ - products in Finland 

https://ec.europa.eu/safety-gate-alerts/screen/webReport#weeklyReports – products in EU 

 

1.1.3. LVD - (2014/35/EU ) Low Voltage Directive for electric devices  

The LVD covers electrical safety of electrical equipment operating with an input or output voltage between: 

• 50 and 1000 V for alternating current 

• 75 and 1500 V for direct current 

 

The LVD covers many consumer and industrial electrical equipment such as household appliances, cables, AC 

adapters, and others. As such, most consumer electronics fall within the scope of the LVD. This is the case 

even if the device input voltage is less than 75 V, as the charger is therefore within the LVD scope. 

General conditions:  

● the essential characteristics, the recognition and observance of which will ensure that electrical 

equipment will be used safely and in applications for which it was made, shall be marked on the 

electrical equipment, or, if this is not possible, on an accompanying document; 

● the electrical equipment, together with its component parts, shall be made in such a way as to ensure 

that it can be safely and properly assembled and connected; 

● the electrical equipment shall be so designed and manufactured as to ensure that protection against 

the hazards set out in points 2 and 3 is assured, providing that the equipment is used in applications 

for which it was made and is adequately maintained. 

 

Protection against hazards arising from the electrical equipment: 

 

Measures of a technical nature shall be laid down in a in order to ensure that: persons and domestic animals 

are adequately protected against the danger of physical injury or other harm which might be caused by direct 

or indirect contact; temperatures, arcs or radiation which would cause a danger, are not produced;  persons, 

domestic animals and property are adequately protected against non-electrical dangers caused by the electrical 

equipment which are revealed by experience;  the insulation is suitable for foreseeable conditions. 

 

Protection against hazards arising by external influences on the electrical equipment: 

 

Technical measures shall be laid down in order to ensure that the electrical equipment: meets the expected 

mechanical requirements in such a way that persons, domestic animals and property are not endangered; is 

resistant to non-mechanical influences in expected environmental conditions, in such a way that persons, 

domestic animals and property are not endangered; does not endanger persons, domestic animals and property 

in foreseeable conditions of overload. 

https://tukes.fi/en/online-services/report-a-dangerous-or-defective-product
https://tukes.fi/products-and-services/dangerous-products/business-gateway
https://marek.tukes.fi/
https://ec.europa.eu/safety-gate-alerts/screen/webReport#weeklyReports
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1.1.4. EMC- (2014/30/EU) Electromagnetic compatibility  

The emissions from electrical devices and equipment and their immunity to disturbances must comply with the 

requirements. All electrical devices and equipment affect each other when they are in close proximity or 

connected. The purpose of electromagnetic compatibility (EMC) is to ensure that electrical devices or equipment 

do not create disturbances that would affect other devices or equipment and are immune to disturbances caused 

by them.  

 

The EMC Directive applies to all electrical 

devices or equipment that may cause 

electromagnetic disturbances or whose 

functioning may be affected by 

electromagnetic disturbances.  

 

Covered products under the EMC 

directive include: 

 

● TV sets 

● GSM handsets 

● Radio featured products 

● Washing machines 

● Products that emit 

electromagnetically 

disturbances 

 

The manufacturer of the electrical device 

or equipment is responsible for ensuring 

that the device or equipment is compliant 

with the requirements of the EMC 

Directive.  

 

1.1.5. RED – (2014/53/EU) Radio Equipment Directive 

Radio Equipment Directive (RED) establishes a regulatory framework for placing radio equipment on the market. 

It ensures a single market for radio equipment by setting essential requirements for safety and health, 

electromagnetic compatibility, and the efficient use of the radio spectrum. It also provides the basis for further 

regulation governing some additional aspects. These include technical features for the protection of privacy, 

personal data and against fraud. Furthermore, additional aspects cover interoperability, access to emergency 

services, and compliance regarding the combination of radio equipment and software. 

 

A useful document for companies is the RED Guide10 which aims to help with the common application of the 

RED. It has no weight in law but deals with practical issues that are of interest to manufacturers and other 

stakeholders. The guide’s chapter 2.2 summarises the requirements  to be met by manufacturers in order to 

place radio equipment on the EU market (the guide provides the same list with reference to the chapters in the 

guide):  

 

A. Ensure radio equipment is designed and manufactured in accordance with the 

B. essential requirements in article 3 of the RED  

C. Carry out conformity assessment procedures  

 
10 The RED Guide https://ec.europa.eu/docsroom/documents/33162 
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D. Ensure that the equipment can operate in at least one Member State  

E. Draw up technical documentation according to Article 21  

F. Draw up a DoC / simplified DoC which shall accompany the product 

G. Affix CE marking and notified body number if applicable  

H. Add type or batch or serial number or other element to the equipment allowing its identification  

I. Add traceability information to the equipment (address, etc…) 

J. Add geographical information in case of restrictions  

K. Ensure that the equipment is accompanied by instructions and safety information including, where 

applicable, a description of accessories and components, including software, which allow the radio 

equipment to operate as intended. These instructions shall also include information about the frequency 

bands and power used by the radio equipment. 

L. Ensure that series of production remain in conformity with the Directive  

M. When deemed appropriate, carry out sample testing of radio equipment made available on the market, 

investigate, and, if necessary, keep a register of complaints, of non-conforming radio equipment and 

radio equipment recalls, and shall keep distributors informed of any such monitoring.  

N. Take immediate actions in case of non-compliance of products already placed on the market. 

O. Cooperate with competent national authorities. 

 

More extensive explanations for each of the responsibilities is provided in the guide.  

 

1.1.6. ATEX - (2014/34/EU) – Safety of equipment in explosive atmospheres 

The ATEX Directive 2014/34/EU covers equipment and protective systems intended for use in potentially 

explosive atmospheres. The directive defines the essential health and safety requirements and conformity 

assessment procedures, to be applied before products are placed on the EU market. A potentially explosive 

atmosphere exists when a mixture of air gases, vapours, mists, or dusts combine in a way that can ignite under 

certain operating conditions. Potentially explosive atmospheres are often present in industries, such as power 

production, chemical industry, pharmaceutical industry and wood processing industry, and in the manufacture, 

handling and storage of flammable liquids and gases.  

 

Equipment and protection systems in potentially explosive atmospheres must be safe. The manufacturer of 

equipment and protection systems used in potentially explosive atmospheres is responsible for ensuring that 

the equipment or protection system meets the requirements laid down in the Directive on ATEX equipment.  

 

Equipment and protective systems intended for use in potentially explosive atmospheres (ATEX) cover a range 

of products, including those used on fixed offshore platforms, petrochemical plants, mines, and flour mills, 

amongst others.11 

 

1.1.7. RoHS - (2011/65/EC) - Restriction of Hazardous Substance  

RoHS is an EU Directive restricting the use of hazardous substances in electrical and electronic equipment. No 

matter what kind of electronic products you are producing, you must ensure that your products do not contain 

an excessive number of restricted substances. 

 

  

 
11 About ATEX Directive 2014/34/EU https://ec.europa.eu/growth/sectors/mechanical-engineering/equipment-potentially-

explosive-atmospheres-atex_lv 
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Some of restricted substances under RoHS Article 4(1): 

● Lead (0,1 %) 

● Mercury (0,1 %) 

● Cadmium (0,01 %) 

● Hexavalent chromium (0,1 %) 

● Polybrominated biphenyls (PBB) (0,1 %) 

● Polybrominated diphenyl ethers (PBDE) 

(0,1 %)

 

Some restricted substances can be easily found in solder, batteries and metallic parts. Therefore, importers 

should consider all parts of electronic products for RoHS compliance. 

 

 

An example here is provided for a specific regulations applicable to air-air heat pump:  

● Applications exempted from the restriction: Lead in bearing shells and bushes for refrigerant-

containing compressors for heating, ventilation, air conditioning and refrigeration (HVACR) 

applications 

 

1.1.8. REACH (1907/2006/EC)  

Regulation on Registration, Evaluation, Authorization and Restriction of Chemicals, REACH (1907/2006/EC) 

the main aims are to improve the protection of human health and the environment from the risks that can be 

posed by chemicals, to promote alternative test methods, to enable free circulation of substances on the internal 

market and to enhance competitiveness and innovation. The REACH Regulation gives greater responsibility to 

industry to manage the risks from chemicals and to provide safety information on the substances.   

 

In principle, REACH applies to all chemical substances; not only those used in industrial processes but also in 

our day-to-day lives, for example in cleaning products, paints as well as in articles such as clothes, furniture 

and electrical appliances. Therefore, the regulation has an impact on most companies across the EU.   

 

REACH impacts on a wide range of companies across many sectors, even those who may not think of 

themselves as being involved with chemicals. Companies need to register their substances and to do this they 

need to work together with other companies who are registering the same substance.  

 

In general, under REACH you may have one of these roles:  

 

Manufacturer: If you make chemicals, either to use yourself or to supply to other people (even if it is for export), 

then you will probably have some important responsibilities under REACH.  

 

Importer: If you buy anything from outside the EU/EEA, you are likely to have some responsibilities under 

REACH. It may be individual chemicals, mixtures for onward sale or finished products, like clothes, furniture or 

plastic goods.  

 

Downstream users: Most companies use chemicals, sometimes even without realising it, therefore you need 

to check your obligations if you handle any chemicals in your industrial or professional activity. You might have 

some responsibilities under REACH.  

 

Companies established outside the EU: If you are a company established outside the EU, you are not bound 

by the obligations of REACH, even if you export their products into the customs territory of the European Union. 

The responsibility for fulfilling the requirements of REACH, such as registration, lies with the importers 

established in the European Union, or with the only representative of a non-EU manufacturer established in the 

European Union.  
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1.1.9. Ecodesign Directive – (2009/125/EC) rules for improving environmental 

performance of products  

Ecodesign Directive –(2009/125/EC) sets requirements aimed at improving energy efficiency by integrating 

environmental issues and life-cycle thinking already in the product design phase. In practice, ecodesign 

requirements are usually applied to energy consumption during the use of the product. If a product does not 

meet the ecodesign requirements set for it, it cannot be denoted with CE marking and therefore it cannot be 

placed on the EU market.  

 

Basic principles 

 

(4) Many energy-related products can be significantly improved in terms of design to reduce their environmental 

impact and save energy, thereby also generating savings for businesses and end-users. In addition to products 

that use, produce, transmit or measure energy, some energy-related products, including construction products 

such as windows, insulation materials or water-using products such as showers or taps, could also make a 

significant contribution to energy efficiency savings. at a time. 

 

(5) Ecodesign of products is a key element in the Community strategy on Integrated Product Policy. This 

precautionary approach, designed to improve the environmental performance of products while maintaining 

their functional properties, does provide new opportunities for producers, consumers and society as a whole. 

 

(7) Measures should be taken at the design stage of energy-related products, as pollution arising during the life 

cycle of a product appears to be determined directly at the design stage and most of the costs are related to 

that stage. 

 

Subject matter and scope 

 

1. This Directive establishes a framework for the setting of Community ecodesign requirements for energy 

related products with the aim of ensuring the free movement of such products within the internal market. 

2. This Directive lays down requirements with which energy-related products covered by implementing 

measures must comply in order to be placed on the market and / or put into service. It contributes to sustainable 

development by increasing energy efficiency and the level of environmental protection, while increasing security 

of energy supply. 

3. This Directive shall not apply to vehicles intended for the carriage of passengers or goods. 

4. This Directive and the implementing measures adopted pursuant to it are without prejudice to Community 

legislation on waste management and chemicals, including Community legislation on emissions of fluorinated 

greenhouse gases. 

 

Method for setting generic ecodesign requirements (referred to in Article 15 (6)) 

 

Generic ecodesign requirements aim at improving the environmental performance of products, focusing on their 

significant environmental aspects without setting limit values. The method set out in this Annex must be used 

in cases where limit values cannot be established for the product group in question. When preparing a draft 

measure for submission to the Committee referred to in Article 19 (1), the Commission shall identify significant 

environmental aspects to be addressed in an implementing measure. 

 

When preparing implementing measures laying down general ecodesign requirements pursuant to Article 15, 

the Commission shall establish, for the product covered by the implementing measure, the relevant ecodesign 

parameters from those listed in Part 1, as well as information requirements from those listed in Article 2. and 

the requirements for the manufacturer listed in Part 3. 
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Part 1: Product ecodesign parameters 

 

1.1. As far as relevant for product design, significant environmental aspects have to be identified through the 

following stages of the product life cycle: 

(a) selection and use of raw materials; 

(b) production; 

(c) packaging, transport and distribution; 

(d) installation and maintenance; 

(e) use; and 

(f) end-of-life, meaning the state of a product which 

it has reached at the end of its first use, until its final 

disposal.

 

1.2. For each stage, where necessary, the following environmental aspects must be assessed: 

(a) the expected consumption of materials, energy 

and other resources, such as fresh water; 

(b) estimated emissions to air, water or soil; 

(c) the intended contamination by physical effects 

such as noise, vibration, radiation, electromagnetic 

fields; 

(d) the estimated amount of waste; and 

(e) possibilities for reuse, recycling and recovery of 

materials and / or energy, taking into account 

Directive 2002/96 / EC.

 

1.3. In particular, the following parameters should be used where possible, supplemented where necessary, to 

assess the potential for improvement of the environmental aspects referred to in point 1.2. at point: 

 

(a) the weight and volume of the product; 

(b) use of materials resulting from recycling; 

(c) consumption of energy, water and other resources during the life cycle of the product; 

(d) use of substances considered to be harmful to health and / or the environment in accordance with Council 

Directive 67/548 / EEC of 27 June 1967 on the approximation of laws, regulations and administrative provisions 

relating to the classification, packaging and labelling of dangerous substances (1) ) and having regard to 

legislation on the placing on the market and use of certain substances, such as Council Directive 76/769 / EEC 

of 27 July 1976 on the approximation of the laws, regulations and administrative provisions of the Member 

States relating to restrictions on the marketing and use of certain dangerous substances and preparations (2) 

or Directive 2002/95 / EC; 

(e) the quantity and nature of consumables needed for proper use and maintenance of the product; 

(f) easy access to reuse and recycling, expressed in terms of: number of materials and components used, use 

of standard components, time required for dismantling, tools needed for dismantling, use of component and 

material coding standards to identify components and materials that useful for reuse and recycling (including 

labelling of plastic parts according to ISO standards), use of easily recyclable materials, easy access to valuable 

and other recyclable materials and components; easy access to materials and components containing harmful 

substances; 

(g) incorporation of the ingredients used; 

(h) failure to use technical solutions that hinder the re-use and recycling of components and equipment; 

(i) service life extension in terms of minimum guaranteed service life, minimum time for availability of spare 

parts, modularity, upgradeability, repairability; 

(j) the amount of waste generated and the amount of hazardous waste generated; 

(k) emissions to air (greenhouse gases, acidic agents, volatile organic compounds, ozone-depleting 

substances, persistent organic pollutants, heavy metals, particulate matter and suspended particulates), without 

prejudice to Directive 97/68 / EC of the European Parliament and of the Council Of 16 December 1997 on 

measures to be taken against the emission of gaseous and particulate pollutants from internal combustion 

engines to be installed in all-terrain vehicles (3); 

(l) emissions to water (heavy metals, substances that adversely affect the oxygen balance, persistent organic 

pollutants); and 

(m) emissions to soil (in particular leakages and spills of dangerous substances during the use phase of the 

products and leakage potential during the waste disposal process). 
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Specific regulations are developed to implement requirements set by Directives. An example here is provided 

of “COMMISSION REGULATION (EU) No 206/2012 of 6 March 2012 implementing Directive 2009/125/EC 

of the European Parliament and of the Council with regard to ecodesign requirements for air conditioners 

and comfort fans”12 which: 

 

● Sets definitions of appliances, components, parameters and measurements; 

● Sets requirements for minimum energy efficiency, maximum power consumption in off-mode and 

standby mode and for maximum sound power level; 

● Sets product information requirements; 

● Sets methodology of measurements and calculations; 

● Sets benchmarks for best available technologies. 

 

What would the regulation require from the air-air heat pump?  

Some of the highlights:  

 

1. Requirements for minimum energy efficiency 

  Double duct air conditioners Single duct air 

conditioners 

rated energy 

efficiency ratio 

(EERrated) 

rated 

coefficient of 

performance 

(COPrated) 

EERrated COPrated 

If global warming potential 

(GWP) of refrigerant > 150 

2.40 2.36 2.40 1.80 

If GWP of refrigerant ≤ 150 2.16 2.12 2.16 1.62 

 

Requirements for minimum energy efficiency 

  SEER 

(seasonal energy 

efficiency ratio) 

SCOP 

(seasonal coefficient of 

performance) 

(Average heating season) 

 

If GWP of refrigerant > 150 3.60 3.40 

If GWP of refrigerant ≤ 150 3.24 3.06 

 

2. Requirements for maximum power consumption in off-mode and standby mode for single 

duct and double duct air conditioners and comfort fans 

Off-mode 0,5 W 

Stand-by mode  1,0 W 

 

 
12 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32012R0206 (Ecodesign requirements for air conditioners and 

fans)  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32012R0206
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3. Requirements for maximum sound power level 

Indoor sound power level in dB(A) 65 

 

Rated capacity ≤ 6 kW 6 < Rated capacity ≤12 kW 

Indoor sound 

power level in dB(A) 

Outdoor sound 

power level in 

dB(A) 

Indoor sound 

power level in 

dB(A) 

Outdoor sound 

power level in 

dB(A) 

60 65 65 70 
 

1.1.10. WEEE – (2012/19/EU) waste electrical and electronic equipment  

Waste from electrical and electronic equipment includes a large range of devices such as computers, fridges 

and mobile phones at the end of their life. This type of waste contains a complex mixture of materials, some of 

which are hazardous. These can cause major environmental and health problems if the discarded devices are 

not managed properly. In addition, modern electronics contain rare and expensive resources, which can be 

recycled and reused if the waste is effectively managed. 

 

Improving the collection, treatment and recycling of electrical and electronic equipment (EEE) at the end of their 

life can: 

● improve sustainable production and consumption 

● increase resource efficiency 

● contribute to the circular economy 

 

The EU has introduced the WEEE Directive  and the RoHS to tackle the issue of the growing amount of WEEE.13 

 

1.1.11. Battery Directive 2006/66/EC and Batteries Regulation 

The EU legislation on waste batteries is embodied in the Batteries Directive 2006/66/EC while the Commission 

proposed new Batteries Regulation on 10th December, 2020.14 The need for update comes due to the rise in 

use of batteries and new broad applications such as electric vehicles. The global use of batteries is planned to 

grow by a factor of 19 to accommodate switching to a low-carbon economy.  

 

This Regulation aims to ensure that batteries placed in the EU market are sustainable and safe throughout their 

entire life cycle. Batteries and accumulators play an essential role to ensure that many daily-used products, 

appliances and services work properly, constituting an indispensable energy source in our society. Every year, 

approximately 800.000 tons of automotive batteries, 190.000 tons of industrial batteries, and 160.000 tons of 

consumer batteries enter the European Union. 

 

Not all these batteries are properly collected and recycled at the end of their life, which increases the risk of 

releasing hazardous substances and constitutes a waste of resources. Many of the components of these 

 
13 About WEEE Directive https://ec.europa.eu/environment/topics/waste-and-recycling/waste-electrical-and-electronic-equipment-

weee_en 
14 About Batteries Directive https://ec.europa.eu/environment/topics/waste-and-recycling/batteries-and-accumulators_en 



 

23 

 

batteries and accumulators could be recycled, avoiding the release of hazardous substances to the environment 

and, in addition, providing valuable materials to important products and production processes in Europe. 

 

Most of the requirements are placed for the manufacturers of importers of the batteries, while some more related 

to electronics manufacturers. For example Article 11 of the Regulation requires that manufacturers shall design 

appliances, in which portable batteries are incorporated, in such a way that waste batteries can be readily 

removed and replaced by the end-user or by independent operators.  

 

1.1.12. Energy-efficiency requirements and environmental performance indicators  

Two main documents in Europe for energy efficiency regarding electronics are Ecodesign Directive (chapter 

1.1.10) and Energy labelling Directive (chapter 1.1.3). Energy-efficiency related minimum energy performance 

standards (MEPS) defined in Ecodesign Directive and energy labels are the key policies to accelerate the 

increase in share of energy efficient appliances and to help achieve climate policy targets. MEPS remove the 

worst energy performing appliances from the market and helps to protect consumers from purchasing cheap 

equipment that result in higher energy costs during the use phase than more energy-efficient products. Labels 

are used to inform consumers to help them make informed decisions when choosing to buy new equipment.  

 

A study for the period from 2007 to 2017 showed that in the EU, implementation of MEPS and labels in 2010 

and 2011 increased the sales share of cold appliances with an energy label of A+ and better between 15 and 

38 percentage points [2]. These results show that MEPS and labels can be an effective method for increasing 

energy efficiency of the products and that more strict regulations could be used to further drive the energy 

efficiency. The same study also points out that around 5-10 % increase could be also due to technological 

progress and would be observable also without MEPS and labels. Another aspect reported in the study is that 

it is also possible that consumers buying more energy efficient devices, especially in cold appliance segment, 

choose to buy larger devices. 

 

How policies for efficiency requirements are implemented 

 

For companies it is beneficial to understand the principles on which the new requirements are placed. That 

helps to understand the main goal and to not see policy changes as only bureaucracy. The procedure for 

identifying policy options follows from the Better Regulation Toolbox15. Specific measures in the policy options 

are the result of a combination of initiatives including three discussions in the Ecodesign Consultation Forum, 

input from a public consultation and from WTO on a previous proposal on Ecodesign only and inspiration taken 

from the Ecodesign framework Directive, the Energy Labelling framework Regulation and the Circular Economy 

Initiative.  

 

 

Example from EC impact report [1] here is given for a electronic display policy decision options: 

Table 1. Policy options  

Option Name 
Short 

name 
Description 

Option 1 Baseline BAU 
No further action, the current regulations regarding televisions stay in 

place unchanged, no scope extension to other displays. 

Option 2 ECO ECO 

Set the Ecodesign limits at a maximum Energy Efficiency Index (EEI) 

level of 0.9, reducing it to 0.75 after 3 years and 0.6 after 5 years. 

Rescaling the label, leaving the top two classes empty. 

Extending scope for on-mode energy use to computer monitors and 

improve definitions. 

 
15 https://ec.europa.eu/info/sites/info/files/file_import/better-regulation-toolbox-17_en_0.pdf(Better Regulation Toolbox) 
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Introduce circular economy requirements for a number of displays. 

Option 3 Ambitious Ambi As ECO but with inclusion of signage displays in the energy label nd. 

Option 4 Lenient Leni 

As ECO but with a lower ambition level through a “50% allowance” for 

UHD/HDR displays (which allows them to satisfy ecodesign 

requirements more easily). 

 

Each of the options are studied, their impact on reaching goals is analysed. For example, looking at baseline 

option 1 the results show that there will be further increase in energy consumption due to increase in the number 

of displays on the market and hard technical limits for producing affordable displays with better than current 

market best 200 lm/W performance.  

 

For option 2 the question is how to decide on the energy efficiency requirements. One of the methods has been 

to use Least Life Cycle Cost (LLCC) level which depends on purchase price, lifetime, operating expenses, end-

of-life costs, discount rate and escalation rate. The LLCC method would predict that an increase in energy 

efficiency comes with an increase in cost. However, in reality displays have become cheaper and efficiency has 

slightly increased, while the price is determined by size and features.  

 

To decide on the actions to take, the first step is to identify Drivers, Problems, Specific Objectives and Measures 

that could be taken to address the problems. An example is provided for electronic displays: 

 

 
       Fig. 1.4. Intervention logic 

 

Intervention logic looks at two main goals – energy efficiency and circularity. Five measures identified to deal 

with identified problems are 1) update of the Ecodesign energy efficiency limits; 2) rescale of energy labels; 3) 

update calculation methodology and test standards; 4) extend scope and definition of product groups and 5) set 

requirements for dismantling, plastic markings and allowed contents.   

 

Each measure is then studied further and aligned with other global requirements and technological possibilities. 

To increase the energy efficiency a new proposed EU Ecodesign limits compared to ones set in 2012 were 

determined and can be compared (Fig. 1.5) as energy use (W) per viewable surface area (dm2).  
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Fig. 1.5. Proposed EU Ecodesign limits for 2020, 2022, 2024 in comparison to 2012 EU limit and non-EU limits 

for on-mode power in Watt per viewable surface area in dm². 

 

The EU's proposed requirements are high compared to previous goals and some scepticisms has come from 

manufacturers that some specific displays and newer technologies such as OLEDs should have separate 

requirements for a period of time.  

 

NGO opinions also are taken into account. For example, for deciding a new labelling scheme (measure 2), 

NGOs requested a more ambitious level (refer to chapter 1.1.3). Taking into account technological possibilities 

and future developments and stakeholder views are important parts of deciding new policy changes.  

 

 

Related changes in legislation 

 

On February 23rd a new amendment to the Ecodesign legislation was published [3] which added a number of 

new requirements. An interesting new requirement which addresses Volkswagen and other manufacturers' 

scandals related to cheating on emissions and performance during tests. The directive says:  

 

“To improve the effectiveness and credibility of the product-specific Regulations and to protect consumers, 

products able to detect being tested and to automatically alter their performance in test conditions with the 

objective of reaching a more favourable level for any of the parameters specified in these Regulations or 

included in the technical documentation or included in any of the documentation provided should not be allowed 

to be placed on the market.”16  

 

Another interesting aspect is acknowledging that in many cases harmonised standards are falling behind new 

technologies and tells to use generally recognized state-of-the-art methods for testing the products until the 

parameters are covered by harmonised standards.  

 

Do energy efficiency measures work?  

 

One example of how energy efficiency measures work are energy saving modes. Since 2009 these devices are 

required to switch into a low power mode (such as standby) after a reasonable amount of time. Since 2013, 

they must not consume more than 0.5 Watts in standby or in off mode. It is said that these rules have reduced 

annual electricity consumption by around 35.5 TWh per year – the equivalent to the annual energy consumption 

of Romania. This has saved consumers €25 billion per year and 39 Mt of CO2 emissions.  

 
16 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0341&rid=18  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0341&rid=18
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Why should companies care about energy efficiency measures? 

 

It might seem far-off for a single company to care about these savings, but any consumer of energy should 

remember that adding extra power to energy production cost money and together with climate goals and larger 

share of renewables, this can result in increased energy cost, which in turns affects every consumer including 

small companies. During the energy cost spike of 2021, a survey of SMEs revealed that they spend fifth of costs 

on energy and 70% of the surveyed companies are worried about energy cost increase.  

 

 

Examples of electronics displays are given here based on [1]. Energy labels of products are used to influence 

consumers to save energy and money by choosing more energy efficient electronics. This is displayed in 

change of market share of displays throughout years. Manufacturers try to produce more energy efficient 

products leading to the case where all of the products fit in a few groups. Fig. 1.6 shows how change in 

energy labels has been changing and how it is expected to change in future.  

 

 
Fig. 1.6. Energy label class distribution of standard electronic display models available in the EU over the 

period 2010-2030 (actual 2013-2016 and projections 2017-2030) with proposed Ecodesign and Energy 

Labelling measures. [1] 

1.1.13. Specific Directives and regulations 

Although directives lay down certain results that must be achieved, each Member State is free to decide how to 

transpose directives into national laws. Regulations in the EU have binding legal force throughout every Member 

State and enter into force on a set date in all the Member States. The number of regulations and requirements 

that need to be fulfilled by a company can be large and therefore a suggestion is to use tools such as 

Access2Markets so as not to get lost. 
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1.2. Standards and standard testing methods 

Directives include essential requirements for the equipment to comply with in order to be placed to the market. 

The technical details, methods to determine required specifications for electrical equipment are described in 

standards. To meet requirements set by legislation usually harmonised standards are applied. European 

harmonised standards are elaborated on the basis of a request from the European Commission to a recognized 

European Standards Organization to develop a European standard that provides solutions for compliance with 

a legal provision. Such a request provides guidelines that the requested standards must respect in order to 

meet the essential requirements or other provisions of relevant European Union harmonisation legislation. 

Compliance with harmonised standards provides a presumption of conformity with the corresponding 

requirements of harmonisation legislation. Manufacturers, other economic operators or conformity assessment 

bodies can use harmonised standards to demonstrate that products, services or processes comply with relevant 

EU legislation.”  

 

Standardisation organisations are numerous, the most important are as follows:   

Worldwide level:  

● IEC International Electrotechnical 

Commission  

● ISO International Organization for 

Standardization  

● ITU International Telecommunication 

Union  

 

European level:  

● CENELEC European Committee for 

Electrotechnical Standardization  

● CEN European Committee for 

Standardization  

● ETSI European Telecommunications 

Standards Institute 

 

Each country also has national standardisation organisations. Companies can also develop their own standards 

for various purposes related to raw materials, manufacturing, quality control, etc. For example in the USA and 

Canada the most applicable are UL standards. The UL standardisation organisation is also partnering with 

national standards bodies in countries around the world and also might be used in other countries. There are 

some fundamental differences between standards and therefore one needs to check what standards are the 

most common and applicable to the country where the products will be placed to the market. E.g. IEC standards 

specify the minimum device safety requirements, while UL standards, in contrast, specify comprehensive 

technical details in terms of product safety and application. 

 

Hierarchy of standards: 

Basic Standards  

● Including measurement methods, not 

requirements  

● Are not usually harmonised  

 

  

Product Standards 

● Includes requirements, not measurement 

methods   

● Are generally harmonised   

● Are a priority if an applicable standard 

exists 

Generic standards   

● Containing requirements  

● Generally harmonised   

● Applicable in the absence of an equivalent product standard 

 

 

Harmonised standards are also used for increasing energy efficiency. Example of electronics displays 

standard “IEC 62087-2:2015(E) specifies signals and media used in determination of the power consumption 

of audio, video, and related equipment, such as television sets and computer monitors.” and its updating 

procedure is shown here based on an EC impact report [1].  
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Displays are an example of technology which is developing where fast and testing standards cannot catch 

up. Existing testing standards were not prepared to cope with higher resolutions (UHD-4K), larger colour 

gamut, and contrast ratios (‘HDR’), and to mitigate the risk of defeat devices.  

 
Fig. 1.8. Use of the IEC 62087 standard worldwide (source: Catriona McCalister, Jeremy Tait for SEAD; 

www.superefficient.org) 

 

Analysis of stakeholders’ views showed that all of them were in support of existing standards being updated. 

But not all of the countries are using the IEC standards (Fig. 1.8) therefore enterprises have to navigate the 

requirements individually depending on the market. Companies working in the EU also have to follow the 

updates on the scopes – what products are placed in which categories. For electronic displays, the initial 

scope were only televisions (set in 2009), but since the update17 that came into force in March 2021 the 

scope includes a wide range of displays like TVs, computer monitors and signage displays. 

 

An interesting aspect here is that although IEC is used in Europe and not in all of Asia, there is no display 

manufacturing industry in Europe while research and development is coming from Asia. But since Europe is 

a large market for displays, the manufacturers are developing products as required by this market and this 

technology can be transferred to less strict local markets.  

 

 

Electronics test methods are integral to a variety of qualification plans, including product durability, safety and 

certification, and environmental testing programs. As products increasingly rely on electrical components to 

provide vital functions, electronics test methods are more important in  ensuring the safety and reliability of 

equipment.   

 

Which test methods and standards are needed for a certain device depends on the device type, environment 

where it is used and the market where the device will be sold. Further examples are given of IEC standards, 

which are applicable at least to Europe.  

 

 
17 https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1575536736907&uri=CELEX:32019R2021 (Update on Ecodesign 

requirements for electronic displays) 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1575536736907&uri=CELEX:32019R2021
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1.2.1. Testing for reliability of electronic and electrical products 

Reliability of the product is denoted as probability that a piece of equipment operating under specified conditions 

will perform satisfactorily or without exceeding acceptable failure levels for a given period of time. Reliability 

differs/varies based on the intended application, the product category, the product price, customer expectations, 

and the level of discomfort or repercussion caused by product malfunction.  

 

Reliability can and will affect the whole financial model of the product. It’s not just about zero failures over x 

years. If failures occur within the warranty period, there will be a financial cost and also a cost to reputation. If 

they occur outside of the warranty period, then serviceable items can be charged for. 

 

Degradation of electronic components is typically occurring over the time and causes components’ operational 

characteristics to change, which leads to worsening performance or failure of the product.     

 

Possible degradation and failures need to be well examined and known when defining requirements for the 

product before the design phase. The condition taken into consideration are related to: 

 

- Environmental conditions - temperature, humidity, corrosive gases or chemicals, dust, vibration, etc.    

- Electrical conditions - operational voltage transients, radiation from other equipment, etc. 

- Mechanical conditions – load, shock, etc.   

 

Designed product always needs verification of its performance before it can be placed to the market. CE marking 

also requires assurance that the product will perform and be reliable and safe in the application and conditions 

it is intended to be used. Therefore, numerous tests need to be performed both in product development phase 

and also before it is placed to the market.  

 

Failures of the product performance can also be related to the raw material selection, manufacturing failures, 

packaging and transportation. Therefore, a set of tests need to be established to verify the quality of raw 

materials, production, and the end-product. Test conditions should include all the life cycle of the products, 

including delivery, its operations, and also end-of-life.   

 

Often tests are combined, e.g. temperature - vibration, temperature-mechanical performance, etc.   

1.2.1.1 Environmental tests 

Environmental testing simulates the different environmental  conditions and mechanical stress that products are 

exposed to during their lifetime. During testing, possible weaknesses can be identified and product 

improvements can be initiated at an early stage. Environmental testing also helps demonstrate compliance of 

products with international regulations.  

 

Tests are often performed in extreme conditions to be able to get the results in the shortest time. Accelerated 

tests include  highly accelerated life tests (HALT) and highly accelerated stress screens (HASS). These tests 

assess product reliability in controlled environments, including high temperature, high humidity, and 

vibration/shock tests while the device is powered. The goal is to simulate conditions that could lead to the 

imminent failure of a new product. During testing, the product is monitored in the simulated environment.   

 

Product engineers are sometimes reluctant to accept HALT/HASS results because the stresses placed on the 

system may be “over-spec”. In other words, they may exceed those found in the product’s envisioned 

environment. This has caused many engineers to refuse to fix known problems identified in HALT/HASS tests, 

only to have these same problems cause product failure later. 
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Influence of the environment on performance can be evaluated based on need. Especially for products in 

development stage, after exposure a broader evaluation of performance should be conducted, e.g.:  

 

• Visual inspection for changes and indication of damage 

• Optical inspection, e.g. using microscope 

• Weighting to estimate weight gain 

• Electrical testing to evaluated functionality 

• Mechanical tests or other tests 

 

IEC 60068 is a series of standards for environmental testing.  

 

1.2.1.1.1 Temperature and Humidity Testing   

 

Temperature exposure tests can be performed separately from humidity tests (i.e. humidity is kept constant 

during the test) or also combined with changing humidity over time. Thermal exposure tests involve repeatedly 

changing the temperature and examining how thermal expansion/contraction affect reliability.  

 

 

For example, the PCB will expand or contract as the board’s temperature changes. During expansion, 

high stress will be placed on the conductors and solder points, which accelerates the lifetime of the product 

and allows mechanical failure points to be identified. 

 

 

Exposure can be performed in a constant temperature, cycling by alternating low and high air temperatures or 

as thermal shock test, where the test subject is rapidly moved between two extreme temperatures. In thermal 

cycling a single chamber is used, and the temperature is changed by several from one extreme to the other, 

while thermal shock tests are usually performed using a 2-chamber system and the transition between 

temperature extremes occurs very rapidly.  

 

Factors that can influence the test parameters include the thermal mass of the samples, the number of samples 

and the airflow around the samples that depends on the sample spacing in the chamber. The dwell time at each 

temperature should be included in the test specification along with the tolerances around the high and low 

temperatures. Test methods may also specify minimum rates of temperature change. 

 

In thermal cycling the temperature is changed from one extreme to another usually at 10°C per minute. The 

choice of temperature range depends on applications and where the product will operate. The range should be 

extreme to acquire a better understanding of what could happen. The cold temperature is usually well below 

freezing, even -40oC, the high temperature is normally above the glass transition temperature for the board 

substrate (above ~130°C). However, the correct temperature limits must be chosen to not exceed the operating 

limits of components or material property limits of the product. For example, an upper temperature that exceeds 

the melting point of any material in the product would likely result in invalid test failures. It is therefore important 

that these temperatures be properly measured and monitored during the test through the careful placement of 

thermocouples on and around the products or samples. 

 

When performing thermal shock testing, the upper and lower temperatures must be also carefully determined. 

Larger differences between the test chamber temperatures and the product normal use temperatures will result 

in higher acceleration factors.  

 

Products may also be powered or unpowered during the thermal testing. Products that are powered during the 

test need cables that are long enough to reach outside of the chamber and can fit inside the chamber feed 

through. 
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Many devices will be deployed in a humid environment, thus a common test for reliability is a water absorption 

test. In this type of test, a component (e.g. PCB) or the entire product is weighed before and after being put in 

an environmental chamber with controlled temperature and humidity. Any water that adsorbs will increase the 

weight. In case of testing PCBs, any significant change in weight results in disqualification of the product.  

 

Combined temperature/humidity tests are also often performed. Example tests programmes are presented 

below.  

 

 

Some hints related to tests:  

 

• At a temperature below 00C, the control of humidity  is not necessary; allowing relative humidity to 

go below 10% is good enough. 

• At temperatures of 500C and above, the control of relative humidity is needed to prevent 

condensation on the electronic devices under test. 

• After a period of high temperature and high relative humidity, it is necessary to dry out the chamber 

to the lowest possible RH (relative humidity) before reducing the temperature to avoid any 

condensation on the device under test.  

 

Some examples of the tests are below. However, it 

is always better to check the test standards and 

methods from reliable sources such as IEC and 

ASTM. 

 

Operational test 

 

The device should be powered up during the entire 

duration of the test with maximum loading. The input 

power supply should be adjusted to input AC power 

line plus 15% at 50°C and AC power line minus 15% 

at 0°C. The cycle should be repeated for at least 60 

cycles. 

 

Shipping environment test 

 

 

1.2.1.1.2 Corrosion 

 

Metals are commonly used in industrial machinery and electronic components. When metals are in contact with 

moisture, oxygen, acidic gases, dust especially with high content of ions, etc., a spontaneous chemical reaction 

can occur and in most cases metal oxide  is formed. As a result the component fails to perform as planned. The 

event is termed “corrosion”.   

 

The tests are designed to accelerate specific corrosion situations while trying to emulate as closely as possible 

the corrosion mechanisms at play.  
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Modern surface analysis techniques can be quite useful to ascertain that the corrosion products have the same 

morphologies and crystallographic structures that are typically found on equipment used in service. There are 

basically three types of tests.  

 

Controlled humidity test: there are a multitude of standards relating different variations of creating and 

controlling fog and humidity for corrosion testing of a broad spectrum of products, from decorative 

electrodeposited coatings to the evaluation of the corrosivity of solder fluxes for copper tubing systems. The 

basic humidity test is most commonly used to evaluate the corrosivity of materials or the effects of residual 

contaminants. Cyclic humidity tests are conducted to simulate exposure to high humidity and heat typical of 

tropical environments. The cabinet performing such tests should be equipped with a solid-state humidity sensor 

reading the current humidity condition and a feedback controller. The mechanism used to control the humidity 

moves chamber air via a blower motor and passes it over a heater coil in the bottom of the chamber with an 

atomizer nozzle fogging into this air stream. 

 

Corrosive gas test: in these tests, controlled amounts of corrosive gases are added to humidity to replicate 

more severe environments. Some of these tests are designed to reveal and amplify certain characteristics of a 

material. A very sophisticated variation of these tests is the flowing of mixed gas test, which consists in 

introducing parts per billion levels of pollutants such as chlorine, hydrogen sulphide and nitrogen dioxide in a 

chamber at controlled temperature and 

humidity. This test is particularly adapted to 

the needs of the electronics industry. Other 

tests are e.g. FOS (Flower of Sulphur Test). 

A dish of granular sulphur is placed in the 

bottom of the desiccator along with a dish 

of KNO3 solution. Test specimens are 

suspended over the dishes within the 

desiccator and the desiccator is placed in 

an oven to control the ambient temperature.  

 

Flower of sulphur (FOS)  testing set up18 

 

As a means of corrosion evaluation, visual or microscopic inspection, determination of weight gain, functionality 

tests can be performed.   

 

In some cases when corrosivity of the environment is not known. The flat coupons of metals can be placed and 

their corrosion rate evaluated. Based on that, further tests for components can be designed. Corrosivity rate 

can also be used already in product design phase when choosing right materials and also right conformal 

coatings to reduce corrosion. Conformal coating can be also tested using coupons. In these tests, flat coupons 

of different metals used in product are coated with the conformal coating in question and are subjected to the 

environment to assess its performance.   

 

Salt spray testing: the oldest and most widely used test is a test that introduces a spray 

in a closed chamber, where some specimens are exposed at specific locations and 

angles. The concentration of the NaCl solution has ranged from 3.5 to 20%. There is a 

wide range of chamber designs and sizes including walk-in rooms that are capable of 

performing this test. Although used extensively for specification purposes, results from 

salt spray testing seldom correlate well with service performance. Hot, humid air is created 

by bubbling compressed air through a bubble (humidifying) tower containing hot deionized 

water. Salt solution is typically moved from a reservoir through a filter to the nozzle by a gravity-feed system. 

When the hot, humid air and the salt solution mix at the nozzle, it is atomized into a corrosive fog. This creates 

 
18 https://calce.umd.edu/flower-sulfur-fos-testing 
 



 

33 

 

a 100% relative humidity condition in the exposure zone. For a low humidity state in the exposure zone of the 

chamber, air is forced into the exposure zone via a blower motor that directs air over the energised chamber 

heaters. 

 

1.2.1.1.3 Vibration Testing  

 

Vibration testing is the shaking or shocking of a component or assembly to see how it will stand up to real life 

environment. It simulates real-life environments e.g. transport or operation conditions e.g, factory vibration. 

Damage is most likely to occur when the device is vibrated at its natural or resonant frequency, therefore 

extreme operational conditions need to be taken into account when designing test parameters. Types of tests:   

 

PerformanceVibration. Performance vibration testing is done to examine the functional performance of the 

device during the test.  

 

Shipping Vibration. This test simulates the vibration levels that occurred 

during rail or road transport. This test is usually done with the devices 

packed at its final packaging for shipment. The electronic devices must be 

able to withstand 1G of random vibration with frequency sweep from 3 to 

50 Hz for 20 minutes in each axis.  

 

Endurance Vibration. Endurance vibration testing is done to examine the 

performance of the device when it is vibrated at its resonant frequency.  

  

Vibration test instrument 

 

 

1.2.1.2 EMI / EMC (Electromagnetic immunity / compatibility) tests  

 

EMI testing is necessary in ensuring product immunity from several sources of transient phenomena and 

continuous radio frequency phenomena that are present in the electromagnetic environment. The transient 

events can be from natural causes - electrostatic discharge (ESD), lightning or man made - fault surges, 

switching transients. These involve very short-duration events in the region of nanosecond or microsecond that 

have high amplitudes that can disrupt or destroy electronics circuits and components in an electronic device. 

 

It is also necessary in ensuring that a product does not create electromagnetic emissions that are too high which 

will cause damage to nearby equipment or devices. The limit of emissions  is used as a standard to ensure that 

all products that comply with the EMC Directive meet this requirement before it can be marketed to the public 

in countries where these standards are used. 

 

For CE marking test are made according to e.g. IEC 61000 family standards. 
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The criteria for device approval according to EMI/EMC tests depend on the  standards used - e.g., the criteria 

according to IEC 61000 family standards:  

 

Criteria A - Product performs perfectly in all the tests. 

Criteria B - Device lost its functionality under the test and after the test, it again recovers its normal functionality. 

Criteria C -  Device loses its functionality and needs to power it back on. 

Criteria D - Device has fully lost its functionality and cannot recover. Hardware or software is damaged. 

 

1.2.1.2.1 Immunity tests 

The purpose of immunity tests is to subject a product to a controlled stress that represents the range most likely 

encountered under practical use and real-world difficulties. Because there is a wide range of potential EM 

phenomena, multiple types of immunity testing exist as presented in the scheme below.  

 

 
 

Continuous Immunity testing simulates EM interference in the normal conditions, while transient immunity tests 

simulate short period peaks occurring due to unforeseen conditions, such as e.g. lightning or ESD discharge.   
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Radiated Immunity 

Testing evaluates the 

ability of a device to 

function normally when 

exposed to different 

electrical field sources. 

Electromagnetic noise can 

come from a variety of 

sources, e.g. from cell 

phones and microwaves to 

Wi-Fi routers. Tests are 

made in a radio-frequency 

anechoic chamber. 

 

 

Conducted Immunity Testing involves 

simulating potential disturbances from 

other devices powered by the same 

power network, or inductively coupled 

onto its I/O lines. Several different types 

of EMC test equipment can be used to do 

this, including direct voltage injection 

equipment.  

 

 

 

 

Magnetic Immunity Testing. The EUT is placed in a loop of wire, 

where a magnetic field is generated. In the continuous magnetic 

field immunity test, the EUT device is exposed to a continuous 

fluctuating magnetic field to the main power supply (at 50/60 Hz). In 

a transient magnetic field immunity test, the EUT is exposed to the 

magnetic field generated by the transient generator. The amplitude 

of this pulse is high, but the rise time is short. 

 

 

ESD (Electrostatic Discharge) refers to electric shocks and electrostatic discharges (carpet shocks) which 

occur as a result of built-up static electricity. These short bursts of energy can cause a number of problems, 

such as IC port damage, communication failures, damage to LCD screens and more. 
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ESD testing is performed with EMC test equipment that creates a short burst of energy, typically at 4kV and 

8kV. Test equipment is outfitted with 

tips that mimic direct contact and air-

based transmission of the charge. 

 

EFT (Electrical Fast Transient) 

testing replicates disturbances 

caused by inductive load switching on 

the power grid. A burst generator is 

used to mimic the effects that 

electrical switches, motors and 

relays, fluorescent lamp ballasts and 

other common causes of transients 

can have on the device being tested. 

Improper grounding or common 

mode submission can lead to failure, 

internal damage, auxiliary equipment 

problems, communications issues 

and more.  

EFT testing is typically performed on AC or DC power ports, and on signal/control ports. 

 

Surge Immunity Testing. Surge can be caused by 

many factors like high power switching events, 

magnetic/inductive coupling, and even lightning. 

Even a momentary power surge can lead to arcing, 

cabling breakdowns, motor damage and a number of 

other problems. Surge simulation requires the use of 

specialised EMC test equipment to confirm that the 

appropriate protective circuitry is installed, ensuring 

there will be no liability issues when your product 

goes to market. 

 

Surge testing is mainly applicable on AC ports of EUT or sometimes on DC ports. Some standards apply on 

signal ports, signal cable longer than 30m in length, or if the cable runs outside of a building. 

 

Voltage Drop Testing. As the name implies, 

voltage drop testing tests the impact of a 

sudden voltage dip or other power interruption 

on a piece of equipment. This replicates the 

effects of brownouts, as well as the normal 

fluctuations in the AC mains network that a 

device may experience. In a voltage drop test, 

a tapped autotransformer and immunity test 

system will run a series of simulations featuring 

dips and dropouts of varying lengths and severities. Voltage drop testing is also used to test a device's ability 

to successfully reboot following a complete power outage. 

 

1.2.1.2.2  Emissions testing  
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Emissions from electrical and electronic devices can be radiated and conducted. Radiated emission tests 

measure the electromagnetic disturbance a device generates. It must be ensured that the product’s emissions 

are below the relevant limits for its size and power.  Conducted emission tests measure the level of internal 

electromagnetic energy which may travel along a conductor and inflict electromagnetic interference on other 

systems. 

 

Emission tests as well as immunity tests are done in anechoic chambers, where test equipment receives only 

direct radiation from EUT. Radiation to other directions is absorbed. Anechoic chambers block radiation from 

outside, so it doesn’t interfere with test results. 

 

 
 

Conducted emissions are propagated along with interconnected cables such as wired ports such as 

telecommunication ports or power conductors. These emissions can be either continuous (continuously emitting 

at a given frequency) or discontinuous in nature (non-constant, occurring sporadically). During EMC testing, 

emissions measurements are made on a receiver via an ISN 

(impedance stabilisation network) located within the test chamber. 

 

1.2.1.2.3 Burn-in Testing  

 

Burn-in is an accepted practice for detecting early failures in a 

population of semiconductor devices. Burn-in testing involves 

applying extreme voltages and temperatures to components for an 

extended period. This is intended to detect early component failures, thereby increasing the reliability of any 

design built from the tested components. This requires plotting component failure rate over time, which forms a 

bathtub-shaped curve. Burn-in is the accepted practice for detecting early component failures using an expected 

extreme operating condition. 

 

It usually requires the electrical testing of a product, using an expected operating electrical cycle (extreme of 

operating condition), typically over a time period of 48-168 hours. Alternatively, thermal (e.g. 125°C for 168 

hours) or environmental stress screening (e.g. 20 cycles from -10 to 70°C) is used. Burn-in is applied to products 

as they are made, to detect early failures caused by faults in manufacturing practice. 

 

As a general rule, it is best to burn-in at the component level when the cost of testing and replacing parts is 

lowest. Burn-in of a board or an assembly is difficult because different components have different limits. 

However, burn-in at this level can show faults that burn-in of components cannot find, such as dry or cold solder 

joints and contact problems. 

 

For more complex devices, dynamic burn-in is used where thermal stress is combined with dynamic simulation 

of inputs to provide worst-case operating conditions. 
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1.2.1.3 Material testing  

Quality and safety of products are very much dependent on choice of right and high quality raw materials. 

Suitable for the application coefficient of thermal expansion, thermal conductivity, electrical resistivity, and 

mechanical properties of electronics components help guarantee device longevity and safety in use. 

Furthermore, material composition should assure the health and environmental safety of the product in use. 

Material and component testing is crucial for the design stage of the product  and also in quality control and 

problem-solving situations.   

 

The IEC 61189 series provides a catalogue of tests methods and standards related to them for testing electrical 

materials, printed boards and other interconnection structures and assemblies. The standard groups test 

methods into: 

● visual test methods 

● dimensional test methods  

● chemical test methods  

● mechanical test methods  

● electrical test methods 

● environmental test methods  

● miscellaneous test method

 

In this review instrumental methods most commonly used for analysis of materials in electronic industry are 

grouped as follows:  

 

● Compositional test – evaluated compositions of materials, impurities in the environment that caused 

failures, presence of chemicals. These tests also evaluate thermal stability of materials, emissions, etc.   

● Mechanical analysis  – evaluation of product under mechanical load, e.g. bending, torsion compression, 

impact, scratch, etc.   

● Thermal analysis – behaviour of materials at elevated temperatures, e.g. melting, softening, hardening 

due to curing reaction, decomposition, dimensional change.  

● Rheology and viscosity – viscosity and hardening behaviour of adhesives or polymer resins 

 

1.2.1.3.1 Compositional test 

 

Compositional analysis and materials identification methods are used for many purposes, starting from quality 

control, verification of compliance with RoHS and REACHother directives, troubleshooting, production control, 

etc. There are a large number of techniques and methods to determine the components of an unknown material 

and to quantify known materials. The most common techniques are based on selective absorbance of radiation 

by substance, methods called spectroscopy, and chromatography, where mixture of molecules is separated by 

distancing molecules form each other by gas or liquid and when passing through the solid surface, due to 

selective interaction with it eluates from the system at the different times. Several methods are described below.  

 

Fourier Transform Infrared Spectroscopy (FTIR) testing is an analytical testing technique very often used to 

identify organic and some inorganic materials. The materials absorb radiation from the source infrared light and 

the remaining transmitted light is 

recorded by a detector. The absorbance 

of energy at the various wavelengths is 

then calculated. The patterns of 

absorption bands at the various 

wavelengths is often referred to as the 

FTIR spectrum and as it  is unique to 

each material, the spectra can be used 

to identify and distinguish among 

molecules comprising different 

materials.  
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A molecule’s covalent bonds selectively absorb radiation of specific wavelengths, which changes the vibrational 

energy in the bond. The type of vibration (stretching or bending) induced by the infrared radiation depends on 

the atoms in the bond. Because different bonds and functional groups absorb different frequencies, the 

transmittance pattern is different for different 

molecules. So reading the spectrum is a matter of 

determining which groups and bonds correspond 

to which peaks. There are large libraries with full 

spectra (e.g. NIST19), usually the library is 

integrated into the measuring system and allows 

easy comparison of obtained spectra with 

reference spectra. There are also reference tables 

for each group, so that the material structure can 

be recreated manually.    

 

The height of a spectrum’s peak denotes intensity 

of the absorbance and is correlated with the 

concentration of the particular bond. Therefore 

after choosing the most characteristic bond, the 

concentration of the substance can be determined. 

FTIR spectrum of cyclolinear phosphazene-based epoxy resin.  

 

Surface analysis technique ESCA (electron spectroscopy for 

chemical analysis) uses an x-ray beam to excite atoms on the 

surface of a solid sample, which releases photoelectrons. The 

technique is also referred to as X-Ray Photoelectron 

Spectroscopy (XPS). Those photoelectrons hold important 

elemental and chemical bonding information about a sample’s 

surface. 

 

 

Auger Electron Spectroscopy (AES) is a widely used 

technique to investigate the composition of surfaces. It is based 

on the Auger effect - a chain of radiationless transitions in an 

atom in which one of its inner levels is ionised. This process ends by the ejection of an electron, which is known 

as an Auger electron. AES provides quantitative elemental and chemical state information from surfaces of solid 

materials.  

 

Gas chromatography 

mass spectroscopy 

(GC/MS) is a materials 

analysis method that 

employs gas 

chromatographs (GC) 

fitted with mass selective 

detectors called mass 

spectrometers. GC/MS is 

primarily used to ensure 

product quality and 

consumer safety by 

analyzing for specific 

compounds, e.g. Volatile Organic Compounds (VOCs). It is a standalone analytical technique used to separate, 

 
19 https://www.nist.gov/pml/atomic-spectra-database  

https://www.nist.gov/pml/atomic-spectra-database


 

40 

 

identify, and quantify all the compounds within a sample. During GC/MS analysis, the sample is injected into a 

gas chromatograph which volatilizes the sample, then separates the various components of the sample based 

on size and/or polarity. The separated components then go into a mass selective detector. The resulting mass 

spectrum allows for the identification of the components using standard reference libraries. 

 

Ion chromatography (IC) is used for analysis of ions in water. Ion chromatographs are able to measure 

concentrations of major anions, such as fluoride, chloride, nitrate, nitrite, and sulphate, as well as major cations 

such as lithium, sodium, ammonium, potassium, calcium, and magnesium in the parts-per-billion (ppb) range. 

Concentrations of organic acids can also be measured through ion chromatography. 

 

The other chemical analytical technique used is X-ray fluorescence spectrometry (XRF) which can determine 

the proportions and identity of the major oxides of materials of widely differing composition such as silicates, 

carbonates, sulphates and phosphates from below 0.01% to 100%. The analysis is rapid and non- destructive, 

but is generally impractical for determining elements lighter than fluorine.  

 

Samples containing light elements such as lithium and boron for example, are often analysed by atomic 

absorption spectroscopy (AAS) or colorimetric methods. For this method, the pulverised sample is usually 

digested (dissolved into solution) by mixtures of strong acids, normally perchloric and hydrofluoric acid. AAS 

works by beaming light of a set frequency through a gas flame (acetylene-oxygen, or acetylene-nitrous oxide) 

into which an aqueous solution of the sample has been vaporised. 

 

Scanning Electron Microscopy / Energy Dispersive Spectroscopy (SEM-EDS) is another often used 

technique for inspection of surface quality (direct surface or from cross-section). SEM enables examination of 

small sample particles in high resolution, magnitude up to 3,000,000 times is possible. This enables assessment 

of the surface of a sample, individual components of a sample and targeted analysis of the sample. SEM 

produces images of a sample surface by scanning it with a focused beam of electrons.  

 

The sample surface is irradiated with electrons, interact with atoms in the sample, resulting in the emission of 

x-rays characteristic to the elements present. The energy emissions are translated into spectral peaks of varying 

intensity, resulting in a spectrum profile, which identifies the different elements present in the sample (ie lead, 

iron, copper, zinc etc.).  

 

1.2.1.3.2 Mechanical test of materials 

 

The primary purpose of mechanical testing is to ensure the safety of any final products or structures. Mechanical 

testing is an important part for evaluation of materials chosen for the application or testing properties of the final 

product, for example casing of the electronic product. Designers, manufacturers and engineers should be aware 

of mechanical testing, as mechanical properties need to be considered at the design, production and 

maintenance or repair phases of in-service products. 

 

During tests the subject of interest (material, assembly, etc.) can be subjected to various loads, most often to 

tension, compression, bending, twisting. Also surface properties, such as scratch resistance, surface 

toughness/brittleness, adhesion of coating to the substrate are measured in order to choose right materials and 

production methods. Test can be short until breaking, also fatigue tests, which involve cyclic application of load 

over a long period of time and assist in evaluating how many load cycles a material can take before it fails. 

 

Mechanical tests should be performed not only at room temperature and humidity, but also at similar conditions 

to those faced by the final product. Material Testing Standards provides reference for test methods, equipment, 

and industry-specific usage scenarios and specifications for a wide array of materials and test environments.  
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Strength and elongation at break, and modulus (tensile, flexural, compression) are determined using a tensile 

tester equipped with various load inducing fixtures.  

 

Fracture toughness can be evaluated as a V-notch test, where a sample with pre-existing crack is hit to break 

or loaded so that it experiences forces that cause it to grow.  

 

Hardness of materials can be evaluated by loading the flat surface with intender of various shapes (e.g. Vickers 

hardness test uses diamond or pyramid shape intender, Brinell test – ball), depth of penetration under decided 

load is directly proportional to hardness of materials.   

 

Pull-off tests are used for measuring strength of coating adhesion to the substrate. The stud is glued to the 

coating surface and using a tensile tester or similar, it is pulled off from the substrate. The force required to pull 

the stud from the surface is noted.   

 

1.2.1.3.3 Thermal analysis of materials 

 

Thermal analysis is a group of techniques in which a physical property of a substance is measured as a function 

of temperature whilst the substance is subjected to a controlled temperature program. The measurement can 

be based on the study of the changes in mechanical properties, dimensions, thermal conductivity, or weight of 

the samples, among others. 

 

Two most common techniques in this category are differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TGA). Also Thermomechanical analysis (TMA) or Dynamic mechanical analysis 

(DMA) are commonly used.  

 

Differential scanning calorimetry (DSC) measures heat flow to or from a sample as a function of temperature 

and time. It is used for evaluation of curing degree of e.g. PSB board substrate, glass transition and melting 

temperatures of plastics, specific heat capacity of materials, etc.  

 

Thermogravimetric analysis (TGA) instrument continuously measures the weight of a sample as a function of 

temperature and time and therefore determines e.g. amount of compounds evaporated at different 

temperatures, decomposition temperature and rate, etc. When TGA is coupled with composition detection tools 

like e.g. earlier mentioned FTIR or GC-MS the outgassed chemicals can be identified.  

 

Thermomechanical analysis (TMA) technique is used to define dimensional changes of material under load. 

The load / stress can be compression, tension, bending/flexure or torsion. When load is close to zero, thermal 

expansion coeffect when heated can be measured. The temperature at which deformation of specified extent 

under increased load is appearing is termed the heat deflection temperature (HDT) and is often used to specify 

plastic material’s mechanical durability at elevated temperatures.     

 

Dynamic mechanical analysis (DMA) extends further TMA measurement by capability to apply a load in an 

oscillating manner.  As a result, viscoelastic properties, such as elastic and loss modulus or the damping factor 

of the material, can be estimated.  DMA can also be used for determination of glass transition temperature, Tg. 

In fact, Tg obtained by DMA is more detectable than by DSC as mechanical changes are more profound than 

changes in the heat capacity, which is measured  by DSC.  

 

https://en.wikipedia.org/wiki/Force
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1.2.1.3.4 Rheology and viscosity of materials  

 

Rheology is the study of the flow of matter. The property of rheology is viscosity, which is defined as the measure 

of the resistance of a fluid to gradual deformation by shear or torsion. Rheological properties are critical for 

industries working with electronic materials, from printable electronics to conductive and resistive pastes to 

slurries and inks for batteries and fuel cells. Knowing viscoelastic behaviour assists in predicting dispersion 

quality for electrode pastes, coatability of inks and slurries at higher coating speeds. 

 

When measuring viscosity, it is important to know if the fluid you are working with is Newtonian or non-

Newtonian. Viscosity in Newtonian fluids are constant and independent of shear rate, whereas the viscosity of 

non-Newtonian fluids is not constant and therefore dependent on shear rate. Traditional viscometers measure 

viscosity under one flow condition and is therefore suitable only for Newtonian fluids, e.g. oil. . 

 

Pastes, suspensions, colloids, gels, etc in most cases are non-Newtonian, and their viscosity and other 

viscoelastic properties are measured using rheometers.   

 

There are two types of rheometers: rotation rheometers which control applied shear stress or shear strain and 

extensional rheometers, which apply extensional stress or extensional strain. There are four different shearing 

planes that can be used to measure rheological properties and different rheometers can be used to measure 

the different shear planes. Capillary rheometers, rotational rheometers, and cone and plate rheometers are 

often used to measure shear stress or shear strain. There are also multiple rheometers on the market that 

measure extensional stress and strain.  

 

1.2.2. Design for testing (DFT) 

 

Developing electronic components and products involves a number of tests needed to be performed to validate 

design of hardware. Additionally, manufacturing needs to be validated to ensure hardware has no manufacturing 

defects.   
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To ensure the quality and correct operation of electronic products they need testing both during R&D phase 

(design verification) and later in production (production testing). To make sure the required testing is possible, 

components are accessible, testing requirements need to be considered during the product design stage. This 

is termed design for testing (DFT). 

 

DFT affects and depends on the methods used for test development, test application, and diagnostics. DFT for 

an electronic product requires technical expertise in several areas: circuit diagram, layout, mechanics, and 

embedded software. DFT requires hardly any changes in products, and many solutions cost almost nothing as 

long as they are applied early enough.  

 

Good DFT becomes increasingly important as the project progresses. When a product is well designed for 

testing, there is no need e.g. for expensive, special measurement devices. In addition, the measurement results 

are more reliable and they can be better analysed. At the same time, good DFT enables more comprehensive 

testing and makes it easier to collect information, for instance about the quality of the production process. 
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2. PILLAR 2: ECO-AND CIRCULAR DESIGN  

2.1. Electronics product waste management  

2.1.1. Electronics product waste management 

 

Electronic product waste (e-waste) or as in Europe more commonly used term, Waste Electrical and Electronic 

Equipment (WEEE),   has been a focus area in achieving resource sustainability due to the growing demand of 

these products, use of the critical materials in their production and challenges in managing end-of-life (EoL). E-

waste is a growing waste stream globally, which with the current trends is expected to double by 2045 [6]. This 

waste stream is a mixture of valuable resources and toxic substances that require careful handling. The e-waste 

management system has not caught up with the growing complexity resulting in loss of potential resources and 

negative impact on the environment and health. [7] 

 

In Europe the Waste Electrical and Electronic Equipment (WEEE) Directive has set targets for collection and 

processing of e-waste. The Directive mandates all member states to facilitate collection and resource recovery 

from e-waste. In addition Extended Producers Responsibility (EPR) principle has made producers responsible 

for their e-products to promote recyclability and include EoL aspects in product design considerations. This has 

manifested itself in EU Ecodesign Directive which sets design requirements for products that use energy for all 

of the product life cycles [8]. 

 

The results of these collective measures (policy and research development) are disappointing and have resulted 

in only around a third of e-waste being collected while the rest is not managed accordingly. Similarly, there is 

little evidence that producers include design principles to support EoL resource recovery. In the existing 

consumer market, recycling principles to recover materials from ever more complex e-waste is lagging behind 

ever-advancing product designs. With the recycling and design advancements being too slow, the next step in 

policy was to apply circular economy principles.  

 

The idea of circular economy (CE) is to develop mechanisms to elongate the useful lifetime of the products 

through better design, product life time extension business models, reuse of products and components and 

efficient material recovery from the EoL products. EPR already included the material recovery aspect, but did 

not include product use phase, which CE tries to focus on. Meanwhile latest studies on the problems of the 

management of the e-waste, have concluded that although techno-economic aspects have been studied, there 

is a lack of social and behavioural studies carried out. Such studies would help to identify links between 

consumption of everyday products and how this process has to be facilitated to ensure successful realisation 

of CE principles [9]. Understanding the users’ role in sustainable production and consumption of e-products is 

required to increase the reduction of e-waste and their better management.  

 

Global e-waste  

 

In 2019, the world generated a striking 53.6 Mt of e-waste, an average of 7.3 kg per capita. Europe ranked first 

worldwide in terms of e-waste generation per capita, with 16.2 kg per capita. 

 

E-waste in the European Union  

 

The European Union (EU) produced ~9.3 Mt of e-waste in the year 2005 and according to a recent report, 

Europe tops the list of e-waste generation per capita in the world (16.2 kg). Interestingly, countries in the EU 

collectively contributed to an efficient e-waste documentation, collection and recycling system, demonstrating 
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the recycling of 5.2 Mt annually, i.e. with a recycling efficiency of ~43%. Europe exports approximately 400,000 

tonnes of e-waste and mishandles about 4.7 Mt of waste. [10] 

 

Waste collection is the first step in the waste management scheme. In EU the average kilograms per inhabitant 

of WEEE waste collected in 2018 was 8.9 kg according to Eurostat. From year 2011 to year 2018, the amount 

of EEE put on the market in the EU evolved from 7.6 million tonnes in 2011 to 8.7 million tonnes in 2018, with 

a minimum peak of 7.3 million tonnes in 2013 and a maximum peak of 9.0 million tonnes in 2017 and a growth 

of 14.1 % in the whole period. In the same period, at EU level, the total WEEE collected improved from 3.0 to 

4.0 million tonnes (+30.9 %), the total WEEE treated grew from 3.3 to 3.9 million tonnes (+19.5 %), total WEEE 

recovered developed from 2.7 to 3.6 million tonnes (+30.3 %) and total WEEE recycled and prepared for reuse 

evolved from 2.6 to 3.2 million tonnes (+26.2 %). 

 

 
Fig. 2.3. Electrical and electronic equipment (EEE) put on the market and waste EEE collected, treated, 

recovered, recycled and prepared for reuse, EU, 2011–2018 (thousand tonnes) 

 

 

There is a large variation is e-waste generation between countries as can be seen in the following figure. 

Countries with higher income level have higher amount of EEE put on the market, but not necessarily higher 

amount collected as is the case of Malta. The variation in the collected amounts reflects differences in EEE 

consumption level between countries, as well as differences in the performance of their respective waste 

collection schemes. 
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Fig. 2.4. Electrical and electronic equipment (EEE) put on the market in the three preceding years (2015-

2017) and waste EEE collected in 2018 

 

The recast of the WEEE Directive (2012/19/EU), which entered into force on 13 August 2012, introduced a 

stepped increase in the collection targets, taking effect for reference years 2016 and 2019 respectively. From 

reference year 2016 onwards, the annual collection target is defined as the ratio between the collected amount 

and the average weight of EEE put on the market in the three preceding years. The collection target is set at 

45 % for reference year 2016 (as reported in 2018) and will rise to 65 % for reference year 2019 (to be reported 

in 2021). 

 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:02012L0019-20180704:EN:NOT
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Fig. 2.5. Total collection rate for waste electrical and electronic equipment (EEE), 2018  

 

2.1.2. E-waste classification  

Classification at the global level is based on “UNU-KEYs”, which has been developed by the United Nations 

University (UNU) and is openly available to the public. This classification divides products in 54 categories 

containing around 660 product types. This classification system is used as a basis on EU level, which allows 

linking of other categories.  

 

Classifications at the EU level of products initially were done in 10 EEE product categories often shortened as 

“EU10” in related documents. With the later classification method, the categories were reduced from 10 to 6 

and labelled “EU6”. By combining other categories, the target % changes with it.  

 

 
Fig. 2.6. Change of categories from Annex I to Annex III [11] 
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In the EU WEEE Directive [12] the classification is provided in Annex III in the following format:  

 

Table 2. Electrical and electronic equipment classification according to EU WEEE Directive after 2018 [12] 

Category Nr. Category of EEE 

1 Temperature exchange equipment 

2 Screens, monitors, and equipment containing screens having a surface greater than 100 cm2 

3 Lamps 

4 Large equipment (any external dimension more than 50 cm) including, but not limited to: 

Household appliances; IT and telecommunication equipment; consumer equipment; 

luminaires; equipment reproducing sound or images, musical equipment; electrical and 

electronic tools; toys, leisure and sports equipment; medical devices; monitoring and control 

instruments; automatic dispensers; equipment for the generation of electric currents. This 

category does not include equipment included in categories 1 to 3. 

5 Small equipment (no external dimension more than 50 cm) including, but not limited to: 

Household appliances; consumer equipment; luminaires; equipment reproducing sound 

or images, musical equipment; electrical and electronic tools; toys, leisure and sports 

equipment; medical devices; monitoring and control instruments; automatic dispensers; 

equipment for the generation of electric currents. This category does not include equipment 

included in categories 1 to 3 and 6. 

6 Small IT and telecommunication equipment (no external dimension more than 50 cm) 

 

 

In 2018, 18 EU Member 

States surpassed the 45 % 

WEEE collection target. 

Seven Member States 

reported rates falling in the 

range of 39.4 % to 44.7 % 

while two Member States 

were below 32 %. Two 

Member States already met 

the new target of 65 % 

collection rate for WEEE in 

2018, which comes into effect 

from the reference year 2019 

onwards and two Member 

States also came close to 

meeting the future 65 % 

target already in 2018. 

 

Fig. 2.7. Minimum rates for 

separate collection of WEEE 

in EU [13] 

 

 

 

Targets for recovery, recycling and preparation of reuse are defined in WEEE Directive [12] Annex V. Minimum 

targets applicable by category from 15 August 2018 with reference to the categories listed in Annex III: 
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Table 3. Minimum targets applicable by category from 15 August 2018 with reference to the categories listed 

in Annex III in the WEEE Directive 

Categor

y Nr. 

Targets, % 

 Prepared for re-use Recovery Recycling 

1 80 85 80 

2 70 80 70 

3 - - 80 

4 80 85 80 

5 55 75 55 

6 55 75 55 

2.1.2.1 Batteries 

 

The issue of batteries is relevant to many policy areas, from transport, climate action and energy to waste and 

resources. The development, production and use of batteries are key to the EU's transition to a climate neutral 

economy, given the important role they play in the rollout of zero emission mobility and the storage of intermittent 

renewable energy. Batteries are also instrumental in helping power the rising digital economy and an ever-

growing number of portable electronics. Driven by the electrification of transportation and the deployment of 

batteries in electricity grids, global battery demand is expected to increase 14 fold by 2030. The EU could 

account for 17 % of that demand. According to some forecasts, the battery market could be worth €250 billion 

a year by 2025. Batteries’ elemental components, manufacture, use, and end-of-life handling, however, raise a 

number of environmental and social challenges. As the market grows, so does the importance of the 

sustainability and environmental and energy performance of batteries. [14] 

 

Batteries can be either primary (non-rechargeable) or secondary (rechargeable) (see box). They can also be 

classified according to use, technology or size. The most common differentiation, also used in the Batteries 

Directive, is between portable batteries (used mainly in consumer electronics, communication and computing, 

known as '3C'); automotive batteries (used for automotive starter, lighting or ignition power and traction batteries 

used in electric and plug-in hybrids); and industrial batteries. There are major variations in chemical composition 

and construction between different battery types. Batteries contain a wide variety of materials, such as base 

metals, critical raw materials and chemicals, which can raise issues in terms of resource availability, toxicity, 

safety, production and recycling or disposal impacts. [14] 

 

The main regulation in the EU for batteries has been the Batteries Directive 2006/66/EC [15]. The primary 

objective of the directive was to minimise the negative impact of batteries and waste batteries on the 

environment, while ensuring the smooth functioning of the internal market. To cut the amount of hazardous 

substances (in particular mercury, cadmium and lead) entering the environment, the directive laid down rules 

to: 

 

● reduce the use of such substances in batteries. In particular, it prohibited the marketing of certain 

batteries with a mercury or cadmium content above a fixed threshold (0.0005 % by weight for mercury; 

and 0.002 % by weight for cadmium).7 

● ensure the proper management of waste batteries (Member States to ensure that appropriate collection 

schemes were in place for waste portable batteries and set targets for collection rates (25 % in weight 

of the amount placed on the market by September 2012, rising to 45 % by September 2016). 
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Fig. 2.8. Results of the collection of waste portable batteries in Europe [16] 

 

The new proposal in 2020 [17] is planned to replace the Batteries Directive which will bring the following 

changes:  

 

The main innovations envisaged by the Commission proposal include [14]: 

 

● the introduction, in the battery classification, of a new category of electric vehicle batteries, alongside 

the existing portable, automotive and industrial battery classes; 

● progressive requirements to minimise the carbon footprint of EV batteries and rechargeable industrial 

batteries: a carbon footprint declaration requirement, applying as of 1 July 2024, complemented by 

classification in a carbon footprint performance category and related labelling (as of 1 January 2026); 

and a requirement to comply with maximum lifecycle carbon footprint thresholds (as of 1 July 2027); 

● a recycled content declaration requirement, which will apply from 1 January 2027 to industrial batteries, 

EV batteries and automotive batteries containing cobalt, lead, lithium or nickel in active materials. 

Mandatory minimum levels of recycled content would be set for 2030 and 2035 (i.e. 12 % cobalt; 85 % 

lead, 4 % lithium and 4 % nickel as of 1 January 2030, increasing to 20 % cobalt, 10 % lithium and 12 

% nickel from 1 January 2035, the share for lead being unchanged); 

● minimum electrochemical performance and durability requirements for portable batteries of general use 

(applying from 1 January 2027), as well as for rechargeable industrial batteries (from 1 January 2026). 

The Commission would assess the feasibility of phasing out non-rechargeable portable batteries of 

general use by the end of 2030; 

● a new obligation of battery replaceability for portable batteries;  

● safety requirements for stationary battery energy storage systems;  

● supply chain due diligence obligations for economic operators that place rechargeable industrial 

batteries and EV batteries on the market. For this requirement on responsible raw material sourcing (as 

well as for those related to the carbon footprint and the recycled content levels), the Commission 

proposal envisages mandatory third-party verification through notified bodies; 

● increased collection rate targets for waste portable batteries, excluding waste batteries from light means 

of transport (65 % by the end of 2025, rising to 70 % by the end of 2030); 

● regarding recycling efficiencies, increased targets for lead-acid batteries (recycling of 75 % by average 

weight of LABs by 2025, rising to 80 % by 2030) and new targets for lithium-based batteries (65 % by 

2025, 70 % by 2030). The proposed regulation also envisages specific material recovery targets, 



 

51 

 

namely 90 % for cobalt, copper, lead and nickel, and 35 % for lithium, to be achieved by the end of 

2025. By 2030, the recovery levels should reach 95 % for cobalt, copper, lead and nickel, and 70 % for 

lithium. 

● requirements relating to the operations of repurposing and remanufacturing for a second life of industrial 

and EV batteries;  

● labelling and information requirements. From 1 January 2027, batteries should be marked with a label 

with information necessary for the identification of batteries and of their main characteristics. Various 

labels on the battery or the battery packaging would also provide information on lifetime, charging 

capacity, separate collection requirements, the presence of hazardous substances and safety risks. 

Depending on the type of battery, a quick response (QR) code would give access to the information 

New EU regulatory framework for batteries 7 relevant for the battery in question. Rechargeable 

industrial batteries and EV batteries should contain a battery management system storing the 

information and data needed to determine the state of health and expected lifetime of batteries. This 

system should be accessible to battery owners and independent operators acting on their behalf (e.g. 

to facilitate the reuse, repurposing or remanufacturing of the battery); 

● the setting up, by 1 January 2026, of an electronic exchange system for battery information, with the 

creation of a battery passport (i.e. electronic record) for each industrial battery and EV battery placed 

on the market or put into service. 

 

2.1.3. Re-use of EEE  

One of the methods to increase the lifespan of an electric product is to re-use it. A study [11] looked at potential 

problems on implementing and methods of setting EU level targets for re-use of EEE. The main obstacles and 

drivers are summarised in the following figure.  

 

 
Fig. 2.9. Obstacles vs. Drivers for re-use and preparation for re-use [11] 

 

Many stakeholders are involved at different stages of re-use and preparation for re-use (e.g. households, 

municipalities, re-use centres, charity organisations, collective schemes, etc.). Because of many steps where 

related electronics could be counted multiple times or never being counted, the focus on re-use is targeted as 

an increase in public awareness, or if product becomes waste, set up organisations that could assist on re-use. 

Only parameter that is being metered is preparing for reuse (means checking, cleaning or repairing recovery 

operations, by which products or components of products that have become waste are prepared so that they 

can be re-used without any other pre-processing). [11] 
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However, studies in Germany indicate that not all products should be reused. For example, if products have 

high energy use, then high impact from the product comes during the use phase. In that case a new product 

that is more efficient has a potential to reduce the environmental impact. This study explores potential benefits 

of PfR compared to other waste management options for four white goods (washing machine, refrigerator, 

range, freezer) and four small electric devices (PC, printer, monitor, laptop) by the use of Life Cycle Assessment. 

These eight devices account for 68% by weight of all the collected waste electrical and electronic equipment 

(WEEE) in Germany. The results show that the assumption that reuse is preferable to recycling does not apply 

to every case. Especially the impact categories of global warming, water consumption and cumulative energy 

demand are strongly dominated by the use phase of white goods, therefore a reuse of inefficient devices should 

be avoided. The results show that a reuse of products with an European energy efficiency rating of D and C is 

not recommended for any of the analysed products. For small electric devices, the use phase is less dominant 

in comparison to the production, therefore reuse leads to significant saving potentials in almost all impact 

categories. [18] 

 

A graphical representation of LCA results is provided in Fig. 2.10. The categories are climate change (GWP), 

terrestrial ecotoxicity (TE), human carcinogenic toxicity (HT(c)), mineral resource scarcity (MRS) and water con- 

sumption (WC). This set is complemented with the aggregated cumulative energy demand (CED). As it can be 

seen, for a small device such as laptops, the reuse provides a positive reuse potential in reducing impact, while 

for refrigerators the potential in categories such as GWP, HT(c), WC and CED are all negative.  

 

  

Fig. 2.10. Savings potential of reuse for average white goods [18] 

 

2.1.4. EEE recovery examples  

Waste of electrical and electronic equipment (WEEE or e-waste) collection and recycling operation in China has 

been dominated by informal recyclers, whose recycling activities have caused serious negative impacts. The 

unregulated informal recycling is practised without any environmental control concerns. There are many poor 

regions in China, where materials are recovered  from e-waste by very rudimentary tools and methods. Their 

recycling activities have released considerable amounts of toxic substances, which have led to severe negative 

impacts to the environment and human health. In order to mitigate these environmental consequences, the 

Chinese government has made unremitting efforts in proposing legislative reforms, establishing national 

recycling plants and launching regulated collection schemes. Existing schemes there involve a lot of 

stakeholders as in the following Fig. 2.11. [19] 
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Fig. 2.11. Electronic waste flows in Tianjin and the relationship between informal stakeholders [19] 

 

In Europe, a number of projects are trying to set up systems for ensuring that e-waste flows are documented 

but still provide incentives and possibilities to re-use, repair and follow the streams of materials and components.  

A team of volunteers, activists, and researchers at the Universitat Politecnica de Catalunya has created 

eReuse.org. eReuse (https://www.ereuse.org/) is one of the platforms with use of Open-Source software, global 

traceability. The challenge is to change the 

system of discarding amortised electronics 

from businesses and the public to a system 

where e-waste is not illegally exported. To 

combat that, eReuse helps to ensure a 

quality of second hand electronic products 

and bring management in the reverse supply 

chain to incentivize reused devices are 

ultimately recycled and impact accountable. 

This project is based in Spain, therefore cities 

in Spain are also spearheading innovations to 

tackle the large number of undocumented e-

waste streams. Examples of informal 

collection systems from Asia have great 

potential for leaks (materials and 

components are not reaching places where 

they can be documented). Since 2013 

eReuse collects details about the second-

hand computers (Fig. 2.12) and their 

components collected from donors, 

refurbished or recycled, with the purpose of 

keeping track of these devices while being 

able to analyse that data over their full 

lifespan until final recycling. 

 

Fig. 2.12. The schematic plan for documenting processing of electronics within eReuse environment [20] 

 

As it is in this case, the major role is in involving NGOs to establish cooperation among different stakeholders. 

The platform ensures that large companies and e-waste generators can access information regarding who 

refurbished each device, who received it and what was paid for it, and where it was recycled. In cooperation 

with other platforms and projects such as Donalo, the system can be used to ensure that unneeded devices 

https://www.ereuse.org/
https://donalo.org/
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find a use in places which cannot afford buying them and meanwhile allows donors to report to other instances 

where the devices have gone.  

 

 
Fig. 2.13. Schematic of cooperation mechanism in eReuse example [20] 

 

An example of a computer with its ID shown.  

 

 
Fig. 2.14. Screenshot of computer ID  [21] 

 

2.1.5. Repairability 

Repairing electronics is one of the circularity principles. There has long been discussions on how extensive 

should the repairability be, however intensified electrification of everyday life and dramatic increase in EEE 
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waste has pushed this issue to the forefront. The economy of low cost electronics developed a problem of a 

market saturated with large variation and hard to repair electronics. In many cases repairing requires spare 

parts. Low quality manufacturers often do not provide any documentation or clear instructions on parts that 

allow them to be identified, ordered from OEM and replaced.  

 

2.1.5.1 Right to repair policy development 

Europe’s Ecodesign directive is pushing the Right To Repair movement in action with the introduction of new 

right to repair measures in March 2021 under the existing framework. The European Parliament has identified 

that the right to repair is an important step for the development of a circular economy. Also understands that 

rates of repair depend on the type of product and costs of repair being the main reason for avoiding repairs. 

Currently, EU contract laws give consumers a right to have faulty products repaired during the legal guarantee, 

while the new generation of ecodesign rules require the availability of spare parts for a certain time, at least for 

some products. For example, for washing machines spare parts have to be provided for 10 years and 7 years 

for fridges after the first product has been placed on the market. New products – laptops, smartphones and 

tablets are planned to be added in 2022.  

 

Meanwhile new policy measures are being developed for a possibly broader set of products. The discussion is 

on how to promote repair and reuse20 with multiple options of policy:  

 

Option 1) Low intervention – voluntary commitments: encourage businesses to commit voluntarily to 

repairing goods with a significant negative impact on the environment and promote the purchase of second-

hand and refurbished goods. 

 

Option 2) Moderate intervention: 

Sub-options 2A) Extend the legal guarantee period: (i) for new goods that consumers choose to repair instead 

of replacing them; and/or (ii) for second-hand and/or refurbished goods (amendments to the Directive). 

Sub-options 2B) Make repair the preferred remedy when repair is less expensive than or as expensive as 

replacement (amendment to the Directive); oblige producers or sellers to repair goods beyond the legal 

guarantee period for a reasonable price (new right to repair within the Directive or a separate instrument). 

 

Option 3) High intervention: 

Sub-option 3A) Limit consumers’ choice of remedies by prioritising repair over replacement (amendment to the 

Directive); Oblige producers or sellers to repair goods beyond the legal guarantee period, in some cases for 

free (new right to repair within the Directive or a separate instrument). 

Sub-option 3B) Extend the legal guarantee period beyond the current minimum period of 2 years (amendment 

to the Directive). 

Sub-option 3C) Enable the seller to replace defective products with refurbished goods and not new ones 

(amendment to the Directive). 

 

In addition, the Commission welcomes views on the need for, and design of, additional legislative and non-

legislative measures to promote sustainable use of goods, which could influence the current relationship 

between consumers and businesses, with the aim of extending the useful life of goods. 

 
20 Sustainable consumption of goods – promoting repair and reuse https://ec.europa.eu/info/law/better-regulation/have-your-

say/initiatives/13150-Sustainable-consumption-of-goods-promoting-repair-and-reuse_en  

https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13150-Sustainable-consumption-of-goods-promoting-repair-and-reuse_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13150-Sustainable-consumption-of-goods-promoting-repair-and-reuse_en
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2.1.5.2 Business aspects 

Businesses questioned related to the possible policy changes in most cases are in favour of repairing, but with 

more possibilities for manufacturers to choose the right solution and obtain a balance. The aspects mentioned 

were21: 

● Availability of spare parts and repair services should be a priority. The EU should assist in providing 

enough services providing qualified repairing for consumers.  

● Manufacturers should be allowed to limit repairability if there is a basis of concern for possible 

quality of certain repairs of products to ensure consumer safety and possible injuries during the 

repair.  

● That there is a lack of enforcing of already existing rules making the market harder for those who 

comply.  

● Digital product passports could be a solution for tracing the product – where it goes for repairs. This 

would also be required if extended guarantee would be given after an official repair.  

● Argued that too much information about repair is not needed for consumers and should be kept to 

professional repair shops. Such repair services are more optimised and will ensure that the repairs 

have minimal environmental impact compared to unregulated repairs.  

● A balance must be found (methodology developed) to ensure that repairing is the most favourable 

option related to environmental impact.  

● Aspects of liability and insurance after the repairs has to be addressed in new regulations.  

 

2.1.5.3 Policy examples 

Austria launched a new repair bonus, a nationwide scheme enabling consumers to claim back half the cost of 

the repair of an old electrical device22. Up to €200 of the cost of a repair of electrical and electronic devices can 

now be paid from the Austria-wide subsidy pot, which means cheaper repairs, less e-waste and a boost for local 

repair businesses. Private individuals residing in Austria can redeem the repair bonus for cost estimates or for 

the repair of their devices. The range of products eligible for the repair bonus includes almost all electrical and 

electronic equipment commonly used in private households. This includes those with a power cord, 

rechargeable battery, and battery or solar modules. 

 

2.1.6. How to evaluate EEE circularity  

Companies, institutions and researchers agree on the need to assess circularity at several and complementary 

systemic levels.  During design or redesign phases a question arises on how to assess the circularity potential 

of a product, component or material, all along the lifecycle, and throughout the value chain? 

 

To impact the consumer behaviour and promote buying of EEE that has better durability, upgradeability, 

reusability and possibilities to recover after end of life, a measurement system is required. One study [22] has 

looked at methods at how computers could be evaluated based on hard drive usability data. With these metrics 

they identified which consumers are the most circular; those who are able to use the same electronic devices 

for the longest time, either internally, or by collaborating with external agents so that these devices are reused 

and recycled properly. They were able to validate usage performance metrics and premature recycling in the 

analysis of more than 3,000 desktop and laptop type electronic devices. 

 

A system developed by Ellen MacArthur Foundation called Circulytics can be used by companies to measure 

it’s circularity. Circulytics supports a company’s transition towards the circular economy, regardless of industry, 

 
21 Briefing on rights to repair https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)698869  
22 On Austria’s policy for subsidised repairs https://repair.eu/news/austria-launches-a-nation-wide-repair-bonus-scheme/  

https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)698869
https://repair.eu/news/austria-launches-a-nation-wide-repair-bonus-scheme/
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complexity, and size. Going beyond assessing products and material flows, this company-level measuring tool 

reveals the extent to which a company has achieved circularity across its entire operations. It does this by using 

the widest set of indicators currently available: 

enablers and outcomes. Similar to other 

benchmarking approaches, Circulytics provide 

companies with scores and compares with industry 

benchmarks. [23] 

 

Fig. 2.15. Scoring example within Circulytics [23] 

 

Unfortunately, the results are not available unless 

the companies publish themselves, however the 

evaluation method is open and transparent. 

Companies have to answer a large number of 

questions, to which to answer, companies need to 

understand their existing or non-existing methods 

for ensuring circularity. In the end the company gets 

to see their performance on the scoreboard for a 

number of indicators as in Fig. 2.16.  

 

 
Fig. 2.16. Score chart example for companies that have filled the Circulytics application [23] 

 

It would stand to argue that companies that are investing into the image and are working hard to achieve 

circularity will also publish their progress to be transparent to stakeholders and investors. Although the list is 

still short of the companies that have used Circulytics, the website also provides examples of some of the 

companies that publish their progress. One well documented example is DS Smith, a packaging company [24].  

 

2.1.7. Technologies for resource recovery from e-waste  

The recovery of base and precious metals from e-waste can be classified into three types: hydrometallurgical 

(chemical), pyrometallurgical (thermal) and biometallurgical (biological) (Fig. 2.17).  Physical methods have 

gained popularity in e-waste recycling as a pre-treatment strategy. The physical separation processes applied 

for the treatment of e-waste entail magnetic separation (MS), eddy current separation (ECS), air current 

separation (ACS), corona electrostatic separation (CES) and vacuum metallurgy separation (VMS). Contrary to 

the conventional chemical leaching technologies, biohydrometallurgical strategy is largely regarded as a “green 

technology” for the extraction of metals from e-wastes. At the industrial scale where rapid processing times are 

needed, hydrometallurgy, pyrometallurgy and pyrolysis are used, but they require post-treatment to deal with 

the toxic chemical solution or gases, and to recover the final metal product from e-waste. Meanwhile   
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biohydrometallurgy has proven to be a versatile and an eco-friendly and green technological option technology 

to selectively recover the metals of interest from e-waste using pre-defined/acclimated biocatalysts. [10] 

 
Fig. 2.17. E-waste metal leaching and recovery method overview. [10] 

 

An analysis of recovery rates and impact from the process [25] from 2012 report variation after initial pre-

treatment and overall recovery % for different metals. However environmental impacts of the overall recovery 

process is with negative values corresponding to savings meaning that recovery is less costly in all categories 

compared to producing similar amounts from raw ore. However for precious metals the pre-treatment process 

should be improved which is a technological problem, since existing recovery rates are below 26% Fig. 2.18 

 

 
Fig. 2.18. The metal content of high-grade WEEE and the recovery rates for pre-treatment, recovery 

processes and overall. [25] 
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2.1.8. Consumer behaviour in a circular economy  

Consumers are responsible for the purchase, use and EoL stages of the product, making them very important 

in the overall e-product management. Consumers can choose to either repair, reuse, recycle (use dedicated 

electronic waste collection sites) or to throw out in general waste streams where there is small chance for the 

recycling or recovery of materials. Consumers should be swayed to invest in more durable alternatives which 

could cost more up front, but increase the usage phase of the product or reuse a product by buying second-

hand products or obtain them in some other way. At the EoL stage consumers should be incentivised to properly 

dispose of products.  

 

 
Fig. 2.19. Examples of gap between people’s claim and actual practices [7] 

 

The majority of Europeans are made aware of the problems of consumerism and related environmental issues, 

which can be seen in questionnaires carried out on the topic. As can be seen in Fig. 2.19, since society is well 

informed they also know what are the right actions, however studies [7] have shown that there is a gap between 

claims and actual practices. For example 76% Europians claim that they sort their e-waste at the EoL but only 

35% of the generated e-waste is collected under official collection systems in the EU. It implies that part of the 

sorted e-waste is either stockpiled at homes or collected through unofficial channels. Moreover, these gaps are 

the outcome not only of consumer choices, but also of available e- waste disposal options and collection 

systems that are often beyond consumers’ control. 

 

Human behaviour is understood to be linked to both intrinsic as well as extrinsic attributes. In the context of 

sustainable consumption behaviour, intrinsic attributes include knowledge, motivation, beliefs, habits, values, 

attitudes, intentions and other psychological variables whereas extrinsic attributes include social and cultural 

norms, monetary implications, and contextual variables such as infra- structure and institutional constraints.  
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There are a number of theories and models 

on how to best approach the behavioural 

aspect of e-waste management. There are 

rational choice theories based on the idea 

that pro-environmental behaviour is the 

result of rational choices, however the 

outcome of applying this method has had 

mixed results and the problem that few good 

intentions directly translate into behaviour. 

Another theory is based on Moral norms – 

based on the idea that environmental 

behaviour is a result of when people are 

made to value the collective wellbeing over 

personal interests. This method lacks 

statistical results therefore is inconclusive. 

 

In another article [26] the behaviour of 

hoarding e-waste was observed, when 

young consumers were asked about disposal 

methods for different types of electronics – tv 

sets, laptops and personal computers (Fig. 

2.20). And when asked what is the purpose 

of storing the items in house after active use 

period – 37% planned to keep them for spare 

parts, 6% planned to sell, 31% did not know 

what to do with them and 17% did not have 

time to take them to drop-off centres, and the 

rest were other reasons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.20. Disposal methods of waste (A) television sets (B) laptops (c) desktop computers among the 

respondents. [26] 

 

2.1.9. Electronic waste, an environmental problem exported to developing countries  

There are technological solutions for processing it, but these are costly, yet the cheaper option for most 

developed countries has been to export most of their waste to less developed countries. There are various laws 
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and policies for regulating the processing of e-waste at different governance scales such as the international 

Basel Convention, the regional Bamako Convention, and various national laws. However, many of the 

regulations are not fully implemented and there is substantial pressure to maintain the jobs created for 

processing e-waste despite the toll on the environment and human health. [27] 

 

2.1.10. Achieving Sustainable E-Waste Management  

Existing problems of increasing amount of untreated e-waste developed countries solve by exporting often by 

using loopholes in legislation or illegally to developing countries. In these countries e-waste recycling has 

become large industries, however, they are often very unregulated and harmful to the workers and environment. 

[27] 

 

To achieve sustainable e-waste management there are many steps to be addressed:  

● to have e-waste management closer to the source of the waste stream – make it mandatory for 

countries to either treat them locally or within stricter measures of following waste treatment in 

neighbouring countries only if the treatment method has been deemed to be optimal and the 

transportation does not create excessive impact. Therefore, it could be needed that first step treatment 

of e-waste is carried out closer to large cities to obtain higher density e-waste that can be then shipped 

to recovery facilities specific for the type of the e-waste.  

● There needs to be a requirement, including mandatory laws, to extend the life of electronic equipment 

including ensuring that it is fully recycled at the end of its life span. 

 

2.1.11. Guideline to WEEE for SME  

In each country, companies with “producer” responsibility are required to: 

 

1. Register to the National Registry, with the 

appropriate authorities to ensure 

compliance and waste management 

2. Declare at regular frequencies notably 

quantities and weights of electronic 

products placed on the market 

3. Manage information and communication 

to end-users (marking) about the recycle 

of their electronic tools 

4. Organise takeback and recycling of 

equivalent old appliances to respect e 

waste recycling 

5. Finance take back and recycling to 

ensure waste collection 

6. Report figures for takeback and recycling 

to the authorities in all the different 

country your electrical equipment are 

(different in each european union)

 

The main binding document in the EU is the WEEE Directive. So the first step would be to understand under 

which category your product falls under. This can be done by opening the consolidated version of the Directive 

located at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02012L0019-20180704 

 

An example would be freezer – which falls under “1.   LARGE HOUSEHOLD APPLIANCES” in Annex I 

 

Let's use an example of a local manufacturer of freezers in Latvia. The steps are as follow:  

 

1. Register to the National Registry, with the appropriate authorities to ensure compliance and waste 

management 

 

Example Latvia: Elektrisko un elektronisko iekārtu ražotāju reģistrs (EEIRR) https://elektroregistrs.lv/ 

 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02012L0019-20180704
https://elektroregistrs.lv/
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The compliance financing differs within countries in EU. In Latvia, the cost is regulated by Regulations of the 

Cabinet of Ministers No.331 (https://likumi.lv/doc.php?id=267141) which states, that registree has to pay 42.69 

EUR for registration and 42.69 EUR every year. For registration you also need to provide information, if the 

company pays the natural resource tax, has its own waste management system or there is a contract with a 

waste management company. For companies an example guide is available 

(https://elektroregistrs.lv/resources/2021/03/VIS-EEIRR-lietosanas-instrukcija-EEI-un-BA-Razotajiem.pdf)  

 

2. Declare at regular frequencies notably quantities and weights of electronic products placed on the 

market 

 

In the same website, you need to identify classes of products and amounts of products placed on market (POM). 

Classes are provided as in Declaration. In case of Latvia the law can be found here: 

https://likumi.lv/ta/en/en/id/267716-categories-and-marking-requirements-for-electrical-and-electronic-

equipment-and-requirements-and-procedures-for-managing-such-waste-equipment 

 

In the Annex II are all the categories since 2018 changes. Freezer is under Category 1. Temperature exchange 

equipment -> 1.2. Freezers; 

 

3. Manage information and communication to end-users (marking) about the recycle of their 

electronic tools 

According to section II, point 5. 

(https://likumi.lv/ta/en/en/id/267716-categories-and-marking-requirements-for-electrical-and-electronic-

equipment-and-requirements-and-procedures-for-managing-such-waste-equipment) the manufacturer has to 

include the following information in the instructions accompanying the household 

equipment: 

A. the requirements for consumers to collect or return waste equipment 

separately from other municipal waste; 

B. the obligations of consumers to facilitate the re-use, recycling, and other 

types of recovery of waste equipment; 

C. the potential effects on the environment, human life and health as a result 

of the presence of hazardous substances in the equipment. This means 

that the manufacturer needs to know  

D. the meaning of the symbol for the marking of the equipment (Fig. 2.21).  

 

Fig. 2.21. Symbol for the Marking of Electrical and Electronic Equipment (Annex 3) 

 

4. Organise takeback and recycling of equivalent old appliances to respect e-waste recycling 

5. Finance take back and recycling to ensure waste collection 

6. Report figures for takeback and recycling to the authorities in all the different country your electrical 

equipment are (different in each european union) 

 

2.1.12. How to increase circularity of your EEE products  

Metal recovery is an important economic driver of WEEE recovery, while plastics used in devices face a bigger 

challenge. However, there are new strategies that focus on designing products with the idea of using recycled 

materials from the start. Since it is a challenge for SMEs to incorporate extra steps in the already difficult process 

of starting a new product and developing a place in the market, there are a number of guidelines with more 

specific ideas on how to make products more circular.  

 

https://likumi.lv/doc.php?id=267141
https://elektroregistrs.lv/resources/2021/03/VIS-EEIRR-lietosanas-instrukcija-EEI-un-BA-Razotajiem.pdf
https://likumi.lv/ta/en/en/id/267716-categories-and-marking-requirements-for-electrical-and-electronic-equipment-and-requirements-and-procedures-for-managing-such-waste-equipment
https://likumi.lv/ta/en/en/id/267716-categories-and-marking-requirements-for-electrical-and-electronic-equipment-and-requirements-and-procedures-for-managing-such-waste-equipment
https://likumi.lv/ta/en/en/id/267716-categories-and-marking-requirements-for-electrical-and-electronic-equipment-and-requirements-and-procedures-for-managing-such-waste-equipment
https://likumi.lv/ta/en/en/id/267716-categories-and-marking-requirements-for-electrical-and-electronic-equipment-and-requirements-and-procedures-for-managing-such-waste-equipment
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2.1.12.1 Switching to recycled materials 

Companies that want to increase the circularity of their processes can look for ways to increase recycled 

material content in their products. From talks with the industry, there is little knowledge on where to source 

recycled contents. The other aspect is an uncertainty in cost and quality that comes with using recycled 

materials instead of virgin ones.  

 

One of the solutions for companies looking to use recycled plastics is to look for companies that recycle plastic 

and ask them who they are working with, since that will ensure that there is a clear supply chain already 

established. An example of such supply chain is provided in UK by Plastikcity23 which serves as a platform 

where it is possible to find suppliers of plastic and recycled plastic, suppliers of equipment and services and 

links them to moulding services (Fig. 2.22).  

 

 
Fig. 2.22. Different plastic industry supplier categories provided by Plastikcity 

 

To ensure that the source material have quality standards there are a number of stakeholders in Europe 

promoting reuse of plastics. One of such platforms is dedicated to plastic recycling companies across Europe 

– EuCertPlast (c/o Plastics Recyclers Europe).24 The underlying aim of EuCertPlast is encouraging an 

environmentally friendly plastics recycling process by standardising it. The particular focus of the scheme is on 

the traceability of plastic materials in the supply chain, throughout the recycling process and the recycled content 

quality in the end-product. Combining all of these aspects will allow the recyclers to fulfil REACH requirements 

and food contact compliance.  

 

The database lists recyclers that have been certified and give an assurance to suppliers and customers that the 

post-consumer plastics processed in these plants are treated according to best practices and with respect 

towards the environment. 

 

 
23 Plastic supplier and buyer linking platform https://www.plastikcity.co.uk/  
24 EuCertPlast https://www.eucertplast.eu/  

https://www.plastikcity.co.uk/
https://www.eucertplast.eu/
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Fig. 2.23. Screenshot of certified recyclers on the EuCertPlast platform 

 

2.1.12.2 Designing from Recycling Manual   

One of the guidelines is called 

Designing from Recycling Manual  

[28] which covers use of recycled 

plastic in the design. Since it is not 

just replacing existing material, but 

design created based on properties 

of the material, a number of tests 

that would describe the material are 

provided. With this information it is 

then possible to better evaluate 

what design can be created out of 

it, such as how moldable it is and 

how it compares to reference 

materials from virgin materials such 

as PP, HDPE, ABS and others. To 

test its performance a specific 

component called determinator can 

be created which will show how the 

material reacts. Determinators 

visualise material properties (e.g. 

stiffness), design errors (e.g. shrink 

cavities, warping) and user-centred 

characteristics (e.g. gloss, recycled 

perception).  

 

Fig. 2.24. Example of determinator 

which visualise material properties 

[28] 

2.1.12.3 Guidelines for Electrical and Electronic Equipment  

The guidelines are developed to help designers and manufacturers integrate life cycle thinking in the design of 

electronic products. It considers the Design for and Design from Recycling strategies, two fundamental 

approaches to understand circular product development. The guidelines are a result of the Horizon 2020 PolyCE 

project. It can be used by designers and manufacturers of electrical and electronic equipment to advance in 

their sustainability goals. [29] 
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Fig. 2.25. WEEE management steps [29] 

 

The guide provides introduction into WEEE management steps (Fig. 2.25) and later goes into the specifics of 

two design levels – product and part levels. In the book there are 31 guidelines provided with specific 

suggestions and reasoning 

:  

Table 4. Guidelines for circular product designs 

# Guideline Description of reasoning 

1 

Use click/snap solutions to 

fix batteries in a product. Avoid 

permanent fixing such as glued, 

welded and enclosed solutions. 

Batteries can cause problems in the recycling process if they are not 

manually removed before they go into the shredder. If not removed, 

they pollute the material streams and can explode during the 

recycling process. Batteries are also seen as dangerous by 

consumers, and therefore it is important to make them easily 

removable. 

When using Li-ion batteries, use hard cells. Soft Li-ion batteries are 

easily damaged and volatile which is a safety and fire risk. 

2 

To fix valuable components 

(PCBs, cables, wires and 

motors) in a product, use metal 

screws, click fingers, press fit, 

shrink foil, self- 

screwed/tapering or connectors. 

Avoid permanent fixing such as 

2K (in mould decoration), PSA 

tapes, glue, melting (different 

plastics, enclosures) and 

welding. 

Valuable components can pose a health and safety risk since a large 

part of all e-waste still ends up in third world countries where it is 

recycled on the street under very primitive conditions. These 

components are often extracted by methods such as burning cables 

to extract the copper and pouring acids on PCBs to get out the 

valuable metals. This releases many kinds of toxic fumes and poses 

a great health risk to humans and an environmental risk since the 

local surroundings often suffer from these activities. 

To account for these risks, designers are advised not to glue 

valuable components together but to choose for click/snap-solutions 

to enable easy removal. If the valuable components are easier to 

take out it contributes to less negative health and environmental 

impacts. Most importantly it has a positive impact on ‘controlled’ 

recycling as valuable materials can be easily separated: less of it 

gets lost in other material streams and more can be recycled into 

new materials. 

3 

Use a module for hazardous 

components in the product 

structure to enable taking out 

one non-recyclable module 

instead of searching for several 

different hazardous parts. 

To use one module where all the hazardous components are located 

makes the recycling process easier and more efficient. It is easier 

for the recycling workers to find one module in the manual 

dismantling step instead of taking time to find several components. 

It saves time and effort in the process which reduces costs 

significantly. E.g. use an external power supply instead of an internal 

power supply. The external power supply is likely to contain BFR, 
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but can be separated physically at the start of recycling. This will 

prevent it from polluting the material stream. 

4 

Use detachment possibilities for 

polluting components/materials 

(dust bags, lamps, cord sets, 

cord 

winders, paper, cardboard, 

textiles, 

wood, foams, glass and 

ceramics). 

Providing detachment possibilities for hazardous and polluting 

components is vital as they otherwise easily end up polluting the 

material streams. The easier it is to take out these materials, the 

easier it is to keep the material streams pure. In case it is not 

possible to create easy detachment possibilities, clear markings on 

the product indicating how to destruct will be helpful at the first stage 

of the recycling process (when the product is to break open). 

Breaking open usually happens when the product falls onto the 

recycling belt in the first dismantling step. If the product does not 

break open at that moment, the markings/indications showing were 

to manually apply force will help easier removal of a polluting 

component. 

5 

Use drains for operating liquids 

and gases and enable easy 

removal of components such as 

oil tanks, compressors and 

hoses. 

Drains are important to prevent polluting the material streams in the 

recycling process, since drains make it possible to take out operating 

liquids and gases and prevent them from polluting the material 

streams or the surrounding air. Therefore it is important to consider 

the removal of these components in the design, and make sure they 

are easy to find and take out. In case the request for drains is not 

possible to fulfil, markings for destructive action can help at the first 

stage of the recycling process where the product breaks open. This 

usually happens when the product falls onto the recycling belt in the 

first dismantling step. If it does not break open there, a marking or 

indication on where to manually apply force to enable taking out a 

polluting component is helpful. 

6 

Avoid the use of coatings on 

plastics such as painting, 

lacquering, since it can result in 

changed density of the plastic. 

Avoid coatings if possible since all forms of coatings pollute the 

material streams or makes the recycling process difficult. Coatings 

change the density of the plastics, which makes it possible to end up 

in the wrong material stream. The coating material itself also pollutes 

the streams. Printing of numbers or lines for level- indication (which 

are small compared to the product as a whole) are not a problem, in 

fact that is better than using a sticker for the same purpose. Other 

options are screen- printing, in-mould texturing, laser engraving. 

When a coating is needed, a density difference < 1% of the materials 

weight is ok. Always avoid multilayer lacquering. 

7 
Avoid use of foam. When foam is necessary, use thermoplastic foam. Do not use 

elastomers or thermosets for foam. 

8 Minimise the use of magnets. Magnets will end up in the ferrous material stream, polluting it. 

9 

Minimise the use of 

thermoplastic elastomers. 

Thermoplastic elastomers are not recycled. Therefore, they have to 

be separated. Particles that are not separated can be seen as a 

pollutant. 

10 

Avoid thermosets and 

composites. 

When thermosets are necessary, use thermosets outside the density 

range of 0.85 – 1.25 g/cm3 (range of the common recycled plastics).  

Background: Thermosets cannot be recycled, and will be burned. 

11 

Do not use plating, galvanising, 

vacuum-metallization as coating 

on plastics, since it can result in 

density change of the plastic. 

These techniques are a problem, as they connect plastic and metal. 

12 

Avoid moulding different 

material types together by 2K or 

xK processes (different plastic 

Avoid moulding different material types together since the end result 

will not be recyclable. It is very difficult to separate materials that 

have been joined by 2K or xK processes. Therefore these joined 
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materials injected into the same 

mould, or over-moulding, or in 

mould labelling) such as 

moulding a thermoplastic 

elastomer onto PP (e.g. 

toothbrush). If the material types 

are the same and only differ in 

colour and additives it is ok to 

use, for example moulding red 

PP containing antioxidants on 

black PP containing talc. 

materials will end up as waste or (depending on density) they will 

pollute other plastic streams. In-mould assembly or assembly 

injection moulding which uses 2K or xK and which does not result in 

a chemical bonding of materials, allows for separation of materials 

during shredding. In this case, no materials will be lost. 

13 

Avoid connections that enclose 

a material 

permanently. Avoid methods 

such as: moulding inserts into 

plastic, rivets, staples, press-fit, 

bolts, bolt and nut, brazing, 

welding and clinching. 

To avoid using connections that enclose a material permanently 

helps to avoid polluting the material streams. Enclosing a material 

permanently makes it harder to separate the different materials. The 

processes mentioned are typical for tightly enclosing one material 

into another and are therefore recommended to be avoided. 

14 

For injection mould plastic parts, 

consider using more textured 

surfaces. Avoid uniform high 

gloss surfaces. 

Possible traces of elastomer and glass in r-plastics reduce the 

quality of (large) high gloss surfaces. 

15 

Avoid the use of substances that 

are listed for future restriction in 

the ‘SIN list’. 

These substances are mainly used in plastics as surfactants, 

solvents, stabilisers, plasticizers, anti-corrosions, pigments and 

coatings. Do not use in concentrations above 1000 ppm, (0,1% per 

article) per substance. 

Background: The ‘SIN list’ is a list of substances that are not 

restricted yet, but are being pushed to go on the SVHC list (see also 

Guideline 17) in the future. SIN list substances are a good indication 

of substances to be restricted/banned in the future and therefore it 

is important to already now stop using them. If these substances are 

used in materials today it is very likely that these material streams 

cannot meet the requirements to be recycled and reused in new 

products in the future. www.sinlist.chemsec.org 

16 

Do not use halogenated 

polymers (e.g. PVC, PTFE). 

PVC degrades at the typical processing temperatures ABS, PC, 

PC/ABS, PP, PA, HIPS. The generated hydrochloride acid corrodes 

normal extruders and moulds. 

17 

Avoid the use of Substances of 

Very High Concern (SVHC) 

according to REACH and 

substances classified 

carcinogenic (Carc. 1A or 1B), 

mutagenic (Muta 1A or 1), 

reprotoxic (Repr. 1A or 1B) by 

CLP Regulation in 

housing/housing parts. 

This will impede these substances to be contained in the plastic 

recyclates. 

18 

Avoid use of any BFR’s 

(Brominated Flame Retardants; 

PBDEs, TBBPA, PBBs, HBCDs, 

etc.) in the product. Make it 

100% BFR-free. 

Several BFRs are already restricted and it is likely that more will 

become banned. If these substances are used in materials today it 

is very likely that these material streams cannot meet the 

requirements to be recycled and reused in new products in the 

future. It is important that not a worse alternative is selected. 
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19 

Use only common plastics in the 

product such as ABS, MABS, 

PE, PP, PA, PC, PC/ABS, HIPS. 

Common plastics can easily be recycled and should always be used 

as a first choice. If another material is needed ensure the reasons 

are motivated and supported. There are established recycling 

streams for these plastics, which means that they very likely will be 

recycled. Other materials currently occur in too small volumes in the 

waste stream to make it economically viable to recycle them. 

Background: When other than these common plastics are used, 

choose plastics outside the density range of 0.85 - 1.25 g/cm3. 

20 

Avoid glass fibre filled plastics. Glass fibres pollute material streams, reducing mechanical 

properties and cause wear. 

Background: Instead of using glass fibres to increase the modulus, 

use carbon fibre or mineral filled plastics, e.g. a PP-talc mineral can 

be recycled. 

21 

Minimise the use of 

thermoplastic elastomers. 

When elastomers are necessary, minimise the use of elastomers 

and choose for an SEBS based TPE. 

Background: Most of the elastomers are filtered out during the 

separation steps. The fraction of elastomers that is not filtered out is 

likely to end up in the PS stream. When a SEBS based TPE is used 

as an elastomer and will end up in the PS stream, it may act as an 

impact modifier and therefore is doing the least harm. 

22 

Avoid polymer blends. Mono material streams should be the goal. Blends like POM/ABS, 

PA/ABS, PC/PBT, PPE/PS, PET/PBT pollute material streams. 

(except for PC/ABS, as this can be recycled well) 

23 
Minimise additives in plastic 

materials. 

Additives reduce the purity of the plastic streams. Check the need 

for additives. 

24 

Avoid use of thermoset-rubbers. Thermoset rubbers cannot be recycled, therefore avoid the use of 

thermoset-rubbers. In case you do need to use a thermoset-rubber, 

make it easy separable to avoid polluting other streams. 

25 

Avoid magnetic components on 

PCBs. 

PCB’s have many valuable non-ferrous metals. If magnets are 

placed onto the PCB, the PCB might end up in the ferro stream. In 

that case the valuable non-ferrous metals are lost and will pollute the 

ferro stream. 

26 

Use virgin plastics for very 

demanding parts. E.g. 

transparent lightguides. 

Recycled plastics are different than virgin plastics. They cannot meet 

every demanding requirement. 

27 

For injection mould plastic parts, 

consider more venting ports or 

wider ones. 

Recycled polymers can have higher emissions due to pollution or 

degrading polymers during production. 

28 

Choose geometries for injection 

moulded parts that allow easy 

flow paths. Avoid tight and 

narrow geometries. 

The high shear rates caused by narrow geometries will stress and 

degrade the polymers. 

29 

For injection mould plastic parts, 

do no use long injection paths 

(length from gate to end of 

product to completely fill the 

product). 

Recycled polymers are more sensitive to shear and temperature. A 

possible solution could be to use multiple injection points. Consider 

increasing the wall thickness. 

30 

Avoid fixing ferrous metals to 

non-ferrous metals in either 

parts or fasteners. For example, 

do not use a screw (ferrous 

If ferrous and non-ferrous materials are joined and the product goes 

into shredding it is very likely that either the ferro or the non-ferrous 

stream will be polluted. The materials are shredded to small pieces 

and either the screw will go with the host component to the non-
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metal) to attach a part to 

aluminium (non-ferrous). 

ferrous stream or the non-ferrous part will follow the screw into the 

ferrous stream. This pollutes the material streams. 

31 

Do not permanently fix 

Aluminium, Copper (including 

Brass), Stainless steel or Steel 

together in the following 

combinations: 

• If the main material in a 

component is Al (cast), do not 

attach a part of Stainless steel or 

Steel onto it. 

• If the main material in a 

component is Al (wrought), do 

not attach a part of Al (cast), 

Copper, Stainless steel or Steel 

onto it. 

• If the main material in a 

component is Stainless steel, do 

not attach a part of Copper onto 

it. 

• If the main material in a 

component is Steel, do not 

attach a part of Copper or 

Stainless steel onto it. 

• If the main material is Copper, 

do not permanently fix a part of 

Iron, Lead, Antimony or Bismuth 

to it. 

These combinations are based on thermodynamical properties of 

the materials, indicating which materials are feasible to combine and 

which ones are not. Depending on the main material in a component, 

smaller amounts of other materials will end up polluting that stream. 

Some materials are easy to separate while some are very 

problematic. A good and easily separable material combination will 

result in streams that are less polluted as well as less waste, since 

many streams containing a pollutant that is hard to extract will simply 

end up as a waste fraction. 

 

 

As can be seen from the suggestions, many of them deal with plastics. Some reports put the number around 

20% of weight and similar amounts can be calculated from Eurostat. The estimated WEEE plastics recycling 

rate is 10-25% depending on the country, but this does not count in WEEE that is not being collected for 

recycling. Data from a 2010 study shows that most EU countries treat WEEE within the EU, only a few countries 

legally exporting outside the EU (e.g., 11.5% of Norway’s WEEE is exported). The study also indicates cautious 

interpretation of findings, inasmuch as treatment might include a first line of sales to waste brokers, who later 

might ship it outside of the EU. [30] 

 
Fig. 2.26. Plastics content by product group [30] 

 

Looking at the plastics in the studied countries, a large portion is made up of ABS, PP and PS together making 

up over 70% of all plastics (Fig. 2.27). These plastics are recyclable, but the biggest challenge is that they can 

contain hazardous contamination. The Directive puts the following threshold limits known as Maximum 
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Concentration Values – 0.01% (100 ppm) by weight for cadmium and 0.1% (1,000 ppm) for mercury, lead, 

hexavalent chromium, polybrominated biphenyls and polybrominated diphenyl ethers. [30] 

 
Fig. 2.27. Specific plastics in collected WEEE in Nordic study [30] 

 

 

2.2. Environmental performance declaration  

The role of the environmental performance declaration (EPD) as an independently verified and registered 

document is to communicate transparent and comparable information about the life-cycle environmental impact 

of products in a credible way. The EPD is the final report, with the foundation of any EPD being a life-cycle 

assessment (LCA). This LCA allows the evaluation of a product’s environmental performance over its entire life-

cycle. It typically takes into consideration the full value chain, from material extraction through to manufactured 

product, its usage stage and end of life. EPD is a Type III environmental declaration that is carried out according 

to the ISO 14025 standard. An EPD is created and registered in programmes such as the International EPD® 

System. [31] 

 

There are a number of EPD programme schemes and operators that provide verification and registration of the 

declarations. The aforementioned International EPD® System is provided by Swedish company EPD 

International AB. Sweden has been one of the forerunners in the development of EPDs. EPDs registered in the 

International EPD System are publicly available and free to download through the EPD Library, accessible via 

this link.  

 

One of the first sectors to have wide applications and requirements of EPDs is the construction sector. For this 

purpose, in 2019 a database EPD Registry™ that summarises all EPDs in this sector was launched. It is a 

worldwide searchable online database (link) for environmental profiles of construction products and materials. 

The database is especially valuable for those seeking building products that can contribute to certifications by 

LEED®, Green Globes®, BREEAM, DGNB, HQE, Green Star and other national and international green 

building assessment programs. 

 

In physical terms, an EPD consists of two key documents: 

● EPD background project report, a systematic and comprehensive summary of the LCA project to 

support the third-party verifier when verifying the EPD. This report is not part of the public 

communication. 

● Public EPD document that provides the results. 

 

The two-document system is important – firstly the first document is full of details for verifiers to have full access 

to details of the manufacturing process to ensure that all the consumptions are assessed and are not baseless. 

In modern manufacturing there are a lot of aspects that impact it – material and component sourcing can come 

https://epdweb3.azurewebsites.net/library
https://www.theepdregistry.com/
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from many alternative continents and sources with different manufacturing methods and thus different impacts. 

For this reason, the EPD requires very much data from the manufacturer and this data has to be verifiable, so 

that the EPD applicant does not choose sources with smaller impact if in fact that is not the case. However, it 

is clear that companies would not like to share all this specific data to the public and mostly competitors, 

especially since having EPD can show the bad aspects with the most impact, which other companies could use 

to compare themselves to as superior. But since nothing is set in stone, such LCAs and EPDs can actually 

benefit the manufacturer doing it, since they can find the main processes which could be improved in future. 

For the mentioned reason the second document, that is public and contains the results is not that specific. 

 

As a voluntary declaration of the life-cycle environmental impact, having an EPD for a product does however 

not imply that the declared product is environmentally superior to alternatives. 

 

Why is it voluntary? From the start of the idea of EPDs, there was a lot of concern from many countries, including 

USA and a lot of developing countries, that LCA based restrictions could be very bad for their companies 

because they did not have experience with LCAs, or had developed LCA databases. However, we can see that 

EU-wide requirements are becoming more and more  intertwined with the aims of EPDs.  

 

Could EPDs become compulsory? 

 

For the time being the EPDs are voluntary and applied in few sectors, however, buildings regulation example 

[32] where already countries have set requirements of new buildings to carry out preparations of EPDs indicate 

that their use could be applied in other sectors or further development of building requirement could involve 

other aspects of buildings which down the line impact equipment used in them.  

 

Types of Environmental labels 

 

There are three types of environmental labels as defined by ISO 14020, Environmental labels and declarations 

– General principles: 

● Type I environmental labelling - for eco-labelling schemes where there are clearly defined criteria for 

products;  

● Type II self-declared environmental claims - for products and services where there are neither criteria 

nor labelling schemes. Where there is no eco-labelling scheme to verify environmental claims, it is 

essential to have a means of demonstrating the reliability of self declared information. 

● Type III environmental declarations - for specific aspects of products using a life-cycle approach.  

 

2.2.1. Short history  

The first idea for environmental product declarations was proposed to members of the ISO Technical Committee 

in 1994, by an international expert from the US delegation. In the 1990s the environmental policymakers around 

the world were increasingly looking at ways to improve the environmental performance of products across their 

life cycle. In February 2001, the European Commission published its thinking on these issues by means of the 

Green Paper on Integrated Product Policy (IPP). One of the overarching goals of IPP is to stimulate demand 

for greener products through easily accessible, understandable and credible information. A possible tool to 

achieve this is the use of environmental labelling of which Environmental Product Declarations (EPDs) are 

an integral part. [33] 

 

On 18 June 2003 the European Commission adopted its Communication "Integrated Product Policy – building 

on environmental Life-Cycle Thinking". The concept of Integrated Product Policy (IPP) aims at coherent action, 

using the most appropriate policy tools and involving stakeholders, towards "greener" products that combine 

lower environmental impacts with enhanced service to consumers. It calls for continuous improvement in 

product manufacturing and design, and for promoting their uptake by consumers. [34] 
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The IPP concept is based on following observations: 

 

● The production and use of goods and services (i.e. products) are causing the majority of overall negative 

impacts on the environment. The situation is worsening due to ever increasing numbers of products 

being consumed in the EU and globally. 

● The environmental pressures and impacts of products occur at various stages of their life-cycle (along 

production chain, during use phase, disposal of end-life products). Remedial actions must be designed 

in a way to avoid that the environmental burden is simply shifted to other stages of the life-cycle, or to 

other geographical areas. 

● Due to the large variety of products and impacts there is no one single policy tool to address them all. 

On a case-by-case basis, the appropriate policy instrument or combination of instruments have to be 

chosen and deployed in a coordinated way, often across several policy areas (for example legislation 

on product design, emission ceilings, labelling, fiscal measures, self-commitments of industry, etc.). To 

make best use of these instruments, a large variety of stakeholders needs to be involved, including 

policy makers, business and consumers. 

 

The Ecodesign for energy-using products Directive was a direct transposition of IPP principles into 

product design legislation. 

 

The new Waste Framework Directive makes several IPP elements legally binding, notably the requirement 

for waste policy to consider the whole life-cycle of materials in waste policy development. Life-cycle thinking 

also guided a provision of the Batteries Directive that allows disposal, instead of recycling, only if 

environmentally advantageous in view of the whole life-cycle. 

 

2.2.2. EPD system operators  

The EPD system program operator (PO) is an independent agency whose role is to conduct, administer, and 

supervise the development of a type III EPD. Therefore, it is responsible for the development and/or 

identification of existing product category rules needed for an EPD.  

 

Multiple (18 established EPD POs and 2 emerging EPD POs)  EPD system operators operate under ECO 

Platform which is an International Non-Profit Association established by European EPD Programme Operators 

as well as supporting members from European Trade Associations in the construction sector, Green Building 

organisations and LCA Practitioners in 2011. The aim of the Platform is to mainstream life-cycle assessments 

(LCA) for buildings and infrastructure projects by provision of reliable product data in an affordable and effective 

way for EPD operators for building and construction materials. EPDs under ECO Platform can be found on their 

website.25 

 

2.2.3. Product Category Rules (PCR)  

EPDs are based on Product Category Rules providing rules, requirements, and guidelines for a defined product 

category. As an option, a “pre-certified EPD” may be published during PCR development. 

 
25 https://www.eco-platform.org/epd-data.html (ECO Platform’s EPD database) 

https://www.eco-platform.org/epd-data.html
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2.2.4. Creating EPD  

A guide on creation of EPDs is provided on the website of EPD International (Envirodec) – a global 

programme for environmental declaration26.

 
Figure 1. Steps in creating EPDs and involved stakeholders27 

 

Step 1 – Collect data: including raw material, resource consumption and waste data for your product.  Your 

choice of program operator and PCR will determine the specific data you will need to collect, based on which 

stages of your product life-cycle and which impact categories your LCA will need to assess. Selected PCR shall 

be listed in the International EPD System and be valid at the time of the verification. If a PCR does not exist for 

the product category of interest, it shall be developed based on the process described under PCR Development. 

For new product categories, a pre-certified EPD may be published in parallel to PCR development. 

 

Step 2 – Conduct a life-cycle assessment: the LCA will need to conform to the PCR. 

 

Step 3 – Prepare background report for EPD: the background report (known as an LCA report in the US) is a 

vital accompaniment to your public EPD. It provides further details about the LCA methodology, assumptions 

and approach employed to support third party verification, as well as the standards that you have adhered to. 

 

Step 4 – 3rd party verification: every EPD needs to be verified by an independent third party verifier before it 

can be published. This ensures accuracy, reliability and ensures that the EPD conforms to the requirements of 

the relevant PCR. 

 

Step 5 – Publication: Once your EPD has been verified by an independent third party, it is ready to be put into 

the public domain via publication. To do this, you need to submit the EPD document for publication to the 

program operator, who will process, register and publish your EPD.  If you use the One Click LCA Pre-verified 

EPD Generator, we will handle this process for you. 

 

 
26 https://www.environdec.com/all-about-epds/create-your-epd (On EPD creation - Environdec) 
27https://www.oneclicklca.com/simple-epd-guide/ (On EPD creation) 

https://www.environdec.com/product-category-rules-pcr/develop-a-pcr
https://www.environdec.com/all-about-epds/create-your-epd
https://www.oneclicklca.com/simple-epd-guide/
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2.2.5. EPD uses and application cases  

Design is a word widely used in different areas of knowledge to refer to the shape of an object in a drawing.  

However, the design process goes beyond the object of design; designing is a set of processes that develops 

since the problem is identified, until a possible solution is achieved. In the building industry, being one of the 

largest contributors to climate change, decision-makers started to transform their actions to lower their impact 

with the introduction of such certificates as LEED and BREEM. While examples in the electronic industry are 

lacking, the same methods can be applied.  

 

The uses of EPDs are summarised as28:  

 

 

Example: in the Netherlands on 1st of January, 2021, a regulation came into force that, by the use of LCA 

data for building materials, develops a type of EPD which is then used to develop the building’s environmental 

profile, consisting of 19 impact categories, are weighted, resulting in a single-score indicator of the 

environmental performance. The 19 impact categories are prescribed in the amended Determination Method 

according to EN15804+A2.29 

 

 
Fig. 2.28. The environmental profile consisting of 19 impact categories, are weighted, resulting in a single-

score indicator of the environmental performance of a building.  

 

1) Market and legal regulations; 

2) Enable building level LCA; 

3) Green Building schemes;  

 
28 https://www.environdec.com/all-about-epds/epd-applications (uses of EPDs) 
29 https://milieudatabase.nl/an-introduction-to-the-nmd/ (Netherlands building performance evaluation system) 

4) Green Public procurements; 

5) Marketing;  

6) Benchmarking;  

https://www.environdec.com/all-about-epds/epd-applications
https://milieudatabase.nl/an-introduction-to-the-nmd/
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7) Ecodesign;  8) Sustainable supply chain 

management. 

 

2.2.5.1 For building certificates 

Choosing building materials is equivalent to choosing materials for electronics. In building, for example, a study 

[35] of new bio-based materials was carried out in the early development stage to identify the categories in 

which the proposed material is better or worse compared to other materials that have their EPDs published. As 

can be seen in the following figures, it is crucial that EPDs are developed by many companies as the proposed 

material is superior to existing materials in regard to climate impact categories, but when compared to other 

materials it still indicates a need to improve.   

 

 
Fig. 2.29. Percentual comparison of impacts between bio-based material and the material with the highest 

impacts with EPD available.  [35] 

 

 

 
Fig. 2.30. Percentage comparison of impacts between bio-based material and two materials with the lowest 

impacts with EPD available. [35] 

 

In this example, the material developer could identify which component in the mixture has the highest impact 

and best potential for replacement. This alternative design methodology brings new possibilities to other 
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products:  with more information, improved products could be created, and will have more opportunities to be 

accepted in the markets. With collaborative design based on environmental common information, e.g., LCI, it is 

possible to develop virtual concepts materials that explore different configurations, to improve and optimise the 

final one before starting the industrial production. This approach may also avoid unnecessary laboratory proofs 

and processes, which in the end, could result in not reducing the environmental impacts as expected. [35] 

 

The EPDs closest to electronics in Envirodec library are in the category of “Machinery & equipment”. The 

number of EPDs in this category is very small (Fig. 2.31) and there has been a slight increase in the number in 

recent years. In total in this category this library has 30 EPDs. From those 17 are for a closely related to buildings 

product – elevators, 5 for some form of larger machinery, 4 for large size transformers and single one for specific 

remanufactured printer cartridge.  

 

 

 

 

 

Fig. 2.31. Number of (on left) and types of product (on right) EPDs in Envirodec library under category of 

Machinery & equipment  
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Fig. 2.32. Number of EPDs in Envirodec library under category of Machinery & equipment per country 

(companies designated country) 

 

The companies that have submitted their EPDs in the Envirodec program include Schindler (Switzerland), 

Comex (Spain), Kone (Finland), OTIS (France) and others, but most EPDs are from Italy and specifically a 

company called Nice S.p.A.. Looking at this company’s website,30 it is clear that it focuses on building 

automation. Hence there is a clear role for buildings being a connecting sector for most of the submitted EPDs.  

 

 

An example why SMEs should strive to develop EPDs if their products are related to the building industry is 

their use in obtaining LEED certificates for the buildings. Building management aims to make the buildings 

and projects attractive to investors during the project funding phase and after the building is built, to the 

potential tenants. A high energy efficient building correlates with reduced energy consumption, while 

simultaneously increasing value for the tenants, thus allowing an increase in rents. Buildings with an LEED 

certificate can have higher rents while still have the same or higher vacancy rates. An LEED certificate has 

a rating system based on the number of points the building obtains.  

 

For a developer then it is a task to ensure that the building will reach the planned LEED rating. Latest LEED 

version v431 35% of the credits in LEED evaluate building performance in:  

 

1. Sustainable Sites 

2. Water Efficiency 

3. Energy & Atmosphere 

4. Materials & Resources 

5. Indoor Environmental Quality 

6. Locations & Linkages 

7. Awareness & Education 

8. Innovation in Design 

9. Regional Priority through a set of prerequisites and credits 

 

Companies developing products can prepare EPDs for their products which can be used in building and help 

the building to obtain points in any of the categories. One example is ABB’s cloud-based solution, which is 

developed with such aim. It is advertised that it can contribute to 6 of the LEED scheme’s mandatory 

prerequisites and to 9 of its credit categories, facilitating up to 36 of the 40 points needed to achieve LEED 

certification.32 Similarly previously mentioned company EPD for Gear motor for blinds and shutters [36] also 

deal with building automation.  

 

2.2.5.2 For electronics 

An example of another type of EPD is a PEP (Product Environmental Profile). For example a PEP registered 

under the PEP ecopassport® Program is a type III environmental declaration according to the ISO 14025 

standard. It is dedicated to electric, electronic and HVAC-R products. The PEP ecopassport® Program gives 

transparent and strict procedures allowing companies willing to register PEP declarations to provide reliable 

data in compliance with international standards. Rules that should be respected in order to comply with the 

Program include the Product Category Rules (PCR) of the PEP Ecopassport® Program, which have been 

 
30 https://www.niceforyou.com/en (Nice S.p.A. Website) 
31 https://www.usgbc.org/leed/v4 (About LEED) 
32https://new.abb.com/news/detail/67377/abbs-cloud-based-solution-is-smart-choice-for-green-buildings-pursuing-leed-

certification (About ABB’s smart solutions for buildings to reach LEED certification) 

https://www.niceforyou.com/en
https://www.usgbc.org/leed/v4
https://new.abb.com/news/detail/67377/abbs-cloud-based-solution-is-smart-choice-for-green-buildings-pursuing-leed-certification
https://new.abb.com/news/detail/67377/abbs-cloud-based-solution-is-smart-choice-for-green-buildings-pursuing-leed-certification
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reviewed by an external panel of recognized LCA experts (CSTB, Bureau Veritas, PWC, French Energy Agency 

ADEME), and the Editorial Policy. The PEP Ecopassport database contains 2343 entries (as of 10.02.2022).33 

 

Those documents give the following information: 

● the Life Cycle Assessment methodology (LCA), allowing the collection and analysis of the 

environmental data, based on validated scientific background. 

● the editorial policy, allowing the communication of these environmental data through a PEP declaration. 

The PEP declaration is created and edited on a voluntary basis by a company under its own 

responsibility. 

 

 

One of the companies that is using PEP Ecopassport (PEP-E) is Legrand (Home electrical infrastructure and 

electronics) which has 980 of the 2343 entries in the PEP-E database. An example is a PEP for UPS 

(uninterrupted power supply) Trimod High Efficiency34. The PEP contains information about: 

 

● Legrand’s environmental commitments; 

● Reference product description;  

● What materials and their amount are used in the product;  

● Manufacture information – where does the product come from;  

● Distribution – how far and by what methods the product is transported and how it is packed;  

● Installation – does it require special installations;  

● Use – what maintenance the product could require in its life time;  

● End of life – is dismantling made as easy as possible for better recycling; 

● Environmental impacts – what impacts are identified;  

● Selection of environmental impacts based on PCR 

● Final information on if the data was verified; who reviewed the PCR and what standards does the 

report align to.  

 

 

2.2.5.3 For other purposes 

 

Some companies are developing their in-house EPDs which have the same structure, but are not verified 

externally. This can save companies on costs and provide more flexibility to update their environmental 

performance declarations when developing new versions of their products. These reports could potentially not 

be usable for some of the certification but developing them ensures that companies can benchmark their own 

products and development.   

 
33 http://www.pep-ecopassport.org/create-a-pep/ (PEP Ecopassport) 
34 https://www.download.bticino.it/bticino/assetfile/93489.pdf (PEP example for UPS) 

http://www.pep-ecopassport.org/create-a-pep/
https://www.download.bticino.it/bticino/assetfile/93489.pdf
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3. PILLAR 3: QUALITY OF PRODUCTION  

3.1. Performance optimization principles 

3.1.1. Industry optimization  principles: LEAN, SIX SIGMA and DMAIC 

 

There are a number of optimization principles in industry. One of such principles is Lean. Lean manufacturing, 

lean production or often simply Lean, is a production practice that considers the expenditure of resources for 

any goal other than the creation of value to be wasteful and thus a target for elimination.35 

 

Manufacturing sectors and companies worldwide are successfully implementing lean principles within their 

processes. Nowadays, lean has become an indispensable part of global players. Recently, lean manufacturing 

has moved past the automotive industry and conquered almost all suitable industries worldwide. Insurance 

companies, hospitals, even governmental organisations continuously improve their processes using lean 

principles. 

 

In the electronics sector Lean principles also are being applied. The application of Lean allows building stronger 

processes that provide a much better output requiring less effort through eliminating defects, re-work, 

unnecessary handling and movements etc. This shortens the overall lead time and diminishes the cost of the 

products. 

 

 
Fig. 3.1. Benefits of Lean Manufacturing and Six Sigma DMAIC Principle. [37] 

 

New editions of Lean principles have resulted in such principles as Lean Six Sigma and DMAIC (Define, 

Measure, Analyze, Improve, Control). 

DMAIC is a data-driven quality 

strategy used to improve processes. 

Define the problem, improvement 

activity, opportunity for improvement, 

the project goals, and customer 

(internal and external) requirements. 

Measure process performance. 

Analyse the process to determine root 

causes of variation, poor performance 

(defects). Improve process 

performance by addressing and 

eliminating the root causes. Control 

the improved process and future 

process performance. 

Fig. 3.2. Five stages of DMAIC. [38] 

 
35 Lean manufacturing: The when, the where, the who. Available from: 
https://www.researchgate.net/publication/305373927_Lean_manufacturing_The_when_the_where_the_who  

https://www.researchgate.net/publication/305373927_Lean_manufacturing_The_when_the_where_the_who
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3.1.2. Combining Circular Economy with Lean 

While the concept of Circular Economy (CE) presents  a  great  potential,  there  remains  a challenge  for  its  

adaptation  in  the  existing  manufacturing  sector,  especially at SMEs level. The two concepts of Lean and 

CE, have a greater synergy to benefit the manufacturing sector. Given the common goals of the two concepts, 

their combination seems natural to complement each other and greatly benefit CE’s application to be realistic, 

smooth and easy. Therefore, the proposed framework combines the best of Lean and CE principles, 

characteristics and tools to develop a comprehensive framework for operations management in a systematic 

manner. 

 

 
Fig. 3.3. Interrelatedness of the Circular Economy and Lean Principles [39] 

 

The main conclusion regarding moving from Lean to CE is to maximise resource utility and conserving by 

minimising the usage of virgin materials and decreasing negative environmental impact.  

 

3.2. Workplace safety  

The most important regulatory enactments FOR OCCUPATIONAL SAFETY (there are no industry-

specific regulatory enactments): 

● OSH Framework Directive 

● Workplaces, equipment, signs, 

personal protective equipment 

● Chemical exposure and chemical 

safety 

● Physical hazards 

● Exposure to biological agents 

● Rules on workload, ergonomic and 

psychosocial risks

 

The OSH Framework Directive. COUNCIL DIRECTIVE of 12 June 1989 on the introduction of measures 

to encourage improvements in the safety and health of workers at work (89/391/EEC) 

 

This Directive in full content is related to any of the electronic companies. Here only a few of the main aspects 

are summarised.  

 

The object of this Directive is to introduce measures to encourage improvements in the safety and health of 

workers at work. The directive defines a worker, employer, workers' representative with specific responsibility 

for the safety and health of workers and that prevention is all the steps or measures taken or planned at all 

stages of work in the undertaking to prevent or reduce occupational risks. 

 

The main benefits of having strong strategy in safety36:  

● Improved productivity through less 

sickness absence 

● Cutting healthcare costs 

 
36 https://osha.europa.eu/en/themes/good-osh-is-good-for-business  

● Keeping older workers in employment 

● Stimulating more efficient working methods 

and technologies 

https://osha.europa.eu/en/themes/good-osh-is-good-for-business
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● Reducing the number of people who have 

to cut their hours to care for a family 

member

 

The main points of the Directive:  

● Employers are responsible to provide a safe environment for the workers including prevention of 

occupational risks and provision of information and training, as well as provision of the necessary 

organisation and means. 

 

3.2.1. General obligations on employers 

The employer shall implement the measures following general principles of prevention: 

(a) avoiding risks; 

(b) evaluating the risks which cannot be avoided; 

(c) combating the risks at source; 

(d) adapting the work to the individual, especially as regards the design of workplaces, the choice of work 

equipment and the choice of working and production methods, with a view, in particular, to alleviating 

monotonous work and work at a predetermined work- rate and to reducing their effect on health. 

(e) adapting to technical progress;  

(f) replacing the dangerous by the non-dangerous or the less dangerous; 

(g) developing a coherent overall prevention policy which covers technology, organisation of work, working 

conditions, social relationships and the influence of factors related to the working environment; 

(h) giving collective protective measures priority over individual protective measures; 

(i) giving appropriate instructions to the workers. 

 

● Measures related to safety, hygiene and health at work may in no circumstances involve the workers in 

financial cost. 

● evaluate the risks to the safety and health of workers, including in the choice of work equipment, the 

chemical substances or preparations used, and the fitting-out of work places 

3.2.1.1 Protective and preventive services 

Companies must have a worker designated to carry out activities related to protection and prevention of 

occupational risks.  

3.2.1.2 First aid, fire-fighting and evacuation of workers, serious and imminent danger 

The employer shall ensure necessary means for first aid, fire-fighting and evacuation of workers, adapted to the 

nature of the activities and the size of the undertaking and/ or establishment and taking into account other 

persons present. 

 

 

3.2.2. Workers obligations 

Take care as far as possible of their own and others’ safety and health according to the training provided. 

The General Product Safety Directive is an overarching directive which ensures that products are required to 

follow more specific directives, standards and other legislation.  
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The objectives of the General Product Safety Directive (GPSD) are to protect consumer health and safety and 

to ensure the proper functioning of the internal European market. The GPSD is there to ensure a high level of 

product safety throughout the EU for consumer products that are not covered by specific sector legislation, e.g. 

furniture, textiles, child use and care articles, bicycles, etc. The safety of consumers depends to a great extent 

also on effective enforcement of product safety requirements, therefore market surveillance and other 

enforcement activities are addressed in the GPSD.37 

 

3.2.3. Manufacturer and Distributor obligations 

Manufacturers are obliged to market products that comply with the general safety requirements. In addition, 

they must: 

● Provide consumers with the necessary information in order to assess a product’s inherent threat, 

particularly when this is not directly obvious; 

● Take the necessary measures to avoid such threats (e.g. withdraw products from the market, inform 

consumers, recall products which have already been supplied to consumers, etc.) 

 

Distributors are also obliged to: 

● Supply products that comply with the general safety requirements; 

● Monitor the safety of products on the market 

● Provide the necessary documents ensuring that the products can be traced. 

 

If the manufacturers or the distributors discover that a product is dangerous, they must notify the competent 

authorities and, if necessary, cooperate with them in order to avoid serious consequences. 

 

3.2.4. The value of OSH and the societal costs of work-related injuries and diseases 

Work-related occupational injuries, diseases and deaths result in high economic costs to individuals, employers, 

governments and society. It has been estimated that around 3.3% of Europe’s GDP is lost every year on 

expenditure resulting from these negative effects. However, this figure varies a lot between countries based on 

their industrial mix, legislative context and prevention incentives. For example in Finland it is closer to 2.9% 

while in Poland it is 10.2%, despite healthcare costs in Finland being much higher than in Poland. On average 

in Europe, there is around 3% losses due to disability resulting from work, which is expressed in disability 

adjusted life years (DALY). [40] 

 

 
Fig. 3.4. Disability adjusted life years (DALY). Source: Wiki Commons 

 
37 https://www.productip.com/regulations-explained/general-product-safety-directive (summary of General Product Safety 

Directive) 

https://www.productip.com/regulations-explained/general-product-safety-directive
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The injury case rate per 100.000 workers differs among countries – 2603 cases in Finland, 1201 in Netherlands, 

4338 cases for Poland, and 5602 cases in Italy. Each incident comes with an associated cost; therefore it should 

be in the interest of the company to minimise the possibility of such incidents. For example, in Poland on 

average, each incident costs the company 1681 EUR  while it is 6000 EUR in The Netherlands.  

 

3.2.5. Occupational safety and health in the mechanical and electrical engineering sector 

The International Labour Organisation (ILO) provides the following list of international standards that relate to 

workplace safety and a healthy workforce:  

 

● C155 - Occupational Safety and Health Convention, 1981 (No. 155)   

● R164 - Occupational Safety and Health Recommendation, 1981 (No. 164)   

● C187 - Promotional Framework for Occupational Safety and Health Convention, 2006 (No. 187)   

● R197 - Promotional Framework for Occupational Safety and Health Recommendation, 2006 (No. 

197)   

● C161 - Occupational Health Services Convention, 1985 (No. 161)   

● R171 - Occupational Health Services Recommendation, 1985 (No. 171)  

 

Further, the ILO also conducts continuous analysis and studies of the electronics sector in the main countries 

that export electronics to Europe. SMEs working in Europe and relying on imports from other countries should 

take into consideration the sustainability of suppliers and market developments there. Reports38 suggest that 

already now the companies in Asia are starting to struggle with a workforce to meet the demand since countries 

historically strong in manufacturing are developing new sectors -  the labour intensive sectors - are starting to 

lack the required workforce. Therefore SMEs should take into consideration supply chain management and look 

for sustainable suppliers that could cost more, but ensure responsible labour practices down the supply chain.  

 

3.2.6. Health hazards in electronics  

Health hazards in the electronics industry depend on the level of manufacturing. Semiconductor and printed 

circuit board (PCB) manufacturing involves more exotic and dangerous chemicals such as arsine, phosphine 

and silane which can self-combust in air and extremely aggressive acids and oxidisers. Similarly more health 

hazards can be found in low levels in manufacturing, for example indium exposure in panel display 

manufacturing [41]. In all cases, necessity of monitoring is required to keep the exposure below the 

recommended values. Consequently, it is the employers’ responsibility to analyse potential hazardous elements 

in the manufacturing and provide monitoring to ensure a safe environment and low expenditure due to lost 

workdays.  

 

Further down the manufacturing chain, more common hazards come from soldering. Use of lead has been a 

topic for decades. Life-cycle analyses of lead-free solders and lead alloys with other metals have resulted in the 

conclusion that lead use is better, from global warming and environmental pollution aspects, but worse in its 

health aspect. [42] 

 

As it was for worker safety, disability adjusted life years (DALY) quantification can be applied for different impact 

categories and substances. The impact of different substances, compounds, elements and materials can 

directly impact human health, or indirectly, for example, through global warming. The Life-cycle Impact 

Assessment (LCIA) method based on Endpoint modelling called "LIME" was developed (Fig. 3.5) to quantify 

 
38 https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---emp_ent/---multi/documents/publication/wcms_617068.pdf (More and 

Better Jobs through Socially Responsible Labour and Business Practices in the Electronics Sector of Viet Nam)  

https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_ILO_CODE:C155
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO:12100:P12100_INSTRUMENT_ID:312502:NO
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO:12100:P12100_INSTRUMENT_ID:312332:NO
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO:12100:P12100_INSTRUMENT_ID:312534:NO
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO:12100:P12100_INSTRUMENT_ID:312534:NO
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO:12100:P12100_INSTRUMENT_ID:312306:NO
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO:12100:P12100_INSTRUMENT_ID:312521:NO
https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---emp_ent/---multi/documents/publication/wcms_617068.pdf
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impact of different substances, and it allows expression in DALY/kg values. For example, 1.23x10-7
 life years 

will be lost due to every kg of CO2 emissions caused by the  climate crisis. On the other hand, it is around 

0.2x10-3 life years due to particulate emissions. Comparably, lead emissions in air, water and soil will result in 

0.03 life years lost for every kg – showing that lead has hundreds of thousand times higher impact per kg on 

human health. This allows to put in perspective different types of emissions any company might produce and 

why lead is banned in solders. [42] 

 
Fig. 3.5. Conceptual figure of Life-Cycle Impact Assessment (LCIA) Method based on Endpoint modelling 

called "LIME"  

 

For any potential health hazard, the employer is responsible to provide safety measures. For example, related 

to soldering, a guide on controlling airborne contaminants at work can be used to prepare the workplace [43]. It 

is in employers’ interest to inform workers of potential health problems if they do not follow the safety guidelines. 

For airborne contaminants local exhaust ventilation (LEV) can be used. However, before investing in LEV, the 

following measures should be evaluated: 

 

● eliminate the source;  

● substitute the material being used by 

something safer;  

● reduce the size of the source;  

● modify the process to reduce the 

frequency or duration of emission;  

● reduce the number of employees 

involved with a process;  

● apply simple controls to fully or partly 

enclose the process, eg fitting lids to 

equipment.

 

Health check-ups are another aspect of work safety that can be used but should involve checking of health 

aspects that are related with the work risk. For example, workers exposed to airborne contaminants contract 

occupational lung diseases such as occupational asthma and chronic obstructive pulmonary disease, leading 

to death and illness and employers losing the most experienced workers.   

 



 

85 

 

Survey results show that a large number of workers come into contact with chemical or biological substances 

in the form of liquids, fumes or dust in the work environment (41% in Latvia, 45% in Estonia, 36% in Lithuania, 

44% in Germany, 46% in Finland). While pollution-type hazards are being monitored in an increasing share of 

companies, stress-related problems are not in focus. A lot of companies still don’t have action plans to prevent 

work-related stress (76% in Latvia, 86% in Estonia, 76% in Lithuania, 74% in Germany) while some countries 

are starting to put more serious attention to stress (43% in Finland, 28% in Sweden don’t have such plans). [44] 

 

Directive 2009/104/EC of the European Parliament and of the Council of 16 September 2009 concerning 

the minimum safety and health requirements for the use of work equipment by workers at work: 

  

❑ Regulations for work equipment 

❑ Checking the work equipment 

❑ The employer ensures that the work equipment has undergone an initial test in line with the individual 

national legal regulations before the initial operation and after every new installation. The Member 

States define the modalities for these checks.  

❑ Specifically hazardous work equipment 

❑ Ergonomics and health protection in the workplace 

❑ Informing workers 

❑ Training of workers 

❑ Consultation and involvement of the worker 

 

Practical steps for implementing working safety requirements and measures:  

 

• Risk assessment: 

• Chemical substances or materials are used during production processes – toxicity, explosion risks;  

• Technological risks involving electricity, heat energy, cooling and freezing; 

• Risks involving mechanical hazard (machinery with moving parts, pressure, etc.) 

 

Risks related with other technological processes – storage, handling, transportation;   

 

Unsurprisingly it has been confirmed that actions which increase the safety – training and supervision; safe 

work procedures; consultations; reporting safety and management commitment – correlate with reduced 

number of injuries [45]. There are a number of factors that increase workplace safety [46]. Ones with the highest 

importance are placed first within each factor.    

 

Factor 1: Safety commitment and communication 

1 Workers were given sufficient feedback regarding safety proposals 

2 In my workplace managers/supervisors show an interest in safety issues 

3 Workers were able to openly discuss safety problems with supervisors or managers 

4 Management allocated sufficient resources to health and safety 

5 People who work safely are respected by their managers/workmates 

6 Management looked for underlying factors that contributed to safety incidents rather than blame the 

people involved 

7 Management acts decisively and quickly when a safety concern is raised 

8 The company shows interest in my views on health and safety 
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9 I always get the equipment I need to do the job safely 

10 Changes in working procedures and environment and their effects on safety are effectively communicated 

to workers 

11 The company really cares about the health and safety of the people who work here 

12 Safety and health information (outcome of OHS meetings, causes of accidents/incidents, …) is effectively 

disseminated to all appropriate personnel 

13 Workers were consulted about health and safety issues 

14 On my unit, senior level management gets personally involved in safety activities 

15 I can influence health and safety performance here 

16 Management had a good understanding of operational issues that impacted on work safety 

 

Factor 2: Safety involvement and training 

17 I get involved when health and safety procedures/instructions/rules are developed or reviewed 

18 I received related training when new procedures or equipment were introduced 

19 I am strongly encouraged to report unsafe conditions 

20 People here are consulted to establish their training needs 

21 Safety training was received at regular intervals to refresh and update knowledge 

22 The company encourages suggestions on how to improve health and safety 

23 Company training provided adequate skills and experience to carry out operations safely 

24 Accident investigations aim at finding causes of accidents rather than blaming individuals 

 

Factor 3: Positive safety practices 

25 There are always enough people available to get the job done safely 

26 I generally feel challenged and motivated by my work tasks 

27 My work site is often safe 

28 My Workload is reasonably balanced 

29 The company would stop us working due to safety concerns, even if it meant losing money 

30 I receive appropriate feedback about my performance 

31 The regulatory requirements on health and safety are performed in my workplace 

32 My supervisor always has control over safety rule violations 

 

Factor 4: Safety competency 

33 I am clear about what my responsibilities are for health and safety 

34 I fully understand the health and safety risks associated with the work for which I am responsible 
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35 I fully understand the health and safety procedures/instructions/rules associated with my job 

 

Factor 5: Safety procedures 

36 Some health and safety procedures/instructions/rules need to be followed to get the job done safely 

37 Safety is the number one priority in my mind when completing a job 

38 Most of the health and safety procedures/instructions/rules reflect how the job is now done 

39 Procedures are written in clear unambiguous language appropriate to the needs of the user 

 

Factor 6: Accountability and responsibility 

40 My workmates would react strongly against people who break health and safety 

procedures/instructions/rules 

41 The written safety rules and instructions are easy for people to understand and implement 

42 Co-workers often give tips to each other on how to work safely 

 

Factor 7: Supportive environments 

43 In my company safety considerations are equally as important as production 

44 The rules always describe the safest way of working 

45 Safety information is always brought to my attention by my line manager/supervisor 

3.2.7. Chemical storage and handling 

Storage and handling of dangerous chemicals must always comply with the relevant laws and decrees. The 

production plant is responsible for following the statutes. The purpose of the legislation is to prevent accidents 

caused by chemicals and limit their consequences for people, property and the environment.  

 

The obligations of the operator related to the storage of chemicals depend on the amounts and hazards of the 

chemicals. Hazardous chemicals are chemicals that involve a risk of fire or explosion and chemicals that are 

harmful to health or the environment. A distinction between large-scale and small-scale industrial handling and 

storage of chemicals is made. (Työterveyslaitos 2022b) It is important to know firstly in detail the type of 

chemical to be stored, in order to adapt the characteristics of the warehouse and the storage system. (Ar 

Racking 2022) 

3.2.7.1 Hazard properties of chemicals and safety data sheet 

Determine the hazardous properties of the chemicals you use from the packaging labelling and safety data 

sheets of the chemicals. The supplier of a chemical is obligated to provide their client with a safety data sheet. 

(Työterveyslaitos 2022b) It is advisable to check with manufacturers every 12 months for any changes to safety 

data sheets in your inventory. 

 

A compliant SDS (the old name material safety data sheets, MSDS) should have the following in the United 

Kingdom, EU and America. (EcoOnline 2021) 

· Sixteen sections 

https://www.ar-racking.com/en/news-and-blog/storage-solutions/quality-and-security/main-areas-of-a-warehouse


 

88 

 

· Classified and labelled under GHS/CLP 

· In the language of the market where the product is being positioned 

 

The safety data sheet may also include an exposure scenario and registration numbers where appropriate, in 

which case the safety data sheet is called an extended safety data sheet (eSDS). (EcoOnline 2021).  

 

The safety data sheet as per the guidelines from REACH must contain the following 16 sections.  

 

For example, one page of safety data sheet. (OshWiki 2017) 

 

 

 

The most important sections are marked red (1,2,3,4,7,8,15).  
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Section 1. This includes the contact details of the supplier, (Product name, company name, address, 

phone number in the case of an emergency and person responsible. . (EcoOnline 2021) 

 

Section 2- HAZARDS IDENTIFICATION 

 

Provides an overview of the physical and health hazard risks associated with using the chemical.  Section 2 of 

your product SDS aims to provide you with an overview of the particular hazards associated with your chemical 

and the information required on the product label. . (EcoOnline 2021) 

 

The CLP Regulations in Europe subdivide this into further subs: 

The hazard classification of the product 

● Signal word 

● Pictograms 

● Hazard statement(s) 

● Precautionary statements 

● Description of any hazards not otherwise 

classified 

● Additional requirements as outlined by 

specific legislation.  (EcoOnline 2021)

The hazard classification is usually the first item you will find in section 2. This information is essential when 

assessing the risk to the employees and the environment. The CLP Regulation introduces a number of different 

classification hazards under the groups; physical, health and environmental. These hazards can range from 

acute toxicity to environmental hazards to skin sensitisation. (EcoOnline 2021) 

 

 
 

Section 3: COMPOSITION/INFORMATION ON INGREDIENTS This includes the formula, formula weight, 

concentration and CAS Number. (EcoOnline 2021) 

 

Section 4: FIRST AID MEASURES Tells you what to do if a hazardous situation occurs. (EcoOnline 2021) 

 

Section 5: FIRE FIGHTING MEASURES If a chemical causes a fire understand PPE needed and method of 

extinguishing best to tackle the fire. (EcoOnline 2021) 

 

Section 6: ACCIDENTAL RELEASE MEASURES: Appropriate response to spills, leaks, or releases are 

outlined in this, including containment and clean-up practices to prevent or minimize exposure to people, 

properties, or the environment. Each chemical will need to have specific information on how best to handle it. 

Plus, it will vary depending on quantity, hazard etc. (EcoOnline 2021) 

 

Section 7: HANDLING & STORAGE Here you'll find special storage and usage tips to avoid accidents and 

improve safety. (EcoOnline 2021) 

Section 8: EXPOSURE CONTROLS/PERSONAL PROTECTION This provides information on personal 

protective equipment, such as goggles and gloves. (EcoOnline 2021) 

 

Section 9: PHYSICAL AND CHEMICAL PROPERTIES This outlines the physical and chemical properties 

associated with the substance or mixture. (EcoOnline 2021) 
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Section 10: STABILITY AND REACTIVITY It outlines the hazardous reactions that may occur if the chemical 

is used under certain conditions. It is subdivided into 3 areas: reactivity, chemical stability and other. (EcoOnline 

2021) 

 

Section 11: TOXICOLOGICAL INFORMATION A detailed description on how the material may harm or injure 

you. This includes routes of exposure, related symptoms, acute and chronic effects and numerical measures of 

toxicity. (EcoOnline 2021) 

 

Section 12: ECOLOGICAL INFORMATION It outlines the potential impact the chemical may have if it were 

released into the environment. (EcoOnline 2021) 

 

Section 13: DISPOSAL CONSIDERATIONS It outlines how the chemical should be disposed of and handled 

and reviewed in terms of recycling containers exposed to the chemical. Reviewing section 8 is important before 

undertaking any procedures for disposal. (EcoOnline 2021) 

 

Section 14: TRANSPORT INFORMATION If you are transporting the chemicals by road, air, rail, or sea you 

must evaluate the transport detail. 

 

Section 15: REGULATORY INFORMATION It identifies the chemical legislation EU/National in relation to the 

specific chemical product. (EcoOnline 2021) 

 

Section 16: OTHER INFORMATION: This gives any other information relevant to the chemical e.g. training 

advice, full text of hazard statements, preparation or revisions of the SDS, any other information. (EcoOnline 

2021) 

 

Chemical Classification 

 

Chemicals can be classified in several ways, differentiating between organic and inorganic chemicals 

depending on whether their composition is based on “carbon” or not. The classic differentiation can also be 

made by their state of aggregation between solid, liquid and gaseous, which will have an implication on 

the volume and weight of the product to be stored. (Ar Racking 2022) 

 

The main way to list the chemicals to be stored by types is as follows (Ar Racking 2022): 

● Flammable liquids 

● Acids 

● Compressed gases 

● Hazardous volatile substances 

● Hazardous non-volatile liquid substances 

● Liquid bases 

● Liquid oxidants 
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When installing industrial racking where 

chemicals are going to be stored, the chemical 

compatibility of the products must be carefully 

known. Chemical compatibility indicates the 

degree to which a chemical can have contact with 

another without causing corrosion or negative 

changes in its characteristics. (Ar Racking 2022) 

Chemicals are also classified by their hazard 

level, with each one accompanied by a special 

type of label for differentiation in every phase of 

the supply chain: Explosive, Oxidising, 

Flammable, Toxic, Harmful, Corrosive, Irritant, 

Sensitising, Carcinogenic and Mutagenic. (Ar 

Racking 2022) 

 

When categorising, organising and planning the storage of chemicals in a warehouse, the information 

provided in REACH regulation (EC) No 1907/2006 (latest update 27/04/2021) concerning the registration, 

evaluation, authorisation and restriction of chemicals must be referred to. (Ar Racking 2022) 

 

The guidelines indicated in the Regulation on the Storage of Chemicals (RAPQ), whose objective is to establish 

the necessary safety conditions of storage, loading, unloading and transfer facilities of hazardous chemicals, 

must also be followed. (Ar Racking 2022) 

https://www.ar-racking.com/en/storage-systems/industrial-racking
https://echa.europa.eu/es/regulations/reach/legislation
https://www.boe.es/buscar/pdf/2017/BOE-A-2017-8755-consolidado.pdf
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This chart outlines what 

each pictogram means 

and the associated 

hazard. How do we know 

which chemicals are 

dangerous and which 

chemicals are not? This 

information is attained in 

the classification system. 

As you may be aware, in 

2015 the classification 

system for chemicals 

changed from the old 

CPL/CHIP to the new 

CLP Regulations which 

is part of the Globally 

Harmonised System of 

classification. As the 

name outlines the aim is 

to have a unified system 

used worldwide to give a 

common understanding. 

The old-style 

orange/yellow square 

symbols have been 

replaced by red bordered 

diamond pictograms. 

(EcoOnline 2021) 

 

CLP Label Elements, Further information can be found on the European Chemicals Agency 

website. (EcoOnline 2021) 

3.2.7.2 Safe handling of chemicals 

The safe and proper storage of chemicals should be planned when plans for the premises are prepared. Pay 

attention to all of the hazardous properties of the chemicals, such as flammability, oxidisation, toxicity, etc. 

(Työterveyslaitos 2022b). It is important to store incompatible chemicals separate from each other. More 

information about the compatibility of chemicals can be found in the safety data sheets and countries own 

Chemicals Agency, like in Finland the Finnish Chemicals Agency Safety manual Vaarallisten kemikaalien 

varastointi (in Finnish). 

 

Written instructions on how to safely handle the chemicals must be prepared. No hazardous chemicals without 

hazard labels or safety data sheets must be used at the workplace. (Työterveyslaitos 2022b)  

 

3.2.7.3 Chemical storage 

The storage concept represents an overall view of all storage safety aspects. It is used to detect potential safety-

related deficiencies and can be used as a basis for the approval and licensing procedures. (Issa 2012) 

 

https://echa.europa.eu/
https://echa.europa.eu/
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Concerning legal requirements, chemical storage falls within the scope of three legislative and regulatory 

frameworks (OshWiki 2017): 

 

● workers’ health and safety; 

● protection of the general public; 

● environmental protection. 

 

It includes: a description of local conditions and surroundings, the characterization of storage room construction 

including the fire protection concept, the technical and organisational measures, the definition of zones for 

potentially explosive atmospheres or the reference to the explosion protection document, the type of storage 

and the definition of the types of containers to be stored, properties, quantities and storage classes of chemicals 

to be stored. (Issa 2012) 

 

Source of information  

 

The main information sources for risk assessment for the storage of chemicals are: labelling, the actual version 

of the safety data sheet, supplementary information from the manufacturer, publications and databases of 

prevention institutes and organisations and relevant literature. A major information source for the risk 

assessment is the safety data sheet (SDS) in its up-to-date version. The SDS must be provided to the user by 

the chemical supplier upon simple request. Further information can be collected from chemical suppliers and 

prevention institutes or organisations. (OshWiki 2017) 

 

It is important to note that both requirement analysis and risk assessment need to be repeated on a regular 

basis and whenever a change is introduced in the storage facility or following any abnormal occurrence 

(incident, accident, health issue). As a result, new preventive measures may have to be defined. (OshWiki 2017) 

 

Risk Assessment 

The aim of the risk assessment is to identify all risks for people and the environment. Derived from these risks, 

the necessary protective measures are defined. The documentation of the risk assessment can be integrated 

in the storage concept.  

 

Beside hazardous properties of chemicals, the assessment should also take into account: 

● chemical interactions; 

● storage systems; 

● delivery and removal; 

● traffic and transport of chemicals inside 

the facility; 

● any other activities carried out in or 

close to the facility; 

● emergency response. (OshWiki 2017)

 

Work processes and operating conditions to be considered  

 

As part of the risk assessment for the storage of chemicals the following points should be considered: Delivery 

and shipping, placing in stock, removing goods from stock, Storage, Transportation inside the storage facilities 

and Removing of released chemicals. If possible, store chemicals in the original container. If you transfer the 

chemical to another container, you make mixtures or dilutions, warning labels should also be transferred to 

these containers. (Issa 2012) 

 

Uncleaned empty containers and partially empty containers require special attention, as for instance, explosive 

air-gas mixtures can be formed when flammable liquids are within these containers. These vessels have 

therefore to be treated as if they were full, but should be stored separately from other containers and clearly 

labelled. If chemicals are being filled and transferred, the storage room becomes a work area. Therefore it has 

to fulfil the respective requirements. Depending on the type of chemicals additional measures are required. (Issa 

2012) 
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3.2.7.4 Difficulties and risks of the storage of chemicals 

As shown, there are many variables to consider in the storage of chemicals and implementing this process is 

quite different to that of a conventional warehouse. Before analysing how to do so, the main difficulties that 

arise in the safe storage of chemicals should be considered (Ar Racking 2022): 

o The greater the variety and quantity of chemicals stored, the greater the warehouse risk and 

therefore the stricter the safety measures should be. 

o Ventilation, air-conditioning, lighting: To prevent the accumulation of hazardous vapours, the 

storage facility must be ventilated, with the air renewal rate adapted to the stored chemicals and the 

activities carried out in the facility. Air inlet and outlet should be placed so as to avoid any ‘dead’ zone. 

(OSH Wiki, 2017) Moreover, if frost or heat can damage products and packaging, air conditioning must 

be foreseen in the facility. Information on temperature sensitivity can be found in the chemicals safety 

data sheet (SDS) under heading 7 ‘Handling and storage’. (OSH Wiki, 2017) 

o Warehouse/Storage operations will be more difficult because more hygienic conditions and special 

personal protective equipment (PPE) will be necessary. (Ar Racking 2022) 

o Intensive training must be provided to the entire team of warehouse/storage workers on chemicals, 

safety and prevention of occupational hazards. (Ar Racking 2022) 

o Storing chemicals for long periods will pose an added risk to the installation, so inventory control will 

be a priority task. (Ar Racking 2022) 

o If the established safety measures are not observed, the risk of explosion or decomposition of the 

chemicals is high. (Ar Racking 2022) 

o Particular attention must be paid to the maximum load of racks and cabinets (to be clearly indicated on 

these). The mechanical resistance of the storage systems must be adapted to the stored goods. In 

addition, the storage system configuration must prevent any tilting of the containers. (OSH Wiki, 2017) 

o The inspection and maintenance of the unit loads, drums and containers that contain the chemical 

products are very important since they can degrade over a long storage period. (Ar Racking 2022) 

 

Furthermore, it must be easy to place and remove the chemicals from storage. Therefore, suitable handling 

equipment must be made available, as necessary. (OSH Wiki, 2017) 

 
(Issa 2012) 

 

Any leakage or spill must be contained, so that it does not mix with other chemicals or reach the sewers. The 

type and capacity of the spillage receiver will depend on the nature and volume of the stored chemicals. Suitable 

absorbents (neutralising or incombustible) should be readily available in case of small leakages; information on 

https://www.ar-racking.com/es/actualidad/blog-soluciones-almacenaje/calidad-y-seguridad/almacenes-riesgos-y-medidas-de-prevencion-de-las-estanterias-industriales
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such absorbents can be found under heading 6 ‘Accidental release measures’ of the safety data sheet (SDS). 

(OshWiki 2017) 

 

In the event of a fire, quenching water must also not be allowed to reach the sewers. The installation of a specific 

drain system is therefore recommended. (OSH Wiki, 2017) 

3.2.7.5 How to store chemicals in a warehouse racking  

Once the types of chemicals to be stored are known and the risks inherent in the storage of these types of 

goods considered, we focus on the process to follow to design the warehouse and the appropriate storage 

systems for chemicals. The main solutions for storing chemicals with maximum safety are: (Ar Racking 2022) 

 

Limiting the stock level of chemicals 

 

Stock levels of chemicals must be kept as low as possible in the warehouse, since the more product 

stored in the same space the much greater the danger. To try to reduce the thermal and chemical load of the 

storage space, industrial racking systems should be installed that enable efficient product rotation, that allow 

each load unit to be stored for short periods of time and that increase order frequency. (Ar Racking 2022) 

 

As far as possible, the stored stocks have to be demand-driven and the oldest product the first to be used (First 

In First Out policy). (Issa 2012) 

 

Design of a warehouse layout by sections 

 

The design of the layout of the warehouse is always a key task in a company’s logistics operation. For 

companies that store chemicals this stage is critical. The layout of these warehouses should be designed 

with divisions in different s depending on the type of chemical to be stored. (Ar Racking 2022) 

If the chemicals are not compatible, these sections must be tight against each other, isolating the different types 

of chemicals at all stages of the supply chain. These sections, still forming part of the warehouse itself, will have 

an independent working with different operations and specific safety measures. It will also be necessary 

to isolate those more hazardous and toxic chemicals from the rest of the goods. (Ar Racking 2022) 

 

Priority to inventory management and maintenance 

 

Stock management control in chemical warehouses must be intense and detailed, since any stock error can 

have serious consequences. It is necessary to keep regularly up-to-date the inventory data of the goods, 

the traceability of the product from its origin to its future destination, monitoring reception dates and scheduled 

dispatch dates avoiding long storage periods. To ensure simple stock management, correct product labelling is 

essential. Each unit load must indicate on the label its hazard classification and other logistical information. (Ar 

Racking 2022) 

 

Regular maintenance controls of the storage systems and the loads will also be necessary to check, in 

addition to the industrial racking, the condition of the unit loads or containers that contain the chemical 

substances to check their safety and prevent their deterioration. (Ar Racking 2022) 

 

Complete prevention and emergency plan 

 

In addition to the above points, a complete risk prevention and emergency plan must be developed to 

achieve an optimum safety level in chemical warehouses. (Ar Racking 2022) 

 

https://www.ar-racking.com/en/news-and-blog/storage-solutions/quality-and-security/layout-and-design-of-a-warehouse-key-factors-and-objectives
https://www.ar-racking.com/en/news-and-blog/storage-solutions/quality-and-security/stock-or-inventory-management-in-a-warehouse
https://www.ar-racking.com/en/news-and-blog/storage-solutions/quality-and-security/what-is-product-traceability-applied-to-pallet-racking-systems
https://www.ar-racking.com/en/news-and-blog/storage-solutions/quality-and-security/maintenance-and-replacement-of-industrial-racking-components
https://www.ar-racking.com/en/news-and-blog/storage-solutions/quality-and-security/warehouse-safety-7-key-points-to-consider-2
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Finally, in event of an accident, workers must react quickly and in an appropriate way. The employer must 

therefore draw up emergency procedures, install emergency and first aid equipment as necessary, and inform 

and train workers accordingly. (OshWiki 2017) 

 

On top of safety training, evacuation drills must be organised regularly and first-aiders must be named and 

trained. (OshWiki 2017) 

 

Emergency procedures include: 

- actions to be taken in case of a chemical 

accident; 

- use of alarm systems; 

- emergency call numbers; 

- names of contact persons; 

- evacuation instructions; 

- first aid measures. (OshWiki 2017)

 

Workers must receive training on chemicals and the different 

protocols to be followed inside the warehouse. 

Furthermore, the emergency plan in case of accident must be 

known and correctly indicated inside the facility. The access of 

people and vehicles that do not know these plans must be 

controlled. (Ar Racking 2022) 

 

Emergency routes must be kept clear and clean, without any 

unit loads or parked vehicles stationed on them that could hinder 

a rapid evacuation. (Ar Racking 2022) 

 

Furthermore, when a number of different chemicals are stored, it 

is recommended to establish an inventory of all stored products as 

well as a storage plan, to keep them up to date and to have them 

readily available in case of an accident. These records should inform about the products, their quantities and 

their location in the storage facility and therefore avoid that the emergency and rescue teams expose 

themselves to additional risks during their intervention. Then, regular consultation with the local fire and rescue 

authorities will help them action the appropriate response in case of emergency. ((OshWiki 2017) 

 

A manual on the industrial storage and handling of chemicals is available on the Finnish Safety and Chemicals 

Agency website. (TYÖTERVEYSLAITOS, 2022b) 

Key safety principles related to low handling and storage, eg in SMEs and laboratories. 

1. Estimate the amounts of chemicals to be stored and pay attention to storage limits, i.e., the amount 

of chemicals that can be stored in the premises. Pay attention to chemical waste and the 

appropriate disposal of chemical waste. 

2. Plan the storage location of the chemicals. Keep the storage, production and social areas separate 

from each other.  

3. Plan and ensure that the required safety precautions are taken, such as alarm systems and 

ventilation. 

4. Prepare for accidents, determine the locations of passageways and emergency access routes, 

access restrictions and the quality, number and location of firefighting, rescue and first aid 

equipment. Prepare a rescue plan 

5. Plan the maintenance and cleaning of the storage area and appoint a person in charge of the 

storage 

6. Provide cleaners, maintenance workers and other similar persons with training related to 

hazardous chemicals in their work. 

7. Laboratory chemicals must be stored in ventilated premises specifically designed for them, such as 

fume hoods or cabinets equipped with local exhaust units  

Checklist: (TYÖTERVEYSLAITOS, 2022b) 
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❑ Are the information and amounts of the stored chemicals up to date?? 

❑ Are the list of chemicals and safety data sheets up to date? 

❑ Are the chemical tanks and containers as well as chemical waste labelled appropriately? 

❑ If a chemical has been moved from a bigger container to a smaller container, has it been ensured 

that all containers are labelled with the required information (chemical name, warning label, hazard 

and precautionary statements)? 

❑ Have the employees been provided with training and instructions on how to use and handle the 

chemicals safely and how to act in the event of an accident? 

❑ Is the workplace equipped with the required personal protective equipment and first aid equipment 

and does everybody know how to use them? 

❑ Do the emergency services authority have up-to-date information about the chemical storage 

areas, their locations, the chemicals stored in them and the respective amounts? 

❑ Is the first aid fire extinguishing equipment appropriate for the stored chemicals? 

❑ Has a rescue plan been prepared and kept up to date? 

6 OBLIGATION RELATED TO WORKPLACE MANAGEMENT OF HAZARDOUS CHEMICALS (EcoOnline, 

2022b) 

Obligation 1: Hazardous chemicals must have Safety Data Sheets 

Obligation 2: Safety data sheets must be kept up to date 

Obligation 3: The employer must carry out a risk assessment of the chemicals 

Obligation 4: Employees must have access to information and be instructed in safe use 

Obligation 5: Data must be kept for ten years after the end of the use of the chemical 

Obligation 6: Assess whether hazardous chemicals can be substituted  
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4. PILLAR 4: NEW CIRCULAR BUSINESS MODELS 

 

The fourth pillar mainly covers the 4 new circular business models in terms of the electronics consumption and 

its lifetime, waste and recycling procedures, including the aspects of growing needs for electronics and its 

challenges, rationale marketing, marketing methods and tools, marketing framework and sustainability, efficient 

and effective marketing of electronics, and different practices. Environmental dimensions of supply chain, 

product life cycle, key social impacts of electronic production and Wee-recycling. And policies and actions are 

being taken in order to reduce the negative impacts of it. 

 

4.1. Quality Management in Electronics Product Development  

Modern quality management systems (QMS) evolved from a simple inspection function within the production 

unit at the beginning of the 20th century to a separate but essential work unit in the 1920s and 1930s. The 

concept of total quality control (TQC), which emerged in the 1960s, improved the QMS by enabling 

organisations to review product design regularly, to analyse in-process results, and to plan for quality control 

activities. The introduction of the total quality management (TQM) philosophy and ISO 9000 in the 1980s further 

influenced the development of QMS in modern manufacturing organisations, resulting in not only a 

comprehensive set of quality management theories, tools and techniques, but also some basic requirements 

for quality systems (A.C.L Yeung et al. 2003). 

 

Why should manufacturers care about quality control? 

 

Electronic quality control is a fundamental part of the production line. It dictates the factory output quality. Quality 

Control matters because: 

● It largely determines the lifespan of operation of manufactured products. This allows companies to know 

how long their products will remain functional to their end users so that they can offer protection in the 

form of warranties. Failure of their products before the expected lifetime can be costly. Quality control 

ensures that end-users continue to use the product during the guaranteed lifetime.  

● It prevents costly product failures. When companies suffer issues with their produced products, it affects 

them with a significant loss in consumer trust and brand reputation, which emphasises the need for 

improved quality control methods in the company. 

● According to government regulations, it is often mandatory. Industries such as automotive and medical 

often have strict requirements for quality control, as someone’s life may be dependent or  highly affected 

on the product output. 

 

What are some methods of quality control in production? 

 

Components - Electronics depend on circuit boards, which themselves are made up of tiny components. 

Potential issues companies may face include selecting the right components and accurately attaching them to 

the appropriate boards. 

 

In terms of procurement, companies want to ensure that they still have a steady supply during times of supplier 

shortage. There’s also the need to avoid counterfeit parts. Management responds to these risks by verifying the 

availability of components beforehand and only choosing reputable suppliers. 

 

Data - The assembly of equipment relies heavily on precise data. Data is necessary for executing risk analysis 

and tracking down errors in the production line. This data must be traceable throughout the organisation, and 

some industries even have regulations for it. 
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If no other standard is specified, the electronics industry often recommends the ISO 9001 Quality Management 

System standard. 

 

Processes - Standards can also include performance classifications, such as IPC-6011 Generic Performance 

Specification for Printed Boards. This code classifies electronic products into 3 classes, each specifying a 

certain limit on the number of errors in the production. 

 

Other useful standards are J-STD-001 (Requirements for Soldered Electrical and Electronic Assemblies) and 

IPC 610-A (Acceptability of Electronic Assemblies), which offer guidelines for the assembly process. 

 

Steps toward a quality control initiative - Quality control in electronics manufacturing is clearly an important part 

of any assembly line. Company’s business’s quality assurance plan must include the following critical 

processes. 

 

Risk management - By reducing the instance of setbacks, companies can minimise losses in electronics 

manufacturing. Risk management also involves delivering on time and meeting deadlines properly. This way, 

companies are able to reduce liabilities and resolve issues before they can impact the rest of the process. 

 

Certified engineers - The success of quality control initiatives relies on the staff that work for it. Hiring 

experienced engineers with the right skills and knowledge is a vital step. 

 

Keep in mind that some engineers work for multiple companies. For instance, an engineer may perform quality 

assurance on PCBs for one business and handle a different task for another. 

 

Certifications - While more of an added bonus rather than an essential step, quality certifications can fill the 

gaps that most quality control practises overlook. Certifications aim to address equipment quality and the skills 

of the workers. 

 

These can be a boost for branding, as it raises the reputation of the manufacturer. Clients will likely be impressed 

too since it acts much like a service guarantee. 

 

IPC Inspections - The IPC, a trade association designed to standardise electronics manufacturing, acts as the 

initial line of QA for many organisations. This official group defines the acceptance quality level (AQL) of an 

electronic component and rejects parts that produce too many defective units. 

 

There are 3 main classes involved that determine how reliable a part is. Class 1 is mainly for general items like 

remote controls, whereas Class 3 is reserved for heavy duty products that are meant to last. Class 2 can be 

thought of as an intermediary. 

 

First Article Approval - A common practice is the First Article Approval, where the plant builds a batch of 

products and puts the first unit off the production line through a stringent Quality Control process. If the test 

passes, then the entire batch continues to mass production. 

 

While First Article Approval is not the end of the story, it does jumpstart production and lead the way for other 

quality control related tasks. 

 

Traceability - Finally, having a traceability system in place helps make sure products come out safe and 

reliable, especially when companies order components from overseas or rely heavily on human-operated 

activities. 

Predictive Analytics: The solution for electronic quality control - Automation has found its way into many 

aspects of modern business, and electronics manufacturing is no exception. 
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Electronics manufacturing is no exception. 

 

Electronics manufacturing software is now available to automate many steps off the process, ensuring full 

visibility into the quality control aspects of any production line. 

 

https://www.sciencedirect.com/science/article/pii/S0272696302000207 - An empirical taxonomy for quality 

management systems 

https://www.vanti-analytics.com/top-quality-control-methods-in-electronics-manufacturing/ - Top Quality 

Control Methods in Electronics Manufacturing 

 

4.2. Marketing Eco-Sustainable Electronics Products 

Eco-marketing, or green marketing, is a trend in business where companies create an image of themselves as 

an environmentally friendly organisation. Nowadays people and nations have become more concerned about 

protection of the environment and a new format of business has emerged as Green Business. Green marketing 

is a tool used by many companies. Eco-friendly products and processes providing customer value, while using 

less resources and resulting in reduced environmental impacts, are therefore of great importance. 

 

The electronics industry is facing a novel challenge: how to balance dwindling supplies with rising volumes of 

electronic waste. Overcoming the challenge calls for new, sustainable approaches. 

 

The digitalisation of the industrial sector and the growing volume of digital services are increasing demand for 

electronics. The global consumption of electronics is forecast to double by 2050. The volume of electronic waste 

is growing at a rate of 6.5% every year, and only 20% of the waste is recycled efficiently. The status quo fights 

against the EU’s targets: the EU aims to be carbon-neutral by 2050, for Finland by 2035. The European 

Commission's Circular Economy Action Plan identifies electronics and ICT as one of the key value chains. As 

a result, we need to find the balance between the growing needs, resources scarcity and environmental targets. 

 

In order to have Effective and Efficient Marketing these five solutions could revolutionise the industry:  

 

1. Ecodesign 

Environmental targets need to be incorporated into the design process and technical specifications for products 

throughout their lifecycle. The objectives of ecodesign include, among others, energy efficiency, material 

efficiency, flexible and long product life cycles and the recyclability of materials. Products need to be designed 

in a way that allows each component to be separated at any stage of the process and used as secondary 

materials. The EU Ecodesign Directive  establishes general and category-based minimum requirements for 

products, but ecodesign can also have a broader aim of sustainable lifecycle management. One way towards 

waste-free circulation is to use secondary raw materials in new industrial ecosystems. 

 

2. Sustainable choices of raw materials 

 

The electronics industry needs to start using more and more raw materials that are based on renewable natural 

resources. One good example are cellulosic materials such as paper and nanocellulose,which have already 

successfully been used as platforms for printed electronics.Nanocellulose could potentially replace PET films in 

electronic products or FR4 in circuit boards, as it can be practically just as durable. Nanocellulose can be made 

into considerably thinner films, using less material. Fibre-based nanocellulose is made of renewable natural 

resources and fully biodegradable. 

 

https://www.sciencedirect.com/science/article/pii/S0272696302000207
https://www.vanti-analytics.com/top-quality-control-methods-in-electronics-manufacturing/
https://www.vttresearch.com/en/ourservices/industrial-circular-economy-and-ecodesign
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3. New biodegradable materials 

 

The electronics industry also needs bioplastics that break down safely into carbon dioxide and water. These 

materials are needed for novel solutions, such as single-use diagnostic tests for consumers and sensors that 

measure environmental conditions on farms and for meteorological purposes. The electronic components in 

these applications need to be biodegradable at least over time. Another example is biodegradable smart 

packaging for food products. Sensors attached to the packaging can be used, for example, to track temperature 

and to check retrospectively whether the cold chain has been broken. These components have to be 

biodegradable to prevent issues in the processing of packaging waste. The market for new bioplastics  is 

growing, and production volumes are on the up. These materials withstand moisture better than cellulose-based 

alternatives and therefore have potential in terms of developing new solutions. 

 

4. Energy-efficient and material-efficient manufacturing techniques 

 

Many of the traditional technologies used in the manufacture of electronics are based on stripping away material 

throughout the process. Printing and other roll-to-roll technologies, on the other hand, are designed to only add 

material where it is needed. This reduces waste during the manufacturing process. 

 

5. Recycling of materials and components 

 

Biodegradable solutions are not suited to everything; for these cases, the answer lies in circular economy. For 

example, 1.5 billion new mobile telephones enter circulation every year. Old handsets end up in desk drawers 

or in landfill, which means that their materials and components are lost. These materials need to be returned to 

the industry and reused. 

 

Environmentally friendly production processes and models create new business opportunities for companies. 

In the future, this is sure to give a competitive edge to electronics companies as well. “Meeting the Needs of the 

Present without Compromising the Ability of the Future Generations to Meet Their Own Needs (On “Sustainable 

Development, ”World Commission on Environmental Development, 1978). We also need to balance the 

interests and needs of environmental, economic, social and institutional ecosystems.By delivering key 

messages and storytelling, using keywords, like “green”, “eco-friendly” marketing campaigns can achieve their 

goals. Companies also need to be crystal clear and show compliance with applicable labelling and licensing to 

your customers. 

4.3. Rationale of Marketing 

The rationale for using different marketing strategies is to obtain a better understanding of market needs and to 

more completely satisfy them. Companies that develop effective marketing strategies achieve high sales 

volumes at the desired profit margins. Marketing helps companies to meet their short-term goals (vs. branding- 

creating long-term bonds). It helps to find and expand to new markets globally. Marketing refers to tools that 

are used to promote innovation output (product, service, organisational innovations) to key audiences and 

deliver the message of your brand. 

4.3.1. Marketing Also Needs Strategy 

What is the need for marketing strategy?  

 

There are many reasons to define the need for marketing strategy to current businesses. Each of them is 

discussed below: 

 

1) The fight for market share 

https://www.marketing91.com/marketing-strategy/
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Each market is divided into shares, which are captured by the players of the market. This fight for market share 

is intensifying. Because of competition, margins are poor, and hence the increase of market share provides 

leverage to the company. To increase market share, companies need marketing strategy. 

 

2) External business environment 

 

Most sectors like Petrol, banking, airlines, logistics as well as telecommunications are regulated by the 

government. Similarly, the PEST environment affects decision-making continuously. As this external business 

environment keeps changing, the need for marketing strategy arises because you need to be ready for the 

changes in the external environment. 

 

3) Business expansion  

 

While managing all aspects of businesses, the firm also needs to expand at a rapid pace. This involves various 

kinds of mergers, acquisitions, takeovers or introduction of new product lines, each of which needs to be 

micromanaged. Any business that wants to expand needs a marketing strategy in place to ensure that the 

expansion is happening in the right manner, and is maintaining the right pace. The business also needs to be 

ready for the “Ifs and buts' ' of business, in case the expansion is slower or faster than forecast. 

 

4) Management of channel structure 

 

The distribution channel is changing very fast. Many companies now have their own softwares and they can 

monitor what is happening at the distributor level. The rise of modern retailers and E-retailers is giving more 

power in the hands of consumers as well as distribution channels. At the same time, changes are happening 

on the purchase end with buying groups being formed & supply being managed to match demand. All these 

require the right strategies in place to prepare for good or bad times. 

 

5) Penetration of national and international brands 

 

Not only do manufacturers have to worry about local brands, but they have to worry about national as well as 

international brands entering the market. If you look at printers or technology driven products, you will find the 

bulk of the products originating from China or Japan. On the other hand, Automobiles mainly originate from 

Germany or the USA. Thus, a national level manufacturer needs to have a strong marketing strategy in place 

to ward off competition from international players. On the other hand, the international player has to enter with 

the right marketing strategy otherwise he will lose. 

 

6) Increasing segments / product portfolio 

 

Take any company you want, you will find that the company has multiple products and an in-depth product 

portfolio. Because economies of scale offer many advantages, companies keep expanding their product 

portfolios and keep targeting more interconnected market segments. So a FMCG company which is selling 

chocolates, can also venture into biscuits because the channel is the same. Thus, with so many segments in 

place, strategic management becomes very important. 

 

7) Technology 

 

This point requires no explanation because we ourselves know how much humanity has progressed in terms of 

technology in the last century. There was a time when the Barter system was used and there were no quality 

or price standards in place. But if today, you don’t supply a quality product, your reviews will be plastered on a 

100 review sites, on E-commerce portals as well as in consumer forums. Technology has made decision-making 

very simple. And hence you require strategy in place to handle ever improving technology. 

https://www.marketing91.com/market/
https://www.marketing91.com/market-share-definition/
https://www.marketing91.com/marketing-and-strategy-models-and-concepts/
https://www.marketing91.com/swot-analysis-of-banking-industry/
https://www.marketing91.com/pest-analysis/
https://www.marketing91.com/increasing-importance-marketing-todays-economic-environment/
https://www.marketing91.com/strategy/
https://www.marketing91.com/needs-wants-and-demands/
https://www.marketing91.com/business-expansion-number-1-success-strategy/
https://www.marketing91.com/merger-definition-types-examples/
https://www.marketing91.com/what-is-a-product/
https://www.marketing91.com/distribution-definition/
https://www.marketing91.com/channel-levels-consumer-industrial-marketing-channels/
https://www.marketing91.com/managing-supply-demand/
https://www.marketing91.com/types-of-demand-2/
https://www.marketing91.com/international-marketing/
https://www.marketing91.com/how-to-make-your-business-more-efficient-by-upgrading-technology/
https://www.marketing91.com/types-of-products/
https://www.marketing91.com/china-fastest-growing-economy/
https://www.marketing91.com/swot-analysis-of-automobile-industry/
https://www.marketing91.com/product-portfolio/
https://www.marketing91.com/product-portfolio/
https://www.marketing91.com/economies-scale/
https://www.marketing91.com/how-to-make-a-targeting-strategy/
https://www.marketing91.com/market-segment-target/
https://www.marketing91.com/how-many-segments-to-enter/
https://www.marketing91.com/strategic-management-process/
https://www.marketing91.com/how-to-improve-product-quality/
https://www.marketing91.com/e-commerce-segmentation/
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8) Innovation 

 

The need for marketing strategy does not end at handling the business alone. It is fine to be a “me too” brand. 

But if you really want to be at the top of the business pyramid, you need innovation at all levels – product, supply 

or manufacturing to give you a competitive advantage. 

 

9) Demanding customers 

 

At the end, you have to remember that whatever you do, the success and failure lies in the hands of the 

customers. The power has shifted from the manufacturers to the customers. And due to the habit of receiving 

excellent service over a period of time, most customers have become demanding like a spoiled brat. They want 

only the best. You need a marketing strategy to give the best to your customers. 

 

As Jim Rohn says, success is 20% skills and 80% strategy. You might know how to succeed, but more 

importantly, what’s your plan to succeed? Michael Porter describes strategy as it is about setting yourself 

apart from the competition. It’s not a matter of being better at what you do - it’s a matter of being different at 

what you do. Strategy is giving good promises, but we need to keep in mind that: Culture eats Strategy for 

Breakfast (Peter Drucker) and Culture is essential for branding and brand building. 

 

4.3.2. What Marketing Tools and Methods are Needed? 

● Have and define SMART goals (Specific, Measurable, Achievable, Realistic, and Timely). SMART goals 

are: Specific: Well defined, clear, and unambiguous. Measurable: With specific criteria that measure your 

progress toward the accomplishment of the goal. 

● When defining goals know ecosystem framework conditions (environmental, technology, economy and 

governance). 

● Turn framework conditions into business opportunities - determine the conditions of a country's ecosystem 

which enhance or hinder the creation of new businesses and therewith influence the economic growth of a 

nation. 

● Create value for customers and stakeholders - by doing the work of building and creating the consensus 

around a solution, and by providing the management stakeholders with the business case for your product, 

your service, or your solution. They have to sell your solution internally, and you have to help them do so. 

● Integrate & Share, meet expectations – become a brand - Customer expectations are important because 

they can:  Stand out against competitors: With satisfaction and loyalty to your brand, customers may 

recommend your products or services to other customers, which allows you to stand out against 

competitors. 

 

4.3.3. Marketing Frameworks 

Sustainable Product Policies + Eco-Design as the Backbone: There is worldwide demand for more efficient and 

sustainable products to reduce energy and resource consumption. The EU's sustainable product policy, 

ecodesign legislation and energy labelling are effective tools for improving the energy efficiency and 

sustainability of products. They help eliminate the least performing products from the market and support 

industrial competitiveness and innovation by promoting the better environmental performance of products 

throughout the internal market.  

 

https://www.marketing91.com/marketing-explained/
https://www.marketing91.com/what-is-a-brand/
https://www.marketing91.com/diffusion-innovation/
https://www.marketing91.com/sustainable-competitive-advantage/
https://www.marketing91.com/5-steps-to-setup-better-customer-service-process/
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4.3.4. Sustainable Product Policy  

To help reach the green deal objectives of lower resource consumption and less environmental impact, we are 

developing a sustainable product initiative. With this legal framework, we’re bringing all products produced or 

sold in the EU in line with technical standards for sustainability. In developing the sustainable product legislative 

initiative and other complementary approaches, we will improve coherence with existing instruments regulating 

products in various phases of their life cycle. 

 

We will explore various options, taking into account the priority product groups identified in the value chains 

featured in the new circular economy action plan (e.g. electronics, ICT and textiles, but also furniture and high 

impact intermediary products such as steel, cement and chemicals). Scenarios will include a widening of the 

Ecodesign Directive's scope to cover a wide range of products, beyond energy-related products. We will also 

analyse additional legislative and non-legislative actions including, but not limited to: 

 

● better implementation of existing relevant legislation 

● overarching product policy principles and minimum sustainability and information requirements for 

most relevant products 

● rules on extended producer responsibility for sustainability, making producers responsible for 

intervention before products become waste (take-back schemes, providing products as a service, 

providing repair services, guarantees for spare parts availability) 

● EU rules for requirements on mandatory sustainability labelling and disclosure of information to 

consumers on products along value chains 

● EU rules for mandatory minimum sustainability requirements on public procurement of products 

● measures on raw materials and products (e.g. certifications demonstrating due diligence to eliminate 

child or slave labour and environmental impacts) 

● measures on production processes (e.g. to facilitate recycled content or remanufacturing and to 

minimise the use of hazardous substances) 

 

4.4. Eco-Design - The legal framework. 

Eco-design will play a significant role in the success of the transition towards a circular economy.Indeed, 80% 

of the environmental impact of products is determined at their design stage, and design choices “directly impact 

the complexity and economics of after-use processes”. 

 

The Eco-design Directive provides consistent EU-wide rules for improving the environmental performance of 

products, such as household appliances, information and communication technologies or engineering. The 

directive sets out minimum mandatory requirements for the energy efficiency of these products. This helps 

prevent creation of barriers to trade, improve product quality and environmental protection.  

 

The Energy Labelling Regulation may complement those ecodesign requirements with mandatory labelling 

requirements. 

 

The ecodesign directive and the energy labelling regulation also establish a consultation forum(X03609) to 

consult stakeholders on the implementation of the directive and regulation. The list of members includes 

representatives from EU countries, industry and civil society. The group is open for observers from candidate 

and EFTA countries, and from organisations that have a legitimate interest in the discussion.  

 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0125&locale=en
http://eur-lex.europa.eu/eli/reg/2017/1369/oj
https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=3609
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Eco-design aims at reducing the environmental impact of products, including the energy consumption 

throughout their entire life cycle.  

 

4.4.1. Reparability and Recyclability of products. 

Given the increasing complexity of consumer goods, FEAD members identify an urgent need to link the impact 

of ecodesign choices to the complexity and cost-efficiency of their end-of-life treatment. For instance, if technical 

and economic considerations are taken into account, not all plastic waste is fully recyclable. Having that in mind, 

there is still an abundance of plastic which is difficult to recycle (e.g. mixed polymers, contaminated plastics, 

and black plastics). Plastic waste is not a homogeneous material and the possibility to reuse, recycle and 

recover depends heavily on its composition. 

 

Ecodesign strategies are needed to ensure better coherence between the manufacturing and waste 

management processes to prevent waste where possible and to increase the quantity and quality of recyclates. 

Therefore, FEAD believes that the following points should be supported by the Commission: 

 

1. Ecodesign should go beyond energy efficiency and encompass measures for material resource 

efficiency. 

2. The transition towards better ecodesign starts with the replacement of formats and material designs 

that prevent effective sorting and recycling with recognised alternatives. 

3. Material resource efficiency can be improved through the establishment of durability, reparability 

and recyclability requirements for selected products (such as electronics). 

4. The Commission should facilitate cooperation between manufacturers and waste managers in 

ecodesign processes. The development of ecodesign requirements is closely related to the capacity 

of involving all the players of the value chain and to provide them with specific indicators that will 

enable effective monitoring. An intensified cooperation will ensure that products are designed to 

prevent waste and to be easily reused, dismantled and recycled. 

5. The Commission should ensure and enforce that extended producer responsibility schemes take 

account of products’ reusability and recyclability as mentioned by article 8a of the Waste Framework 

Directive. Fees paid to EPR schemes should provide incentives to manufacturers to design their 

products in a recyclable and non-hazardous way. Member States, when determining the best 

national/local financial mechanism, should take into account good practices, for example, a 

bonus/malus system. Therefore, fees paid by waste producers to EPR systems could be modulated 

by taking into account products’ reusability and recyclability. Moreover, EPR schemes should ensure 

fair and equal access to materials and resources. 

6. Biodegradability and compostability: FEAD supports the use of bio-based materials as long as 

they are not promoted at the expense of using recycled ones. It is, however, important to make a 

clear distinction between bio-based and biodegradable materials. 

- Today ,some biodegradable materials do not biodegrade in waste treatment plants and few 

degrade in a natural environment (including waterways). This leads to confusion amongst 

consumers and creates new risks to both the environment and the industry. Indeed, some 

biodegradable materials may affect bio-waste treatment if they are mixed with organic waste 

and enter anaerobic digestion processes. Composting or anaerobic digestion processes that 

aim at producing high quality organic fertilisers have a strict limit in physical contaminants, 

regardless of whether they are in theory biodegradable. 

- Biodegradable materials are also problematic when they remixed with recyclable ones as they 

do not have the same material properties and may impact the integrity of the recyclates. In 

fact, the mere risk that this might happen has already discouraged producers of these 

products to use recycled content. 
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- Biodegradable plastics also have a negative impact on littering. The biodegradation process 

takes weeks or even months. Further research and innovation to develop biodegradable 

plastics is therefore important. Plastic packaging with unconditional and quick biodegradable 

properties would indeed offer environmental benefits. Consequently, we see the promotion 

and widespread marketing of biodegradable materials at this stage as potentially problematic. 

7. Hazardous substances: FEAD members consider that reinventing products should start at the 

ecodesign phase by no longer using substances of concern. Treating or recycling waste which 

contain such substances is complex and costly, all the more as the list of substances of very high 

concern has been growing steadily. Nevertheless, as long as such hazardous substances can be 

used within products that are legally placed on the market by manufacturers of virgin raw materials, 

waste management companies will at some point in time have to deal with them. The challenge is, 

therefore, how to deal with “legacy substances” from products put on the markets many years ago. 

 

While the current approach based on hazardousness is the cornerstone of waste classification, a risk-based 

approach along the waste treatment chain is needed for specific waste streams. This case-by-case, risk-based 

approach would offer all the required guarantees in terms of human health, safety and non-dispersion of 

pollutants. Recycling waste containing substances of concern remains possible, for specific uses based on a 

risk assessment, preferably in a closed loop. 

 

4.4.2. Action Plan for Circular Economy (2015 & 2020). 

The EU’s new circular action plan paves the way for a cleaner and more competitive Europe. 

 

The European Commission adopted the new circular economy action plan (CEAP) in March 2020. It is one of 

the main building blocks of the European Green Deal, Europe’s new agenda for sustainable growth. The EU’s 

transition to a circular economy will reduce pressure on natural resources and will create sustainable growth 

and jobs. It is also a prerequisite to achieve the EU’s 2050 climate neutrality target and to halt biodiversity loss. 

 

The new action plan announces initiatives along the entire life cycle of products. It targets how products are 

designed, promotes circular economy processes, encourages sustainable consumption, and aims to ensure 

that waste is prevented and the resources used are kept in the EU economy for as long as possible. 

 

It introduces legislative and non-legislative measures targeting areas where action at the EU level brings real 

added value. 

 

Objectives:  

Measures that will be introduced under the new action plan aim to 

● make sustainable products the norm in the 

EU 

● empower consumers and public buyers 

● focus on the sectors that use most 

resources and where the potential for 

circularity is high such as: electronics and 

ICT, batteries and vehicles, packaging, 

plastics, textiles, construction and 

buildings, food, water and nutrients 

● ensure less waste 

● make circularity work for people, regions 

and cities 

● lead global efforts on circular economy

 

 

Actions: 

The Commission will implement all 35 actions listed in the action plan. 

 

Timeline: 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://ec.europa.eu/info/node/123797
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
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Previous and upcoming actions and initiatives 

 

December 2015 - European Commission adopted the first circular economy action plan 

All 54 actions under this plan have been delivered or are being implemented 

11 December 2019 - European Commission adopted European Green Deal 

11 March 2022 - European Commission adopted new circular economy action plan 

10 December 2020 - European Commission adopted a proposal for a new regulation on sustainable batteries 

This was the first initiative to be delivered under the new action plan 

22 February 2021 - Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched 

28 October 2021 - European Commission adopted proposal to update rules on persistent organic pollutants 

in waste 

17 November 2021 - European Commission adopted proposal for news rules on waste shipments 

2021- 2022 - Planned adoption date for several initiatives under the action plan, including:  

- legislative proposal for substantiating green claims made by companies  

- legislative proposal empowering consumers in the green transition  

- EU strategy for sustainable textiles  

- a sustainable products policy initiative including a revision of the Ecodesign Directive  

- review of requirements on packaging and packaging waste in the EU  

- update of EU rules on industrial emissions 

 

4.4.3. New European Bauhaus 

The New European Bauhaus is a movement and is considered an ideal platform to raise awareness for the 

transformative power of the Circular Economy. 

 

The Commission launched, at the same time as the Renovation wave strategy, the initiative on the New 

European Bauhaus. The initiative is both a network and a contact point at the crossroads between culture, social 

inclusion and innovation. The New European Bauhaus is a movement and is considered an ideal platform for 

the nature-based materials made by EPF members for construction, furniture, packaging and other end-uses. 

It unfolds in 3 phases: Co-design, Delivery and Dissemination. 

 

The Co-design phase was launched on 18 January 2021 and closed in June 2021. In this period EPF focused 

on 3 actions: 

● Co-foundation of the Wood4bauhaus Alliance together with InnovaWood, the European 

Confederation of Woodworking Industries (CEI-Bois), the European Federation of Building and 

Woodworkers (EFBWW) and the European Organisation of the Sawmill Industry (EOS). It has also 

the support of the Horizon 2020 project consortia BASAJAUN and WoodCircus. 

● Achievement of NEB partner status for the w4b Alliance. Wood is an extremely versatile material, and 

a circular material par excellence. Long-life products using wood can store carbon for decades or 

even centuries in buildings and living spaces. 

● Hosting of an international conference to raise awareness for the transformative power of the Circular 

Economy, put a spotlight on the versatility of innovative wood-based products and building systems, 

and propose dedicated co-creation partnerships with the wood sector for the New European Bauhaus. 

This welcomed more than 1000 participants and featured keynote presentations from Professor John 

Schellnhuber and Mrs Ruth Reichstein. 

 

The Delivery phase began on 15 September 2021 with a Communication on the New European Bauhaus. 

Inspired by the views and experiences of thousands of EU citizens and organisations who joined the co-

design of the New European Bauhaus from January to June 2021, four thematic axes will now guide its 

implementation: 

https://ec.europa.eu/environment/topics/circular-economy/first-circular-economy-action-plan_en
https://europa.eu/new-european-bauhaus/index_en
https://europa.eu/new-european-bauhaus/index_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_111
https://wood4bauhaus.eu/members/
https://wood4bauhaus.eu/members/
https://europa.eu/new-european-bauhaus/partners-0/partners_en
https://wood4bauhaus.eu/
https://europanels.org/wp-content/uploads/2021/04/Press-Release-Wood4Bauhaus-Post-Conference.pdf
https://europa.eu/new-european-bauhaus/delivery_en
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● Reconnecting with nature; 

● Regaining a sense of belonging; 

● Prioritising the places and people that 

need it most; 

● Fostering long term, life cycle thinking in 

the industrial ecosystem.

 

Following the publication of the Communication, the First New European Bauhaus Prizes Awards were held, 

and one of the 20 winners included a design project featuring plywood in Spain. Central to the Delivery phrase 

are now 5 pilot projects, for which a tender has been issued. 

 

4.4.4. Strategies for Circularity - The World of REs  

Several circularity strategies exist to reduce the consumption of natural resources and materials, and minimise 

the production of waste. They can be ordered for priority according to their levels of circularity (Figure 4.1). 

Smarter product manufacturing and use, for example by product sharing, are generally preferred over extending 

the lifetime of products, because this product being used for the same product function or more users being 

served by one product (strategy with high circularity). Lifetime extension is the next option and is followed by  

recycling of materials through recovery. Incineration from which energy is recovered has the lowest priority in a 

circular economy, because it means the materials are no longer available to be applied in other products (low-

circularity strategy). As a rule of thumb, more circularity equals more environmental benefits. A higher level of 

circularity of materials in a product chain means that those materials remain in the chain for a longer period, 

and can be applied again after a product is discarded, preferably retaining their original quality. As a result, in 

principle, fewer natural resources are needed to produce new materials required for manufacturing products 

and for their subsequent use. Avoided resource extraction and production of materials benefit the environment. 

There are of course exceptions to this rule of thumb. For example, making a product chain more circular may 

lead to increased natural resource consumption, usually in the form of (fossil) fuels. This occurs in chemical 

recycling of contaminated plastics which usually requires relatively large amounts of energy to decompose the 

material to its initial building blocks, and then synthesise these building blocks back into material (back-to-

monomer recycling). Another example is intensifying product use, by facilitating access to the use of a product 

(i.e. product sharing or multi-functional products), which may lead to unintended additional forms of use. Car-

sharing may motivate people without cars to opt for driving in situations they formerly would not have. It is 

advisable to examine the possibilities of rebound or secondary effects, but generally speaking, more circularity 

in a product chain leads to reduced consumption of natural resources and materials, and consequently to fewer 

environmental effects brought about by that product chain, as well as in related product chains. (Potting , et 

al.2017;  Reike et al., 2018:) 

 

REfuse, Eethink / REservitise, REduce, REuse, REpair, REfurbish, REmanufacture, REpurpose, REcycle, 

REcover, REmine 

https://europa.eu/new-european-bauhaus/2021-prizes_en
https://prizes.new-european-bauhaus.eu/node/269242
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Fig. 4.1. Circularity strategies within the production chain, in order of priority  

 

 

4.5. Marketing Sustainability  

Sustainable marketing is the promotion of environmental and socially responsible products, practices, and brand 

values. Businesses can use sustainable marketing for a specific product, time-sensitive cause, or even as their 

businesses’ USP. Sustainable marketing is a great way to promote eco-friendly aspects of your company, as 

long as you get it right. Marketing sustainability means marketing a good design (eco-design). Using fewer 

materials and resources for manufacturing products and using materials and resources obtained with a 

minimum environmental impact. Producing the least waste and pollution possible. Reducing the ecological 

impacts of distribution makes eco-design sustainable.  

4.5.1. Building upon the 10 Principles of “Good Design” 

Dieter Rams (” (Dieter Rams (1976):) gave his famous speech in New York in 1976, which touched upon his 

design work for Vitsoe, a popular furniture manufacturer. Ten principles of good design Dieter Rams, as an 

industrial designer, were a method of organising his own design-thinking and an approach to making good 

designs. Today they are still one of the most important design principles applied in product design. 

 

 

According to Dieter Rams, good design: 

https://www.vitsoe.com/eu
https://www.interaction-design.org/literature/article/dieter-rams-10-timeless-commandments-for-good-design
https://fireart.studio/blog/the-business-value-of-design-for-your-startup-design-thinking/
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1. Is innovative - The scope for innovation is endless. Thanks to technological advancements, there is 

always an opportunity to create innovative designs. But innovative design is always associated with 

innovation in technology you use and is never in it. 

2. Makes a product useful - The product is created to be used. It must meet specific criteria: not only 

functional but also psychological and aesthetic. Good design emphasises the usefulness of a product 

while refusing the features that might detract from its merits. 

3. Is aesthetic - “The aesthetic quality of a product is integral to its usefulness because products we use 

every day affect our person and our well-being. But only well-executed objects can be beautiful.” 

4. Makes a product understandable - The design clarifies the structure of the product. Better yet, it can 

make the product speak. Ideally, your product will speak for itself. 

5. Is unobtrusive - Products for a specific purpose can be compared to certain tools. These are not just 

decorative objects or objects of art. Their design should be both neutral and discreet in order to provide 

space for the user’s function self-realisation. 

6. Is honest - According to Dieter Rams design principles, the product should not appear more innovative, 

powerful, or valuable simply because of the design. The design should not manipulate the user by making 

promises that cannot be kept. 

7. Is long-lasting - Long-playing design simply is not in fashion, which means it never gets out of date. It’s 

timeless. Unlike fashionable design, it stays relevant for many years – even in a consumerist society, 

where we are used to throwing everything away. 

8. Is thorough down to the last detail - As per the ten principles of good design, nothing should be 

accidental. Attention and precision in the design process are a sign of respect for the user. Design should 

have the meaning, purpose, and function to the last detail. 

9. Is environmentally friendly - Environmentally friendly designs are also timeless. As 10 rules of good 

design by Dieter Rams go, design should contribute to the preservation of the environment. It can 

conserve resources and minimise physical and visual contaminations throughout the entire create 

product lifecycle. 

10. Involves as little design as possible - Minimalistic designs are much sought after. Even modern digital 

solutions allow minimalistic structure & feature minimal design solutions with maximum functionality. 

Dieter Rams' 10 principles of good design poster claim that less, but better is better. The minimal design 

focuses on the most critical aspects without overloading the product with unnecessary features. Back to 

cleanliness, back to simplicity. 

 

4.5.2. Good Practises  

4.5.2.1 Circular Business Models - Sustainability Guide for Businesses 

A circular business model articulates the logic of how an organisation creates, offers, and delivers value to its 

broader range of stakeholders while minimising ecological and social costs.  

 

Circular businesses no longer focus mainly on profit maximisation or pursue cost-cutting through greater 

efficiency in supply chains, factories, and operations as the primary corporate objective. Rather, they 

concentrate on redesigning and restructuring Product-Service-Systems from the bottom up to ensure future 

viability of business activities and market competitiveness. 

 

Circular businesses are deeply involved in the product usage phase; they generate revenues through 

provisioning services instead of selling physical products; they rethink the conventional producer-consumer-

relationships, value creation activities and the structure of value chains; ecological and social factors 

complement the overall business culture and philosophy. 

The move to a circular business model is an example of a fundamental change, which requires a new way of 

thinking and doing business. The following identified circular business model typology provides opportunities 

https://fireart.studio/blog/10-effective-principles-of-product-design/
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for implementing the idea of circularity at a practical level. It should be noted that the briefly described types do 

not necessarily present full business model innovations, but rather, key elements of strategies that contribute 

to a circular business. They have their own distinct characteristics but precisely boundaries between them do 

not exist. They can be used singly or in combination to support companies achieve massive natural resource 

productivity. 

 

Circular Supplies: It is based on supplying fully renewable, recyclable, or biodegradable resource inputs that 

sustain circular production and consumption systems. The value proposition focuses on the substitution of fossil, 

critical and scars materials. 

 

Access and Performance: Access and performance is concerned with providing the capability or services to 

satisfy users’ needs without owning physical products. The value proposition includes the offering of Product-

Service-Systems, a combination of products and services that seek to provide functionality for customers. 

 

Extending Product Value: Extending product value focuses on exploiting residual value of products and 

delivering high-quality, long-lasting products supported by design for durability, reparability, upgradability, and 

modularity. Values that would otherwise be lost through wasted materials are instead maintained or even 

improved by repairing, upgrading, refurbishing, remanufacturing or remarketing products. 

 

Bridging: It promotes platforms for collaboration among producers and consumers, either individuals or 

organisations. The value proposition concentrates on enabling interaction between different but interdependent 

actors and bringing together supply and demand. 

 

 
Fig. 4.2. A circular business model 
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4.5.2.2 Business model strategies to slow and close resource loops 

1. Provide and Perform 

Providing the capability or services to satisfy user needs without needing to own physical products. 

2. Extend product value 

Exploiting residual value of products – from manufacture, to consumers, and then back to 

manufacturing – or collection of products between distinct business entities. 

3. Long-life 

Business models focused on delivering long-product life, supported by design for durability and repair 

for instance. 

4. Encourage sufficiency 

Solutions that actively seek to reduce end-user consumption through principles such as durability, 

upgradability, service, warrantees, reparability and a non-consumerist approach to marketing and sales. 

5. Extend resource value 

Exploiting the residual value of resources: collection and sourcing of otherwise “wasted” materials or 

resources to turn these into new forms of value. 

6. Industrial Symbiosis 

A process-oriented solution, concerned with using residual outputs from one process as feedstock for 

another process, which benefits from geographical proximity of businesses. 

 

4.5.3. Good Practises 2 - Circulator- MIX YOUR STRATEGIES 

To help you with the design of solid circular business models, they’ve created the Circulator tool. This tool offers 

a structured approach to design a circular business model based on the knowledge that successful circular 

businesses apply a combination of 3 types of strategies. 

 

1. Circular value creation strategies: strategies that directly act upon the material and product 

resources in the business model 

2. Value proposition strategies: strategies that help deliver circular value to the customer; 

3. Value network strategies: strategies to engage with actors beyond the company borders in order to 

achieve circular value networks.  

 

For each of these 3 key ingredients, a range of specific strategies exists from which you can choose to design 

a circular business model adapted to the context of your company or start-up. The Circulator mixer allows you 

to select those strategies that fit your context, and explore which companies use that specific combination in 

their circular business model. 
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Fig. 4.3. The Circulator 

 

 

 

4.5.4. Good Practises 3 - Eco-Design Award in Germany and Criteria Matrix  

The criteria matrix was developed jointly by the Federal Environment Ministry, the Federal Environment Agency 

and the International Design Centre Berlin. © International Design Centre Berlin | www.idz.de | 

www.bundespreis-ecodesign.de 

 

In the foreground during the evaluation process are innovation, design quality and environmental 

characteristics. Repercussions on everyday culture and consumer behaviour are also taken into consideration. 

Thereby, the full product life cycle – from the preliminary stages of production through to actual production, 

distribution and use, as well as end of life – are all given due attention. 

 

The criteria matrix serves as a basis for the evaluation and provides orientation for candidates in the 

presentation of their competition entries. It is not to be understood as a checklist. The significance of the various 

ecological aspects differ from project to project, and it is therefore not a requirement for all points of the matrix 

to be explicitly included. 
 

 

Life Cycle Phases Preliminary 

Production 

Stages 

Distribution (marketing, packaging, 

sales) 

Use End of Life:  

Re-Use, 

Recycle + 

Disposal 

http://www.bundespreis-ecodesign.de/
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Idea and overall concept  Innovation through energy + 

resources conservation  

  

Use of materials and 

energy  

 Packaging with environmentally 

friendly materials 

Less energy in transportation 

  

Design and Construction   Minimal + lightweight packaging   

Pollutants (in air, water, 

soil) and wastes  

 Emissions reduction 

Environmentally friendly 

transportation 

  

Social and health 

compatibility  

 Consumer + data protection   

Product communication 

and services  

 Quality, consumer orientation, fair 

contracts, indication of energy 

savings + running costs 

  

4.6. Social and Environmental Costs of Input Materials to Electronics 
Product Development 

 

4.6.1. Environmental Dimension  

The production of raw materials and derived products takes place along different stages, often occurring in 

multiple locations. This leads to different types of environmental impacts. 

 

The supply chain starts with a product’s design, and continues with the extraction of the required materials (e.g. 

bauxite, iron ore or wood), transport and subsequent processing to yield semi-finished products such as steel 

or planed wood (Figure 1). The supply chain continues with the manufacturing of final products (e.g. machinery, 

furniture or vehicles), and their distribution and use. All these stages lead to environmental impacts, which will 

depend on, for example, the material and energy inputs required and the resulting emissions and waste streams. 

 

In addition, products may be managed in various ways when they reach their end of life: they may be reused, 

recycled, used for energy recovery, or disposed of, which will have different impacts on the environment. For a 

sound comparison of alternative ways of production (e.g. different techniques/technologies, energy inputs, 

materials sourcing, etc.), the environmental impacts along the whole materials life cycle need to be accounted 

for: the so-called ‘cradle-to-grave approach’. 
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Raw materials’ markets are global in nature. Therefore, the physical trade in raw materials at different production 

stages builds complex and often interlinked supply networks. This means that raw materials usually flow across 

several countries. In this context, a sound estimate of the environmental impacts of supply chains needs to 

account for the transport of materials and products, often over long distances. In addition, environmental 

performance can vary significantly between locations, due to different production techniques and technologies, 

combustion of different fuels, etc. This will determine the ultimate environmental impacts on the local and global 

environment. 

 

4.6.2. Types of Environmental Impact 

Environmental impacts along raw materials supply chains are caused by, for example, the use of resources and 

the emission of pollutants to the environment. For instance, land uptake by mining facilities can contribute to 

biodiversity loss; mine tailings can lead to water acidification; industrial processes (e.g. calcination in cement 

production) or the combustion of fuels generate greenhouse gases that contribute to global warming. These 

impacts can affect ecosystems and human health, and may be local or global in nature. An additional impact of 

raw materials production is contribution to the dispersion or dissipation of natural, non-renewable resources 

(such as minerals or fossil fuels). 

 

Environmental impacts associated with mining and the production of biotic materials (pulp, natural rubber, etc.) 

have some distinctive features. At mining facilities, pollution is usually more diffuse, and environmental impacts 

frequently continue during the post-closure phase. In the case of biotic products, sustainable harvest rates can 

guarantee renewal of the resource. However, growing and harvesting biotic materials can also cause a number 

of specific impacts on the natural ecosystem.  

Environmental impact categories considered for LCA :

- Climate change 

- Eutrophication 

- Land use 

- Resource depletion 

- Acidification 

- Ozone depletion 

- Ecotoxicity 

- Ionising radiation 

- Photochemical ozone formation 

- Water depletion 

- Human toxicity
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The extraction and processing of raw materials accounts for significant shares of the total global environmental 

impacts, especially for some impact typologies. An example for this are climate change and particulate matter 

(PM) impacts from metals and non-metallic minerals extraction and processing. 

 

The type and intensity of environmental impacts depend on the intrinsic features of the commodity being 

produced; the technologies, techniques and management practises in place; and the environmental and 

socioeconomic framework conditions. As an example, the impact of a mining facility on water will depend on 

the specific water requirement for mineral extraction and processing, the level of water reuse and repurification 

at the facility, and local water availability. 

 

4.6.3. Environmental impacts from use and at the end of life 

 

Raw materials can be embodied into products or be used along the production chain in very different quantities 

and qualities. Due to the complexity of material applications, assessment of the environmental impact 

associated with the production of a material usually accounts for stages from extraction up to the manufacturing 

of semi-finished products (e.g. plain wood or aluminium). This approach is known as ‘cradle-to-gate’, and it 

accounts for neither the impacts of the manufacturing of the final products and their use phase, nor for the 

environmental impact once products reach their end of life. 

 

However, it is worth noting that the replacement or substitution of specific materials in products can lead to 

improvements in a product’s environmental performance during the use phase. An example is the use of 

aluminium in the automotive sector, which can reduce the weight of the vehicle and therefore the energy 

consumption during the use phase. 

 

In addition, the way products are managed when they reach their end of life can significantly affect their total 

environmental impacts. With this in mind, products can be designed in a way that maximises their potential 

reuse and recycling (so-called ‘design for recycling’).  

 

4.6.4. Environmental impacts from accidents 

Apart from the environmental impacts associated with facilities under ‘normal’ operation, accidents may also 

occur. For instance, failures of mining tailing dams may be considered the events with the largest of all 

environmental impacts related to mining (STRADE, 2016). Spills due to maintenance problems, or unexpected 

discharges due to human error may also occur. Accidents may be more likely to occur under specific framework 

conditions such as higher tectonic activity or heavy rainfall. 

 

Accidents are not accounted for in environmental impact life-cycle assessment. These can be addressed 

instead through environmental management systems or Environmental Impact Assessment. 

 

4.6.5. Social Dimensions 

Stimulating investment for the purpose of job creation is one of the Juncker Commission's priorities. Increasing 

labour productivity, reducing the unemployment rate and promoting decent work is also an objective in the 

United Nations (UN) SDGs. 

https://rmis.jrc.ec.europa.eu/?page=rm-profiles#/
https://rmis.jrc.ec.europa.eu/?page=water-914f2b
http://stradeproject.eu/fileadmin/user_upload/pdf/PolicyBrief_04-2016_Sep2016_FINAL.pdf
http://ec.europa.eu/environment/eia/index_en.htm
https://ec.europa.eu/commission/priorities_en
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Raw materials play a fundamental role in the creation of employment. In 2014, the economic activities relating 

to biotic and abiotic raw materials production employed more than 4.4 million people[1]. Moreover, the waste 

management and recycling sectors also contribute significantly to employment. According to estimates from 

various sources, 3.4 million jobs have been created by circular economy-related activities in the EU[2]. 

 

The contribution of the raw materials sector to EU employment goes far beyond economic activities strictly 

related to the production of materials. Downstream in the supply chain, the number of jobs created in the 

manufacture of semi-finished products is a lot higher than the number of jobs from materials production alone. 

For instance, while the EU sector of metal mining employs around 16000 persons, the downstream 

manufacturing of metals creates almost 12 million jobs[3]. 

 

Worldwide, the raw materials sectors (especially mining and forestry) are characterised by a high degree of 

informality, particularly in developing countries. For instance, the global mining industry employs around 2.5 

million people, while, according to estimates, informal mining activities provide jobs for 15–20 million people[4]. 

In the forestry sector, informal work in the sector is fostered by the expansion of illegal logging. 

 

4.6.6. Decent Work 

As for other sectors, raw materials industries also face challenges related to the achievement of ‘decent work’. 

According to the International Labour Organisation (ILO), ‘decent work sums up the aspirations of people in 

their working lives. It involves opportunities for work that is productive and delivers a fair income, security in the 

workplace and social protection for families, better prospects for personal development and social integration, 

freedom for people to express their concerns, organise and participate in the decisions that affect their lives and 

equality of opportunity and treatment for all women and men. 

 

Especially in developing countries, occupational hazards, work accidents and child labour particularly affect the 

mining sector. According to the ILO, more than one million children work as miners worldwide. They are almost 

exclusively found in artisanal small-scale mining operations in Africa, Asia and Latin America. In addition, in 

developing countries, the recovery of materials from waste (and especially e-waste) is mainly carried out by 

thousands of individual workers and children within the informal sector. 

 

4.6.7. Child Labour 

The definition of child labour is derived from the UN Convention on the Rights of the Child, ILO Conventions No 

138, and No 182 and the Ghana Children’s Act 1998 (Act 560). It refers to all work that is harmful and hazardous 

to a child’s health, safety and development, taking into account the age of the child, the conditions under which 

the work takes place and the time at which the work is done. The worst forms of child labour are defined by ILO 

Convention No 182 to include all forms of slavery or practices similar to slavery. 

 

In order to combat child labour, the ILO’s International Programme on the Elimination of Child Labour (IPEC) 

was created in 1992, aimed at strengthening the capacity of countries to deal with the problem and promoting 

a worldwide movement. 

 

While the number of children working in mining is much lower than the number occupied in agriculture, the 

nature of this work is considered extremely dangerous to children because of the heavy loads, the strenuous 

work, the unstable underground structures, heavy tools and equipment, the toxic and often explosive chemicals, 

and the exposure to extremes of heat and cold. For this reason, in 2006, the ILO promoted the programme 

https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn1
https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn2
https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn3
https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn4
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‘Minors out of Mining’[5], aiming at eliminating child labour in small-scale mining, starting with countries where 

the problem is most serious. 

 

4.6.8. Migration 

Worldwide, the mining industry is also characterised by the significant presence of foreign migrant workers. 

While there is a lack of information concerning the migrant flows in the mining industry, a report from the IL[6] 

describes, in six national case studies, a very diversified picture. Indeed, the migration of low-skilled and of 

skilled labour have very different features. Skilled labour is usually regulated, including with regard to legal 

migratory status. Working conditions usually vary in large-scale compared with small-scale mining, as well as 

in developing compared with developed countries. In general, temporary low-skilled migrant workers are often 

more vulnerable to the risk of employer exploitation and are not always paid at current market rates for the work. 

 

4.6.9. Gender Balance 

While raw materials industries are usually portrayed as male-dominated activities, attention has been given to 

the feminisation of the mining sector. This is especially the case in ASM, where the number of women engaged 

in mining as a means of livelihood is increasing[7]. A number of initiatives from civil society and industry, as well 

as policy processes and research programmes with LSM corporations, are currently underway. 

 

4.6.10. Occupational Safety and Health 

Occupational safety and health (OSH) at work is important in the context of social sustainability in any economic 

sector. With respect to the raw materials industry, a safe and healthy working environment is an important 

indicator of the level of acceptance or approval of an industry and its operations by local communities and 

stakeholders. OSH is also essential for a productive and competitive economy (COM(2014) 332). 

 

OSH constitutes one of the areas where strict safety standards exist and where EU policies have had a large 

impact in recent years. Significant decreases have been achieved in virtually all economic sectors in both the 

number of workplace accidents and the overall incidence rate (i.e. the number of accidents relative to the 

number of people employed in a sector) (EC, 2008). 

 

In the raw materials sector, specific hazards include the exposure of employees to chemicals, noise and high 

temperatures. Proper management of work-related risks and hazards helps to minimise employees’ exposure 

to risk factors. Sound risk management may include employing operators with adequate skills and levels of 

expertise, having the proper protective equipment and establishing risk management systems at the production 

site. 

 

4.6.11. International initiatives and legislation on occupational safety and health 

The UN Sustainable Development Goals (SDGs) framework recognises that OSH is a vital component of decent 

work. Accordingly, target 8.8aims to protect labour rights and promote safe and secure working environments 

for all workers. The indicators used to monitor this target focus on the frequency rates of fatal and non-fatal 

occupational injuries and the increase in national compliance of labour rights based on ILO sources and national 

legislation. 

https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn5
https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn6
https://rmis.jrc.ec.europa.eu/?page=employment-ebfea3#_ftn7
http://eur-lex.europa.eu/legal-content/IT/TXT/?uri=CELEX%3A52014DC0332
http://ec.europa.eu/eurostat/documents/53621/53703/Full-Publication%5BEN%5D-WO.pdf/6e90be02-c41e-43d6-87d4-68a4a7899ad1
https://sustainabledevelopment.un.org/sdgs
https://sustainabledevelopment.un.org/sdg8
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The mining sector has been reviewed during the 19th session of the United Nations Commission on Sustainable 

Development. In this context, the improvement of workers' health and safety is considered a priority area for 

maximising the sustainability of the sector.  

 

The Convention of the International Labour Organisation (ILO) on Safety and Health in Mines (1995, No. 176) 

regulates the various aspects of safety and health characteristics for work in mines, including inspection, special 

working devices and special protective equipment for workers. It also prescribes requirements relating to mine 

rescue. 

 

Because of the presence of hazards, OSH also remains a challenge in the metal production sector, where the 

ILO is developing codes of practice for the iron and steel industry  and for the non-ferrous metals sectors, 

assisting all those involved in these industries to improve safety and health records. 

 

At EU level, Article 153 of the TFEU gives the EU the authority to adopt directives in the field of safety and 

health at work. 

 

Current EU policy is outlined in the EU Occupational Safety and Health (OSH) Strategic Framework 2014-2020 

(COM/2014/0332 final). This policy is built on the OSH Framework Directive (89/391) and has a wide scope and 

is complemented by further directives focusing on specific aspects of safety and health at work. 

 

The Framework Directive (89/391) encourages improvements in the safety and health of workers at work and 

introduced the obligation for employers to keep a list of occupational accidents resulting in a worker being unfit 

for work for more than three days, and, in accordance with national laws and/or practises, to draw up reports 

on occupational accidents suffered by their workers. 

 

On this basis, the European Statistics on Accidents at Work (ESAW) project was launched in 1990 to harmonise 

data on accidents at work for all accidents resulting in more than three days’ absence from work. In 2001, the 

report ‘European Statistics on Accidents at Work - Methodology’, was published by Eurostat and DG 

Employment and social affairs, setting out work on methodology since 1990. 

 

Concerning the extractive industries, Directive 92/91/EEC concerns the protection of workers in the mineral-

extracting industries through drilling, whileDirective 92/104/EEC sets the minimum requirements for improving 

the safety and health protection of workers in surface and underground mineral-extracting industries. Directive 

94/9/EC regulates the equipment and protective systems intended for use in potentially explosive atmospheres. 

 

Directive 2004/37/EC on exposure to carcinogens or mutagens at work (2004/37/EC) lays down minimum 

requirements for the protection of workers. Diesel exhaust gases and respirable crystalline silica are among the 

most widespread process-generated substances with a carcinogenic effect that workers at mines or quarries 

and adjacent processing plants may be exposed to. 

 

International Initiatives on Social Dimensions 

 

Globally, many international initiatives are operating to improve the management of natural resources, by e.g. 

reducing the related environmental and social impacts, increasing transparency in the value chain, and certifying 

conflict-free supply chains. These initiatives are heterogeneous in terms of sectors or materials coverage, 

promoting stakeholders, geographical focus, scope, etc.. 

- Africa Mining Vision - Government/EU 

(Africa) 

- Aluminium Stewardship Initiative - Multi-

stakeholder partnership  (Global) 

https://sustainabledevelopment.un.org/topics/mining
https://sustainabledevelopment.un.org/topics/mining
http://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_ILO_CODE:C176
http://www.ilo.org/safework/info/standards-and-instruments/codes/WCMS_112443/lang--en/index.htm
http://www.ilo.org/safework/info/standards-and-instruments/codes/WCMS_107713/lang--en/index.htm
http://eur-lex.europa.eu/collection/eu-law/treaties.html
http://ec.europa.eu/social/main.jsp?catId=151&langId=en
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014DC0332&from=en
https://osha.europa.eu/en/legislation/directives/the-osh-framework-directive/the-osh-framework-directive-introduction
http://ec.europa.eu/eurostat/statistics-explained/index.php/Accidents_at_work_statistics
http://ec.europa.eu/eurostat/ramon/statmanuals/files/ESAW_2001_EN.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:01992L0091-20070627:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:01992L0104-20070627:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31994L0009:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31994L0009:EN:NOT
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1487605453278&uri=CELEX:32004L0037
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- Base Erosion and Profit Shifting (BEPS) - 

Government/EU (Global) 

- BetterCoal Code - Industry (Global) 

- Better Gold Initiative - Multi-stakeholder 

partnership (Global) 

- Fair-mined gold (Global) 

- Xertifix - Civil Society Organisation (Asia) 

 

4.6.12. Product Life Cycle 

The 2015 Circular Economy Action Plan established a concrete and ambitious programme with measures for 

‘closing the loop’ in the life cycle of products. It aims at boosting repair, reuse and recycling, which generally 

(although not always) can improve the environmental performance of the production chain. Moreover, the 2020 

Circular Economy Action Plan intends to further boost circularity in production processes and enhance waste 

policies. Closely linked to these aspects, regulation on Eco-design establishes requirements for the design of 

resource-efficient products and aims to reduce energy requirements and improve the material efficiency of 

energy related products (e.g. household appliances, information and communication technologies, or building 

and engineering products). 

 

4.7. Raw Materials 

Raw materials are essential to our everyday lives. Millions of European jobs rely on the availability of raw 

materials. They feed the industrial sector and all the economic activities downstream. Ensuring the security and 

the sustainability of the supply of raw materials is essential. The EU’s raw materials policies aim to help raise 

industry's contribution to EU GDP to around 20% by 2020. These policies play an important role in meeting the 

objectives of the European Commission’s ‘Innovation Union’ and ‘Resource Efficient Europe’ flagship initiatives.  

 

The European Commission (EC) has two overarching activities to facilitate the secure and sustainable supply 

of raw materials: the Raw Materials Initiative (RMI) and the European Innovation Partnership (EIP) on Raw 

Materials 

 

The focus is on non-food and non-fuel raw materials, both primary (from mining, forestry, etc) and secondary 

(from e.g. recycling). 

 

The Raw Materials Initiative sets out a strategy with three pillars to facilitate: 

 

● Fair and sustainable supply of raw materials from global markets; 

● Sustainable supply of raw materials within the EU; 

● Resource efficiency and supply of "secondary raw materials" through recycling. 

 

This initiative contributes to the identification of Critical Raw Materials; materials with a high security risk in terms 

of potential for supply disruptions that would have significant economic impacts. Several policies complement 

the Initiative’s three pillars. For example, as part of the trade focus, the Conflict Minerals policy links to the first 

pillar, and the third pillar has close links with the Circular Economy Action Plan. 

 

The European Commission’s Joint Research Centre (JRC) works closely with several other Directorates-

General of the Commission to provide in-house scientific support to European raw materials policies. The focus 

https://fairmined.org/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52015DC0614
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2020%3A98%3AFIN
https://ec.europa.eu/growth/industry/sustainability/product-policy-and-ecodesign_en
https://ec.europa.eu/growth/sectors/raw-materials/policy-strategy_en
https://ec.europa.eu/growth/sectors/raw-materials/policy-strategy_en
https://ec.europa.eu/growth/sectors/raw-materials/policy-strategy_en
https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en
http://trade.ec.europa.eu/doclib/press/index.cfm?id=1510
https://ec.europa.eu/priorities/jobs-growth-and-investment/towards-circular-economy_en
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is on facilitating industrial growth, trade, security of supply, and sustainability in relation to the provision of non-

food and non-fuel raw materials. 

 

The Raw Materials Information System overarches the JRC’s activities, supporting the availability and 

coherence of information in the EU Raw Materials Knowledge Base. This is complemented by co-development 

of the Raw Materials Scoreboard and through active involvement in the European Innovation Partnership on 

Raw Materials’ High Level Steering Group. 

 

4.7.1. Raw Materials Information System (RMIS) 

The availability and management of raw materials knowledge is essential to the EU, in particular to its industrial, 

trade, security-of-supply, and sustainability policies. The RMIS is intended to become the “one-stop” platform in 

support of the EC’s knowledge & policy needs, and will also meet stakeholders’ knowledge needs on non-

energy, non-food material value chains from primary and secondary sources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7.2. Policies and Action Plans for Raw Materials 

- Critical Raw Materials - RMI is contributing to identify the materials which have critical economic 

impact 

- Conflict Minerals policy - it is linked to RMI’s first pillar 

- Circular Economy Action Plan - is linked to RMI’s third pillar 

- Life Cycle Assessment - is supporting RMI’s third pillar 

- European Green Deal - As part of the European Green Deal, the EU has pledged to become carbon 

neutral by 2050. For that, it is necessary to shift the energy system from fossil fuels to renewable 

sources. As the rate of deployment of wind turbines, solar panels, electric vehicles and other low-

carbon technologies increases, so will the demand of materials needed to build them. However, some 

of the materials needed for the production of these technologies are either scarce or concentrated 

outside Europe. To ensure a smooth transition to clean energy, it is thus important to avoid 

bottlenecks in supply chains of relevant materials. 

 

https://joint-research-centre.ec.europa.eu/scientific-activities/60755
https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/knowledge-base_en
http://rmis.jrc.ec.europa.eu/Scoreboard/
https://ec.europa.eu/growth/tools-databases/eip-raw-materials/en/community/document/members-high-level-steering-group-and-sherpa-group
https://ec.europa.eu/growth/tools-databases/eip-raw-materials/en/community/document/members-high-level-steering-group-and-sherpa-group
https://joint-research-centre.ec.europa.eu/scientific-activities/60755
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
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