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Abstract 

Unsustainable consumption patterns and material scarcity has been recognised as one of the challenges 

within the European Union. To change these patterns policy makers within EU are looking towards a 

transitioning into circular economy. Electronics and manufacturers of energy related products is found 

to be important actors in this transition, due to the unsustainable trends of consumption and the 

materials of important contained in electronics. Energy related products are regulated by the Eco design 

directive (Directive 2009/125/EC) containing implementing measures on energy efficacy. Today the 

directive is lacking methods for assessing material efficacy in energy related products. CEN/CENELEC 

was 2015 requested to develop standard methods on how to assess the material efficiency aspects; 

durability, ability to reuse, repair, upgrade, re-manufacturabiliy, recyclability and recoverability and use 

of recycled content and CRM content. This study sets out to assess the adaptability of the preliminary 

publications of the standards on to an Ericsson radio network product. The study is divided into two 

parts, part one assesses the general and product specific implementation of the selected standard 

documents. The first parts of this study are document analysis and seven interviews used to triangulate 

the general opinions on the standards. In part two the study sets out to test two of the methods found in 

the standard documents. The study found in the collection of recycling data and rates for a small radio 

network product, the product had a recyclability of  and a recoverability of and a time for disassembly 

of seconds using the suggested method eDiM. The findings of this study suggest that these standardised 

methods are welcomed by the telecommunications equipment manufacturer but concerns on the 

amount of data required, future purpose and the reliability of the assessment methods still creates 

worries for the future.  
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Sammanfattning 

Ohållbara konsumtionsmönster och materialbrist har erkänts som en av de största utmaningarna inom 

europeiska unionen. För att förändra dessa mönster så har beslutsfattare inom EU påbörjat 

omställningen till den cirkulära ekonomin. Elektronik och tillverkare av energirelaterade produkter har 

erkänts som viktiga aktörer i denna omställning, på grund av den ohållbara konsumtionsutvecklingen 

under det senaste decenniet och de viktiga material som används för att tillverka elektronikprodukter. 

Energirelaterade produkter regleras av Eco design direktivet (direktiv 2009/125 / EG) som idag 

innehåller implementeringsåtgärder för energieffektivitet i energirelaterade produkter. I framtiden 

kommer det även finnas implementeringsåtgärder för materialeffektivisering men idag saknas 

standardiserade metoder för bedömning av material effektivitet. År 2015 tillförordnades 

CEN/CENELEC uppdraget att ta fram och utveckla standarder för bedömning av 

materialeffektivitetsaspekterna; livslängd, återanvändning, reparerbarhet, uppgraderingsbarhet, 

återtillverkning, återvinningsbarhet och användningen av återvunnet material och innehåll av kritiska 

råmaterial. Den här studien syftar till att analysera användbarheten hos de preliminära publikationerna 

av standarderna inom ramen för Ericssons verksamhet. Studien är uppdelad i två delar, del ett bedömer 

det allmänna och produktspecifika genomförbarheten av de utvalda standarddokumenten. Resultatet 

från del ett baseras på en dokumentanalys och sju intervjuer, som används för att triangulera de 

generella åsikterna om standarderna. I del två testas två av metoderna ur standarddokumenten. 

Resultatets av testerna visar att den utvalda nätverksprodukten hade en återvinningsbarhet på och en 

återhämtning på Studien visar även att nätverksprodukten hade en tid för demontering på sekunder när 

den föreslagna metoden eDiM användes. Resultaten av denna studie tyder på att dessa standardiserade 

metoder välkomnas av Ericsson men mängden data, framtida syfte och pålitligheten av 

bedömningsmetoderna skapar oro för framtiden. 
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Abbreviations 

B2B Business to business 

B2C Business to consumer 

CE Circular Economy 

CEN Comité Européen de Normalisation 

CENELEC Comité Européen de Normalisation Électrotechnique 

CRM Critical Raw Materials 

EC European commission 

ErP Energy related Products 

EoLT End of Life Treatment 

ETSI European Telecommunications Standards Institute 

EU European Union 

ICT Information and communications technology 

TC Technical committees 
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1 Introduction 

The earth’s natural resources are declining, while important materials such as rare earth elements and 

critical raw materials are going up in smoke through incineration, parts and components are sent to end 

of life treatment (EoLT) without reaching an obsolete state (Ellen MacArthur Foundation, 2015; 

Bundgaard et al., 2017; European commission, 2018, Davey, 2008). In the linear economy, material is 

extracted from the biosphere into the techno sphere and transformed into products or goods through 

manufacturing processes. This scenario is argued as one of the problematics that has led to the critical 

state the earth is facing today with resource scarcity, air, soil and water pollution (Ellen MacArthur 

Foundation, 2015). But the paradigm is shifting. A solution to this could be transitioning into a circular 

economy. The ambition of the circular economy is to transition from a waste generating economy to an 

economy with zero waste and pollution from human and industrial systems (Ellen MacArthur 

Foundation, 2015, Tecchio et al., 2017; Xia and Yang, 2007). 

To achieve the transition from a linear economy into a circular economy, calls for policy and regulating 

frameworks (Winans et al. 2017; Xia and Yang, 2007), increased producer responsibility (Bilitewsky, 

2012, Manomaivibool & Hong, 2014) and a shift owner based to service-oriented business models (Xia 

and Yang, 2007).  Environmental and waste management policies for products and their life cycles have 

received increasing attention in the European Union (EU). In the European roadmap to 2050, the union 

states that resources are one of the key aspects to be handled (European Commission, 2011). EU suggests 

that a transition to a circular economy with closed loop production systems could constrain the 

degradation of materials and promote a prolonging of the value of materials, products and resources. 

EU proposes that a transition into a circular economy could protect businesses from vulnerability risks, 

such as resource scarcity and price inflation, as well as contribute to a reduction of environmental 

impacts from production and consumption (European Commission, 2015).  

In the end of 2015, the European Commission (2015) published an action plan for circular economy, 

pointing out the need of standardisation and well-established methods for assessing material efficiency 

in products and goods within EU. In relation to this the European Committee for Standardisation (CEN), 

the European Committee for Electrotechnical Standardisation (CENELEC) and the European 

Telecommunications Standards Institute (ETSI) were requested to develop assessment methods for the 

material efficiency aspects suggested in M/543 (European Commission, 2015). The M/543 assessment 

methods are requested to be generic and applicable to energy-related products that falls under the 

European eco-design directive (Directive 2009/125/EC). The material efficiency aspects listed in the 

request are (European Commission, 2015): 

i. Durability. 

ii. Ability to repair, reuse and upgrade the products. 

iii. Re-manufacturability. 

iv. Recyclability and recoverability. 

v. Recycled content. 

vi. Use of CRM. 

 

The development of the standardisation is expected to be accomplished in the EU member states in year 

2020. At present, consultations and stakeholder participations are held with key stakeholders and 

Ericsson is one of the companies participating in these processes (European Commission, 2015).  

Ericsson is a multinational company developing telecom infrastructure networks and have operations 

in approximately 180 countries. Ericsson products are considered business to business goods that are 

affected by the eco-design directive regarding energy-related products. This study sets out to assess the 

applicability of the standards for business to business (B2B) products, in the context of how the standard 

is designed at the current date (January 2018- June 2018).  
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1.1  Research question aim and objectives 

This study aims to analyse the material efficiency assessment methods requested by the European 

commission in M/543. The analysis is made in a context of Ericsson and will use one Ericsson product, 

from the product family - telecom infrastructure networks, as a case study to test one of the methods 

considered usable.  

The objectives are: 
• What methods material efficiency standard are at the current date suitable for Ericsson 

products? Are there any incentives or barriers for using these methods?  

• What are the key factors for implementing the methods are presented material efficiency 

standard on Ericsson products?  

1.2 Limitations  

The limitation of this study takes into account products included in European eco-design directive 

(Directive 2009/125/EC) and in the mandate (M/543). The study is conducted using one Ericsson 

telecom infrastructure network products, included in the products category: Ericsson radio systems. 

The product is classified as B2B product  

Product: Smaller base station with a predicted life expectancy of 5 years 

 

Further limitations of this study are the available material form the M/543 standard, the study is 

conducted before the final publication of the final standard and further changes is expected before final 

standards are released in the spring of 2020.  
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2 Theoretical background 

To understand the context of this study this section defines frequent terms and theories within the field 

of circular economy and material efficiency. This section will present findings in the scholarly field of 

eco-design directive and yet published material on the ongoing standardisation process within EU on 

material efficiency. 

2.1  Circular economy and material efficiency  

It is important to understand the concept of circular economy and from where it originates (Ghisellini, 

2018). The current economic and social systems are built on the concept of linear economy, a system 

where materials are extracted from the eco-sphere into the technosphere and made into products, and 

when obsolete are thrown away and considered waste. This is most commonly known as the take-make-

dispose chain and is the key concept in a linear system. On the contrary to the linear system, the circular 

economy concept promotes that a product´s value should be preserved as long as possible until the 

product is obsolete and in the end of life stage the materials in the production loop to maintain its value 

(Ghisellini, 2018; Ellen MacArthur Foundation, 2015; Ellen MacArthur Foundation, 2012). 

The first origins of the concept circular economy are still not known, but suggestions points towards 

that the idea has risen from pioneers like Rachael Clarkson’s (1962) publication Silent spring; and 

Donella Meadows and the Club of Rome (1972) publication Limits to growth (Winans et al., 2017; 

Ghisellini, 2018). Thought, the CE concept has no single definition, one definition often occurring in 

publications is the definition by the Ellen MacArthur Foundation (2015).  

 
“[…] an economy that is restorative and regenerative by design and aims to keep products, 

components, and materials at their highest utility and value at all times, distinguishing between 
technical and biological cycles”  

 
 

The CE concept has linkages to other concepts, like systems theory and industrial ecology promoting, 

industrial symbiosis, industrial metabolism and subjects such as thermodynamics and ecological 

economics (Winans et al., 2017). The concept of ecological economics is built on the understanding that 

the economic system is maintained by the ecosystem. On the contrary to capitalism, ecological 

economics is promoting the idea that infinite economic growth is not possible if it is relying on a linear 

system. Using the argument that the earth resources is limited and therefor is the amount of the 

resources that could be extracted from the ecosystem a limiting factor to economic growth (Daly, 2010; 

Daly, 2015).  

The application, implementation and initiatives of the CE concept are ranging differently deepening on 

cultural factors such as political and social systems. For example, in Germany the CE concept is used in 

environmental policies with the purpose to drive economic growth while maintaining raw material and 

natural resource efficiency. In the UK and in Denmark the CE concept is used in the context of waste 

management and business models supporting reuse and material efficiency. In North East Asian 

countries, the CE initiatives is mainly focusing on consumer responsibility and harmonious society 

(Winans et al., 2017). Winans, Kendall & Deng (2017) issue the applications of circular economy into 

three key areas, 1) policy instruments 2) value chains, material flow and products and 3) technological, 

organisational and social innovation.  

 

2.1.1 Circular economy in EU 

Waste management and environmental legislations have been available in the European Union for 30 

years (Hughes, 2017). As stated in the European Commission report 'Closing the loop - An EU action 

plan for the Circular Economy' (2015), EU is now transitioning into the circular economy and focusing 
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on a holistic approach for products and production processes. The report is emphasising on circular 

economy actions in the fields of 1) production 2) consumption 3) waste management 4) markets for 

secondary raw materials 5) sectorial actions (on plastics, food waste, construction and demolition, 

critical raw materials, biomass and bio-based material) 6) innovation and investments 7) monitoring 

framework for circular economy. Actions listed in the action plan that are of key interest in this study 

are listed in table 1.  

Table 1 Actions listed in the action plan for circular economy of relevance for this study (European 

commission, 2015). 

 
 

• “Emphasis on circular economy aspects in future product requirements under
the Ecodesign directive.”

• “Ecodesign work plan 2015-2017 and request to European
standardisation organisations to develop standards on material
efficiency for setting future Ecodesign requirements on durability,
reparability and recyclability of products”

Production

• “Better enforcement of existing guarantees on tangible products,
accompanied by a reflection on improvements (upcoming Commission
proposal for online sales of goods, and Fitness Check of consumer
legislation)”.

• “Analysis of the possibility to propose horizontal requirements on repair
information provision in the context of Ecodesign”

• “REFIT of Ecolabel, to be followed by actions to enhance its effectiveness”

• “Assessment of the possibility of an independent testing programme on
planned obsolescence”

Consumption

• “Identification and dissemination of good practices in waste collection
systems”

Waste 
management

• “Development of quality standards for secondary raw materials (in particular
for plastics)”

• “Analysis and policy options to address the interface between chemicals,
products and waste legislation, including how to reduce the presence and
improve the tracking of chemicals of concern in products”

• “Measures to facilitate waste shipment across the EU, including electronic
data exchange (and possibly other measures)”

• “Further development of the EU raw materials information system”

Market for 
secondary 

raw materials

• “Strategy on plastics in the circular economy”

• “Report on critical raw materials and the circular economy”

• “Improve exchange of information between manufacturers and recyclers on
electronic products”

• “European standards for material-efficient recycling of electronic waste, waste
batteries and other relevant complex end-of-life products”

Sectorial 
action
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2.1.2 European standardisation and material efficiency 

Historically the EU member states have developed their own waste and environmental legislations. This 

was changed in the “New Approach and other Directives” in 1985, when laws were considered to only 

include the essential requirements and standards was developed to outline the details to fulfil the 

requirements (European Commission, 1985). In this approach manufacturers demonstrate conformity 

to the essential requirements when conformity with the standards are met (Hughes, 2017). In the action 

plan on circular economy, it is issues that products that falls under the Eco-design directive will be of 

material for future regulations regarding material efficiency and that standards on how to assess 

material efficacy will be developed (European commission, 2015).  

The eco-design directive is today a prominent force for promoting energy requirements and legislations 

on products within the EU, promoting development and production of more energy efficient designs 

(Bundgaard et al, 2017; Ecodesign Compliant, n.d). Because of the wide range of energy related products, 

the eco-design directive is divided into 37 regulations (also called Lots), this is allowing similar products 

and product groups to be grouped together and compared (Ecodesign Compliant, n.d).  Some of the Lots 

have implementing measures for their product group, i.e. Lot 14 (Domestic dishwashers & Domestic 

washing machines) or Lot 17 (Vacuum cleaners) implementing measures and requirements of minimum 

energy efficiency performance and requirements for energy labelling (European Commission, 2009; 

European Commission, 2013). Ericsson´s network products has no implementing measures and Lot 

today, but, but ongoing studies are developing future implementing measures for the product group 

(Trankell, 2018). 

In the M/543 request it is contemplated that key material efficiency aspects are: durability, ability to 

repair, reuse and upgrade, re-manufacturability, recyclability and recoverability, recycled content and 

use of CRM. The request was accepted by CEN, CENELEC, ETSI. The standards requested by M/543, 

should be generic and could be cited together with product or product group specific standards. These 

products specific or product group specific implementations of the generic standard are developed by 

technical committees (TC) of relevance for each Lot (Hughes, 2017). This is also the case of the ongoing 

standardisation for material efficiency that falls under the eco-design directive. The characteristics and 

aim of the standard is listed as following: 

“The requested standards shall be based on reliable, accurate and reproducible procedures and 

methods, which take into account the generally recognised state of the art. In the development of these 

standards, the principle of technology neutrality should be observed, as far as possible” 

Quote: M/543 (European commission, 2015) 

2.1.2 Previous studies: M/543  

Dalhammar (2016) examined the industry opinion on the new requirements on resource efficiency 

suggested in the Eco-design directive (directive, 2008/98/EC). The study was conducted through a set 

of interviews with 15 interviewees at different companies producing energy related products. Key aspects 

the interviewees were asked about was the material efficiency standards suggestions on 1) banning 

certain chemicals 2) recycled content 3) bill of materials (BOM) 4) maximum disassembly time.  

The Dalhammar (2016) found that the interviewees were overall positive towards the suggestions of 

design requirements in energy related products and restrictions on chemicals. The interviewees stressed 

the fact that “general design requirements” is too complex formulated to be implemented as binding 

laws. The problem is associated with the manufacturers` ability to prove compliance and that the rules 

are interpreted differently. 

The Dalhammar (2016) also found that the companies most of all felt concern with the suggested 

requirements on the use of recycled materials. If requirements of recycled contents were to be 

implemented in the standard, the interviewees expressed a fear of a controlled resource market, where 

the recyclers could have the mandate to increase the prices of recycled materials. Even if the author 
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acknowledges the fear from the industry on price inflation among recycled materials, the author points 

out that the increased price of raw materials has increased companies interest in getting the products 

back at an end of life stage than ten years ago and with a design for an efficient ability to recycle products 

and materials the total stock of recycled materials has increased (Dalhammar, 2016). 

Though the interviewees were expressing concerns about the new standard, some of the interviewees 

saw a value in a new standard on material efficiency. Overall Dalhammar (2016) express that industries 

are in general concerned with changes and new regulations and policies and claims that it is easier to 

make changes in an old requirement than to implement a new one.  
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3 Methodology 

This study starts off with a literature review of the field of circular economy and material efficiency and 

the standardisation request to the European standardisation organisations. The method is then carried 

out through two parts (se fig 1 for a process overview). Part one sets out to analyse the material efficiency 

methods in the general context and in an Ericsson context, using document analysis and interviews with 

key persons. Part two tries to apply the assessment method presented in prEN 45555 on the recyclability 

and recoverability, using an Ericsson Dot Radio Dot System (RDS) as a case study and test the Time for 

disassembly (eDiM) method presented in standard document prEN 45553 on reuse, repair and upgrade 

and prEN45554 on re-manufacturability. 

Figure 1. Overview of the method developed for this study 

3.1 Literature review 

The first step of the study was to gather an understanding of the current paradigm of the concept of 

circular economy, to gather empirical data a literature review was conducted on the subject. The 

literature is a systematic review of a subject and gives an understanding of the status and potential 

knowledge gaps pertaining to the subject (Dudovskiy. 2018). The literature was collected through a 

literature search using Scopus, Science direct, Web of science and the KTH Royal Institute of Technology 

search tool for academic papers and journals of relevance for this study. For further sampling of relevant 

literature an exponential discriminative snowball sampling was used as described in Dudovskiy (2018) 

was used because of the limited scholars and previous studies on the material efficiency standardisation 

work available at the current time. The keywords and search combinations used for the literature search 

was: 

Circular economy, electronics, ICT, material efficiency, standardisation, EU, M/543. 

The result from the literature review is found in section 1. Introduction and 2. Theoretical background 

and creates a framework for this study to depart from in following analysis and discussion.  
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3.2 Part one: Assessment of the material efficiency methods  

Part one was used to assess and select a method to test in part two. This was considered necessary 

because the documents presented from CEN/CENELEC are currently only available as drafts and the 

standardisation process is ongoing.  

3.2.1 Document analysis 

A document analysis is a systematic method to review documents (texts and images) and is often used 

to find, apprise and synergise written data into the studied context (Bowen 2009). The document 

analysis was conducted using two types of materials. The first was, step by step analysing the material 

efficiency methods presented by CEN/CENELEC (documents used are listed in table 2). The second type 

of material were reviews presented in the review group (consisting of companies, NGOs and 

stakeholders) in the national working groups (e.g. SIS) and CEN/CENELEC. This data (summarised 

spreadsheets) contained comments regarding the material efficiency methods were collected through 

the CEN/CENELEC internal webpage and only accessible with a log in. The result of the document 

analysis will be summarised in a table and is only considering comments on the proposed assessment 

methods (if not considered relevant for the method). The document analysis gives an overview of a 

context of interest for the study (Bowen 2009), in this study it is the status of the standardisation drafts. 

Table 2 List of standardisation documents from CEN/CENELEC 

3.2.2 Interviews  

Qualitative interviews were conducted to give an understanding of the product specific implementation 
of the standards on a base station. The interviewees were provided with the topic of the interview in 
beforehand and a PowerPoint summarising the areas that the standardisation documents had expressed 
as in need of product specific implementation. The interviews were 30 minutes to 1,5 hours long and the 
information was transcribed afterwards. The transcribed material was then analysed using 
thematization to select important statements on the research area (Kvale & Brinkmann, 2014).  
 
The interview method selected for this study are semi-structured interviews. Semi-structured interviews 
create a flexibility and lets the interview developed based on the interviewees knowledge of the research 
area. It also allows the interviewee to give their perspective outside the scope of the questions, letting 
the interviewee elaborate further on important aspects of the research area (Bryman 2008; Bryman 
1997). Seven interviewees were selected for this study, the selection was based on the snowball method 
to find interviewees with key knowledge about the research area (Dudovskiy. 2018). The interviewees in 
this study are listed in table 3. 
 

Table 3 List of interviewees in this study. 

Interviewee Professional title Reference in the text 

Interviewee 1 Ericsson on reliability and durability (Interviewee 1, 2018) 

Interviewee 2  Ericsson on repair, reuse and upgrade (Interviewee 2, 2018) 

Interviewee 3  Ericsson on re-manufacturing Interviewee 3, 2018) 

Interviewee 4  Ericsson on repair and re-manufacturing (Interviewee 4, 2018) 

Interviewee 5   Belmont Trading on recyclability (Stewart, 2018) 

Interviewee 6  Belmont Trading on recyclability (Borrman, 2018)  

Material efficiency aspect Document 
name 

Comments Reference 

Definitions prEN45550 Not included in this study  
Guide on how to use the methods prEN45551 Not included in this study  
Durability prEN45552 Included  (CEN-CENELEC, n.d. a) 
Repair, reuse upgrade prEN45553 Included  (CEN-CENELEC, n.d. b) 
Re-manufacturability prEN45554 Included  (CEN-CENELEC, n.d. c) 
Recyclability and recoverability prEN45555 Included and tested in part 

two 
(CEN-CENELEC, n.d. d) 

Proportion of recycled content prEN45557 Included (CEN-CENELEC, n.d. e) 
Declaration of CRM prEN45558 Not included in the study  
Providing information prEN45559 Not included in the study  
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Interviewee 7  Ericsson on recycled content (Interviewee 7, 2018) 

Interviewee 8  Ericsson on all the material efficiency aspects  (Trankell, 2018) 

 
All interviewees were offered anonymity, and some of them accepted the anonymity and three of the 
interviewees accepted to be referred to with name. For research etic reason this is considered highly 
prioritised. In case of further questions on the interviewees contact the author of this study. 

3.3 Part two: Testing the material efficiency assessment methods 

This section describes the selection of material efficiency methods and the selection of the product.  

3.3.1 Selected Material efficiency methods  

The material efficiency methods form CEN/CENELEC selected for part two are:  

Re-manufacturability (prEN45554) and Ability to Repair, Reuse & Upgrade (prEN45553) (note that 

the selected methods are the same for both prEN45554 and prEN45553). The methods for time for 

disassembly was used in section 4.6.1, see de Aguiar et, al (2017) for method and application. 

Recyclability & Recoverability (prEN45555), using a product specific EoLT scenarios and criterion 

developed based on semi-structured interviews with recycling company. Based on the EoLT scenario 

and the criterions listed as of importance for recyclability, the recyclability and recoverability rates were 

calculated of a small Ericsson network product. The recycling rates was collected per material recycled 

and the data was gathered from Belmont Tradings.  

Recyclability rate was calculated as following 

PRcyc =
∑(m(k) × Rcyc(k))

mtot
∗ 100 

 

Recoverability rate was calculated as following: 

PRcov =
∑(m(k) × Rcov(k)) 

𝑚𝑡𝑜𝑡
∗ 100 

3.3.2 Selection of products 

The selection of a product was established through a number of factors. These factors were 1) data 

needed to perform the method had to be available or easily conducted 2) the product need to be included 

under the eco-design directive for energy related products 3) the amount of parts and components in 

the products should be of relevance in regard to a typical Ericsson product. The selection was made in 

consultation with key-person at Ericsson (Trankell, 2018). The selected product is the Dot Radio Dot 

System (RDS), an indoor base station. It was selected because of its ability to fulfil the factors listed 

above.  

  



10 

 

4 Result 

The result of this study is divided into two parts: 

o The first parts assess the general usability of the standards through a documents analysis 

and the product specific implementations and usability through a series of interviews.  

o In the second part of this study, the methods considered usable in the document analysis 

and interviews was later assessed in practice. The material efficiency assessment methods 

selected were time for disassembly (eDiM) and recyclability rate & recoverability rate. 

The standard documents are developed as a toolbox for further development of product specific 

standards of each specific Lot in the Eco-design directive. The methods presented in the standards are 

summarised in figure 2. 

Figure 2, Summarised methods from standard documents prEN45552-prEN45557 
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Durability 
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Reliability assessment, 

Durability assessment  

Stress analysis, accelerated 

tests, damage modelling  

Environmental conditions & 

operating conditions 

Failure mode and effects 

analysis  

 

Ability to reuse, repair & 
upgrade 

 
Semi-quantitative assessment  
Scoring of design attributes 

enabling RRU 

Quantitative assessment  

Disassembly sequence and 

index, Time for disassembly 

(eDIM),   

Repairability, upgradability, 

reusability index 

Recyclability & recoverability 
 
Recycling and recoverability rate 

assessment  

End of life treatment scenario  

definition  

List of criterion affecting 

recyclability and 

recoverability  

Calculations of recycling and 

recoverability rates 
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Part one: Assessment of the material efficiency methods 

The standard documents from CEN/CENELEC include a number of suggested methods for assessing 

the material efficiancy aspects; durability, repair, reuse & upgrade, re-manufacturing, recyclability & 

recoverability and proportion of recycled content.  

The first goal of this study is to evaluate how the assessment methods for material efficacy could be 

implemented on Ericsson products. In the document analysis it was found that most of the methods 

needed product specific parameters to be set for further tests of the methods. 

4.1 Durability 

The assessment methods for assessing durability in an ErP provided in the first draft; determination of 

environmental conditions, operating conditions, stress analysis, accelerated tests, damage modelling, 

reliability assessment approach and failure mode and effects analysis. This was modified in the second 

draft of prEN 45552 to a functional assessment, reliability assessment and durability assessment, 

including the before mentioned tests. 

4.1.1 Document analysis on comments in first round of the secretary enquiry 

The document analysis sets out to find common themes in the comments on the prEN 45552 standard 

on durability in energy related products. In general, the analysis found that comments regarding the 

methods for durability are overall concerning:  

o The excessive assessments of durability and the complexity of the tests/assessment/methods.  

o The methods are missing important references and explanations of the 

tests/assessments/methods.  

The complete list of themes is presented and explained in a summery in table 4. Comments on 

formalities and grammar are deemed out of the scope of this study and not included in the document 

analysis.  

Table 4 Themes found in document analysis of comments on durability (prEN 45552).  

Type of themes Comment 

Terminology  
  

 

Application of standard  
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Understandability  

 

 

Target audience  

Complexity of assessment 

methods  

 

Reproducibility of the methods  
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4.1.2 Product specific implementation (interview result) 

In the context of the on-going standardisation of durability assessment methods a semi structured-
interview was conducted, setting out to find strength and weaknesses with the standard and thoughts 
on product specific implementations on Ericsson network products. The result is shown in the table 5 
below.  
 
Table 5 Result from interview on product implementation of prEN 45552 

Product specific implementation Comments from Interviewee 1 (2018) 

List of prioritised primary and 
secondary functions  

 

Parts involved in providing 
secondary functions 

 

Environmental and operating 
conditions 

 

Expected minimum lifetime 
(cycles, distance or duration) 

 

Failure rates and confidence 
intervals 

 

Identified and developed 
validation methods  
 

 

General comments   

 

4.1.3 Summarised result discussion: durability  

In the last couple of years, the overall trend of the lifetime of energy related product has proven to be 

declining because of both technical and behavioural reasons such as 1) preferred behaviour to buy new 

products 2) low product prices and excessive costs of repairs and 3) technological obsolescence (Wang 

et al, 2013).  

The result from the document analysis and interview are divided on the applicability of the proposed 

standard. The comments in the document analysis are concerned by the seemingly technical and 

complex characteristics of the assessment methods and the information provided in the standard. On 

the contrary to this, the Interviewee 1 (2018) from Ericsson finds the standard on durability and the 

methods presented in the standard document in accordance with existing methods at Ericsson, with a 

minor note to the definitions and technical considerations of the secondary functions. 

The standard requests that the TC provides product specific information such as: 1) list of prioritised 

primary and secondary functions 2) parts involved in providing secondary functions 3) environmental 

and operating conditions 4) expected minimum lifetime (cycles, distance or duration) 5) failure rates 

and confidence intervals, and 6) identified and developed validation methods. This is in accordance with 

Alfieri et. al (2018) that suggest that the input data for the assessment of durability could be obtained 

from field experience, warranty returns, testing of the products, information collected from the users 

and literature.  

How the document should be used is still not entirely straightforward, the standard document prEN 

45552 suggests that the technical committee or the user of the standard document should set i.e. 

environmental and operation conditions. But the environmental conditions could vary a lot of a base 

station deepening on where it is located on the market. A base station in Dubai would have completely 

different environmental and operational condition than a product placed in Borås. Should the TC 

develop different scenarios of environmental and operational conditions? Or should the TC select 

average data, and would the result be reliable? 

The standard is not considering the conflicting aspect of lifetime and energy consumption. In the 

literature about durability, the complexity of the matter is argued as the trade-off between prolonging 

the life of the materials or increasing the control of energy efficiency and emission control (Veshagh & 

Li, 2006; Arrigoni et al., 2017). This is perhaps considered out of the scope of the M/543 but is an 
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important aspect within the European commission’s document for 'Closing the loop - An EU action plan 

for the Circular Economy”.  

 

4.2 Ability to reuse, repair & upgrade  

The assessment methods of ability to do RRU on an ErP provided in the first draft of (prEN 45553) are; 

qualitative assessment, semi-quantitative assessment and quantitative assessment. The qualitative 

assessment is drafted as a checklist of design measures that enables for reuse, repair and upgrade. The 

semi-quantitative assessment, scoring and calculations of design measures and aspects facilitating RRU 

i.e. number of tools needed in disassembly or skill level of the person doing the RRU. The quantitative 

assessment provides calculations of reusability index, repairability index and upgradability index and 

disassembly sequence and index and time for disassembly calculations.  

In the second draft of the standard document the qualitative assessment was removed from the 

standard, but the other two remained.  

 

4.2.1 Document analysis on comments in first round of the secretary enquiry 

The document analysis sets out to find common themes in the comments on the prEN 45553 standard 

on ability to reuse, repair & upgrade (RRU) an energy related product. In general, the analysis found 

that comments regarding the methods for Repair, Reuse and Upgrade is overall concerning:  

o The usability of the methods is questioned i.e. the standard is lacking important aspects such as 

considerations to parts containing hazardous substances and B2B products 

o The methods are considered not suitable for B2B products and too complex to be performed or 

reproduce.  

o The list of prioritised parts is suggested to be difficult for the technical committees to conduct, 

but the need for some type of weighting is considered important for parts and components.  

The complete list of themes is presented and explained in a summery in table 6. Comments on 

formalities and grammar are deemed out of the scope of this study and not included in the document 

analysis.  

Table 6 Themes found in document analysis of comments on prEN 45553.  

Type of themes Comment 

Usability  
 

 

Application of the standard   

Method  
 

 

Reproducibility of the methods  

Complex products   

 

4.2.2 Product specific implementation (interview result) 

In the context of the on-going standardisation of RRU assessment methods a semi structured-interview 

was conducted, setting out to find strength and weaknesses with the standard and thoughts on product 

specific implementations on Ericsson network products. The result is shown in the table 7 below.  
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In the standard the qualitative assessmen promotes a product specific checklist that highlights design 

attributes with a positive impact on ability to RRU was not included because it was removed from second 

secretary enquiry. The product specific implementations concerning semi-qualitative assessment, is 

considered product specific scoring of attributes with a positive impact on RRU and for qualitative 

assessment, the numeric measurements of ability to RRU such as the Disassembly sequence, 

Disassemblibility index, Time for disassembly (eDiM), Repairability index, Reusabiliy index and 

Upgradability index in table 7. 

 
Table 7 Result from interview on product implementation of prEN 45553 

Product specific implementation Comments Interviewee 2 (2018) and Interviewee 4, (2018) 

Identify and list parts prone to be 

replaced, repaired and reused or 

upgraded 

 

Assess value and ranking of 

prioritised parts for RRU 

 

Scoring of attributes for RRU: 

- Disassembly sequence 

- Fasteners 

- Tools 

- Disassemblibility 

- Working environment 

- Skill level 

- Availability of spare 

parts  

- Return models 

- Reusability and 

upgradability 

 

Disassembly sequence and depth  

Disassemblibility index   

Time for disassembly (eDiM)  

Repairability index 

Reusability index 

Upgradability index 

 

 

General comments   

4.2.3 Summarised result discussion: repair, reuse and upgrade 

Repair, reuse and upgrade are actions that occurs to extend a product or a parts life cycle, after the first 

failure occurs or to avoid the product to become technologically obsolete. Actions like repair, reuse and 

upgrade are crucial for the use phase of an energy related product (Deloitte, 2016). Thought legislative, 

technical and market barriers could be in the way of product repair, reuse and upgrade, these are argued 

in the context of this study in the sections below. 

The document analysis suggest that the standard is dynamic towards the WEEE directive (European 

Commission, 2012). The interviews and the literature (Deloitte, 2016) suggest that the legislative 

barriers like the WEEE directive, is promoting favourable conditions towards recycling instead of reuse, 

hampering actions like life cycle prolonging of parts. The main reason for this is argued by the 

interviewee as when the product is considered waste it is much harder to transport over national 

borders. It is not economic feasible to have reuse centers in every country Ericsson have costumers in. 

This is only mainly relevant for repair rather than repair and upgrade. The reuse of parts after a product 

has been discarded is an important aspect to facilitate and should be considered key policy making to 

facilitate circular economy (Deloitte, 2016). 
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Technical barriers like a fixed design, material choices, and difficulties in disassembling the products 

are also affecting the ability to repair and reuse the product (Deloitte, 2016). The pr54443 standard 

promotes design measure favourable to disassembly but does not include any indications for material 

selection that could promote repairability. This study finds in the interviews that the weight of the 

product is argued to affect the ability to both repair and reuse the product/parts. This is also found in 

the document analysis but expressed as problematic in the context of calculating the indexes based on 

total mass of a part. The suggestion is to create weighting factors for parts that i.e. contains CRM. In the 

context of technical barriers one interviewee express that there are products on the market that was put 

there in the eighties and they are still fully functioning and easy to repair, thought they are very heavy. 

The selection of durable materials is depending on the costs and the market prices of a base station; 

therefore, one could argue that the ability to select durable materials is dependent on market forces.   

Market barriers like the availability of spare parts are listed as some one of the most important factors 

of repairability (Deloitte, 2016). In the interviews this study found that Ericsson assures their customer 

that spare parts will be available for their purchase for a minimum of 10 years. But that the WEEE 

directive (European Commission, 2012) has made it more difficult to reuse parts from old products and 

use them as spare parts again. Instead companies must buy large stocks of spare parts to be able to fulfil 

the guarantee of long availability.  

The standard presents both a semi-qualitative and a qualitative method for assessing the ability to 

repair, reuse and upgrade. Thought some of the most important aspects are considered in the methods 

presented in the standard. The economic barrier with repair, reuse and upgrades is not considered, not 

in a direct sense anyhow. This is considered outside the scope of this standard, but if the methods should 

measure reality it should reflect upon important economic factors hampering repair, reuse and upgrade 

like the technological, market and legislative barriers presented in Deloitte (2016). The complexity of 

Ericsson product could affect the ability in practice to incorporate these methods into their business, 

because of the effort needed to find data input to use in the calculations (Cordella, et al 2018). 

4.3 Re-manufacturability 

The assessment methods for re-manufacturability provided in the prEN 45554 are: an overall 

assessment of the remanufacturing process using methods like accessibility index, disassembly 

sequence and depth, disassembly index and time for disassembly (eDiM) to quantify the process steps. 

4.3.1 Document analysis on comments in first round of the secretary enquiry 

The document analysis sets out to find common themes in the comments on the prEN 45554 standard 

on re-manufacturability in energy related products. In general, the analysis found that comments 

regarding the methods for re-manufacturabiliy are overall concerning:  

o The document is considered immature and the definitions and paragraphs are lacking or lack 

essential information. 

o The calculation methods are in general questioned because they are the same as the calculation 

methods presented in the prEN45553 document for RRU, except for the accessibility index.  

The complete list of themes is presented and explained in a summery in table 8. Comments on 

formalities and grammar are deemed out of the scope of this study and not included in the document 

analysis. 

 

 

 

Table 8 Themes found in document analysis of comments on prEN45554. 

Type of themes Comment  
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Usability of calculation methods  

Method  

 

 

Other requirements   

 

4.3.2 Product specific implementation (interview result)  

4.3.3 Summarised result discussion: re-manufacturing  

Re-manufacturing is considered a closed loop EoLT alternative before discarding or recycling a product. 

Offering a reduction of CO2 emissions, energy consumption, environmental degradation and raw 

material extraction in comparison to incineration or recycling (Zlamparet et al 2018; Gutowski et al., 

2011; Miao et al., 2016). The prEN45554 standard is focusing on design and process features to assess 

the ability to re-manufacture an ErP. It is found in the literature that designers should consider design 

features for re-manufacturing as early in the design phase as possible. This is evident both in the 

interviews and in the literature (Zlamparet et al, 2018).  

Technical assessment could consist of ease of disassemble, cleaning/sorting, part refurbishment and 

ease of reassemble. These parameters could be influenced by factors such as disassemblibility, 

accessibility, complexity and recoverability (Fang et al, 2015). Disassemblability is concerning 

disassembly without destructing the parts avoiding unfastening difficulties and reducing directional 

constrains on a part-level. Accessibility considers how easy the fasteners could be accessed during 

disassembly from an ergonomic perspective. Complexity is concerning the number of fasteners and 

different number of fastener types, different assembly directions of the fasteners and different 

disassembly efforts. Recoverability consists of how many of the parts could be recovered as spare parts 

(Fang et al, 2015).  

To use tools like Computer-aided Design (CAD) is argued possible in the literature. The data required 

for assessment of re-manufacturability is sometimes hard to conduct and time consuming (Fang et al, 

2015). To use a CAD software could help to gain access to the data needed for assessing re-

manufacturability in an ErP (Fang et al, 2015). No further analysis was done on the matter in this study 

but could be an element for future research.  

In the CEN/CENELEC, the standard focuses on the remanufacturing process, inspection, disassemble, 

cleaning, reprocessing, reassembly, testing and storage. The document has highlighted product 

attributes that are crucial factors in relation to the process steps: 1) eases of locating access points and 

fasteners 2) ease of verification and testing 3) ease of access 4) ease of dis-/reassemble and 5) wear 

resistance. It is found in the document analysis that the lack of information on how to use this scoring 

system of the processes for re-manufacturing needs to be elaborated on to clarify the usability in an ErP.  

The interviews conducted in this study agree with the ongoing standardisation that the product process 

is of importance for remanufacturing. Thought, the question was raised if it would be more sustainable 

to calculate how many times a product could be re-manufactured before the material and components 

are obsolete, instead of only focusing on the process features and factors influencing the process 

(interviewee 3 2018; interviewee 4, 2018). If these standards were to be used in the future as measuring 

tools for material efficiency requirements on material efficiency, would they measure the correct 

parameters of re-manufacturing to do so? Well maybe, the standards calculations focusing mainly on 

part disassembly and recovery. Disassembly and recovery of parts is identified as having the most 

significant impact on the re-manufacturability of a product (Hammond et al, 1998).  
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4.4 Recyclability and recoverability 

The assessment methods provided in the (prEN 45555) are: recyclability rates and recyclability and 

recoverability benefit rates and recyclability recoverability benefit loss (removed from the document 

in the second secretary enquiry and not analysed further than in table x). 

4.4.1 Document analysis on comments in first round of the secretary enquiry 

The document analysis sets out to find common themes in the comments on the prEN 45555 standard 

on recyclability and recoverability in energy related products. In general, the analysis found that 

comments regarding the methods for recyclability and recoverability are overall concerning:  

o The standard documents usability in relation to the technical committees and the 

comprehensiveness of the methods making them costly and time consuming to use on large and 

complex products. 

o The method was also questioned because the first draft of the standard proposed the use of LCA 

data, unclear guidelines on how to develop the criterion for recyclability and recoverability and 

reproducibility of the results. 

The complete list of themes is presented and explained in a summery in table 9. Comments on 

formalities and grammar are deemed out of the scope of this study and not included in the document 

analysis.  

 

Table 9 Themes found in document analysis of comments on prEN 45555 

Type of themes Comment 

Usability  

 

 

Communication to recyclers  

Applicability  

Method  

 

 

 

4.4.2 Product specific implementation (interview result) 

In the context of the on-going standardisation of recyclability and recoverability assessment methods a 

semi-structured interview was conducted with recycling company handling Ericsson products and 

setting out to develop a “product specific implementations” on Ericsson network products. The result is 

shown in the table 10 below.  

Table 10 Result from interview on product implementation of prEN 45555 

Product specific 

implementation  

Comment  

End of life treatment scenario 

 

 

Criterions affecting the 

recyclability and recoverability 

 

Potential recyclability and 

recoverability rates 

 

Other comments  

 



19 

 

4.4.3 Summarised result discussion: recyclability and recoverability 

When a product is discarded or considered scrap it should be sent to recycling or recovery facilities. In 

the prEN45555 standard the use of recycling rates and products specific end-of life treatment scenarios 

is proposed. In the scope of this study an attempt to conduct recycling rates and EoLT was carried out 

in Part 2 (see section 4.6.2 below). In the interview with the recycler the difference of recycling rates 

depending on geographical dependence could be influenced by several aspects: 

o Cost of labour to dismantle. 

o Return for materials vs. cost of new raw materials. 

o Quality of finished products.  

o Availability of raw materials.  

o Taxation.  

o Compliance.  

o Access to markets for recovered materials. 

This study could not find any specific information on how to handle this geography dilemma in the 

standard. If a product is put on the market and recycled in Europe or put on the market and 

recycled/recovered in Asia, the recycling rates could vary greatly (Jiang et al., 2012; Wang and Xu, 2015; 

Zeng et al., 2015). If different recycling rates should be calculated per product and per geographical area, 

the administration of the method would very comprehensive and time consuming.  

Another dilemma that was found in the interviewees is the differences between recycling companies. 

The process and the EoLT is also varying between recycling companies. The technological sophistication 

on how to carry through the recycling should be considered in the end-of-life treatment scenario. 

Thought the interviews argue that the recycling rates would be quite similar between different recycling 

companies in Europe. To simplify for the manufacturers when using the standard, perhaps standardised 

or average recycling rates could be used to minimise the administration of the data collection for the 

standard? 

 

4.5 Recycled content  

The assessment methods provided in the (prEN 45557) are: Pre-consumer recycled content index 

(material), pre-consumer recycled content index (complex multi-material part), post-consumer 

recycled content index (material) and post-consumer recycled content index (complex multi-material 

part). 

4.5.1  Document analysis on comments in first round of the secretary enquiry 

The document analysis sets out to find common themes in the comments on the prEN 45557 standard 

on proportion of recycled content in energy related products. In general, the analysis found that 

comments regarding the methods for proportion of recycled content are overall concerning:  

o This document is considered a horizontal standard that could be applied on an ErP directly 

The complete list of themes is presented and explained in a summery in table 11. Comments on 

formalities and grammar are deemed out of the scope of this study and not included in the document 

analysis. 

Table 11 Themes found in document analysis of comments on prEN 45557.  

Type of themes Comment 
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Applicability 
 
 
 
 
 

 

Understandability  

Usability   

Limitations within the 
standard 
 
 

 

Method 
 

 

4.5.2 Product specific implementation (interview result) 

In the context of the on-going standardisation of assessment methods for proportions of recycled 

content a semi-structured-interview was conducted, setting out to find strength and weaknesses with 

the standard and thoughts on product specific implementations on Ericsson network products. The 

result is shown in the table 12 below. 

Tabel 12. Result from interview on product implementation of prEN 45557 

Product specific 
implementation 

Comments 

Material declaration  
Pre-consumer & Post-consumer 
recycled content index (material) 
 
Pre-consumer & Post-consumer 
recycled content index (complex 
multi-material part) 

 

Other comments   

4.5.3 Summarised result discussion: recycled content 

This result finds that the recycled content is, perhaps the furthest developed of the five standards 

included in this study. The standard is considered usable directly on an ErP product without any product 

specific implementation. From an Ericsson perspective the two interviewees see no problem with using 

the standards today, it is rather a matter of putting new requirements on the suppliers to fulfil the 

requested amount of recycled content within the quality requirement on the material.  

Plastic is considered a key area for further investigation, due to the higher costs of purchasing recycled 

high-quality plastics required in an Ericsson product today. The question was asked to the interviewee 

if Ericsson could lower their requirements on plastics to allow for more options on recycled plastics. The 

complexity of the matter concerns the trad-off between the durability of the plastic and the recycled 

content. The plastic is often used to protect the products from environmental conditions (like sun, 

humidity, rain, snow and wind), to use a lower quality plastic could lead to a faster degrading in this 

protection and damage to the electronics in the product. Evidently, this is not desirable neither from an 

Ericsson perspective, costumer perspective or in the concept of circular economy. Instead other 

alternatives are considered more efficient from an environmental perspective, i.e. Ericsson is looking 

into using a virgin plastic mixed with recycled plastics – that fulfil the quality requirements and have a 

lower environmental impact concerning climate change according to internal LCA results (Interviewee 

6, 2018). 
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The prEN45557 standard is focusing on the traceability of the recycled content, the interviewees entailed 

that most of the metal in Ericsson products contain recycled materials. Because this is how the market 

for metals looks like today in Europe. Markets like Kina and South America has lower amounts of 

recycled content mixed up with virgin materials when purchases. This could be discussed from two 

points of views. Firstly, the traceability and transparency the standard favours are welcomed by 

Ericsson, thought maybe the material declaration needs to be updated to include this type of information 

to be transferred between suppliers to the manufacturers. Secondly, the markets for materials look very 

different today when it comes to the mixing recycled materials and virgin materials:  i.e. the global 

average of recycled aluminium is >25-50% (Graedel, 2011). If requirements were to be developed this 

would have to be considered and handled administrative.   
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Part two: Testing the material efficiency assessment methods 

4.6 Test of the assessment method:  

This section sets out to test one of the Time for disassembly (eDiM) methods in standardisation 

prEN45553 Ability to repair, reuse, upgrade and prEN 45554 Re-manufacturability and tries to 

calculate the recyclability rate and recoverability rate presented in standardisation prEN 45555.  

4.6.1 Ability to repair, reuse, upgrade and re-manufacturability 

This study tested the proposed methods for Time for disassembly. The results gave that a small Ericsson 

product had a disassembly time of seconds using the eDIM (see table 13 for calculation). A previous 

study done by a recycling company study showed that the disassembly of the same product takes seconds 

when done by a professional. Giving a  difference in using the method for disassembly provided in the 

standard, in comparison done by a professional recycler. 

Table 13: calculations for Time for disassembly (eDiM) in the DOT 
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4.6.2 Test of the assessment method in recyclability and recoverability 

In standard document prEN 45555, on recyclability and recoverability, the standard suggest that the TC 

should develop a product specific EoLT scenario, list of parameters or criterions that enables the 

recycling or recoverability of the material and calculations of recyclability and recoverability rates. The 

result bellow is based on interviews from Belmont trading (Stewart, 2018; Borrman, 2018). 

4.6.2.1 End of life treatment scenario of a base station 

Based on the information from the recyclers an EoLT scenario was developed, assuming that waste is 

collected and sent off to pre-treatment; dismantling and selective treatments or material separation; 

mechanical, chemical or thermal separation (appendix 1.). 

Parts of material in the pre-treatment process are parts and materials listed in section 4.7.2, as single 

recyclable materials, materials that is difficult to process and hazardous parts or materials. Based on the 

recycling companies processes the materials remaining for material separation (metals or non-metals) 

will differ. When the waste fractions are filled, the materials are sent off for recycling, incineration or 

landfills (note: landfills are not common EoLT options in European countries and is therefore marked 

with parentheses, but it is essential not to exclude landfilling from the scenario because it is still present 

in some European countries) (Stewart, 2018).  

4.6.2.2 List of parameters affecting recyclability in a Base station  

The list of criteria for recycling found in the literature (IEC, 2012) and in the interviews with recycling 

companies (Borrman, 2018; Stewart, 2018) (appendix 2).  

4.6.2.3 Recyclability rate in the Dot  

Based on the EoLT scenario in section 4.6.1 and the list of parameters in section 4.6.2 the recyclability 

and recoverability rates were calculated on an Ericsson product called the “Dot”. The recyclability rates 

per material was conducted with help from the recycling company and gives a recyclability rate of  and 

a recoverability rate of ). The data for recyclability and recoverability rates are collected from Belmont 

trading (Stewart, 2018, Borrman, 2018) and the product related data was collected from the material 

declaration and internal documents (Ericsson, 2015) (see table 14). 

Table 14 Recyclability and recoverability rates in the dot. 
Brand name: Radio Dot System 
Total weight (mtot) g   
 Name of part Mass 

(g) 
Material Recycling 

rate (%) 
Recyclable 
mass (g) 

Recovery 
rate (%) 

Recoverable 
mass (g)  

Pre-treatment  
Single recyclable 
materials 

       

Parts difficult to 
process 

       

Parts requiring 
selective treatment 

       

Metal separation        
       

Non-metal 
separation 

       
       

        
Sum        
   
   

4.6.3 Summarised result discussion: test of the assessment method  

The results from the Time for disassembly gave that the Dot would take seconds according to the 

proposed method using reference values for fastening types, lifts and rotations. The method is simple to 

use but the question arises if it is accurate enough to use to show compliance to future legislation. de 

Aguiar et al. (2017) argues that 30% difference could occur when using the Time for disassembly (eDIM) 
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in comparison with timing a recycler. This is confirmed even in this study, with a % difference in 

disassembly time between the calculation method and the manual method. Both this study and de 

Aguiar et al (2017) are testing the calculation methods on smaller products. The question remains how 

larger products that is heavier to turn around or products in need of special tools with special fasteners 

would be compatible with the method?  

The results from the recyclability and recoverability method gave that  of the Dot could be recycled and 

of the material could be recovered (including both energy and material recovery). The aim of this study 

is to analyse the usability of the standard on an Ericsson product. From the process of calculating the 

recyclability and recoverability rates it is found that to gain access to the data required for the 

calculations could be complex and administrative in the future. Depending on how the TC will develop 

the product specific standard, the accuracy of the recyclability rates and recoverability rates could be 

affected. It is not clear in how the horizontal standard is developed today of how the manufacturer 

should collect the recycling rates per material or if the standard will provide reference values for the 

recycling rates. If reference values would not be provided, this could be a challenge for companies with 

a large and diverse product catalogue like Ericsson.  

For the recyclability and recoverability rates, most of the data was collected from a study done on the 

Dot in collaboration with the recycling company Belmont trading. To only use the information from the 

material declaration of the Dot would not be possible today because of the detailed level the material 

declaration is developed in and that this type of calculation does not require that level of precision in 

material content. 

One last note to make concerns the recycling route the materials or parts are recycled through depends 

on the recyclers and the economic incentive to recycle the material. In the interviews Stewart and 

Borrman (2018) both stated that in the pre-treatment step Belmont trading conducts a material analysis 

of the products or part to assess the material content. The item is recycled based on the analysis of the 

material content, but items could also be sorted based on economic factors, like high profit materials 

contained in the part or product. The point is that the recycling rates are depending on the market value 

of material and the recycling companies doing the recycling.  
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5 Analysis 

Within the context of the ongoing standardisation of material efficiency assessment methods in the EU, 

this reports aim was to analyse the material efficiency assessment methods requested by the European 

commission in M/543 and presented by CEN/CENELEC. This study used one Ericsson product, from 

the product family - telecom infrastructure networks, as a case study to test two of the methods 

considered usable. This section sets out to analyse the result within the scope of the objectives of this 

report (see section 5.1-5.3). 

5.1 What methods in CEN/CENELEC standard are at the current date suitable for Ericsson 

products? Are there any incentives or barriers for using these methods? 

To answer this question, one must bare two things in mind 1) Ericsson´s operations 2) the status of the 

standard documents. 

In the context of the firs bullet point Ericsson´s operations are at the current date not involving any re-

manufacturing processes (but refurbishment occurs). Hence, could this assessment methods be argued 

as unsuitable at the current date. In the future this could come to change depending on the material 

efficiency requirements that are to be developed within the EU on ErP’s. If these requirements were to 

require manufactures to have an outlined re-manufacturing process for their products or if the 

requirements will only apply to products that are supposed to be re-manufactured still is a matter for 

the future. 

The status of the standards is also affecting how “suitable” they are. The standard on recycled content 

are directly applicable to ErP’s by the manufacturers, according to the results found in the document 

analysis (section 4.5.1). The standard on durability, ability to reuse, repair and upgrade, re-

manufacturability and ability to recycle and recover the ErP’s are all in need of product specific 

implementation by the technical committees.  

Barriers with the standards found in the result was the economic barrier and administrative character 

of the data collection. Current operations are also correlating with the available data. All the assessment 

methods in the standards will require quite a large data collection for the manufacturers. Factors as 

increased administration to make sure that the manufacturers can show compliance to future 

regulations by using the standards could increase cost and if the administration is outsourced on 

consultants or suppliers/recyclers this could also increase the company’s costs.  

Another barrier found is the reliability of the assessment methods and the ability to reproduce the 

results. In the section 4.6 this study tries to test the methods on an ErP, it was found that the method 

time for disassembly and a recyclability and recoverability rates could be sensitive to the input of data.  

Incentives with the standards could be argued as divided into direct and indirect incentives. The direct 

incentives are the current manufacturers operations in the field of the material efficiency aspect. One 

could argue that how “suitable” the standards are depending on the company’s operations today. It was 

found in the result from the document analysis that the durability standards were in general considers 

complex and technical to understand. But in consultation with an expert on the subject at Ericsson it 

was found that the current operations at Ericsson is similar to the proposed standard and this could 

facilitate the implementation of the assessment methods in the future. On the contrary to this, the reuse, 

repair and upgradability assessment methods was not found to be familiar to the interviewees and 

created several questions regarding practical aspects of the methods. Thought, the assessment methods 

were found to be unfamiliar to Ericsson the attitude towards the design attributes promoted by the 

standard was found to be received positively. 

An indirect incentive is the knowledge and transparency of the material efficacy aspects gained by using 

these standards. It was not emphasized on in the result but by found in the literature (Dalhammar,2016; 
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Ellen MacArthur Foundation, n.d) as a key factor designing for and the transitioning into a circular 

economy (Ellen MacArthur Foundation, n.d).  

5.2 What are the key factors for implementing the methods presented in the CEN/CENELEC 

standard on an Ericsson product? 

Key factors to consider when implementing the standards or before implementing the standards on 

material efficiency are 1) available data 2) information flows to suppliers and recycler 3) product specific 

attributes to consider.  

The test results (in section 4.6) show that the available data is important for using the standards. The 

standards on durability, reuse, repair and upgrade and re-manufacturing could be argued using internal 

data as an input in the assessment methods. While, recycled content and recyclability and recoverability 

will rely on external data collection. Material data could be gathered form the material declaration, but 

additional inputs of data on i.e. post-consumer and pre-consumer material is still to be added. Also, to 

facilitate the data collections between manufacturer and recycler, new information flows should be 

developed for data collection.  

It is important to add that the availability in data and comments in the result highlighting the complexity 

of using the proposed methods in the standards could depend on that the standards are new and when 

the standards are implemented in the future and all the data is available this might not be any problem. 

This is proposed in Dalhammar (2015) and is rather a matter of time for manufacturers to get settled in 

with the new standards then a problem with the standards. It’s also found that Ericsson see 

opportunities as gained knowledge and increase the material efficiency when using these standards. 

Other factors to consider when using the standards on an Ericsson product is the product specific 

attributes of a telecom network product. The result ranges from a wide variety of important aspects to 

consider i.e product weight, location and size. In the result it is also found that geographical differences 

with Ericsson products could affect material efficiency aspects as i.e. the end of life scenario and 

recycling rates. The ability to repair, upgrade and reuse part could also be affected depending on where 

the product is placed on the market mostly considering the transports and work environments of these 

actions. 
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6 Concluding discussion  

The aim of this study is to analyse the material efficiency standards usability on an Ericsson product. 

The standards are still in the developing phase and are expected to be finished in the spring of 2020. 

Still, the result has found that one of the standards is considered directly usable by the manufacturers 

(prEN 45557 on recycled content) and the rest are still to be considered horizontal and in need of further 

product implementation. The standard assessing re-manufacturing (prEN 45554) was found in the 

document analysis to be the most immature document for going forward in the standardisation process, 

at the time.  

The increased focus on circular economy within the EU has be found to cause worries amongst 

manufacturers (Dalhammar, 2016). This result found that the standards are welcomed in theory as the 

need for closed loop thinking and systems thinking are an increasing concern when designing ErPs 

(Hughes, 2017). When discussion the practices of using the standard with the interviewees and in the 

document analysis, some barrier was found:1) large data inputs 2) the reliability of the calculation 

methods 3) failure in recognising future applications 4) on a detail level of the standards some 

misunderstandings could occur due to lack of information i.e. in the standard on durability the 

secondary functions need further explanations on how it differs from a primary function.  

Large data input: 

The data required to conduct the calculations depends on the standard document. It is found in this 

study that the importance of information flows will be crucial for collecting this data. In the assessment 

of recycled content in the ErP, the information is collected from the suppliers. Today existing flows of 

information is in place (material declaration). The material declaration does not include any data on 

recycled content today, but it is suggested that the material declaration should be redeveloped to include 

recycled content in the future. While there are existing information/data flows between supplier and 

manufacturer, this is lacking between the manufacturer and the recyclers. To facilitate the 

implementation and use of this recyclability standard new information streams will have to be 

developed. This could be a costly process because it will mean that the manufacturers will have to put 

further requirements on suppliers and recyclers to gain information or pay for the administration of 

collecting the data. To facilitate and develop these types of information flows is mentioned as one of the 

actions in the EU action plan for circular economy, something this study acknowledges as very important 

for both the recyclers and the manufacturers in a future circular economy.  

The standards for durability, reuse, repair and upgrade and re-manufacturer is from the look of it today 

not as bound to other actors in the data collection. In the case of durability, Ericsson has worked with 

doing reliability and durability tests for a long time and this could be in their favour when in the future 

they need to use the EU standard for durability and show compliance to regulations. For reuse, repair 

and upgrade as well as for re-manufacturing these standards are in need of product specifications before 

any analysis of the data could be provided. It is still important to notice that these two standards are 

more focusing on design attributes and internal processes in the assessment. In comparison to recycled 

content and recyclability and recoverability that is relying on upstream and downstream actors.  

Reliability in calculation  

In the EU standards are used for companies to show compliance to existing regulations (Hughes, 2017). 

Hence, the reliability in the calculations are importance for the future. As argued above most of the 

standards will need product specific implementation form technical committees that implement the 

standard. The result in this study could be used as a start for further development for the product specific 

standards in relation to ICT equipment and base stations. Thought, as discussed above the diverse 

characteristics of Ericsson products makes this task complex, and the complex technology used in the 

products could affect the reliability of the result when implementing the standards.  

This study tried to implement the recyclability standards on a product specific level. It was found that 

even if the test product was a rather small product with a low number of parts the data collection was 
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time consuming and in need of expertise from recyclers to conduct. Due to the lack of product specific 

implementation today the recycling rates and the EoLT scenario could come to change in the future. 

This study would like to argue that for the product specific implementation to be developed properly the 

TC should work close to recycler in the case of prEN 45555, and close to the manufacturers to develop 

standards that are reflecting the reality of production. 

Future implementation 

The standards are developed in the framework of the ongoing closing of the loops in the EU and are used 

by manufacturers in the future to show compliance to material efficiency regulations (Hughes, 2017). 

But i.e. in the prEN 45555 standard on assessing recyclability and recoverability the assessment gives a 

percentage of the technical recycling rate at a specific recycler. Like argued above, the recycling and 

recoverability rates would indicate different results depending on the recycler or the country it is 

recycled in. When regulations on the ability to recycle an ErP is developed, how should the manufacturer 

conduct the study without providing “green washed” results if using the best recycling rates or how could 

EC avoid requiring too much administration on the manufacturers?  

The action plan for circular economy (presented in fig 1 in section 2.1.1) suggest a future focus on 

material efficiency requirements how these requirements will be developed still is a matter for the future 

but the rest of the actions in the action plans gives a suggestion of the future. The action plan suggests a 

changed legal enforcement on grantees, new requirements that facilitate repair i.e. available repair 

information, tests and actions against planned obsolesce, increased focus on secondary material use 

(with a focus on plastics), tracking and labelling of chemicals in products. The action plan entails that 

waste should be easier to ship within the EU to facilitate for CE. The finings in the result suggest that 

this is welcomed by the manufacturers because today the legislation is developed in a way that makes it 

hard to transport products that are considered “waste” by legal definition across borders, something that 

will become increasingly important for reuse, repair and upgrade, re-manufacturing and recycling in the 

future.  

This study has tried to analyse the ongoing standardisation work using a holistic approach by analysing 

all the standards together. The results show that the standards are welcomed but slightly complex to 

understand and apply by the manufacturers at the current date. For future research on the matter the 

author of this study suggests that a similar study is conducted when the standard documents are 

finished. 
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Appendix 1 
End of life treatment scenario. 
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Appendix 2  
List of parameters for recycling of a base station 
 

Criterion Source 

 (Borrman, 2018; 
Stewart, 2018; IEC, 
2012) 
 
 
 
 

 (Borrman, 2018; 
Stewart, 2018; IEC, 
2012) 
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