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Figure 2-1 Welfare versus Growth. (Source: Daly 2015)
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Figure 2-1 Crude Oil Prices showing impact of key events – oil data (Adapted from: 
www.macrotrends.net)

2008 Financial
Crisis

Iran –Iraq War

First Gulf War

Yom Kippur
War

Covid-19

War in
Ukraine

Crude Oil
Price in $ per
Barrel

Year

Suez Crisis



29

Figure 2-2 Percentage of CO2 emissions by world population. (Adapted from: Gore 2020)
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Table 3-1 The 10 original categories of EEE covered by the WEEE Directive (2012/19/EU) Annex 1. 
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Figure 3-1 Global E-Waste Generated by year. (Adapted from: Forti et al., 2020)



43 
 



44 
 



45 
 



46 
 



47 
 

Figure 3-2 EEE put on the Market and WEEE collected and treated 2010-2017 (Source: Eurostat 
2022) 

Table 3-2 Current categories of EEE and minimum recovery targets  
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Figure 3-3 Average composition of WEEE plastics for recycling. (Adapted from MGG Polymers 2020)
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Table 3-3 Applications of plastics in EEE (adapted from Delgado et al., 2007, EU, 2011, BPF 2018) 

Polypropylene (PP) 
Components inside washing machines and dishwashers, 
casings of small household appliances (coffee makers, irons, 
etc.) Internal electronic components. 
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Table 3-4 Plastic content of different WEEE categories adapted from (Accili 2021) 

Plastic 
content by 
weight (%)

12.98 14.05 16.42 36.40
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Figure 3-4 Electrical and Electronic Equipment collected by EEE category, 2017 (Source: Eurostat 2022)
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Figure 4-1 Considerations when developing a business model. (Adapted from: Gassmann et al., 2013). 
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Figure 4-2 The different layers of an organisation’s environment. (Adapted from Johnson, G et al.,2011) 
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Figure 4.2: The five competitive forces that shape strategy plus the addition of complements, 
digitalisation and innovation. (Adapted from Porter 2008).  
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Figure 4-3 9 Blocks of Business Model Canvas (Source: Osterwalder 2010). 
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63
Figure 4-5 Business Model Strategies. (Adapted from: Bocken et al., 2016).

Figure 4-4 Design thinking. (Adapted from IDEOU 2022).
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Table 4-1 Types of PSS adapted from Tukker (2015)  

Type of PSS Description 

Product oriented 

PSS. 

Focused on selling products but some additional 

services are added, e.g. in form of after sales services. 

Use oriented 

PSS 

Ownership of the product remains with the provider but is made availability to 

one or more users. Products can be leased, rented, pooled or shared. 

Result oriented 

PSS. 

The provider and client agree on a result/capability and no pre-determined 

product is involved. This is the most circular and resource efficient business 

model. 
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 Figure 4-6 Service Model. (Adapted from Mont 2006) 
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Figure 4-7 Conceptual framework for assessing adoption of CEBMs (adapted from Bocken et al., 2016 and 
Johnson et al., 2011).
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Figure 5-1 Approach to research, based on research onion (adapted from Saunders et al., 2019)
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Figure 5-2 Three methodological approaches to case study research (Source: Costa  2016) 
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Figure 5-3 Phases of the research (adapted from Yin, 2018) 
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Figure 5-4 EEE value chain (courtesy of PolyCE project) 
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Table 5-1 List of participants and sectors 
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Table 5-2 Site visits undertaken as part of the research. 



93 
 



94 
 

 

 

 



95 
 

 



96 
 

Table 5-3 Methodology of bias reduction (adapted from Creswell 2000) 
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Figure 5-5 How the researcher triangulated data (adapted from Bryman & Bell 2011).
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Table 6-1 Identified themes and sub-themes 
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Figure 6-1 Extent to which circular economy represents a shift to respondents’ current business practice.
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Figure 6-2  Willingness to consider an alternative CEBM. 
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Figure 6-3 Types of appliances respondents would consider renting. 
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Table 6-2 Summary of drivers and barriers for product service CEBMs from the perspective of the OEMs 
interviewed. 
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Table 6-3 Summary of drivers and barriers for remanufacturing, refurbishment and reuse CEBMs 
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Plate 1 Refurbished RAM produced by RF3. 
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Figure 6-4 PolyCE partner, Whirlpool’s returns system (Source: courtesy of Whirlpool) 
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Plate 2 Barcoded Equipment 



123 
 



124

Plate 3 Appliances arrive at the reception area      Plate 4 Appliances are assessed for refurbishment
potential.

Plate 5 Appliances are stored awaiting refurbishment.      Plate 6 Testing washing machines.
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Plate 7 Refurbishment of Appliances.                    Plate 8 Harvesting of spare parts. 
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Plate 9 Refurbished appliances on sale at a UK social enterprise  
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Plate 10 Fridges delivered to an AATF from a Local Authority site visit 2 

 

Plate 11 – Plastic Cables from site visit 6          Plate 12- Printed Circuit Boards (PCBs) at site visit 6 
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Plate 13 -Copper heating elements at site visit 1.  Plate 14 Metals from fridges at site visit 1.
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Plate 15 HIPS from a fridge reprocessing plant -site visit 2. 



133 
 



134 
 



135 
 

Figure 6-5 Comparison of virgin vs fossil sources of polymers derived from data supplied by 
reprocessing interviews. 
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Figure 6-6 Most Important drivers for adoption of CEBMs
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Figure 6-7 Q22: Which of the following would help your organisation to prepare for, or develop, a circular 
economy approach within your organisation?
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Figure 7-1 Strategy model (adapted from Johnson et al., 2020)
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Figure 7-2 The different layers of an organisation’s environment (Adapted from  Johnson, et al., 2020) 



144

Figure 7-3 PESTEL Analysis influencing the EEE value chain.
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Figure 7-4 Areas covered by standards work of the CPA, (Reproduced courtesy of CPA, 2022)
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Figure 7-5 Saving potential of using recycled instead of virgin plastics from WEEE (Adapted from PolyCE 
2022)
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Figure 7-6 Business models strategies (Adapted from Bocken et al., 2016; Konietzko et al., 2020)
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Figure 7-7 Strategies in action from the case study developed by the author for the PolyCE project 
(PolyCE 2022). 
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Figure 7-8 Phases of developing and implementing a CEBM  
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Annex A Semi Structured Interview Guideline 
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Annex B  EEE sector Survey 
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Annex C  PolyCE Consumer Awareness Survey 
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