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ABSTRACT 

This study presents a methodology designed for selecting, from an environmental point of view, the best end-of- life 

scenario for electric and electronic equipment which breaks before the end of its life span. To this end, the 

environmental impact of the life cycle of the equipment is evaluated for two different end-of-life scenarios: repair & 

reuse vs. replacement. As a case study, the proposed methodology is applied to a representative sample of nine 

categories of small household electric and electronic equipment (120 appliances). Repair & reuse scenarios consider 

the life span and the typical failures and repairs associated with each electric and electronic equipment category and 

the use of the repaired equipment until the remaining life span after its breakage. Replacement scenarios also consider 

the life span associated to each electric and electronic equipment category and the replacement of the broken 

equipment by an equivalent during the remaining life span after its breakage. The environmental impact obtained for 

both scenarios for each small household electric and electronic equipment category is compared in order to identify 

the best end-of-life scenario. To do so, the life cycle assessment methodology is applied, using CML and ReCiPe as 

midpoint- and endpoint-impact assessment methods, respectively. The results indicate that for all the analysed 

categories, the repair & reuse scenarios generally prove environmentally better than replacement scenarios, as 

Directive 2012/19/EU promotes. However, for some types of failure, e.g. those related to motors or printed circuit 

boards, if the failure occurs at the end of its life span, replacement is a better option than repair & reuse, since the 

environmental impact of the repair activities is not offset by the environmental benefits of extending the useful life 

until the end of the life span. 
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1. Introduction 
 

Reuse of products has become increasingly important within the framework of EU policies since its initial proposal in 

the Integrated Product Policy (IPP) (COM 68, 2001) until its incorporation into the Circular Economy Package (COM 33, 

2017; COM 614, 2015) and the Ecodesign Working Plan 2016–2019 (COM 773, 2016). All these policies aim to encourage 

the reuse of products by preventing their disposal and by contributing to the extension of their life span. 

In addition, Directive 2008/98/EC and Directive 2012/19/EU pro- pose a waste management hierarchy, in which 

preparation for reuse is preferred to other waste management approaches, such as recycling or waste-to-energy, among 

others. Moreover, reuse also helps to prevent waste generation, the first option in the waste hierarchy. 

According to den Hollander and Bakker (2012), options related to repair, refurbishment or remanufacturing boost 

the prevention and reuse of products. However, although repair & reuse have long been promoted as an effective way 

to extend product life span (Bocken et al., 2016) and to enhance resource efficiency (Milios, 2017), this depends on the 

product category and on the processes needed to return the product to a suitable state (Bovea et al., 2016a; Nußholz, 

2017). 

Regarding electric and electronic equipment (EEE), van Nes and Cramer (2006) stated that energy-using products 

should be replaced with more energy-efficient ones  more often (even before they are broken) than those that belong 

to other product categories. In this line, Kim et al. (2006) and Pérez-Belis et al. (2017a) concluded that for refrigerators 

and vacuum cleaners, respectively, their premature replacement with more energy-efficient equipment could be an 

effective 

environmental choice. 

Other aspects, apart from the energy efficiency, that can affect the decision on repair & reuse or replacement of EEE 

are related to the types of repair required by each product (Bovea et al., 2016a), the cost of the repair (Brusselaers et 

al., 2019; Monier et al., 2016; Kemna et al., 2005), the appearance of the final reused product (Dindarian et al., 2012), 

consumers’ attitude towards repaired products (Bovea et al., 2018b). 
 

 

 

 
ACC accessories MOT motor 

ANT anti-slip parts PCB printed circuit board 

BLD blades PIT pitcher 

CAB cable PLU plug 

CDR cable drum POC power control 

COV cover R&R repair and reuse 

D distribution REPLACE replacement 

DEPd dust deposit HEA heating element 

DEPw water deposit SOL soleplate 

EEE electric and electronic equipment SWH small wheel 

EI environmental impact SWI switch button 

EoL end-of-life THE thermostat 

FIL filter TIN temperature indicator 

FILc coffee maker filter TSW temperature switch 

IPP integrated product policy U use 

LCA life cycle assessment VEN ventilator 

LCD liquid crystal display VSP vapour spray 

 
 

Iraldo et al., 2017; Perez-Belis et al., 2015, 2017b; Popoff et al., 2016), the existence of waste management policies 

and practices in the country (de Oliveira Neto et al., 2017; Lu et al., 2018; Morris and Metternicht, 2016; Zacho et al., 

2018) or the efficiency of the reuse centres (Devoldere et al., 2006) or reuse networks (Cole et al., 2017), among others. 

In addition, the potential of repair & reuse of products also depends on the incorporation of disassembly properties in 

the original product design (Li et al., 2019; Vanegas et al., 2018, 2016). 

Studies with special emphasis on assessing the environmental impact of activities involving the repair and/or reuse 

of EEE are limited in the literature  (Bracquene et al, 2019;  Bovea et al., 2018a; Cooper and Gutowski, 2017) and are 

mainly focused on analysing the environmental consequences of extending lifetime through its reuse by applying the 

life cycle assessment (LCA) methodology (ISO 14040, 2006; ISO 14044, 2006).  Examples include Schischkeet  al. (2003) 

and  Gonzalez et al. (2017) for computers, Perez-Belis et al.  (2017a) for vacuum cleaners, Baxter (2019) and Lu et al. 



 

 

(2014) for domestic refrigerators, Devoldere et al. (2006) for washing machines, Zink et al. (2014) for smartphones, 

Cheung et al. (2018) for video projectors or Pini et al. (2019) for five EEE categories (refrigerator, washing machine, LCD, 

laptop and fluorescent lamp). 

It is observed that, from most of these studies, the reuse process simply implies an extension of the appliance lifetime 

without taking into account the need for spare parts/components or maintenance/repair operations, which are only 

considered in Cheung et al. (2018) and Pini et al. (2019). In addition, little attention has been paid in the literature to 

comparing results between different EEE categories, with the exception of Pini et al. (2019). 

By taking this context into account, our study presents a methodology designed for selecting the best end-of-life 

option, from an environ- mental point of view, for EEE which breaks down before the end of its life span. To this end, 

two different scenarios are compared: repair and continue using EEE until the end of its life span vs. replacing EEE with 

an equivalent appliance. Repair & reuse scenarios consider the life span and the typical failures and repairs associated 

with each electric and electronic equipment category and the use of the repaired equipment until the remaining life 

span after its breakage. Replacement scenarios also consider the life span associated with each electric and electronic 

equipment category and the replacement of the broken equipment by an equivalent appliance during the remaining life 

span after its breakage. The methodology is applied to nine product categories of small house- hold EEE, to observe 

similarities and differences and common behaviour patterns among them. 

This methodology can be useful to facilitate the decision-making process for consumers since they will be able to 

easily and directly select the best end-of-life option by bearing in mind aspects related to the EEE category, the age of 

EEE when it breaks down or the type of repair required to fix it. 

2. Methodology 
 

The general objective of the proposed methodology is to improve the understanding of the environmental 

performance associated with different end-of-life scenarios of EEE. Specifically, this methodology is designed for 

selecting the best option, from an environmental point of view, between repair & reuse or replacing EEE which breaks 

before the end of its life span. To achieve this, the environmental impact of the life cycle of the equipment is evaluated, 

by applying the LCA methodology. Fig. 1 shows the proposed three-step methodology. 

The content of each stage is described below: 

● Stage I. Scenarios definition 
Two different end-of-life scenarios can be defined: 

- Repair & reuse scenarios: repairing initial EEE when it breaks down and continuing to use it until the end of 

its life span. A different scenario will be defined for each potential failure and its corresponding repair 

operation. 

- Replacement scenarios: replacing initial EEE when it breaks down with a new appliance that is equivalent to 

the replaced equipment. A different scenario will be defined for each year of the life span of the EEE by 

assuming that EEE can fail at different ages during its life span. 

So, on the one hand, the number of replacement scenarios will be the number of lifetime years of the EEE category 

under study. On the other hand, the number of repair & reuse scenarios will be the number of types of repair identified 

for the EEE category under study. 

● Stage II. Life Cycle Assessment 
As suggested by Ardente and Mathieux (2014), Bobba et al. (2016), Ciantar and Hadfield (2004) or Socolof et al. 

(2005), LCA is the recommended methodology for evaluating the environmental performance of each scenario. 



 

 

 

 

Fig. 1. Methodology.
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The goal of this stage is to quantify the environmental impact of each scenario defined in the previous stage of the 

methodology. The entire life cycle of the EEE for each scenario should be considered, taking into account the following 

life cycle stages: raw material acquisition, production, use, end-of-life option (repair& reuse vs. replacement) and final 

treatment/disposal. 

The complexity of defining a functional unit when the durability of products is involved has been considered by 

different authors (Ardente and Mathieux, 2014; Bobba et al., 2016, 2015). According to Bovea et al. (2018a), the 

functional unit has been defined as the use of an item of EEE during its average life span. 

The life cycle inventory (LCI) model consists in a detailed tracking of all in and out flows, including raw resources or 

materials, energy by type, water, and emissions of specific substances to air, water and land, for each stage of the 

product system under study (ISO/TS 14048, 2002). As the quality of the LCA study results largely depends on the quality 

of the LCI data (Bovea et al., 2010; Ibanez-Forés et al., 2011), the use of primary data to define the LCI model combined 

with the use of secondary data collected from the literature or from public/commercial LCI databases is highly 

recommendable. Primary data can be obtained from product sample characterisation processes, interviews with 

manufacturers or repair companies, etc. LCI databases, such as Ecoinvent Data- base (2017), European Life Cycle 

Database (ELCD, 2017) or the other LCI databases included in LCA software such as SimaPro (2019) or GaBi Software 

(2019), among others, can be applied to complete the LCI model. 

The environmental impact can be obtained by applying life cycle impact assessment (LCIA) methods to the LCI model. 

According to guidelines ISO 14040 (2006) and ISO 14044 (2006), environmental impacts need to be expressed 

mandatorily by impact categories using mid-point LCIA methods (IMPACT 2000 (Jolliet et al., 2003), CML (Guinee et al., 

2002), EDIP (Potting Hauschild,, 2004; Wenzel and Hauschild, 1998), among others) and, optionally, using end-point 

LCIA methods (Eco-Indicator’99 (Goedkoop and Spriensma, 2000), Ecological scarcity (Frischknecht et al., 2009), ReCiPe 

(Goedkoop et al., 2009), among others). For this purpose, an LCA software package (i.e. SimaPro (2019), GaBi (2019), 

etc.) can be applied. 

As a result, different environmental indicators will be obtained for each scenario as the sum of the environmental 

impact of each stage of the life cycle of the product under study: 

 

- Replacement scenarios: the environmental impact of replacement scenarios (EIREPLACEx) has to consider 

the environmental impact of the life cycle of initial EEE until it breaks down and the environ- mental impact 

of replacing EEE, which is proportional to the years left until its life span ends, according to the following 

equation: 

EIREPLACEMENTx ¼ Minitial + Dinitial + Uinitial ⋅ x + (Mreplacing/ls)⋅(ls-x) + Dreplacing + Ureplacing⋅(ls-x) + EoLinitial  

where: 

x  =1, 2, ..., is the year of the life span when EEE breaks down 

ls = average life span (years) of EEE 

Minitial/Mreplacing environmental impact of the purchasing raw material & production stage for initial and 

replacement EEE Dinitial/Dreplacing environmental impact of the distribution stage for initial and replacement EEE 

Uinitial/Ureplacing annual environmental impact of the use stage for initial and replacement EEE 

EoLinitial environmental impact of the end-of-life treatment of initial EEE (including the avoided burden that derives 

from recovering recyclable materials in EEE and the impact of the disposal (landfill) of the remaining materials) 

- Repair & reuse scenarios: the environmental impact of the repair and reuse scenarios (EIR&Ry) has to 

consider the environmental impact of the life cycle of initial EEE until it breaks down, and of the spare 

parts/components and operations needed for the repair process, according to the following equation: 

EIR&Ry = Minitial + Dinitial + Uinitial⋅ls +Ry + EoLinitial 

where: 

y =1, 2, ..., n– types of repair 

Ry = environmental impact of the spare parts/components and operations needed for the repair process 



 

 

● Stage III. Identification of best end-of-life scenario 

For specific EEE, the environmental impact of a repair & reuse scenario (EIR&Ry) may be lower or higher than the 

environmental impact of replacement scenarios (EIREPLACEx), depending on the years of the life span already consumed 

by the EEE (age of EEE when it breaks down) and the repair type. Hence, to identify the best end-of-life scenario for 

each EEE, the following comparison needs to be made: 

- If the environmental impact of replacing broken EEE in year “x” (IREPLACEx) is higher than the environmental impact 

of repair type “y” (IR&Ry), repairing the initial EEE and using it until the end of its life span would be the preferable 

option. 

- If the environmental impact of replacing broken EEE in year “x” (IREPLACEx) is lower than the environmental impact 

of repair type “y” (IR&Ry), replacing the EEE with a more energy-efficient appliance would be the preferable option. 

This can be represented in a matrix for each impact category/end- point LCIA method applied, where each row 

represents the number of types of repair of a specific appliance category and each column represents each year in the 

life span of that specific appliance category. In this way, selecting the best end-of-life scenario becomes a quick and easy 

process. For example, from Fig. 2 we observe that if EEE breaks down during year 4 of its life span and the repair type 

needed is #1, the best end-of-life scenario is Replacement. However, if EEE breaks down during year 3 of its life span 

and the repair type needed is #2, the best end- of-life scenario is Repair & Reuse. 

● Data collection 
 

To apply the methodology shown in Fig. 1 to a specific case study, first we should previously collect the information 

needed to configure the scenarios and to apply the LCA methodology. Specifically, it is necessary to obtain information 

about the following aspects that cover the life cycle stages of EEE: 

Purchasing material and the production stage (M). It is necessary to identify the weight, material and manufacturing 

process for each component of the EEE under study. 

Distribution stage (D). It is necessary to identify the average distance from the manufacturing location to the point of 

sale, and the means of transportation used for each journey. 

Use stage (U). It is necessary to identify the energy use and the consumables needed while EEE is being used. For 

this purpose, in- formation about the electric power and the consumer use of EEE is required. 

End-of-life stage (EoL). It is necessary to identify the commonest types of repair of the EEE under study, the resources 

needed for such repairs, and the final destination of the spare parts and the product when its life span ends. 

3. Case study 
 

The proposed methodology was applied to a representative sample of nine categories of small household EEE, 

obtained from a collection campaign designed and implemented in the city of Castellón de la Plana (Spain) (Bovea et al., 

2016b). For this case study, 120 of the collected appliances were analysed, from the following nine categories: Vacuum 

cleaner (7 appliances), Hand blender (17), Coffee maker (13), Heater (7), Juicer (8), Iron (30), Sandwich maker (7), 

Hair dryer (17) and Toaster (14). 

 
3.1. Data collection 

 
As described in Section 2, it is necessary to collect some information to apply stages I and II of the proposed 

methodology to the case study. Specifically, the following information is needed to define both scenarios and the LCI 

model in order to apply the LCA methodology: 

- Raw material acquisition and production stage. It is necessary to identify the average weight of material and 

the manufacturing processes for the components of each EEE category under study. For this case study, the 

sample came from a selective collection campaign organised in Castellón de la Plana (Spain). A total of 833.7 

kg (749 units) of small EEE was collected, of which 23.3% by weight and 22.4% by units belonged to the 

subcategory small household EEE. After disassembling and characterising a representative sample of the 

- 



 

 

material collected, the data reported in Table 1 were obtained (Bovea et al., 2016b). 

- Distribution stage. In relation to the transport of small household EEE from the manufacturing location to 

the point of sale, for this case study the data reported in Table 2 were assumed: small household EEE is 

manufactured in Asian countries and is transported to Europe by freighters and then distributed nationally 

by lorries. 

 
 

 
 

  

     

 
 

 

       

       

       

 

 
      

 

 
      

 

Fig. 2.  Matrix representation of results. 



 

 

 

 
Table 1. Average composition of the small household EEE categories (kg) (Bovea et al., 2016b). 

 

 



 

 

Table 2 Data for the distribution stage. 

  

Distribution type Distance (km) Means of transport 

  

International 10000 Lorry - 40 t 

    National 500 Freighter  

 

Use stage. It is necessary to identify the energy use and consumables needed while small household EEE is being used. 

Thus, information about the electric power of the equipment and how consumers use it is required. For this case 

study, the data reported in Table 3 were obtained after conducting a survey with users of small household EEE which 

aimed to identify current habits and practices as to its use 
and disposal in Spain (Pérez-Belis et al., 2017b). 

- End-of-life stage 

It is necessary to identify the end-of-life practices related to the repair & reuse and replacement of small household 

EEE. Hence, information about the commonest repair types needs to be identified for each small household EEE category 

analysed. For this case study, the data were obtained after conducting a survey which aimed to examine the awareness 

and perceptions of reusing small household EEE from the viewpoint of the different stakeholders involved in its end of 

life: repair centres and second-hand shops. After contacting 222 EEE repair centres in person and by telephone, the data 

reported in Table 4 was obtained (Bovea et al., 2017). 

For each repair type reported in Table 4, Table 5 indicates the material composition and manufacturing processes 

required for each spare part and repair operation. More details about the specific data for each repair operation can be 

consulted in Bovea et al. (2018a). 

 
3.2. Scenario definition 

 

After collecting all the information needed to apply the methodology (Fig. 1) to the case study, the repair & reuse 

scenarios and replacement scenarios can be defined: 

- Repair & reuse scenarios can be defined after identifying the commonest repair types for each small household EEE 

category (Table 4). The number of repair & reuse scenarios will equal the number of repair types (Table 5) after 

characterising the life span of each small household EEE category, as reported in Table 6. 

- Replacement scenarios can be defined after identifying the life span for each small household EEE category (Table 

3). The number of replacement scenarios will equal the number of years in the life span of each small household 

EEE category, as reported in Table 6. 

 
Table 3. Average data on the energy use and consumables needed while each kind of small household EEE is used (Pérez-Belis et al., 2017b). 

Vacuum cleaner Hand blender Coffee maker Heater Juicer Iron Sandwich maker Hair dryer Toaster 

Life span (years) 7 6 6 9 6 6 7 6  8 

Monthly uses (times/month) 1.08Eþ01 8.30Eþ00 1.54Eþ01 2.01Eþ01 8.40Eþ00 8.00Eþ00 7.50Eþ00 8.00Eþ00 1.25Eþ01 

Time/use (h) 5.00E-01 5.00E-02 1.60E-01 2.50E-01 5.00E-02 5.00E-01 1.60E-01 8.00E-02 3.00E-02 

Power (kW) 1.00Eþ00 6.00E-01 1.00Eþ00 2.00Eþ00 4.00E-02 2.20Eþ00 7.50E-01 2.20Eþ00 9.80E-01 

Consumables filters – filters – – – – – – 
 

Table 4. Repair types per small household EEE category (Bovea et al., 2017). 
 Vacuum cleaner Hand blender Coffee maker Heater Juicer Iron Sandwich maker Hair dryer Toaster 

Repair type 1 MOT PCB CAB VEN CAB CAB CAB CAB CAB 

 2 FIL CAB PLU PCB PLU PLU PLU PLU PLU 

 3 CAB PLU ACC CAB  VSP   HEA 

 4 PLU MOT HEA PLU  SOL    

 5 DEPd POC PIT MOT  DEPw    

 6 CDR BLD COV TIN  THE    

 7 PCB  SWI HEA  HEA    

 8 POC  FIL-c   TSW    

 9 SWH  ANT       

- 



 

 

 

3.3. Life cycle assessment 
 

3.3.1. Goal and scope definition 

The aim of this study is to identify the best end-of-life scenario for different small household EEE categories from an 

environmental point of view. For each category, two end-of-life options will be analysed: repairing initial small 

household EEE when it breaks down and continuing to use it until the remaining life span after its breakage (repair & 

reuse scenarios) vs. replacing initial small household EEE when it breaks down with a new appliance that is equivalent to 

the replaced one during the remaining life span after its breakage (replacement scenarios). 

The system boundary for each scenario reported in Table 6 includes all the inputs (raw materials, energy and water) 

and outputs (airborne, soil and waterborne emissions and solid waste) by characterising each stage of the average life 

cycle of each small household EEE category, as shown in Fig. 3. 

The functional unit selected for the LCA case study corresponds to the use of each of the small household EEE during 

its entire life span; that is to say, it refers to the use during the average life span that corresponds to the EEE category 

to which it belongs, from the raw material acquisition and manufacturing stage to its end-of-life treatment. This 

functional unit has been selected following the recommendations of Bovea et al. (2018a). 

 

3.3.2. Life cycle inventory 

The LCI model involves quantifying the input and output flows of each stage considered in the system boundary (Fig. 

3) for each small household EEE category. In this way a specific LCI model was drawn up from the primary data that came 

directly from the characterisation of the appliances (Bovea et al., 2016b) and from surveys carried out to identify  

consumer  habits  (Pérez-Belis  et  al.,  2017b) and repair types (Bovea et al., 2017), as reported in Tables 1–5. 

The Ecoinvent Database (2017) was applied to complete the LCI model for minor materials, fuel and electricity. Table 

1 includes the inventory data needed to model the raw material acquisition and pro- duction stage. By considering 

these data and those reported in Table 2, Table 7 was obtained to model the inventory data for the distribution stage. 



 

 

 

Table 5. Average composition of the repair types reported in Table 4 (Bovea et al., 2018a). 
 

MOT FIL CAB PLU DEPd ACC PCB POC SWH BLD ACC HEA PIT COV SWI FILc ANT FAN TIN VSP SOL DEPw THE TSW 

MATERIALS Plastics PP 
        

x 
   

x x x x 
   

x 
 

x 
  

 PVC                    x     

 ABS  x   x x  x          x       

 PC                   x     x 

Electronic Thermostat                       x  

components Plug    x                     

 Cable   x                      

 PCB       x                  

 Engine x                        

 Heating element            x             

Ferrous metal           x x          x    

Paper & cardboard x              

Rubber         x      

PROCESSES Manufacturing Injection moulding x x x x x x x x  x x x x x 

Shell moulding x   x 

Ferro metal extrusion   x 

Plastic metal extrusion x x 

Repair Welding x x 

Glued x 

Manual assembly x x x x 

7
 



 

 

Table 6. Number of scenarios for each small household EEE category. 
 Vacuum cleaner Hand blender Coffee maker Heater Juicer Iron Sandwich maker Hair dryer Toaster 

Repair & reuse scenarios 9 6 9 7 2 8 2 2 3 

Replacement scenarios 7 6 6 9 6 6 7 6 8 

 
 

Fig. 3.  System boundary for each scenario. 

 

Table 7. LCI data for the distribution stage (tkm per functional unit). 
 Vacuum cleaner Hand blender Coffee maker Heater Juicer Iron Sandwich maker Hair dryer Toaster 

Transport Lorry - 40 t (tkm) 

Transoceanic ship (tkm) 

2.81Eþ00 

5.62Eþ01 

4.03E-01 

8.05Eþ00 

3.30E-01 

6.60Eþ00 

7.65E-01 

1.53Eþ01 

6.02E-01 

1.20Eþ01 

5.70E-01 

1.14Eþ01 

1.12Eþ00 

2.25Eþ01 

1.76E-01 

3.52Eþ00 

6.58E-01 

1.32Eþ01 

 

Table 8. LCI data for the use stage (per functional unit). 
 Vacuum cleaner Hand blender Coffee maker Heater Juicer Iron Sandwich maker Hair dryer Toaster 

Electric use (kWh/life span) 4.54Eþ02 1.79Eþ01 1.77Eþ02 4.52Eþ02 1.21Eþ00 6.34Eþ02 7.56Eþ01 1.01Eþ02 3.53Eþ01 



 

 

 
Table 9. Substitution ratios of the recycled materials (based on Rigamonti et al (2009)). 

Substitution ratios 

Ferrous/Non-ferrous metal 1:1 

Paper/cardboard 1:0.833 

Plastic 1:0.81 

Glass 1:1 
 

 

 
Table 8 reports the inventory data for the use stage, which were calculated by taking into account the data reported 

in Table 3 on the consumer use and average power of the small household EEE categories. According to Table 3, only 

the vacuum cleaner and coffee maker categories use consumables (filters) during the use stage of their life cycle. The 

manufacturing process of the respective filters considers not only their production but also their manual assembly 

inside the equipment, as detailed by Bovea et al. (2018a). The environmental impact of this process has been modelled 

based on inventory data from Ecoinvent Database (2017). 

To model the end-of-life stage, the final destination of initial EEE (for replacement and repair & reuse scenarios) and 

the spare parts (for the repair & reuse scenarios) was taken into account. The recycling model for the recyclable 

materials from discarded EEE considered the burdens due to the recycling process itself and the burdens avoided from 

the saved/replaced raw material by taking into account the substitution ratios reported in Table 9. 

 



 

 

3.3.3. Life cycle impact assessment 

The LCA methodology was applied to obtain the environmental performance of each alternative scenario and they 

were modelled using 

SimaPro Software (2019). As mandatory elements according to ISO 14040 (2006) and ISO 14044 (2006), the CML 

method (Guineé et al., 2002) was selected as the mid-point LCIA method, which proposes the following impact 

categories with the following units considered for each one:  acidification  (kg  SO2  eq),  eutrophication  (kg  PO34-  eq),  

global warming (kg CO2 eq), ozone layer depletion (kg CFC-11 eq), photo- chemical oxidation (kg C2H2 eq) and human 

toxicity (kg 1,4-DB eq). As an optional element according to ISO 14040 (2006), the ReCiPe method (Goedkoop et al., 

2009) was selected as the end-point LCIA method. 

Applying not only mid-point but also end-point LCIA methods, that is to say, conducting a sensitivity analysis on the 

LCA study, makes it possible to estimate the effects of the choice made regarding the LCIA methods applied to the 

environmental indicators. According to ISO 14044 (2006), it is relevant for reaching consistent conclusions and 

recommendations. 

Fig. 4 shows the results obtained for each life cycle stage analysed and for each small household EEE category for 

the ReCiPe LCIA end- point method. Figures A1-A9 in the Supplementary Material show the analogous results for each 

small household EEE and for each impact category considered in the CML mid-point LCIA method. 

Note that details of the variability of the impact contribution for each small household EEE analysed (120 appliances), 

instead of the average for each EEE category, can be consulted in Bovea et al. (2018a) for both the CML and the ReCiPe 

LCIA methods. 

 

3.3.4. Interpretation of the results 
An analysis of the results shown in Fig. 4 and Fig A1-A9 in the Supplementary Material shows that the life stages with the highest 

environmental impact depend on the small household EEE category. However, a general pattern can be observed taking into 

account the results for the different impact categories of the mid-point LCIA method or of the end-point LCIA method applied and 

for the different small household EEE categories analysed. Generally, it can be observed that the use and the raw material 

acquisition and manufacturing stages are the ones with the highest environmental impact, while the environ- mental impact of the 

distribution stage is negligible compared to the others. The main differences between the replacement and the repair & reuse 

scenarios are to found in the end-of-life stage. The environmental impact of this stage is usually lower for repair & reuse scenarios, 

except for types of repair that involve the substitution of the PCB or motor. In addition, for the global warming and human toxicity 

impact categories, it is found that the avoided burdens from recycling the equipment at the end of its entire lifetime always offset 

the environmental impact associated to the end-of-life stage for the repair & reuse scenarios, that is to say, the impact of repairing 

and reusing operations. So, for these impact categories the repair & reuse of broken equipment always makes a lower contribution 

to the impact than its replacement with an equivalent appliance. 



 

 

 

 

Fig. 4. LCA results for each small household EEE category for the ReCiPe end-point LCIA method (per functional unit). 
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Fig. 4. (continued). 
 



 

 

Table 10. The best end-of-life scenario for each small household EEE for the ReCiPe end-point LCIA method . 

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R REPLACE REPLACE   

Repair type 2 R & R R & R R & R R & R R & R R & R R & R   

Repair type 3 R & R R & R R & R R & R R & R R & R R & R   

Repair type 4 R & R R & R R & R R & R R & R R & R R & R   

Repair type 5 R & R R & R R & R R & R R & R R & R R & R   

Repair type 6 R & R R & R R & R R & R R & R R & R R & R   

Repair type 7 R & R R & R R & R REPLACE REPLACE REPLACE REPLACE   

Repair type 8 R & R R & R R & R R & R R & R R & R R & R   

Repair type 9 R & R R & R R & R R & R R & R R & R R & R   

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R REPLACE REPLACE REPLACE    

Repair type 2 R & R R & R R & R R & R R & R R & R    

Repair type 3 R & R R & R R & R R & R R & R R & R    

Repair type 4 R & R R & R R & R R & R R & R R & R    

Repair type 5 R & R R & R R & R R & R R & R R & R    

Repair type 6 R & R R & R R & R R & R R & R R & R    

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R    

Repair type 2 R & R R & R R & R R & R R & R R & R    

Repair type 3 R & R R & R R & R R & R R & R R & R    

Repair type 4 R & R R & R R & R R & R R & R R & R    

Repair type 5 R & R R & R R & R R & R R & R R & R    

Repair type 6 R & R R & R R & R R & R R & R R & R    

Repair type 7 R & R R & R R & R R & R R & R R & R    

Repair type 8 R & R R & R R & R R & R R & R R & R    

Repair type 9 R & R R & R R & R R & R R & R R & R    

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R R & R R & R R & R 

Repair type 2 REPLACE REPLACE REPLACE REPLACE REPLACE REPLACE REPLACE REPLACE REPLACE 

Repair type 3 R & R R & R R & R R & R R & R R & R R & R R & R R & R 

Repair type 4 R & R R & R R & R R & R R & R R & R R & R R & R R & R 

Repair type 5 R & R R & R R & R R & R R & R R & R R & R R & R R & R 

Repair type 6 R & R R & R R & R R & R R & R R & R R & R R & R R & R 

Repair type 7 R & R R & R R & R R & R R & R R & R R & R R & R R & R 

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R    

Repair type 2 R & R R & R R & R R & R R & R R & R    

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R    

Repair type 2 R & R R & R R & R R & R R & R R & R    

Repair type 3 R & R R & R R & R R & R R & R R & R    

Repair type 4 R & R R & R R & R R & R R & R R & R    

Repair type 5 R & R R & R R & R R & R R & R R & R    

Repair type 6 R & R R & R R & R R & R R & R R & R    

Repair type 7 R & R R & R R & R R & R R & R R & R    

Repair type 8 R & R R & R R & R R & R R & R R & R    

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R R & R   

Repair type 2 R & R R & R R & R R & R R & R R & R R & R   

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R    

Repair type 2 R & R R & R R & R R & R R & R R & R    

 
 YEAR OF LIFE SPAN 

1 2 3 4 5 6 7 8 9 

Repair type 1 R & R R & R R & R R & R R & R R & R R & R R & R  

Repair type 2 R & R R & R R & R R & R R & R R & R R & R R & R  

Repair type 3 R & R R & R R & R R & R R & R R & R R & R R & R  
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3.3.5. Identification of best end-of-life scenario 
 

Once the environmental indicator had been obtained for the replacement scenarios (EIREPLACEMENTx) according to Eq. (1) 

and  the repair & reuse scenarios (EIR&Ry) according to Eq. (2), they were compared depending on the life span years of the 

EEE that had already elapsed (age of EEE when it breaks down) and the repair type. So in  order to identify the best end-of-

life scenario for each EEE, the following comparison needs to be made: 

- If EIREPLACEMENTx (replacing the broken EEE in year “x” with equivalent equipment) is higher than EIR&Ry (repairing EEE  with  

repair type “y” and continuing to use it until the end of its life span), the preferable scenario is repair & reuse (R&R in 

Table 10 and Tables A1- A9 in the Supplementary Material). 

- If EIREPLACEMENTx (replacing the broken EEE in year “x” with equivalent equipment) is lower than EIR&Ry (repairing  EEE  with  

repair type “y” and continuing to use it until the end of its life span), the preferable scenario is replacement (REPLACE in 

Table 10  and  Tables A1-A9 in the Supplementary Material). 

Although the results depend on the small household EEE category and the LCIA method applied, a general pattern 

was observed when analysing the results reported in Table 10 and Tables A1-A9 in the Supplementary Material: 

For any failure in the first 3 years of the life span of EEE, the Repair & Reuse scenario has a lower environmental impact 

than the Replacement scenario, so repair is clearly preferred. 

When analysing the influence of failure type on the results, we observe that failures related with Printed Circuit 

Boards (PCB), which are present in the categories vacuum cleaner, hand blender and heater, offer better 

environmental performance in the replace- ment scenarios for all the impact categories, no matter what its age is 

when the EEE fails. This is because the impact that results from repairing PCB or motors is higher than when new 

EEE is obtained. For the same small household EEE categories, when a motor fails in the last 2 years of the life span 

of EEE, the replacement scenarios are still preferable to the repair ones. 

4. Conclusions 

This paper proposes a methodology based on LCA, the aim of which is to identify the best end-of-life scenario (repair 

& reuse vs. replace- ment) for different EEE categories depending on the repair type and the age of the equipment 

when it fails. This is one of the main contributions of the methodology, since it makes it possible to consider the 

environ- mental impact of the need for spare parts/components or maintenance/ repair operations for each specific 

failure and for each specific EEE category. 

Although the proposed methodology can be applied to any category of energy-using products, the case study 

presented here considered 120 appliances belonging to nine different small household EEE categories. This has allowed 

representative results to be obtained for such categories. Except for Pini et al. (2019), who consider five EEE categories, 

the current literature usually only compares end-of-life scenarios for one EEE category and only one appliance in each 

of them. 

The results indicate that for all the analysed categories, the repair & reuse option generally proves environmentally 

better than replacement, as Directive 2012/19/EU promotes and in line with some previous LCA results on reuse 

(Cheung et al., 2018; González et al., 2017; Schischke et al., 2003). However, for some failures, e.g. those related to 

the motor or printed circuit boards, if they occur in a later product life cycle stage, it is better to replace the equipment, 

as the environmental impact from their repair operations is so high than it does not offset the increase in the number 

of years of useful life obtained. These results are also in line with Pini et al. (2019), whose results showed that reuse is 

a preferable option depending on which set of components are replaced, and with Lu et al. (2017), who found that 

reuse could be a reasonable option for part of a product, but not necessarily suitable for the whole product. 

The results of this study are presented using a comprehensible easy- to-use colour code that can serve as a basis for 

the future preparation of a decision-making tool for selecting the best end-of-life strategy depending on two variables 

(type of failure and year of breakage) for each EEE category. The interpretation of the resulting matrix does not require 

any scientific background. This study has also contributed to obtaining better knowledge of the environmental 

- 

- 



 

 

behaviour of the entire life cycle of small household EEE in Spain, comparing two different end-of-life alternatives. It 

can also be used to target suitable audiences for future awareness campaigns aimed at promoting the extension of the 

life span of EEE through repairs and the purchase of second-hand appliances. 

However, differences in the environmental performance from one end-of-life scenario to another are affected by 

several factors such as the energy class of the equipment, the new life span of the repaired equip- ment or the 

equipment that replaces it (Lu et al., 2017), or even the decreased efficiency of worn-out products and the 

technological progress embodied in new ones (Devoldere et al., 2006). Our case study can therefore be extended by 

changing some assumptions made in the scenario definition process (i.e. replacement with more energy efficient EEE, 

extending the life span after repairing, etc.) or certain assumptions made in the LCA study (i.e. changing the functional 

unit so as to intro- duce changes in the life span or sensitivity analysis for the LCI model). Since, to date, few LCA studies 

have investigated reuse, this study is thus of value and future research could focus on including economic and social 

conditions when comparing scenarios in order to choose the best end-of-life option according to sustainability 

principles. 
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