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ABSTRACT: This study focused on waste electrical and electronic equipment (WEEE) that is incorrectly disposed of in residual waste bins. An analysis of public behaviour, motivation and general knowledge on WEEE management was undertaken in Southampton, England. All respondents were members of the People’s Panel run by Southampton City Council. The potential monetary value that could be secured via the resale of WEEE that could be repaired was estimated. The value was calculated for three scenarios – low, middle and high for the years 2020, 2025 and 2030. Carbon footprints were calculated for four disposal routes to enable a comparison of the three scenarios. Analysis of the survey shows that respondents’ knowledge about WEEE management is deficient. The survey results highlighted a high level of confusion regarding correct identification and management of WEEE and a perception that collection services are inconvenient. The incorrect disposal of WEEE is costly; the potential resale value of WEEE disposed of in UK residual waste bins could be as much as £196-215 million by 2030. Reducing the quantity of WEEE entering UK landfills, including WEEE incorrectly disposed via the residual waste stream, via reuse and recycling could allow total emission reductions of between 312 and 344 Mt CO2e by 2030. Incinerating WEEE also leads to carbon savings, however at the cost of losing recyclable materials and critical metals. The correct capture of this waste stream would therefore generate significant economic, environmental and resource benefits nationally and globally. The study has also highlighted the crucial need for raising public awareness about WEEE management and indicated that kerbside collection services for WEEE would probably be beneficial and popular.
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1 INTRODUCTION

WEEE has been identified as one of the fastest growing waste streams globally (Menikpura et al, 2014; Islam et al., 2016; Unger et al., 2017; Clarke et al, 2019). Therefore, capturing as much of it as possible is essential to protect the environment and avoid economic losses. This approach aligns with the principles of Circular Economy (European Commission, 2019) and with recovery targets set by national governments (e.g. GOV.UK, 2019a).
There have been a substantial number of studies on the potential of recycling WEEE in order to preserve valuable resources and precious metals. However, little attention has been paid to the potential economic and climate consequences of WEEE that is incorrectly disposed of in the residual waste stream (RWS). The public’s habit of disposing WEEE in residual waste bins is well documented (Gutiérrez et al., 2010; Islam et al., 2016; Borthakur and Govind, 2017; Pérez-Belis et al., 2017). In the UK, around 1.5% of WEEE enters the RWS annually (DEFRA, 2018).
In order to improve management of WEEE, it is important to identify any factors that prevent residents from using the infrastructure and services provided (Timlett and Williams, 2011). This can be achieved by surveying people’s knowledge and attitudes towards WEEE. Many researchers globally rely on public surveys as a robust source of primary data (Wang et al., 2011; Nnorom, Ohakwe and Osibanjo, 2009; Chi, Wang and Reuter, 2014; Yin, Gao and Xu, 2014; Islam et al., 2016; Wang, Guo and Wang, 2016). In the UK, REPIC conducts an annual survey investigating recycling behaviour and management of WEEE (REPIC, 2019). The purpose of such surveys is often to understand attitudes, motivations and awareness of residents towards management of WEEE.

Estimating the economic value potentially gained from correct disposal of WEEE according to the waste management hierarchy (DEFRA, 2011) can serve as a strong incentive for policy-makers to introduce mechanisms to capture this value. The value of WEEE is often investigated in terms of value of critical metals that can be reused through recycling. Bakas et al. (2014) investigated the value of 13 critical metals in mobile phones, computers, flat screens and rechargeable batteries in the EU. The economic benefits of recycling have been confirmed by several studies (Li et al., 2016; Zeng et al., 2017; D’Adamo, Ferella and Rosa, 2019). An estimated value of 55 billion Euros worth of secondary raw materials was present in the total global WEEE generated in 2016 (Baldé et al., 2017). However, little attention has focused on estimating the economic value of WEEE incorrectly diverted to the RWS.

WRAP (2011) carried out a project to estimate the value of WEEE that can be reused rather than disposed of. Their research shows that electrical and electronic equipment (EEE) is often disposed of while in full working condition or requiring only a slight repair. According to WRAP (2011), respondents consider purchasing new EEE cheaper and easier than repairing an old item. This is particularly important for small EEE, because the greatest potential economic recovery value (nearly 75%) can be gained from resale of these items. The recovery of these items can bring significant value back into the economy.
Global warming and climate change are significant environmental threats to our planet (Menikpura, Santo and Hotta, 2014). The UK is planning to adapt arrangements for reducing all greenhouse gas (GHG) emissions to net zero by 2050 (GOV.UK, 2019a).The annual arisings of WEEE in the UK are estimated to be 2 Mt (Clarke, Williams and Turner, 2019) therefore, the management of this proportion of waste stream can be a significant contributor to the impact on total GHG emissions.
Life cycle assessment is a common method used to investigate the environmental impacts of WEEE management worldwide (Duan et al., 2009; Bigum, Brogaard and Christensen, 2012; Song et al., 2012; Lu et al., 2014; Zanghelini et al., 2014). Quantification of net GHG emissions associated with different disposal routes of WEEE can aid in decision-making and consequently help to achieve UK’s GHG reduction targets. It can be also used to highlight the importance of proper WEEE management in awareness campaigns. Several recent studies confirmed climate benefits resulting from recycling and reuse of WEEE at the end-of-life stage (Menikpura, Santo and Hotta, 2014; Foelster et al., 2016; Ibanescu et al., 2018; Clarke, Williams and Turner, 2019; Park et al., 2019). However, no study has yet focused on calculating the climate footprint of misplaced WEEE placed directly in the RWS via kerbside collection.

Life cycle assessment is a common method used to investigate the environmental impacts of WEEE management worldwide (Duan et al., 2009; Bigum, Brogaard and Christensen, 2012; Song et al., 2012; Lu et al., 2014; Zanghelini et al., 2014). However, this study is going to utilise a recently developed tool, adapted from Clarke, et al. (2019), which has been specifically designed to calculate carbon footprint of WEEE based on different final disposal destinations in the UK.
The aims of this investigation were: i) to critically examine reasons for the incorrect disposal of WEEE in residual waste bins and ii) to estimate the economic and climate impacts of this misplacement, using Southampton (England) as a case study. Southampton is the eleventh most densely populated area in the UK. The city’s coastal location draws transient populations via tourism and maritime activities, further contributed to by large student populations (NOMIS, 2016). As urban areas are more densely populated, the WEEE management issues in Southampton may be globally illustrative of those likely to be faced by municipal authorities with high rates of population flux and high population densities in future, especially university cities (Timlett and Williams, 2009). The study incorporated the following WEEE categories: C1 Large household appliances; C2 Small household appliances; C3 IT and telecommunications equipment; C4 Consumer equipment and photovoltaic panels; C5. Lighting equipment; C6 Electrical and electronic tools; C7 Toys, leisure and sports equipment (GOV.UK, 2016).

2 METHODS
2.1 Social survey
A multiple-choice questionnaire was developed to obtain a thorough assessment of the knowledge and disposal practices regarding WEEE among households in Southampton, England. To acquire a representative set of answers for further analyses, co-operation was established with Southampton City Council (SCC). The questionnaires were distributed to members of SCC’s People’s Panel. The People’s Panel was established in 2015 to create an opportunity for residents to express their views on services in the community (Southampton City Council, 2019). There are about 2,000 members coming from diverse socio-economic groups, residence types and age categories (18+).

Straight-forward language was used to encourage higher participation and reduce the risk of misinterpretation. The questionnaire was created online using iSurvey (www.isurvey.soton.ac.uk) to assure a high response rate in a short period of time. The invitation to complete the survey and URL was sent out by email. The survey was conducted from 15-23 August 2019. The questions were designed to acquire overarching overview of WEEE management in the UK households and reasons behind placing WEEE and EEE into residual waste. The questionnaire was designed to:
· Assess current knowledge and awareness of participants on WEEE management;
· Investigate the ability of participants to correctly identify EEE in their household;
· Assess ownership of the most common WEEE found in residual bin.
· Assess purchasing behaviour towards new EEE; 
· Assess behaviour of participants towards disposing of WEEE;
· Investigate stockpiling behaviour towards both, WEEE and no longer used EEE.
A mix of single answer and multi-choice questions were used. The survey is shown in Appendix 1. Where possible, socio-economic data acquired from survey were compared with census data for Southampton (Southampton City Council, 2011).
Ownership of selected WEEE items that are commonly found in the residual waste bins (kerbside collection) in the UK (Valpak, unpublished data) was investigated. Data from survey were compared with national statistics for the following items:
· Remote controller: owned by 95% of people in the UK (Statista, 2019a);
· Kettle: owned by 95% of people in the UK (Statista, 2018a);
· Toaster: owned by 91% of people in the UK (Statista, 2018b);
· Game console: owned by 40% of people in the UK (Statista, 2018c);
· Mobile phone: owned by 95% of people in the UK (Statista, 2019b).
Stockpiling behaviour of respondents was investigated for both no longer used EEE and WEEE. This question was formulated in order to compare the results from Southampton with the results from national survey carried out by REPIC (REPIC, unpublished data). The question specifically asked about 30 items, out of which 18 were considered for this survey on small EEE. Based on the data from REPIC three scenarios (low, medium and high; representing minimum, mean and maximum, respectively) of stockpiled items were created. The following scenarios were created per 1,000 UK residents:
· Stockpiling of WEEE: 1678 items (low scenario), 2718 items (middle scenario), and 3758 items (high scenario);
· Stockpiling of EEE: 33,273 items (low scenario), 43,866 items (middle scenario), and 54,459 items (high scenario) (REPIC, unpublished data).
2.2. Estimating monetary value
The purpose of this activity was to estimate the potential economic value of WEEE items placed in residual waste bins (kerbside collection). Theoretical monetary value of misplaced WEEE in RWS was generated based on the data sourced from WRAP (2011). The project by WRAP was carried out as a collaboration of five Local Authorities in the UK, namely Birmingham, Warwickshire County, North Lincolnshire, Barnsley and Hounslow. Samples were taken from the local Household waste and recycling centres (HWRCs). Three urban and two rural HWRCs were selected to participate. Firstly, types of WEEE taken to HWRCs by residents were examined and categorised by a state of reusability into 5 condition categories:
1. Fully reusable items in current condition (immediate use possible, may require cleaning);
2. Items generally in good condition but slight repair required (items in working condition but would benefit from minor repair works);
3. Reusable items requiring slight/moderate repair or missing parts (repair not too expensive);
4. Items requiring major repair work (damage beyond repair/repair too expensive, recycling possible);
5. Total waste (not economically viable to recycle materials) (WRAP, 2011).
A sub-sample of WEEE was selected and assessed according to the cost of repair, current value and potential value after repair. Data were used to estimate theoretical reuse value of discarded WEEE.  Individual items were assessed by an independent contractor. Estimation of monetary value for small WEEE was based on 74 items from the following categories: C2 (24 items), C3 (19 items), C4 (26 items), C5 (2 items) and C6 (3 items).

The principle for estimating monetary value was based on the difference between the cost of repair and potential value of item on the market after repair. The value of individual retail prices for previously used or repaired EEE is highly variable. The variables include condition of items, geographical area in the UK and indirect variables such as marketing strategy of individual retailers. To preserve simplicity, net monetary value calculated in this paper equals the value gained via restoring and reselling. Factors such as initial purchase cost and transport and distribution of second-hand EEE were not considered due to the high complexity and variability. 
Estimation of resale value of each item consisted of three steps: 1. Establishment of item price that is required to be paid by a company with intention to repair and resale the item; 2. Establishment of cost of repair (including materials and parts); 3. Establishment of value on the open market once an item reached desired condition. If the value of an item was higher than the cost of purchase and repair combined, it was deemed profitable. If the value was lower, it was deemed beyond economic repair. The value was based on the commercial retail value (e.g. commercial retail outlet). Price can vary for different retailers and is expected to be lower if sold in charity shops.

According to WRAP (2011), 0.069% of WEEE items placed in residual waste bins (kerbside collection) was deemed to have re-saleable value. Estimated value for five reuse condition categories of items disposed of at the HWRCs served as a baseline data and following assumptions were made to calculate value of WEEE placed in residual waste bins (kerbside collection):
1. Only small WEEE items were considered due to weight and physical limitations of kerbside collection;
2. The proportion of reuse condition 1 category (fully functioning, immediately re-saleable items) was eight times smaller than in the HWRC stream;
3. The proportion of items in reuse condition category 2 and 3 (items needing slight repair and needing major repair, respectively) were a quarter or the HWRC stream;

4. The proportions of items from reuse condition category 4 and 5 (parts of items suitable for recycling and a total waste, respectively) were increased proportionally.

Reuse of WEEE that has already entered RWS is not viable, due to the potential physical damage to the items and also contamination by other waste items. Therefore, reuse is only possible if WEEE is completely diverted from the RWS stream and disposed of via different disposal route. The data for annual tonnage of WEEE disposed of in the residual bins (kerbside collection) in the UK were adapted from Clarke et al. (2019). Table 1 shows the annual tonnage for three scenarios, low, medium and high, representing estimated minimum, mean and maximum tonnage, respectively, adapted for the years 2020, 2025 and 2030. Calibration of future projections was adpated from Clarke et al. (2019) as a result of difference between predicted and actual arisings of waste. The average value used to model future scenarios was 10%.
Table 1. Annual tonnage of WEEE placed in residual waste bin (kerbside collection) in the UK for three scenarios – low middle and high representing minimum, mean and maximum values, respectively. The values were calculated for the years 2020, 2025 and 2030 (adapted from Clarke et al., 2019).

	Year
	Scenario
	Tonnage 

	2020
	Low
	430,636

	
	Middle
	452,168

	
	High
	473,700

	2025
	Low
	449,007

	
	Middle
	471,457

	
	High
	493,908

	2030
	Low
	474,147

	
	Middle
	497,854

	
	High
	521,562


Based on the tonnage data and resale value data for five reuse conditions for small WEEE placed in residual waste bins adapted from WRAP (2011), it was possible to calculate projections of estimated value for each scenario. The inflation rate was added to the estimated monetary values based on the ‘Major appliances and small electric goods’ rate as follows: +0.5% for year 2012, +0.6% for year 2013, -0.7% for year 2014, -0.5% for year 2015, +1.1% for year 2016, +3.8% for year 2017, +5.5% for year 2018 (Office for National Statistics, 2019). The proportion of resale value for each reuse condition category and price (with added inflation) is shown in Table 2.
Table 2. Average resale value of small domestic appliances disposed of via household residual collection in the UK with added inflation rate (adapted from WRAP, 2011).

	Reuse condition category
	Average open market resale value per Kg in 2018
	% of resale values

	Item fully reusable in current condition
	£4.11
	10%

	Slight repair required, but in general good condition
	£4.71
	38%

	Parts missing, but item is reusable with slight/moderate repair
	£7.26
	52%

	Item requires major repair work
	£0.00
	0%

	Total waste
	£0.00
	0%


The following formula was used for the first three reuse condition categories to calculate annual value of WEEE placed in residual waste bin. Items in category 4 and 5 were deemed to have no resale value, therefore were not considered in the calculations:
Vt = t * Vr * Vp * Cf

Vt = total value

t = annual tonnage

Vr = resale value per tonne

Vp = percentual proportion of resale value for given category

Cf = coefficient 0.06924 (proportion of WEEE in residual waste bins deemed to have resale value according to WRAP (2011).

The total value (Vt) was calculated for each reuse condition category separately. Values were added together to form the final figure. Three annual tonnage scenarios (low – minimum tonnage, middle – mean tonnage and high – maximum tonnage) were used to estimate the resale value for the years 2020, 2025 and 2030. 

2.3. Estimating the carbon footprint
The carbon footprint of different treatment routes for WEEE disposed of in residual waste bins (kerbside collection) was calculated using a bespoke carbon footprint calculation tool adapted from Clarke et al. (2019). The carbon footprint calculator tool utilised data from multiple sources. The compositional data for WEEE consisted of the average composition of WEEE categories C1–C7. For the purpose of this study, only the composition of small WEEE was required; however, it was assumed that the compositional proportion of large household appliances was not going to significantly influence the total composition of WEEE. The carbon footprint tool considered the distance from collection to disposal (25 km) and the distance from collection to treatment and to reprocessing for recycling (250 km). Avoided emission burdens were considered as well as net emissions.

Annual tonnage of WEEE placed in residual waste bins (kerbside collection) in the UK was adapted from Clarke et al. (2019) for 3 scenarios, low middle and high, for the years 2020, 2025 and 2030 (Tab. 1). The carbon footprint of four treatment routes was calculated based on the following assumptions:
· Route 1: 100% or residual waste containing misplaced WEEE ends up in incinerator;
· Route 2: 100% of residual waste containing misplaced WEEE ends up in landfill;
· Route 3: 100% of WEEE is diverted from RWS and disposed of in recycling facility;
· Route 4: 0.07% of WEEE is diverted from RWS to be reused and 99.93% of WEEE is diverted to be recycled.

3 RESULTS
3.1 Social Survey

Table A1 in the Appendix shows the characteristics of survey respondents and Census data for Southampton. Compared to the Census data from Southampton City Council (2011), the youngest age group (18-24) is slightly under-represented while the oldest age group (65+) is slightly over-represented.
Table A2 in the Appendix shows composition of respondents based on the accommodation type and geographical location within Southampton. The most over-represented group in the survey respondents based on the accommodation type was a group of residents who live in ‘Detached’ housing. Residents who live in the ‘Flat in a block of flats’ are the most under-represented group. The most underrepresented groups based on geographical location were Redbridge, Peartree and Bevois, respectively.

The reach of media campaigns regarding recycling of WEEE items was identified by asking respondents if they had seen any media awareness campaigns regarding safe disposal/recycling of WEEE in the previous 12 months. A total of 70% of respondents (n=657) indicated seeing no awareness campaign in the past 12 months. The most respondents encountered awareness campaign on the internet (9.9%) followed by television (9.4%), newspapers (7.8%), other (6.4%), and leaflet (6.1%). The least common form of campaign was email, encountered by 5.5% of respondents, followed by an informative poster (5.8%). This was a multiple-choice question where respondents could select more than one option. Therefore, the results do not total 100%. 

The general awareness of respondents about local HWRCs was investigated (n = 654):
· The majority (85.8%) indicated that they had used the HWRC in the past;
· One-tenth (10.4%) indicated that they didn’t know the location of their nearest HWRC;
· Only 3.8% of respondents indicated that despite knowing what a HWRC is used for, they have never used it.
The Panel were asked about general recycling and recycling of WEEE and the results are summarised in Table 3. Respondents were generally quite confident about their ability to identify WEEE, less confident about safe disposal of WEEE and felt that there wasn’t enough accessible information about this activity.
Table 3. Response of People’s Panel members to the question: Please read the following statements and indicate how well they describe you.

(Respondents were asked to select an answer on a Likert scale ranging from 1 (Extremely unlikely) to 5 (Extremely likely); table shows respondents who selected point 4 or 5).

	Statement
	Number of respondents (n)
	Proportion of respondents (%)

	I'm confident that I can identify all e-waste items in my household. (n=648)
	399
	61.6

	I'm confident that I always place recyclable items in the correct bins. (n=646)
	412
	63.8

	I feel like there is enough accessible information on practices of safe disposal of e-waste. (n=644)
	82
	12.7

	I'm capable to explain practices of safe disposal of e-waste to the other members of my household. (n=638)
	287
	45.0


The awareness of respondents about the environmental impacts of incorrectly disposed WEEE, shown in Table 4, shows that only pollution and loss of raw materials were identified by most panel members as likely impacts.
Table 4. Response of People’s Panel members to the question: If WEEE is incorrectly disposed of, how likely do you think the following environmental impacts would be? 
(Respondents were asked to select an answer on a Likert scale ranging from 1 (Extremely unlikely) to 5 (Extremely likely) to indicate the most important environmental impacts; table shows respondents who selected point 4 or 5).
	Environmental impact
	Number of respondents (n)
	Proportion of respondents (%)

	Environmental pollution (n=648)
	554
	85.5

	Loss of critical raw materials (n=640)
	465
	72.7

	Climate change (n=624)
	337
	54.0

	Fire hazard (n=634)
	323
	50.9

	Electrical hazard (n=625)
	267
	42.7

	No impacts (n=552)
	30
	5.4


The ability of respondents to correctly identify items that become WEEE at their end-of-life stage was tested. The respondents were asked to select items that are categorised as WEEE at their end-of-life stage, with the results summarised below (n = 657):
· Batteries (indicated as WEEE by 89.5%);
· Kettle (indicated as WEEE by 89.5%);
· TV controller (indicated as WEEE by 86.3%);
· Hearing aid (indicated as WEEE by 76.3%);
· Plug (indicated as WEEE by 66.8%);
· Flask (indicated as WEEE by 6.5%).

Respondents were asked to indicate ownership of common items found in residual waste bins, with the results summarised below (n = 657):
· Remote controller (owned by 96.2%);
· Kettle (owned by 96.2%);
· Toaster (owned by 88%);
· Game console (owned by 36.4%);
· Mobile phone (owned by 97.6%).

The factors that most strongly influenced the purchasing behaviours of respondents are summarised in Table 5, with cost and energy efficiency dominant.

Table 5. Response of People’s Panel members to the question: How likely is it that you would consider the following options during the purchase of new electrical and electronic equipment?
(Respondents were asked to select an answer on a Likert scale ranging from 1 (Extremely unlikely) to 5 (Extremely likely) to indicate the most important aspects during purchase of new EEE items; table shows respondents who selected point 4 or 5).
	Priority during purchase 
	Number of respondents (n)
	Proportion of respondents (%)

	Energy efficiency (n=658)
	574
	87.2

	Carbon dioxide emissions (n=650)
	372
	57.2

	Cost (n=653)
	563
	86.2

	Warranty (n=644)
	399
	62.0

	Noise (n=641)
	399
	62.2

	Brand (n=644)
	234
	36.3

	Aesthetics (n=635)
	328
	51.7

	Function/features (n=645)
	576
	89.3


The motivation of people to use take-back schemes implemented by retailers was investigated by asking about payment of a small deposit during the purchase of new EEE. A total of 655 respondents answered this question, with the majority (71.5%) indicating that paying a small deposit would motivate them to take the item back to the retailer at the end-of-life stage.

Respondents were asked if they knew where to safely dispose of WEEE, with the results summarised below (this was a multiple-choice question, so the results do not total 100%) (n = 657):

· General waste bin - kerbside collection (selected by 8.5%);
· Recycling bin - kerbside collection (selected by 5.3%);
· Retailer recycling banks (selected by 50.7%);
· HWRC (selected by 90.7%);
· Retailer take-back (selected by 37.7%);
· Other (selected by 6.4%).
The Panel were asked about their usual route for disposing of small WEEE, with the results summarised below (n = 650):
· General waste bin – kerbside collection (selected by 22%);
· Recycling bin – kerbside collection (selected by 2.8%);
· Store at home and then bring to the recycling banks (selected by 6.2%);
· Store at home and then bring to the HWRC (selected by 65.5%);
· Other (selected by 3.5%.

Respondents were asked if they had disposed of small WEEE in the last 12 months, with the results summarised below (n = 654):
· The majority of respondents (55.4%) selected ‘No’;
· A total of 39.4% selected ‘Yes’;
· Only 5.2% of respondents indicated ‘I don’t remember’.

Reasons behind the incorrect disposal of WEEE are shown in Table 6.

Table 6. Response of People’s Panel members to the question: What was the reason you disposed of waste electrical and electronic equipment (WEEE) in the general or recycling bin?

Note: A multiple-choice question where respondents could select more than one option; thus results do not total 100% ( n = 258).
	Reasons for incorrect disposing of WEEE
	Number of respondents (n)
	Proportion of respondents (%)

	The recycling bin is the correct place to put e-waste
	18
	7.0

	The refuse bin is the correct place to put e-waste
	25
	9.7

	Taking e-waste to a recycling centre is too much hassle/takes too much time
	111
	43.0

	Taking e-waste to a retailer for recycling is too much hassle/takes too much time
	58
	22.5

	Taking e-waste for recycling would cost me financially
	48
	18.6

	I have no space to store e-waste until I have time to take it for recycling
	65
	25.2

	I have no transport options or physical ability to recycle e-waste
	46
	17.8

	I don't have the skills to repair broken electrical or electronic items
	87
	33.7

	I am not interested in having broken electrical or electronic items repaired
	26
	10.1

	I am confused by what I am supposed to do with e-waste
	138
	53.5

	Other
	38
	14.7


The preference of respondents on safe disposal of WEEE were:
· Permanent collection bank in the proximity of household (selected by 88.6%; n=639);
· Regular kerbside collection (e.g. every 3 months), (selected by 78.6%; n=622);
· Scheduled collection - pick up from your home for a small fee (selected by 28.6%; n=590);
· Ability to return WEEE to a retailer free of charge (selected by 76.3%; n=633).

The Panel were asked about stockpiling of functional small EEE that they no longer use but store at home to be recycled/donated/sold later, with the results summarised below (n = 647):

· 0 (selected by 27.2%);
· 1-5 (selected by 54.1%);
· 6-10 ((selected by 12.7%);
· 11-15 (selected by 3.1%);
· 16-20 (selected by 1.4%);
· 21+ (selected by 1.5%).

The intentions of respondents to deal with stored functional EEE were as follows:
· Re-sell (selected by 18.1%; n=596);
· Donate (selected by 56.8%; n=609);
· Discard (selected by 32.7%; n=597);
· Recycle (selected by 69.3%; n=619);
· Store at home (selected by 43.2%; n=595).

The Panel were asked about the quantities of WEEE they currently stored in their household to be recycled/disposed of later (n = 645), with outcomes listed below:
· 0 (selected by 40.6%);
· 1-5 (selected by 46.8%);
· 6-10 (selected by 8.8%);
· 11-15 (selected by 2.2%);
· 16-20 (selected by 1.1%);
· 21+ (selected by 0.5%).

The number of stockpiled EEE and WEEE items were calculated for three scenarios: low, middle and high, representing minimum, mean and maximum of stockpiled items; respectively. The following results were calculated per 1,000 residents in Southampton:
· Stockpiling of WEEE: 1508 items (low scenario), 2686 items (middle scenario), and 3864 items (high scenario);
· Stockpiling of EEE: 2189 items (low scenario), 3615 items (middle scenario), and 5040 items (high scenario).

Compared to the results collected by REPIC (unpublished data) the difference in stockpiling of WEEE between Southampton and UK is a maximum of 11%. However, the amount of stockpiled functional (no longer used) EEE for UK is up to 12 times higher than in Southampton.
3.2 Monetary value (UK)

Table 7 shows estimated UK-level resale value of misplaced WEEE that can be diverted from RWS for three scenarios for the years 2020, 2025 and 2030.

Table 7. Potential resale value of WEEE disposed of in residual waste bins (kerbside collection) in the UK for three scenarios – low middle and high representing minimum, mean and maximum values respectively.
	Year
	Scenario
	Estimated resale value (millions)

	2020
	Low
	£178.19

	
	Middle
	£187.10

	
	High
	£196.01

	2025
	Low
	£185.79

	
	Middle
	£195.08

	
	High
	£204.37

	2030
	Low
	£196.19

	
	Middle
	£206.00

	
	High
	£215.81


3.3 Carbon footprint (UK)

Table 8 shows carbon footprint estimates for four different disposal routes of WEEE placed in the residual waste bins for the years 2020, 2025 and 2030 and for three scenarios (low, middle and high). The results show that the route with the highest negative value of emissions is a combined Reuse + Recycling route. The second most preferred route is Recycling of WEEE. The only route with positive emission value is disposal at landfill.
Table 8. Carbon footprint of different disposal routes of WEEE in the UK for three scenarios – low middle and high representing minimum, mean and maximum values respectively. The value was calculated for the years 2020, 2025 and 2030.

*Reuse proportion (0.06924%) was based on the proportion of items placed in residual waste bins (kerbside collection) that were deemed suitable for reuse based on WRAP (2011).

	Year
	Scenario
	Incineration (Mt CO2e)
	Landfill (Mt CO2e)
	Recycling (Mt CO2e)
	Reuse* + Recycling (Mt CO2e)

	2020
	Low
	-60.68
	9.65
	-277.29
	-283.34

	
	Middle
	-63.71
	10.13
	-291.15
	-297.50

	
	High
	-66.74
	10.61
	-305.02
	-311.67

	2025
	Low
	-63.27
	10.06
	-289.12
	-295.42

	
	Middle
	-66.43
	10.56
	-303.57
	-310.20

	
	High
	-69.59
	11.06
	-318.03
	-324.97

	2030
	Low
	-66.81
	10.62
	-305.30
	-311.97

	
	Middle
	-70.15
	11.15
	-320.57
	-327.56

	
	High
	-73.49
	11.68
	-335.83
	-343.16


4 DISCUSSION
4.1 Social Survey

The survey results may be slightly skewed due to under-representation of younger adults (18-24) and over-representation of older residents (65+). The age distribution reflects the membership of the People’s Panel, who are more likely to be householders with regular responsibilities for waste management, rather than younger adults who live with their families or are university students at managed halls of residence. Nevertheless, the ownership data of survey respondents for selected EEE items is broadly representative of national statistics. The younger generation is more likely to use electronic devices such as games consoles, which explains the difference in ownership between Southampton – where there are two universities and where the student population is ~20% of the total population - and the UK.

The survey results reflect the observation that there has been very little done in the last decade to raise awareness about WEEE in the UK, or indeed elsewhere. There is an annual UK event run by WRAP called ‘Recycling Week’ that aims to raise awareness and motivate public to recycle (WRAP, 2019). There is also an annual international awareness event focused on WEEE called ‘International E-Waste day’ run by the WEEE Forum, but only since October 2018 (WEEE Forum, 2019). However, these events are relatively low key with low effective reach, as demonstrated by 70% of respondents indicating that they didn’t see any awareness campaigns in the last 12 months. Indeed, over three quarters of respondents reported that there isn’t enough information on the management of WEEE. The general lack of awareness and knowledge is reflected in the relatively low abilities of respondents to identify WEEE items in their households. The most common misconception was that batteries are WEEE. Almost 14% of respondents indicated that the general or recycling bin is the correct place for disposal of WEEE items and approximately one quarter of respondents indicated that general and recycling bin is where they usually dispose of WEEE. This lack of awareness needs to be addressed, as it is not possible to develop correct recycling habits without being able to correctly identify recyclables. There are currently no penalties for misplacing WEEE and it would be difficult to police and enforce this anyway at a household level. Overall, there is clear confusion and a lack of knowledge about how to correctly dispose of WEEE items, probably a lack of disposal systems that are deemed sufficiently convenient enough, and a fraction of the population who are just unwilling to participate in correct disposal, characterised by Timlett and Williams (2009) as “non-recyclers” that require targeted actions.
The survey’s results bring into focus the “invisibility” of WEEE to the public. Household recyclers have tended to focus on materials such as plastics, paper, card, metal cans, glass containers and textiles rather than on items such as batteries and WEEE. To illustrate, the European Commission’s Eurobarometer surveys (2014, 2017) state that the most common environmental activity undertaken by European citizens is separating waste for recycling, reported by 65% of EU respondents and 76% of UK respondents. The 2017 survey reported that 93% of UK respondents stated that an individual can play a role in protecting the environment, a significant improvement compared with 2014. There is no lack of desire to recycle, but there is lack of awareness for some waste streams.
Convenient recycling facilities and addressing confusion about what and how to recycle play an important role in establishing recycling behaviour (Timlett and Williams, 2009; Thomas and Sharp, 2013; Pierron et al, 2017). Most respondents indicated that they would be more likely to recycle WEEE if the collection service was more convenient (thus empowering people), such as permanent collection banks or regular kerbside collection. People would be more motivated to use retailer take-back schemes if there were obvious benefits or intrinsic motivating factors (Pierron et al, 2017).
Stockpiling of either EEE or WEEE items in households is a well-established behaviour worldwide (Ongondo, Williams and Whitlock, 2015; Pierron et al., 2017; Nowakowski, 2019). Findings showed that reselling of no longer used EEE is not a common behaviour among respondents. This can be partially explained by the prevalent age group of respondents, as research shows that the younger generation is more likely to re-sell EEE items (REPIC, 2019). Nearly 70% of respondents indicated that they plan to recycle their functional EEE items and one quarter plan to discard them. This shows that public needs more awareness on the importance and benefits of reuse (Shaw and Williams, 2018; Osterley and Williams, 2019).

The significant difference in the number of stockpiled EEE items between Southampton and UK (REPIC, unpublished data) suggests that when people are asked about the total number of stockpiled items, they tend to greatly underestimate the number. However, when they are asked about a specific type of equipment, they have a more exact idea about stockpiled amount of that particular item. This finding can be utilised in design of future surveys investigating stockpiling behaviour.

4.2 Monetary value

The project by WRAP (2011) demonstrated that a significant amount of WEEE that is disposed of in RWS can be resold in the current condition or after a slight repair. It is widely assumed that once the WEEE enters the RWS, it is no longer considered suitable for reuse due to possible damage and contamination by other waste items. In order to recover full value, it is vital to divert WEEE from the RWS completely. Capturing WEEE from the RWS would also help to achieve national collection targets (GOV.UK, 2019b).

The values shown in Table 7 show the enormous economic value that can be lost every year by inappropriate disposal of WEEE. The estimated value is based only on the items suitable for reuse (nearly 0.07%). If the calculations included the value of recovered materials via recycling for the rest of the WEEE (99.93%), the final annual figures would be significantly higher. This highlights the crucial need to promote reuse of WEEE above recycling in line with the waste management hierarchy. In order to capture WEEE before it enters RWS, it is important to implement more efficient ways of collection (Pierron et al, 2017) and to raise public awareness (Li et al., 2016). Note that it wasn’t possible to account for the inflation rate for future scenarios.
4.3 Carbon footprint

The carbon footprint results for various disposal routes allow us to compare the total CO2e emissions for each option. The calculations indicate that diverting WEEE from RWS (kerbside collection) will result in significant GHG emissions savings. The combined Reuse + Recycling route based on the assumption that nearly 0.07% of WEEE placed in RWS falls into one of the three reuse condition categories (i.e. is suitable for reuse), would lead to the highest negative carbon footprint, providing that the rest of the WEEE is recycled. Even though reuse is above recycling in the waste management hierarchy and therefore the preferred route for end-of-life EEE, CO2e emissions were not calculated as it was assumed that the majority of items that end up in the RWS are broken or damaged beyond economic repair. However, it is worth noting that even the reuse of a small fraction of total WEEE has a significant GHG emissions-saving potential. Incineration of incorrectly disposed WEEE also leads to climate benefits, however at the cost of losing raw precious metals and other recyclable materials from the value chain.

The results show that by capturing and reusing/recycling incorrectly disposed WEEE from the RWS, a significant amount of GHG emissions can be avoided. Similar results have previously been estimated for recycling of large household appliances, such as washing machines and televisions (Menikpura, Santo and Hotta, 2014). Reuse and recycling is considered the most favourable option for end-of-life management of (W)EEE, with landfill the least favourable option (Clarke et al, 2019). WEEE is composed mostly of non-biodegradable material, thus disposal at landfill leads to the loss of reusable or recyclable resources (Park et al., 2019). Minimising waste was highlighted as one of the key parts of the UK government’s 25-year Environment Action Plan (HM Government, 2018). A large amount of GHG emissions savings can achieved by reuse and recycling of materials and consequent mitigation of emissions emerging from the production processes needed to obtain virgin materials. Another benefit of this approach is reduced environmental degradation (Menikpura, Santo and Hotta, 2014).

Furthermore, several unique scarce metal resources have been highlighted at being at risk of depletion in the future (Mueller et al, 2015; ,Zhang et al., 2017; Andersson, Ljunggren Söderman and Sandén, 2019). This is a strong incentive to promote recycling. The total climate benefit of WEEE recycling can be potentially even higher, if we consider that bulk materials such as copper, steel and aluminium can be recycled infinitely (Menikpura, Santo and Hotta, 2014).

5 CONCLUSIONS

This study has critically examined reasons for the incorrect disposal of WEEE in residual waste bins, provided insights for this occurrence and estimated the consequent economic and climate impacts. The study clearly illustrates the benefits of the correct disposal of WEEE. Even though WEEE disposed of in the RWS accounts for only 1.5% of annual waste arisings in the UK, capturing this would lead to numerous environmental and economic gains. Reducing the quantity of WEEE entering UK landfills, including WEEE incorrectly disposed via the RWS, via reuse and recycling could allow total emission reductions of between 312 and 344 Mt CO2e by 2030. The potential resale value of WEEE disposed of in residual waste bins could be as much as £196-215 million by 2030.
The survey results provide insight into the behaviour, reasons and motivation of public to deal with WEEE. In the EU, the most common environmental activity undertaken by European citizens is separating waste for recycling. However, the ability to correctly identify WEEE and knowledge of the environmental impacts of incorrectly disposed WEEE among survey respondents was generally low, highlighting the “invisibility” of WEEE to the public. The majority of people displayed confusion when it comes to WEEE management and showed low awareness of the few targeted awareness campaigns. A key issue that needs to be addressed is to ensure that people can differentiate between EEE and non-EEE in their household. It is also crucial to raise awareness on the importance and benefits of reuse and recycling.

Many respondents found current disposal options inconvenient and limiting, especially those who are in some way restricted and unable to use services provided by HWRCs. There is a fundamental need to improve collection services. If we continue with the collection services that are currently available, it will be difficult to achieve prevent residual waste bins being used incorrectly as a disposal route for WEEE. Putting WEEE back into the value chain would result in significant benefits, economically, socially, environmentally and in terms of resource efficiency and security. A significant amount of carbon emissions can be saved annually through correct disposal. Future awareness campaigns should put an emphasis on the benefits of EEE reuse and intrinsic motivating factors to motivate people to use retailer take-back schemes or use other correct recycling channels for WEEE.
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APPENDIX

Table A1. Socio-economic composition of members of the People’s Panel who participated in the survey. Southampton Census data were adapted from Southampton City Council (2011). 

1 Southampton Census data accounts for age group 20-24

2 Southampton Census data used different occupational categories. The following assumptions were made to convert data into occupational categories used in the survey: Upper middle class: Managers, directors and senior officials; Middle class: Professional and Associate professional and technical occupations; Lower middle class: Administrative and secretarial occupations; Skilled working class: Skilled traders, Caring leisure and other service, Sales and customer service, Process plant and machine operatives; Working class: Elementary occupations. 

	Age Group

(n=646)
	Category
	No. of respondents
	Proportion of respondents (%)
	Southampton Census 2011 (%)

	
	18-24
	10
	1.5
	12.41

	
	25-44
	119
	18.4
	29.8

	
	45-64
	271
	42.0
	20.8

	
	65+
	246
	38.1
	13.0

	Gender

(n=649)
	Male
	303
	46.9
	50.4

	
	Female
	320
	49.5
	49.6

	
	Other
	5
	0.8
	-

	
	Prefer not to say
	21
	3.3
	-

	Occupation

(n=649)
	Upper middle class
	116
	17.9
	7.72

	
	Middle class
	149
	23.0
	28.3

	
	Lower middle class
	95
	14.6
	10.5

	
	Skilled working class
	35
	5.4
	39.8

	
	Working class
	17
	2.6
	13.7

	
	Non-working
	237
	36.5
	-


Table A2. Composition of members of the People’s Panel who participated in the survey according to their geographical location and accommodation type. Southampton Census data were adapted from Southampton City Council (2011).

	Accommodation type (n=652)
	Category
	No. of respondents (n)
	Proportion of respondents (%)
	Southampton Census 2011 (%)

	
	Detached
	180
	27.6
	13.2

	
	Semi-detached
	207
	31.7
	25.7

	
	Terraced (including end-terrace)
	125
	19.2
	21.1

	
	Flat in a block of flats
	121
	18.6
	33.1

	
	Part of a shared/converted house
	13
	2
	5.7

	
	Flat in a commercial building
	1
	0.2
	1.1

	
	Mobile or temporary structure
	0
	0
	0.1

	
	Other
	5
	0.8
	-

	Location (n=656)
	Bargate
	48
	7.4
	7.9

	
	Bassett
	53
	8.2
	6.1

	
	Bevois
	21
	3.3
	7.1

	
	Bitterne
	56
	8.7
	5.8

	
	Bitterne Park
	58
	9
	5.9

	
	Coxford
	24
	3.7
	5.9

	
	Freemantle
	51
	7.9
	6.7

	
	Harefield
	14
	2.2
	5.9

	
	Millbrook
	27
	4.2
	6.5

	
	Peartree
	10
	1.5
	6

	
	Portswood
	56
	8.7
	6.3

	
	Redbridge
	3
	0.5
	6.1

	
	Shirley
	78
	12.1
	6.1

	
	Sholing
	50
	7.7
	5.9

	
	Swaythling
	22
	3.4
	5.8

	
	Woolston
	38
	5.9
	5.8

	
	Outside of Southampton
	47
	7.3
	-


