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Abstract: Waste Electrical and Electronic Equipment (WEEE) is a priority waste stream 

within the EU.  This had led to the introduction of many new legislative requirements 

covering the treatment of such items as waste, whether it is re-use, recycling or final 

disposal.  These regulations were introduced to promote a sustainability agenda when 

dealing with WEEE, but in many cases may have been counter-productive.  This article 

demonstrates the ways in which this has occurred using refrigeration units as an example, 

in terms of reporting requirements under the introduced legislation, transport and 

handling, and economic and social sustainability issues surrounding the markets for such 

items and their components. 
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1. Introduction 

Waste Electrical and Electronic Equipment has been subject to various changes in 

legislation within the UK within the last few years, as indeed has most of the waste 

industry.  The development of legislation for electrical and electronic equipment can be 

attributed to the fact that it has become a priority waste stream in the European Union 

(EU), due to the apparent growing volume and potential hazardous nature after disposal 

[1]. The latest and most comprehensive piece of legislation, derived from the EU is the 

Waste Electrical and Electronic Equipment (WEEE) Directive [2]. The Directive is one of 

a series of 'producer responsibility’ Directives that makes EU producers of new equipment 

pay for the recycling and/or safe treatment and disposal of the products they put on the 

market when they eventually come to be thrown away. Hence the WEEE Directive affects 

any business that manufactures, brands, imports, sells, stores, treats or dismantles 

electrical or electronic products within the EU. 

The Directive was designed to facilitate systems for the collection, treatment, 

recycling and recovery of electrical and electronic waste. WEEE consists of many types of 

electrical equipment both in the home and in business, and these are broadly distributed  
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among 10 categories of equipment defined in the Directive, each with their own 

recycling/recovery targets which can be seen in table 1. 

This means if an item is collected and recycled in the various categories, as well as 

being separately processed the recycler/reprocessor must demonstrate that a certain 

component of the material is recovered or recycled.  Recycled also implies reuse of the 

item as a whole or as parts.  Recovery can also include waste to energy. 

Table 1: WEEE Directive 10 Categories of Equipment 

Category Example items Target 

1 – Large household 

appliances 

cookers, microwaves, washing machines 

etc (refrigerators) 

80% recovery 

75% recycling 

2 – Small household 

appliances 

vacuum cleaners, clocks, toasters etc 70% recovery 

50% recycling 

3 – IT and Telecoms 

equipment 

PCs, mainframes, printers, copiers, 

phones etc. 

75% recovery 

65% recycling 

4 – Consumer 

equipment 

radios, hifi, musical instruments, videos, 

camcorders etc 

75% recovery 

65% recycling 

5 – Lighting equipment fluorescent tubes and holders, sodium 

lamps etc 

70% recovery 

50% recycling
1
 

6 – Electrical and 

electronic tools 

drills, sewing machines, electric 

lawnmowers etc 

70% recovery 

50% recycling 

7 – Toys, leisure and 

sports equipment 

electric trains, games consoles, running 

machines etc 

70% recovery 

50% recycling 

8 – Medical devices analysers, dialysis, medical freezers etc Not specified 

9 – Monitoring and 

control equipment 

smoke detectors, thermostats, scales etc 70% recovery 

50% recycling 

10 – Automatic 

dispensers 

hot drinks machines, sweet dispensers, 

cash machines etc 

80% recovery 

75% recycling 
1
 Gas discharge lamps – 80% recycling 

The WEEE Directive does not cover: 

• equipment not powered directly by electric currents or electromagnetic fields, for 

example pneumatic tools, combustion engines or petrol-driven lawn mowers;  

• products with electronic or electrical components that are not needed to perform 

their primary function, such as musical greetings cards;  

• electrical or electronic equipment that is an integral part of another type of 

equipment such as a car radio;  

• large-scale stationary industrial tools;  

• medical implants or infected medical equipment at the end of its life;  
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• household luminaries;  

• filament light bulbs; or  

• equipment used by the military or security services. 

Based on estimates from the Industry Council for Electronic Recycling (ICER) total 

household WEEE arisings in the UK were predicted to be in the region of 1 to 1.1 million 

tonnes in 2007 [1,3]. Previous papers indicated some 300,000 tonnes are potentially found 

in Scotland and 4-8 million tonnes throughout the EU as a whole [3]. Not surprisingly the 

Dti estimated that Category 1 items contained the highest proportion by weight [1]. It was 

also predicted by the European Commission that the volume of WEEE arising in the UK is 

estimated to increase by 4 per cent per annum [1]. 

The Directive requires member states to achieve specified recycling rates for WEEE.  

The UK has already met the 2006 target of 4 kg per household per year according to Dti 

[1] which is perhaps not surprising, as a single refrigerator alone will weigh between 28 to 

45kg [4]. The Directive also requires the industry to establish a producer responsibility 

scheme to collect and recycle WEEE. In practical terms, this meant providing an 

infrastructure by which to ‘take back’ old WEEE when supplying a new item.  

As far as WEEE produced by businesses is concerned, distributors of new equipment 

will be required to collect the old equipment being replaced on a “one-for-one basis”. For 

example, a supplier of IT equipment to an office, e.g., 10 new personal computers will be 

required to collect 10 old PCs for free under the producer responsibility element of the 

scheme.  Indeed any equipment bought after 13th August 2005 remains the responsibility 

of the original producer unless alternative arrangements were made with that business. 

This leaves the question of so-called ‘orphan’ equipment, i.e., historical equipment that 

requires disposal, where the company is not buying new and that was bought prior to 13th 

August 2005. In these cases it is the responsibility of the company as producer to ensure 

that such items are disposed of correctly via all relevant legislation. Hence a business user 

will be responsible for this equipment, will need to report evidence of collection, treatment 

and recovery according to the recovery and recycling or reuse targets to the relevant 

Agency.  

For any company that has produced or supplied items classified as WEEE, or is a 

retailer or distributor of electrical and electronic equipment, then further requirements are 

applicable, for example the need to register with an appropriate producer compliance 

scheme (PCS) and establish a take-back for the user. 

Hence the Directive was intended to ensure recycling and/or recovery of WEEE by a 

combination of introducing mandatory registration schemes and enforcing recycling and 

recovery targets. The Directive itself is strongly linked with sustainable development 

objectives, particularly in the UK under the auspices of the Department for Business, 

Enterprise and Regulatory Reform (BERR). BERR are responsible for transposing the 

requirements of the Directive into UK law and monitor progress under a sustainability 

banner. 

This paper examines a common WEEE item - the refrigerator - and how the Directive 

applies to this everyday item.  It also illustrates how this item is also subject to other 

existing legislation in addition to the WEEE regulations as they are enforced in England 

and Wales. 

2. Refrigerators as Waste 

Refrigerators are perhaps an obvious target for recycling as they are large, bulky, easy to 

identify and categorise, and transport. However, despite appearing relatively homogenous, 
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in fact they are made of many different materials and contain many different gases. These 

include the ozone depleting chlorofluorocarbons such as R12 and 

hydrochlorofluorocarbons such as R134a through to ammonia alternatives and modern 

hydrocarbon mixes.  Additionally the non-metal components may vary, recently shredded 

units as part of a recovery programme were shown to have a plastic composition of  

approximately 77% high impact polystyrene (HIPS), 10% acrylonitrile butadiene styrene 

(ABS), 5% polyvinyl chloride (PVC), 2% polyethylene (PE), 2% polypropylene (PP), 2% 

polyurethane (PUR) foam, 1.5% rubber and 0.5% polyamide (Pascoe 2006). The blown 

PUR foam will also contain various gases, but some older units had glass fibre insulation 

and potentially a much greater proportion of metals. Hence pre-1996 units and older could 

potentially have a very different composition to newer units. 

In terms of numbers some 2.5 million domestic refrigeration (fridges, fridge-freezers and 

freezers) units are replaced in the UK each year [5]. Once they become waste from a 

domestic source they enter a number of potential routes: 

• civic amenity sites, via drop off by the householder at the site  

• possibly kerbside collection (previously piloted by ICER, [3]). 

• retailers new for old system under the WEEE Regulations 

• bulky waste collections by local authorities 

• door to door metal collections 

Once collected their final destination can also take many courses: 

• refurbishment and re-use as whole item 

• dismantling for parts with recycling of components 

• whole unit destruction with metals recycled 

• possible recycling and recovery as shredder residues 

Although there is less data available, it is believed that around a further half million 

commercial units are also replaced annually [5, 6]. In terms of business-use refrigeration 

equipment, there are differential requirements for that bought prior to and after 13th 

August 2005 [7] as outlined above. 

The legislative burdens regarding disposal of refrigeration equipment has been 

growing steadily over the past few years, this has also been noted in the case of the scrap 

metals industry [8]. There are now a number of regulations that apply to the treatment 

and/or disposal of such items including: 

• Ozone Depleting Substances (ODS) Regulations 

• Hazardous Waste Regulations 

• WEEE Regulations 

• Other ‘normal’ waste regulations, e.g., duty of care, site licensing, waste returns 

etc. 

Each of these will be discussed in turn separately and in conjunction with the new 

requirements of the WEEE Directive and its sustainability objectives. 

3. ODS Regulations 

The ODS regulations were introduced as a result of the Montreal Protocol first signed in 

1986, this is an international treaty designed to protect the ozone layer by the phasing out 

of ozone depleting substances.  This treaty was transposed into an EU ODS Directive [9] 

and hence came into force in October 2000 throughout the EU in terms of removing gases 
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from refrigerators prior to disposal, where Member States were required to recover, 

recycle, reclaim and destroy ODS and report on these activities. Specifically for domestic 

type refrigerators in England and Wales, further requirements came into force in January 

2002.  They covered the insulating foam as well as the gas within the appliance which 

could contain either Chlorofluorocarbons (CFCs) or Hydrochlorofluorocarbons (HCFCs).  

HCFCs were also identified as having global warming potential under the Kyoto Protocol 

in 1997. 

Previous to the regulations, large amounts of UK fridges were exported to developing 

countries for refurbishment - this was banned as of 1 January 2004 and as a result units for 

refurbishment could now only be sold within the EU as parties to the Montreal Protocol 

[10]. There are arguably issues associated with the end of the life cycle of these units in 

these countries (although a strong recycling ethos may actually keep the gas and units in 

circulation for prolonged periods), but the regulations destroyed a £20 million 

refurbishment industry within the UK, as admitted by the Government at the time [11].  

Indeed, it has been claimed 40% of fridges were disposed of in this way, and the 

regulations destroyed many small reuse businesses virtually overnight, and it appears 

DEFRA had no knowledge of this industry [12]. Local take back schemes operated by 

retailers were also stopped as they lost their outlets which had in the main been these small 

businesses.  Concurrently, there was also insufficient infrastructure to deal with the 

volume of appliances which fell under the regulations which led to many media reports on 

‘Fridge Mountains’ [12]. 

Part of the reason, these large stockpiles occurred, was the lack of specialised 

treatment facilities.  Units must be disposed of in such a way that the gas is not released, 

e.g., shredded in a sealed nitrogen filled chamber to ensure capture of all CFCs, generally 

a £1M plus investment. The fridge mountain problem only resolved when government 

produced a £40 million investment programme to help local authorities deal with this issue 

[12]. Williams [12] also commented that loss of social and economic sustainability was an 

unintended consequence of attempting to improve environmental sustainability in these 

circumstances. 

Specialised facilities were needed as shredding even the foam can release significant 

amounts of CFCs, particularly in smaller particles [13], though it is also thought dependent 

on how the shredding is carried out [14]. Recent research has indicated that some 24% (+/- 

7%) of the gas within the foam is released during shredding [15, 16], but that there may 

also be a residual in shredder waste which is released once the shredded material goes to 

landfill [15, 16]. 

It is assumed no ODS filled refrigeration equipment will be in the disposal chain by 

2011 as a result of  the average 10 year lifespan of such an item and cessation of 

production in 2000 [1]. Refrigerators that do not contain either CFCs or HCFCs are not 

covered by these regulations, hence many of the newer units will not be subject to the 

same ODS restrictions, either on export or specialized shredding, e.g., hydrocarbon units 

or absorption units which use ammonia are examples. Most units carry an ‘appliance rating 

plate’ so that it is easy to determine the gas/foam content of the refrigerator, but some 

authors have noted significant error rates in the sorting and classification of units of up to 

3% [17]. The largest specialised shredder in England can process up to 700,000 units per 

year (EMR 2007), given the potential error rate and the likelihood that many local 

authorities do not pay for time-consuming separation but only final disposal, it is likely a 

significant amount of refrigeration is taken for specialised shredding at higher cost when it 

is probably not a requirement.  Arguably this has a negative impact on sustainability, as 
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in turn this has a significant impact on units available for re-use and refurbishment - as 

refurbished non-ODS appliances can potentially still be exported. 

4. Hazardous Waste 

The Hazardous Waste Regulations (2005) enforced the definition of what could be 

considered hazardous waste in England and Wales.  In summary “Hazardous waste” is a 

broad term and covers a wide range of materials. The classification of some wastes as 

hazardous (such as strong acids, mercury or asbestos) is obvious. These substances cause 

immediate serious harm to humans, are toxic or can cause cancer. For other materials that 

cause a longer-term threat to the environment, the need for hazardous classification is less 

apparent. Many everyday substances and objects are now classed as hazardous 

immediately they become waste, for example, fluorescent light tubes, fridges, televisions 

and various electrical appliances. 

Which wastes are classed as hazardous is determined by reference to the European 

Waste Catalogue (implemented in England under the List of Wastes Regulations (2005)). 

This is a comprehensive list of wastes identified by a numerical code; those that are 

classed as hazardous are indicated by a star. Some wastes are classed as hazardous 

whatever their composition. Broadly however the criteria are does the waste contain 

dangerous substances, from a list of fourteen hazardous properties (e.g., H1 explosive, H2 

oxidizing, H3 flammable, H4 irritant, H5 harmful, H6 toxic, H7 carcinogenic, H8 

corrosive, H9 infectious, H11 mutagenic, or H14 ecotoxic). 

As an example, refrigerators fall under the terms of these regulations as they are 

deemed “H14 – Ecotoxic: substances and preparations which present or may present 

immediate or delayed risks for one or more sectors of the environment”. This is due to the 

presence of CFCs in older equipment. More modern fridges and freezers may use HCFCs 

in place of CFCs, but are still classed as hazardous because they are still ecotoxic (as they 

still have the potential to be either ozone damaging or potentially contribute to global 

warming). In the case of hydrocarbons, another often used gas for refrigerators, it is highly 

flammable hence would still fall under the regulations. Hence refrigerators are also 

hazardous waste.  The regulations governing hazardous waste management were 

introduced to businesses who deal with refrigerators on 15 July 2005.  

For domestic users this did not bring much change, and they were still able to dispose 

of their equipment via the normal routes (local authority civic amenity sites and bulky 

waste collections for instance).  However, a business user of such an appliance must now 

register as a hazardous waste producer in England and Wales with the Environment 

Agency. There are exceptions to this need for premises producing less than 200 kg a year 

of hazardous waste, including offices, shops, farms, dental, veterinary and medical 

practices. However, 200kg a year is a relatively small amount, particularly as this includes 

all types of waste classed as hazardous – in effect all TV and PC equipment, as well as 

refrigerators, and a variety of electrical equipment. This quickly pushes even small 

business over the limit, e.g., one TV weighs 20kg, a refrigerator 28-45kg, a photocopier 

50kg, and complete computer including monitor at around 28kg [4]. 

When hazardous waste has to be collected from registered premises, a consignment 

note system must be used. The producer completes the parts of the form that give a 

detailed description of the waste and signs to the effect that it has been collected by the 

carrier. The carrier signs that they have accepted the waste. The final waste management 

facility completes the last part of the form to confirm that the waste has been accepted and 

indicate whether it was subject to a disposal or recovery operation. Completed copies of 
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the forms are to be retained by all concerned, and must be produced to the relevant agency 

(the Environment Agency in the case of England and Wales) or emergency services on 

request. The collector of the equipment must make quarterly returns to the Environment 

Agency giving details of all consignments received (as must the operator of the final 

disposal of the item if they are different).  

However, for the carrier of the waste refrigerators this may cause difficulties. The 

Hazardous Waste regulations specifically cover the mixing of different categories of 

hazardous wastes – and as many types of WEEE are classed as hazardous wastes this can 

affect storage and transport arrangements. For instance televisions, computer monitors and 

refrigerators are different categories of hazardous waste which potentially should not be 

consigned together. However, additional guidance has been released [18] allowing 

different categories of hazardous waste to be collected on the same vehicle as part of a 

round so long as they are not physically mixed together - in the case of refrigerators this 

would mean not placing items within them for simultaneous disposal, e.g., old computers 

etc. (though it could probably be demonstrated this was a ‘low risk’ and that mixing would 

not inhibit the recycling or recovery of the materials). Additionally such items should not 

be mixed with non-hazardous wastes, e.g., telecommunications equipment. The issue is 

this is exactly the sort of mixed material that may be disposed of in one load (WEEE, 

refrigerators and other similar equipment) – and it is not immediately apparent to the 

producer (particularly a small company) that such objects may have limitations on being 

transported simultaneously. An alternative choice is to consign the whole load as 

hazardous which may push up disposal costs. 

As discussed above several classes of electrical and electronic equipment are now 

classed as hazardous waste. On implementation of the WEEE regulations in January 2007 

changes to this system did not include the changing of the requirements of dealing with 

refrigerators under the hazardous waste regulations – hence they fall under both sets of 

legislation. If, under both sets of regulations several journeys were required to transport a 

load of similar electrical items with different hazardous waste codes this would obviously 

harm the sustainability credentials associated with the introduction of the WEEE 

Directive. 

5. WEEE Regulations 

There were several delays in implementing the WEEE Directive in the UK, but the 

Regulations implementing it were laid before Parliament on 12 December 2006 and 

entered into force on 2 January 2007 in England and Wales. The delays were caused 

mainly by manufacturer’s concerns over the distribution of costs and potential issues with 

the infrastructure. 

Prior to the WEEE Regulations being enacted during 2007, it was recognised that a 

significant proportion of WEEE was being recycled, although no data were apparently 

available [1]. It was thought likely this generally this consisted of the larger items such as 

Category 1 equipment, and higher value electronic items e.g., mobile telephones and other 

items with a large metallic content such as refrigerators [1, 19]. For refrigerators, the waste 

sector [9] published the following figures for 2002/3. 
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Table 2: Refrigerators in England and Wales (ESA 2004) 

Number of Refrigerators 2002 2003 

Disposed (units) in England and Wales 299,000 979,336 

Exported for treatment to Germany, the Netherlands and Denmark 

(units) 
418,000 377,168 

Hence significant amounts were being reused (primarily via the export market) and/or 

recycled prior to the WEEE regulations becoming enacted.  For the disposed of units, the 

Dti claimed treatment of most items were not generally undertaken prior to disposal (with 

the exception of refrigeration which had previously fallen under the ODS regulations), 

hence untreated WEEE was alleged to be entering landfills implying a human health risk 

from PCBs and heavy metals associated with such waste [1]. In terms of re-use it was 

estimated at around 15-20% (the higher percentage being applied to category 1 items), by 

charities and private enterprises [1]. The main issue prior to the WEEE Directive however, 

was that local authorities effectively had to pay to dispose of items such as refrigerators. 

Under the producer responsibility requirements of the Directive which were 

translated into the legislation refrigerators generated by members of the public are 

collected from District Collection Facilities (DCFs) which are mainly civic amenity sites.  

The local authorities contract their sites to a Producer Compliance Scheme (PCS), who 

effectively pay for the collection and treatment of the items - the PCS is supported by 

member producers, e.g., electrical retailers who provide the funding. There are some 37 

PCS schemes in operation in England and Wales [20]. Once in the chain units are further 

tracked by the PCS due to the requirement regarding evidence – evidence must be 

produced on these obligated items regarding their destination, either via reuse or recovery 

(meeting the requisite recovery targets, which for Category 1 items is 80% as outlined in 

table 1) to ensure the companies have met their producer obligations.   

To produce evidence a collector/reprocessor must register as an Approved 

Authorised Treatment Facility (AATF), must track the number of units and/or weight of 

the refrigerator to produce evidence to the relevant PCS, and subsequently be audited by 

an approved auditor on these figures.  Business users who are buying new equipment will 

have their old items taken back, but where they are not buying new equipment, and who 

bought before 13th August 2005 they must ensure their WEEE is disposed of to an AATF. 

AATFs can be licensed to accept less than 5,000, less than 25,000 and less than 

75,000 tonnes of waste per annum. The treatment and storage of WEEE must meet the 

technical requirements of the WEEE Directive (2002/96/EC as amended by 

2003/108/EC). Treatment of WEEE must be carried out using Best Available Treatment, 

Recovery and Recycling Techniques (BATRRT) [19]. In the case of fridges this includes 

removal of gases such as CFCs and HCFCs and external electrical cables. Other 

requirements include WEEE must be treated within a building and treated and stored on an 

impermeable surface. 

6. Other Legislation 

In terms of general waste management legislation, it has previously been recognised that 

growing legislative demands on the secondary metals sector may affect the viability of 

small companies involved in metals recycling [8], which is also relevant to Category 1 

items such as refrigerators.   

The requirements for hazardous waste consignment notes, quarterly hazardous waste 

returns, WEEE records and quarterly returns do not remove responsibility for complying 
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with waste management legislation generally. Items such as refrigerators still need general 

Duty of Care paperwork and transfer notes, and the site that deals with them also need to 

demonstrate their route via their annual waste returns. Hence when such a unit is collected, 

it needs physical paperwork for Duty of Care and Hazardous Waste which have to be 

retained by both the collector/consignee and company for up to two and three years 

respectively. Potentially the amount of paperwork consumption for dealing with these 

units has increased dramatically. 

Consequently, refrigerators are tracked many ways by differing bodies – by 

hazardous waste requirements regulated by the Environment Agency, WEEE returns 

required by BERR (with evidence needed for obligated units via a PCS and subsequent 

auditing) and as waste generally (with a requirement to dispose of any units as per the 

ODS regulations) also via the Agency. Additionally, this paperwork trail has imposed 

many extra requirements in terms of carriage and storage, which may have required 

substantial investment and planning. 

7. Does the WEEE Directive Promote Sustainability? 

The aim of the WEEE Directive was to improve the way the UK manages WEEE by 

setting targets for collecting WEEE, new standards for the treatment of WEEE, and strict 

recycling and recovery targets to minimize disposal while protecting human health and the 

environment.   

Both the ODS and the WEEE regulations are framed in terms of sustainability in UK 

BERR guidelines. The Dti also emphasized the sustainable context of the WEEE 

regulations, stating ‘Increased reuse, recycling and recovery of WEEE should contribute, 

albeit in a small way, to tackling concerns surrounding resource productivity, and risks to 

sustainable development, in the UK and in this context is consistent with the UK 

Government’s sustainable consumption and production agenda’ [1]. 

Viewed from a North American context, the extended producer responsibility (EPR) 

ethos of the WEEE regulations is reported as being much more effective than the ‘product 

stewardship’ approach taken for items such as refrigerators there[21], with recycling rates 

of 85% or over in the UK. Additionally EPR was thought to lead to a much improved 

approach as regards recovering ODS. Indeed it was reported the North American approach 

is very ‘end of life’ and does not encourage a manufacturer to change design or use of 

environmentally damaging substances. 

However, there may however have been unintended side effects. The most obvious is 

the multiple requirements to track the same item many ways. Additionally, the need to 

transport different categories of hazardous waste has obviously not contributed to a 

sustainable transport agenda. There are also other issues that could be up and coming for 

the treatment of WEEE in the UK, which are outlined as follows. 

7.1 Sustainability and Life Cycle Assessment 

In Germany an ecological comparison of the different disposal channels for waste 

domestic refrigeration appliances containing CFCs and hydrocarbons was instigated by 

changes in their treatment as a result of the WEEE Directive [17]. This involved varying 

scenarios of treating purely CFC/HCFC units and including those containing hydrocarbons 

in the same type of treatment, with recycling of metal components and incineration of 

plastics.  This study concluded that mixed processing of both types of fridges was the 

best solution, saving some 24,000 to 65,000 tonnes CO2 equivalent per year, and 

additionally reducing risk of ODS release (dependent on an error in the sorting rate of up 
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to 10%). At the moment it is not a requirement of the WEEE regulations in the UK that 

hydrocarbon and other type units that do not contain ODS be subject to the same 

treatment. 

This model does not investigate re-use however; it assumes all units are to be 

scrapped and would be delivered to a single plant.  In reality in the UK there is 

potentially a cost differential between final disposal of a refrigeration unit and the value of 

the item as scrap metal or as a whole for re-use, and extensive separation could well occur.  

Additionally, other legislation e.g., hazardous waste may require that units are separated or 

are delivered in varying loads, it is certainly true that not every vehicle will be full when 

transporting units to final disposal.  Hence it is less obvious whether sustainability is in 

practice optimised. 

7.2 Sustainability of Recycling/Recovery Markets 

For the purposes of the WEEE regulations, 100% collection of large appliances is 

assumed [1]. Additionally positive value for these items at least in terms of the metals of 

which they consist of is also assumed. However, the scrap metal market is subject to 

global influences and shows a large amount of volatility of its own. Indeed, Emery et al [8] 

reported that, at that time, metals had the lowest prices for many years and the viability of 

small companies that dealt in metals was threatened, which was directly influenced by 

problems in the stock markets as part of the global economy. Copper and aluminium 

showed a large amount of variability between 1991-2000, and ferrous metal prices were at 

their lowest for 30 years during 1998, which was blamed on Asian stock markets and the 

collapse of the Russian economy respectively [8]. Other factors cited included the strong 

UK pound, exports from other countries, and transport costs.   

Metal prices from December 2000 to January 2008 are demonstrated below in Table 

3.  Old steel scrap and light iron were chosen as representative of the majority of that 

which a refrigerator would be consigned as if it were scrapped (as a non-ODS appliance).  

As can be seen, they were very low in the period 2000 – 2002. 
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Figure 1: Volatility in Steel Prices (adapted from [22]) 

Since 2001 prices for metals have been consistently high [22].  From January to March 

2008 some of the highest prices ever seen prevail. These higher prices have been present 

for the period in which the WEEE regulations have been operating, undoubtedly 

supporting WEEE recycling.  But this may not be the case longer term, particularly if the 

cost of transporting which is, in turn affected by oil prices, continues to rise. Indeed, 
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Emery et al [8] also reported that the recession years of early 1990s saw fairly unstable 

and low prices for all grades of scrap metals as the world demand decreased, and as 2008 

progresses economic signs are variable, despite at present a continued demand from 

countries such as China.  The volatility of metals prices have, on their own, the greatest 

potential to disrupt the viability of many WEEE programmes. 

7.3 Sustainable Re-use Markets 

Many smaller companies were also collecting these appliances and selling them to 

developing countries, and had their businesses effectively ended when both the ODS and 

subsequent WEEE regulations came into being [11, 12]. There is potentially a perception 

that this is actually trafficking of waste [23] which undoubtedly does occur. However, in 

many cases the items are bought by an importer, who also paid for the shipping, with the 

stated intention of refurbishing and reselling them as second hand goods.   

The point at which an item for re-use is waste and then taken out of the waste stream 

also has an effect here. Working units that are non-ODS can be exported, but obviously 

repairing such items cannot be as competitive for UK suppliers, particularly where the 

destination country could repair them at much less cost. This means such companies need 

to register as an ‘Approved Exporter’ of WEEE, and demonstrate that these units would 

indeed be recycled or reused. 

The presence of global recycling is to be recognised [23], and indeed there are some 

21 ‘approved exporters’ of waste WEEE from the UK to other countries [24]. This had led 

to some concern over the large amount of imported untested appliances in developing 

countries [25], particularly in this case computer equipment, which is then disposed of in a 

fashion that evades the legislative requirements of the exporting country. However, the 

WEEE regulations require that recycling is demonstrated by the receiving company in the 

case of those registered in the UK. 

7.4 Sustainability of Companies Who Deal in WEEE 

Currently there are 240 registered AATF sites in the UK covering the ten categories under 

the WEEE directive (some 134 entities consisting of a mix of charities and companies, 

with many companies registering more than one site, i.e., the largest has 57 sites) [26].  

The sizes of these companies vary from small sole traders through to multi-national large 

metals companies.  In fact, there is more than adequate coverage for the amount of 

WEEE produced within the UK as a whole and it could be expected that many may be 

recently established to take advantage of the new regulations. If tonnage figures of around 

1.1 million tonnes (as outlined above) are correct, there appears to be some over-supply to 

the market of registered AATF sites, and hence consolidation may occur in the future.  

Additionally, those factors already mentioned above, e.g., volatility of metals markets, and 

supply/demand will affect this.   

In terms of the stated recovery and recycling rates in the WEEE Directive (as 

outlined above Categories 1 and 10 – 80% recovery and 75% recycling (recovery can 

include waste to energy) difficulties are encountered with refrigerators which contain five 

or six different plastics [5], which are difficult to separate successfully. In sustainability 

terms, this needs addressing at the design stage to ensure that adequate disassembly of 

such items can occur. Hence this remains a challenge to scheme operators in the future. 
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8. Conclusions 

The question is whether the WEEE regulations and other legislation that has been bought 

in to manage WEEE items such as refrigerators actually contributes to their increased re-

use, recycling or recovery and so to the sustainable production and consumption ethos. 

Clearly a significant portion of refrigeration was being re-used and recycled prior to 

the introduction of even the ODS regulations (a thriving export market was already in 

existence alongside a strong scrap metals sector). Arguably the introduction of the ODS 

regulations, although intending to promote sustainability, may have actually harmed a 

large re-use market and instead diverted the units to be disposed of in EU facilities.  

Subsequently the introduction of the Hazardous Waste and WEEE regulations further 

prevented export of untested non-ODS units, classifying them as waste despite their value 

as a commodity with potentially the same impact. Obviously this is also counter-

productive to the aim of these regulations and the later WEEE Directive. Of course the 

ultimate fate of the unit and gases does when it becomes unserviceable in a third world 

country should also be taken into the equation, but there are issues here over whether an 

EU-centric legislative driver actually contributes to sustainability in global terms.   

Additionally, as each piece of legislation has been introduced, it has not superseded 

or replaced other requirements. Hence a company who may deal with waste refrigeration is 

now subject to several different requirements regarding licensing, transport, treatment and 

repair and reuse, and required to make available records and returns on this information to 

different bodies both quarterly and annually. This increasing legislation has increased 

paperwork dramatically. Further requirements in terms of separation and transport have 

also undoubtedly increased costs in such companies and so restricted units available to the 

re-use market. This could mean that units are being disposed of by ODS routes that do not 

need to be, entailing extra costs for local authorities, but also that re-use is pushed further 

down the list of priorities. But most of all it could impact on transport requirements which 

could also be counter-productive to the sustainability ethos.  

Sustainability of the companies that deal with WEEE is also an important issue.  It 

should also be noted that thus far in the UK, metals prices may have supported the many 

AATFs, but historically are subject to variability and this could occur again. This could 

mean fewer outlets for such items. Alternatively traditionally scrap metal companies would 

simply stop collecting in these circumstances which in turn would raise prices. However, 

as the requirements of the regulations would still be in force this method of market 

recovery would not be available, ultimately meaning costs would again rise to the PCS 

(and so the consumer) or the company requiring disposal. The re-use market is also subject 

to volatility. There are fewer outlets for these units, and as new items become cheaper in 

the UK market so re-use becomes more of a challenge economically 

Hence it could be concluded that it is debatable that the WEEE regulations (and other 

similar legislation introduced with environmental/sustainability aims) have improved 

recovery and recycling of large appliances such as refrigerators. The impacts on 

sustainability of the WEEE regulations on refrigeration equipment, and the sustainability 

of such companies that deal with them may both be subject to an uncertain future within 

the UK and hence the EU. 
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