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1.0 Background 
 
In recent times the availability at reasonable cost of some raw materials has become a 
political and economic concern for both governments and businesses alike. Raw materials 
are essential to many of the electrical and electronic products which we have become reliant 
on. However, the increasing supply risks of many of these materials are a concern for many 
UK companies. In response Defra and BIS have published the Resource Security Action Plan. 
A key action within this action plan is to build knowledge and understanding of key 
opportunities to secure resources in the UK economy.  
 
2.0 Aims 
 
This project has tracked critical and valuable raw materials1 in electrical and electronic 
products through the UK economy over 1 year and has identified opportunities for recovery 
or reduction in material losses. To achieve this, materials flow analysis have been developed 
for the critical raw materials within electrical and electronic equipment and selected 
emerging green technologies in the UK. The materials within scope for this work are the EU 
list of Critical Raw Materials and other valuable materials within electronics. Specifically these 
are: 
 

 Precious metals: gold, silver; 

 Platinum group metals: platinum, palladium; 

 Rare earth elements: cerium, dysprosium, europium, gadolinium, lanthanum, neodymium, 

preseodymium, terbium, yttrium; 

 Other elements: antimony, beryllium, cobalt, gallium, germanium, graphite, indium, 

magnesium, niobium, tantalum, tungsten; and 

 Minerals: fluorspar. 

The products in scope for this project are any electrical and electronic equipment and 
emerging green technology products that contain critical raw materials. This includes the 
following classes of product: 
 

 Large household appliances (EU EEE Class 1) 

 Small household appliances (EU EEE Class 2) 

 IT and telecommunications (EU EEE Class 3) 

 Consumer equipment (EU EEE Class 4) 

 Lighting equipment (EU EEE Class 5) 

 Electrical tools (EU EEE Class 6) 

 Toys, leisure and sports (EU EEE Class 7) 

 Medical devices (EU EEE Class 8) 

 Monitoring/control (EU EEE Class 9) 

 Automatic dispensers (EU EEE Class 10) 

 Display equipment (EEE Class 11) 

 Discharge lamps (EEE Class 12) 

 Photo-voltaics (emerging applications) 

 Wind turbines (emerging applications) 

 Hybrid/electric vehicles (emerging applications) 
 
The outputs are presented in the first instance as Sankey flow diagrams from two 
perspectives: per material showing product class content and vice versa. In addition, an 
overall view of all products and all classes is given, both in mass and value terms. 

                                           
1 For the purpose of this research, the term CRM will refer to the EU list of Critical Raw Materials plus gold and silver. 
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3.0 Methodology 
 
This study uses a bottom-up approach, compiling an inventory of materials composition for 
each product category in focus and using data on EEE and WEEE arisings to create materials 
flows. Arisings data is derived from Environment Agency returns from licensed facilities 
moderated by WRAP’s own projections of flows. Composition data has been synthesised 
from a number of reputable sources including OECD, UNEP, Öko Institute, and aggregate 
studies by the EU JRC at Seville. Recovery data is likewise constructed from diverse sources 
including materials published by metals recovery companies and interviews with major waste 
collectors and processors in the UK. 
 
4.0 Material & Value Flows 
 
Figure 1 and Figure 2 summarise the flow of critical materials post use by mass and by 
value. Further figures detailing material and product flows may be found in the Annexes. 
 
These figures summarise the major fates of materials associated with products. This 
simplification was possible because, to all intents, there is no recovery from WEEE of critical 
materials. The ‘Recovered UK’ box is therefore zero, and hence there are no recovery losses: 
 

 Re-used UK: relates to products recovered after consignment to waste disposal, typically 

at Bulky Waste collection, a process known as Preparation for Re-use under the Waste 

Directive. Products sent or sold purposefully for re-use by consumers or users are 

excluded from this category; 

 Recovered UK: relates to materials recovered from products by processes operated in the 

UK, such as distillation of recovered refrigerants; 

 Lost UK: relates to all mechanisms by which materials could be lost in the UK including, 

uncontrolled consignment to landfill, fly-tipping, un-authorised reprocessing, incineration 

or energy from waste (including formation of slags and vapour or dust emissions) and 

where materials may end up in by-products as passengers in other recycling operations 

(such as inclusion of metals in bricks); and 

 Exported: relates to controlled exports for re-use (e.g. mobile phones); illegal exports 

(e.g. in the name of re-use, but in reality disposal, such as with used IT); and controlled 

exports of wastes for processing, recovery or disposal abroad (e.g. shred exported from 

waste pre-processors).  

De-stocking (i.e. the net reduction of the amount of product in use due to multi-functional 
products) and accumulation (i.e. the reverse) are known to be taking place. This could be 
because of technology changes, changes in lifestyle, or changes in population or numbers of 
households. Whilst these effects have been researched partially or even in detail for some 
products, there is insufficient information to cast the effects robustly across all products. Any 
projections would not be significant compared to errors in other aspects such as overall 
arising levels or compositional data. 
 
On the other hand, for the novel energy technologies, these effects dominate the material 
flows: green technologies commence from such a low level that disposals are insignificant 
compared to installation rates; here, installation results almost entirely in accumulation 
within use.  
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Figure 1 Materials flow for all EEE classes (Source: Oakdene Hollins) 
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Figure 2 Value flow for all EEE classes (Source: Oakdene Hollins) 
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5.0 Findings and conclusions 
 

5.1 General 
This study confirms the findings of previous work, that there appear to be limited or no 
facilities in the UK dedicated to the extraction of critical materials from WEEE. Note that 
facilities to recover critical materials do exist and operate in the UK, sourcing from other 
applications and product classes; but they are not configured for WEEE and thus cannot 
treat it. 
 
A small number of state-of-the-art reprocessing facilities are established on the continent. In 
general they target precious metals and, opportunistically, recover a wider range of metals; 
they include those not in the scope of this survey, where they arise in conjunction with 
precious metals. These integrated facilities thus show economies over processors targeting 
single materials. 

5.2 Exceptional materials 
Analysed by mass, flows are dominated by fluorspar, a relatively cheap mineral used to 
manufacture hydrofluoric acid and from that, refrigerants for use in cooling equipment. 
When combined with alkanes, CO2, and ammonia variants, this represents a barrier to 
recovery. In practice, extracted refrigerants are incinerated, representing a complete loss. 
Further, UK fluorspar extraction has ceased, so that the UK is dependent on imported 
mineral, HF or fluoro-chemicals2. 
 
In terms of value of critical materials, as assessed by assigning the market value of a 
material to all flow volumes, gold dominates the analysis (see figure 2). In fact, precious 
metals, as might be expected, account for the bulk of the value. Products and components 
rich in these elements, including display, ICT and consumer electronics, are already targeted 
by the waste processing and sorting agencies for sale to refiners and reprocessors, the key 
agents of whom are located on the continent. 
 

5.3 Exceptional products 
The applications of solar PV and wind turbines (and electric vehicles) are currently not large 
sources of critical materials. However, the rate of installation of these devices means that 
there will be a large accumulation of stock that may create a substantial waste stream in 15 
to 20 years as units that are now being installed near end of life. Precise composition of this 
stream is not possible due to uncertainties in alternative technology development, but will 
represent significant sources of rare earths (especially cerium, neodymium, lanthanum and 
dysprosium), indium, gallium, cobalt and silver.  
 
Although channels exist for the recovery of solar panels and batteries from electric vehicles, 
there is no established route for the handling of rare earth magnets from wind turbines. 
There are indications that stockpiling of used magnets may be occurring. However, there are 
significant handling and reprocessing challenges with these that will demand attention in 
coming years if recycling is to be implemented more widely. 
 
 
 
 

                                           
2 Fluorospar is critical for aluminium production, a much bigger proportion that EEE 
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5.4 Data quality 
Data quality of WEEE arisings has some deficiencies. For some classes, there is a significant 
imbalance between products placed in the market and the arisings recorded in that year 
which cannot reasonably be attributed to stock accumulation or depletion. We question 
therefore whether all routes to disposal (legitimate or otherwise) have been correctly 
assessed and reported. 
 
This work has included a limited survey of waste processors including ATFs and AATFs to 
better understand practices with respect to WEEE and common practice with respect to 
recovery or otherwise of WEEE fractions. Analysis of in-practice recovery efficiency is also 
available from a number of metals refiners and has offered a validation of some of the 
inferences drawn about product treatments at disposal. 
 
Analysis of the burden of materials within product classes has relied on a bottom-up 
assessment of either entire classes of EEE or synthesising from the analysis of individual key 
products in a class. A number of issues restrict the quality of the findings including:  
 

 the substantial variation in analysis presented by different authors over time;  

 incomplete analysis in respect of materials in the scope of this report;  

 ensuring that the key products are adequately represented; and 

 accounting for significant technology and material shifts. 

These issues along with uncertainty regarding flows of classes of EEE should be taken into 
consideration when using the data.  
 
A cross-check on the numbers derived has been provided by comparing to a top-down 
approach on usage of materials. These ‘supply side’ estimates are reported within the 
individual material sections as pie charts by application and offer some bound on 
expectations. Any exceptional differences have been reported in the materials sections. 
 
6.0 Recommendations 
 
Evaluation of the materials flows has shown that many critical materials, in particular rare 
earths, tantalum and indium, are insignificant in terms of value and tonnage compared to 
precious metals. However, in terms of criticality these materials are of upmost importance 
due to access to virgin material and the impact on extraction. Unfortunately, the recovery of 
rare earths, indium, yttrium, gallium, germanium and beryllium from WEEE is far from 
straight forward, often due to their low concentration within products.  
 
Current WEEE collection and recycling targets are mass targets and therefore critical metals 
are not considered a priority in respect of achieving these. Targeting of some materials may 
take place if the components are hazardous, but this is not applicable to all critical elements. 
In light of this a key recommendation from this study is that critical metals should be 
considered each in turn to better understand recovery potential and business opportunity.  
 
Other recommendations from this study for encouraging greater recovery and resource 
efficiency of critical materials in WEEE and emerging green technologies are discussed 
below.  
 
Further research is required into separation techniques and recycling procedures for recovery 
critical metals from WEEE. In particular more attention should be paid to recovery of rare 
earths, indium, gallium, germanium and graphite due to their value and quantity.  
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In order for the material flows to be credible, accurate data is essential. During the study, 
several data gaps and inconsistencies were discovered. For germanium and niobium, the 
data available are insufficient for producing accurate materials flows and therefore require 
more detailed assessment.  
 
6.1 Fluorspar – cooling appliances 
When analysed by mass, the material flows are dominated by fluorspar, derivatives of which 
are used as refrigerants. Our study found that these are not targets for recovery and are 
instead incinerated. This is because de-pollution of cooling systems is a relatively crude 
process whereby vapours from a wide range of refrigerant systems, including fluoro-carbons, 
chloro-fluoro-carbons, chloro-carbons, alkanes, CO2, ammonia and others, are co-extracted 
in crushing systems.  
 
Given that the UK is entirely dependent on imported fluorspar, there is potential that 
different refrigerant systems could be more rigorously separated into fluorine-containing and 
non-fluorinated streams which would enable recovery and separation using distillation. This 
may require better labelling, improved de-pollution practices, or some element of charging 
for the additional costs involved. Further investigation into the costs and benefits of this 
approach is needed.  
 
6.2 Precious metals – IT and telecoms equipment 
Precious metals including gold, silver and platinum are predominantly found in high-end 
circuit boards. Under prevailing treatment practices which involve some element of 
shredding, there are significant losses of precious metals, in some cases over 50% by 
weight. Manual disassembly however increases time and cost required to retrieve boards 
from PCs or other equipment. (Note that mobile phones are generally smelted whole and do 
not suffer this problem.)   
 
A range of actions could be encouraged to counter this issue. For example, advanced 
processors use a two stage shredding process whereby the first stage ‘peels open’ whole 
products and generates relatively large circuit board fragments about 10 cm square, with 
commensurately much lower dust losses. This practice should be more widely implemented, 
thus improving the value of PCB fractions and the value recovered. 
 
A more fundamental approach is to tackle the design issues of IT equipment to enable faster 
manual recovery of PCBs. A tonne of high value PCBs can attract prices of £3,000 or more if 
in good condition; if an average PC board weighs 0.5 kg, this means the cost of removal 
must be reduced to well under £1 per unit to be competitive. A suitable eco-design challenge 
is therefore to enable whole PCB removal from devices in under one minute, which at 
minimum wage would equate to less than 20 pence per device. Such techniques are not far-
fetched, as many IT components such as blade servers, hard drives, batteries, memory 
cards, toner cartridges and the like are already designed on this basis with the ordinary user 
in mind. 
 
To a large extent, the market for the recovery of precious metals works well, although this 
does take place at a small number of large, integrated facilities on the continent. The 
question arises as to whether greater value could accrue to the UK if a small scale facility 
could be built in the UK using an alternative technology that is feasible at a smaller scale or 
which concentrates on particular materials. A number of target materials are identified in the 
following paragraphs based on quantities of material and value potentially recoverable. 
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6.3 Rare earth elements – fluorescent and LED lighting 
Phosphor powders found in fluorescent lighting contain a mixture of different rare earths. 
During the current processing procedure the phosphors powders are removed from the 
lamps and either stored or sent to landfill. Little to no evidence was found of rare earths 
being recovered from lamps. However, processes for recovering rare earths are in operation 
on the continent, notably by Solvay/Rhodia in France. There therefore appears to be an 
opportunity for rare earth recovery by investment in appropriate technology.  
 
6.4 Indium – flat screen televisions 
Over the coming years, the tonnages of flat panel displays received for treatment are set to 
increase substantially. Current treatment procedures for these products target the safe 
removal of mercury, and any critical metals present excluding those in the circuit board may 
be consigned to landfill. In order to avoid this treatment, recycling of critical materials found 
in low concentrations in flat panel displays should be targeted. By far one of the most critical 
of these materials is indium. However, recycling of indium is not economic, and the low 
volume of indium per screen means that it is quite possible never to become so, even if 
indium prices increase substantially. Therefore the only mechanism for indium recovery is 
likely to be by creating a specific target for recovery in WEEE regulations.  
 
6.5 Antimony – in plastics 
Antimony occurs in significant quantities in plastics as an accelerant for other flame 
retardants. Reducing antimony use therefore requires development of more effective 
retardants but without harmful environmental or human health impacts, and without 
involving other critical materials. This should be a target application for applied chemistry 
research. 
 
6.6 Emerging technologies 
Emerging green technologies such as electric vehicles, photovoltaic and wind turbines should 
be included in any EEE analysis. Compared to electrical and electronic products, these 
technologies contain far higher concentrations of critical metals, including rare earths, 
gallium, indium, graphite and cobalt. These products are mainly covered by the WEEE, ELV 
and Batteries Directives, although with some confusion that requires clarification (e.g. for 
electric vehicle batteries). The small numbers of products currently being processed are 
treated on the Continent. Critical material recovery should be built into photovoltaic panel 
recycling technologies which currently recover mainly glass, silicon and aluminium. At 
present, most photovoltaic panels returned for recycling are actually still operational, so 
development of re-use and remanufacturing approaches for panels, with cascading to 
secondary markets, could be encouraged if shown to be cost effective. There is an active 
market in re-used wind turbines, but disassembly and critical material recovery is also 
required for ultimate disposal. 
 
Although volumes for end-of-life electric vehicle batteries are very low at the moment, 
uptake of electric vehicles is steadily increasing. The UK should develop battery treatment 
facilities in order to be ready for when the tonnages of end-of-life batteries increases. As well 
as recycling, re-use and remanufacture of electric vehicle battery packs should also be 
encouraged to understand the benefit. If deemed effective, the remanufacture and recycling 
of electric vehicle electric motors could also be developed within the UK. Further research 
and pilot actions are required in this area as technology develops. 
 
6.7 Other re-use approaches 
Critical materials are not currently recovered from household appliances. As a proportion of 
both the entire device and the electronics itself, they are in relatively low concentration. If 
design-for-removal is not attractive, re-use options should be examined. For example, a 
previous study by WRAP found that almost 50% of large WEEE items had viable potential for 
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re-use, being either immediately resalable or economically repairable (1). Retailer take-back 
schemes are a suitable target for increasing re-use. In addition, customers could be asked to 
give information on whether or not their appliance is suitable for re-use. These could then be 
passed on to re-use organisations for repair and resale instead of recycling. 
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Appendix 1 Product class analysis 
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Figure 3 Large household appliances (Source: Oakdene Hollins) 
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Figure 4 Cooling appliances (Source: Oakdene Hollins) 
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Figure 5 Small household appliances (Source: Oakdene Hollins) 
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Figure 6 IT and telecomms equipment (Source: Oakdene Hollins) 
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Figure 7 Consumer electronics  (Source: Oakdene Hollins) 
 



 

Mapping consumption and waste of raw materials in electrical products in the UK   19 

 

Figure 8 Lighting equipment (Source: Oakdene Hollins) 
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Figure 9 Electrical tools (Source: Oakdene Hollins) 
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Figure 10 Toys, leisure & sport (Source: Oakdene Hollins) 
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Figure 11 Medical devices (Source: Oakdene Hollins) 
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Figure 12 Display equipment (Source: Oakdene Hollins) 
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Figure 13 Discharge lamps (Source: Oakdene Hollins) 
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Figure 14 Photo-voltaics (Source: Oakdene Hollins) 
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Figure 15 Wind turbines (Source: Oakdene Hollins) 
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Figure 16 Electric vehicles (Source: Oakdene Hollins) 
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Appendix 2 Materials analysis 
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Figure 17 Antimony flows (Source: Oakdene Hollins) 
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Figure 18 Beryllium flows (Source: Oakdene Hollins) 
 



 

Mapping consumption and waste of raw materials in electrical products in the UK   31 

 

Figure 19 Cobalt flows (Oakdene Hollins) 
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Figure 20 Gallium flows (Source: Oakdene Hollins) 
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Figure 21 Graphite flows (Source: Oakdene Hollins) 
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Figure 22 Indium flows (Source: Oakdene Hollins) 
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Figure 23 Magnesium flows (Source: Oakdene Hollins) 
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Figure 24 Tantalum flows (Source: Oakdene Hollins) 
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Figure 25 Tungsten flows (Source: Oakdene Hollins) 
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Figure 26 Platinum & palladium flows 
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Figure 27 Rare earth flows (Source: Oakdene Hollins) 
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Figure 28 Gold flows (Source: Oakdene Hollins) 
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Figure 29 Silver flows (Source: Oakdene Hollins) 
 



 

Mapping consumption and waste of raw materials in electrical products in the UK   42 

 

Figure 30 Fluorspar flows (Source: Oakdene Hollins) 
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