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Sustainable material management 

Whenever we make use of products or services, we mobilise materials both directly and indirectly. 
Thus, for example, to produce a ball-point pen, a certain quantity of metal, plastics and pigment must 
be produced with the aid of energy. These materials are for the most part produced and processed 
abroad, so that products consumed in Switzerland have an effect on the environment both here and in 
other countries. The objective of sustainable material management is to minimise both harm to the 
environment and social problems connected with our material consumption. 
 
The fact sheet on electrical and electronic appliances is detailing ecologically relevant material flows in 
Switzerland. It provides an introduction to the concept of sustainable material management. In it, sig-
nificant relationships are elucidated and areas of action to reduce harm to the environment caused by 
material consumption set out with the aid of life-cycle considerations and material flow charts. The 
EMPA has elaborated the fact sheet at the request of the FOEN. 
 
 

 
 

1 Electrical and electronic appliances 
Electrical and electronic appliances (E&E appliances) play an important role in our everyday life. Their 
applications are becoming ever broader and the range of products is increasing continually. In recent 
years, the global market for E&E appliances has expanded massively in comparison to that for other 
consumer goods, and in addition, the total quantity of E&E appliances in use is increasing. In Switzer-
land, some 200 kg of E&E appliances are found per person, in use either at home or the workplace. 
 
About 60% of the E&E appliances in use in Switzerland are large household appliances (e.g. washing 
machines and cookers). A further 20% are information, communication and consumer electronics, and 
10% small household appliances (e.g. mixers, hair dryers). The remaining categories taken together 
account for only about 10%: 
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Fig. 1 Breakdown of appliance categories in percent by weight. (Source: EMPA, SENS, SWICO, 2008) 
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2 Composition of E&E appliances 
Mainly metals and plastics 

E&E appliances are composed of a large variety of different materials. The principal constituents are 
metals (mainly iron, aluminium and copper) and plastics. Depending on the product, the proportions of 
these materials vary greatly. Overall, the average composition of all E&E appliances in use is as fol-
lows: 
 
Fig. 2 Average composition (in percent by weight) of all E&E appliances in use. Not shown: materials with less 
than 1% by weight. (Source: EMPA, SENS, SWICO, FOEN, 2008) 
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Constituents both valuable and toxic 

A number of materials that are hardly significant in E&E appliances on a quantity basis (percentage by 
weight less than 1%) are ecologically highly relevant. This is, for example, the case of gold, the mining 
of which is highly detrimental to the environment. In addition to pollutants present in rather large quan-
tities, such as lead and plastics with brominated flame retardants, E&E appliances also contain slight 
quantities of other equally toxic compounds, e.g. mercury, arsenic, cadmium, selenium and chromate. 
Although, during use, these substances do not represent a risk to consumers, they are often released 
during recycling and may endanger health and the environment when handled improperly. 
 
On the other hand, E&E appliances also contain various valuable materials such as the noble metals 
gold, palladium, silver and the rare heavy metal indium. Indium is used mainly as a transparent electric 
conductor in LED monitors and is one of the most rare elements in the earth’s crust. The quantities of 
these materials in any particular appliance are very slight: For example, an ICT appliance with a total 
weight of 10 kg contains approx. 12 mg silver, 2.4 mg gold, 0.6 mg palladium and 5 mg indium. 
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3 Production, consumption and disposal 
Production and consumption 

Globally, China, the United States and Japan are among the most important production and export 
countries of E&E appliances. In recent years, the developing and emergent nations in particular have 
become increasingly important as exporters of E&E appliances, and in 2004, for the first time overtook 
the industrial nations. 
 
Only very few E&E appliances are exported from Switzerland. By contrast, almost 140 000 tonnes 
were imported or sold. In view of the population of 7.5 million, this amounts to an average per capita 
consumption of some 18 kg per year. By comparison, in the same year consumers disposed of some 
16 kg of used appliances per person. The provisioning of individual households with E&E appliances 
(“storage”) is continually increasing. 
 
In Switzerland, the material flows of E&E appliances may be represented as follows: 
 
Fig. 3 Material flows in tonnes of E&E appliances in Switzerland in 2006. 

 

 
Disposal and recycling 

Of the some 97 100 tonnes of used electro appliances that were passed on for reprocessing in 2006, 
over 70% were reused as materials, enabling valuable resources to be recovered. Among these are 
iron, aluminium, copper, noble metals, heavy metals and glass. Some 25% of the materials are incin-
erated. This is especially true of plastics, which, owing to the presence of flame retardants, cannot be 
reused as materials. The incineration residues arising – less than 2% – are passed on to a landfill. 
 
Recovery of indium 

In Switzerland, the indium from waste electrical and electronic appliances1

 

 is not recovered. At pre-
sent, an infrastructure for the reclamation of indium is available only in three countries. This techno-
logically valuable metal is therefore lost, as the material flow diagram below shows. 

                                                      
1 Used electrical and electronic appliances that are disposed of by the user. 
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Fig. 4 Material flows for indium 

 

 
Sales and quantities returned of E&E appliances 

Owing to the rapid technical development, ever shorter life cycles and the wider distribution of E&E 
appliances, sales and thus also the stored and returned quantities will continue to increase. At the 
same time, the appliances will continue to become smaller and lighter, so that the number of ap-
pliances will rise faster than their total weight. 
 
A comparison between the sold and returned quantities in certain regions and countries shows that 
these quantities depend strongly on the affluence of the countries considered: 
 
Tab. 1  Comparison of the sold and returned quantities for the period 2005-2007 and the gross domestic 
product of selected regions and countries. 
 
Country Sales 

kg/person 
Used electrical and  

electronic appliances 
kg/person 

Gross domestic product 
$/person 

EU average 20 19 28 200 
United Kingdom 25 23 33 200 
Lithuania 10 6 14 500 
China 3 2 6 800 
India n.a. 0.6 3 500 
Switzerland 18 16 35 600 

 

4 Environmental aspects and society 
A comparison of the harm to the environment caused by a desktop computer with cathode ray tube 
(CRT), a desktop computer with LED monitor (LED) and a laptop computer using life cycle analysis 
results in the following “ecological rucksack“ for E&E appliances: 
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Fig. 5  Comparison of the environmental impact (life-cycle analysis) of three types of computer for the three 
life cycles of production, use, and disposal, in terms of environmental impact points. 

 

 

 
For all three appliances, the factor production leads to the greatest impact on the environment. This 
is mainly attributable to emissions to the air and surface waters, arising from mining of the raw mate-
rials and the production of printed circuit boards, cathode ray tubes and LED monitors. 
 
During use, the environmental impact depends mainly on the electricity consumption of an appliance. 
The desktop computer with CRT uses most electricity, whereas the laptop computer uses least elec-
tricity. Apart from the consumption as such, the origin of the electricity plays a decisive role. For ex-
ample, the environmental impact is heavier when the electricity concerned is produced in a coal-fired 
power station than if it is produced in a hydroelectric power station – in this example, the average 
composition of Swiss electricity (Swiss electricity mix) was applied, this being practically CO2- free, 
therefore resulting in very low environmental impact. 
 
In the case of proper disposal, the appliances are dismantled, sorted into material categories, freed 
from pollutants, and finally the individual materials reused or incinerated. In the above diagram, the 
environmental impact for disposal is given as negative, since the metals reclaimed in the course of 
material reprocessing are employed to substitute new metal resources, and, in the case of incineration 
of plastics, the energy can be recovered. This fact outweighs the environmental impact resulting from 
disposal. In comparing the three appliances, the laptop has the best result, since it contains the least 
material and has the lowest electricity consumption. 
 
The life-cycle analysis shows that the greatest environmental impact occurs outside Switzerland, 
where the required resources and the factories for the production of E&E appliances are located. Fre-
quently, the producing countries do not apply the same workplace protection and environmental stan-
dards as in Switzerland, which may lead to additional environmental impacts and an additional impact 
on health. 
 
Avoidance of environmental impacts 

The increasingly shorter life cycle and the larger quantities of E&E appliances arising are leading to 
the increased consumption of resources and to greater environmental impacts. One means of alleviat-
ing this can be the reuse of serviceable appliances and components, thus avoiding the pollution result-
ing from production. 
 
Most countries have no specific legislation on the environmentally sound recovery of used electrical 
and electronic appliances, so that many valuable resources are lost, i.e. not returned to the material 
cycle. Added to that, particularly in certain industrial countries, large quantities of electrical and elec-
tronic scrap are exported to developing countries in Asia and Africa. The used electrical and electronic 
appliances are reprocessed there, partly under conditions endangering workers, and causing substan-
tial harm to the environment. Also, hazardous components are frequently disposed of in an improper 
way. 
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Fig. 6 In Switzerland, E&E appliances are reprocessed according to the current status of technology.  
In developing countries, by contrast, E&E appliances are often recycled under conditions endangering health 
and the environment. 

    

 
Materials of value 

The total value of the materials contained in the E&E appliances in use in Switzerland can be esti-
mated from the current prices on the raw material exchanges. At the end of 2006, the total value 
amounted to CHF 2 billion, a value that may vary substantially depending on the of material prices. 
Thus, at the end of 2008 the same quantity of materials would have had a value under CHF 1 billion. 
These fluctuations have a large effect on the recycling market. 

5 The current system 
As early as the 1990s, Switzerland commenced with the introduction of a reprocessing system for 
used electrical and electronic appliances. Parallel to this, exemplary legislation for used electrical and 
electronic appliances was introduced in the form of the Ordinance on the Return, the Taking Back and 
the Disposal of Electrical and Electronic Appliances (VREG). As a result, Switzerland now disposes of 
a well-structured system for the disposal of used electrical and electronic appliances that is largely 
based and managed on the principles of the market economy. The system is managed by: the Swiss 
Foundation for Waste Management (SENS), the Swiss Association for Information, Communications 
and Organisation Technology (SWICO), the Swiss Light Recycling Foundation (SLRS) and the Swiss 
Interest Organisation for Battery Disposal (INOBAT). 
 
The use of toxic substances such as mercury, lead, cadmium and chromium (VI), as well as certain 
brominated flame retardants (PBB, PBDE) in electrical and electronic appliances has been prohibited 
since 2005 (Ordinance on the Reduction of Chemicals). However, there are exceptions, for example 
for mercury, which continues to be used in the production of fluorescent tubes and energy saving 
lamps, since there is no substitute for it according to the current status of technology. 
 
Experience gained under the Swiss reprocessing system for used electrical and electronic appliances, 
and the analysis of the material flows in E-appliances shows that despite encouraging results, further 
need for action exists. Thus there is a need for additional measures to be taken to close the material 
cycles yet more effectively. Under consideration are the introduction of specific recovery quotas (e.g. 
for metals and plastics) and the obligatory recovery of rare technical elements (e.g. indium). 

6 Future perspectives 
The final goal of the complete material reprocessing of used electrical and electronic appliances has 
now almost been accomplished in Switzerland. The main components iron, aluminium, copper and 
glass are recovered today, and plastics are exploited thermally. Pollutants such as mercury are dis-
posed of under strict control, and owing to the prohibitions on pollutants of 2005 are no longer carried 
over to production. Nevertheless, these substances will still continue to appear in disposal for periods 
of up to 30 years from today depending on the useful life of the appliances. 
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In the course of technological development, the use of material and the composition of the substances 
used are changing. For a long time now, there has been a heavy increase in the use of new “exotic“ 
materials in E&E appliances, many of whose reserves are very limited and are likely to become scarce 
in coming years. Parallel to this, electronic components are continually being miniaturised, to the effect 
that less material per appliance is required. At the same time, increasing numbers of consumer articles 
are fitted with electronic components. Due to these many and varied developments, recycling overall 
is hampered, and the recovery of particular materials made more demanding of time and effort, and 
therefore more expensive. 
 
Categories of electrical and electronic appliances 

In Switzerland, E&E appliances are divided into the following seven categories under the Ordinance 
on the Return, the Taking Back and the Disposal of Electrical and Electronic Appliances (VREG): 
 

 

Category I: Large household appliances, e.g. cookers, refrigerators 

 

Category II: Small household appliances, e.g. mixers, toasters 

 

Category III:  
Information and communication equipment, e.g. computers, mobile telephones 

 

Category IV: Consumer electronics, e.g. televisions, digital cameras 

 

Category V: Luminaires and lamps, e.g. energy saving lamps, standard lamps 

 

Category VI: Tools, garden and leisure appliances, e.g. drills, lawnmowers 

 

Category VII: Toys and games, e.g. toy robots, electric railways 

 


