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Executive summary

1

The EU flagship initiative „Resource efficient Europe‟ highlights the importance of finding „new
ways to reduce inputs and minimise waste‟. An important pillar for increasing resource efficiency is
the process of recycling. In an ideal circular economy, all materials and waste are kept in a circular
flow and used again. Products can be re-used or refurbished by recycling materials after the end of
their product life, as input materials in production substituting virgin materials to the extent possible.
This study investigates the use of waste as a resource in particular through recycling, whereas
other waste management approaches exist and may be applied if they are consistent with the
„waste hierarchy‟ set out in the Waste Framework Directive: prevention, re-using, and recycling,
followed by recovery and finally disposal.
Objectives of the study
The general objective of the study is to identify ways to promote a greater use of waste as a
resource for the European Industry while strengthening its competitiveness. The specific objectives
of the study are (1) to investigate the market typologies of various waste streams with a higher
potential for contributing to materials especially metals from waste streams; (2) to analyse the main
driving forces and barriers (including market failures) towards treating waste as a resource for
industry; (3) to provide a framework to measure a possible decoupling process in the case of
secondary raw materials for various waste streams (e.g. GDP in relationship with the secondary
raw materials produced at EU level).
Overall approach
The competitiveness perspective on waste as a resource has been at the core of the
methodologies applied for this study. In other words, we have assessed the possible contribution of
improvements in the functioning of waste markets and/or the further development of these markets
to the competitiveness of EU industries. The overall methodology in the study followed three steps:
first, select industries which use or can use secondary raw materials; second, identify in the
selected industries market-based typologies of waste streams that have a potential for contributing
to growth and improving the industries competitiveness and third, to apply the methodologies of
competitiveness analysis to study the selected waste streams.
Towards the selection of five waste streams
The competitiveness perspective is reflected in the assessment of the industries, where industries
were selected for further mapping of waste streams if access to raw materials has an impact on
competitiveness, if secondary raw materials play a significant role or if the competitiveness of
industries is affected by rising prices of virgin or secondary raw materials.
Across industries studied, we selected five waste streams based on a typology based on criteria
such as total market value and strategic value. Five different material waste streams have been
selected in this study: iron & steel, paper (excluding packaging paper), batteries (excluding
automotive batteries), tyres and electrical and electronic waste (WEEE). For each of the waste
materials, the functioning and the competitiveness of the markets were studied with the perspective
to improve the functioning of the waste markets and hence to improve the competitiveness of the
industries affected by the availability of secondary raw materials.

1
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Competitiveness of the recycling industry
In general, the process from collection of waste to secondary raw material is strongly regulated
through directives. However, the markets are competitive on a global scale. Thus, scrap metals are
increasingly exported, the paper industry is a global frontrunner when it comes to recycling, and
materials recovered from batteries can be sold to Asia. For all the waste streams there are areas
were the competitiveness of the waste stream from collection to raw materials market could still be
improved including improving collection systems or processing technologies. The effectiveness of
the collection and treatment systems decides their ability to produce and offer secondary raw
materials to client industries at competitive prices.
Competitiveness in the client industries
If secondary raw materials produced by the recycling industry can be put on the market for raw
materials at competitive prices (lower than virgin raw material) in sufficient and stable quantities
within the EU, secondary raw materials can have an impact on the competitiveness of its client
industries. The use of secondary raw materials can reduce the EU‟s dependency on imported virgin
materials in client industries from outside the EU and enhance the supply stability and security in
accessibility of materials.
Scrap metal is currently exported outside Europe, and demand for scrap metal in Europe is
dropping. Thus, an increase in the supply of scrap metal will currently not influence the
competitiveness of European industries.
The market structure in the paper industry is such that the pulp and paper mills exercise both the
demand for reprocessed (waste) paper, while at the same time supplying the paper that turns into
waste again. One of the most important factors when it comes to increasing the competitiveness of
the paper industry through increased use of secondary raw material is improving the quality (i.e.
lowering the amount of impurities) of waste paper.
Recycled materials from batteries are primarily sold to the the steel industry and industries located
outside Europe. Thus, the effects from secondary raw materials on the EU industry appear to be
limited.
The main price determinants of ELTs are the prices of rubber, fossil fuels and the demand as
expressed by the various applications for ELT-derived granulates. Energy recovery of ELTs is
positive for the competitiveness of the cement industry. Material recycling is often characterised by
a performance that is equal or almost equal to traditional products and only rarely does it achieve
improved performances. Thus, the price determines competitiveness.
For WEEE, EU processing companies are competitive on a global scale, and Europe is home to
three leading companies that recover precious and critical metals from WEEE at state-of-the-art
plants. Considerable plant capacity for recycling of precious and critical metals is available and is
currently being expanded.
A market-based typology of waste streams
The principle of treating waste as a resource for the industry is illustrated below. In a circular
economy, the material path starts from new products being consumed in industry and households,
which leads to generation of waste that is then collected. Subsequently, the waste is processed and
recycled into secondary raw materials that can be used (e.g. combined with virgin materials) by
client industries for the production of new products. The green flow of raw materials is the focus of
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this study. An improvement in the flow will also improve competitiveness of the client industries for
the selected waste streams.
Figure 0.0.1

The circular economy in a global overview with hot spots

Key questions that arise from this principle are „How well do materials flow in a competitive
economy? What are the driving forces? Who are the actors and possible barriers to the proper
functioning of the circular economy?‟
The conclusions and policy options vary for the different material flows studies, and we present
details below. However, the flows have several „hot spots‟ in common, where there is either a
barrier or a potential for increasing the material flow, and hence the competitiveness of the client
industries involved. Such hot spots can also reinforce each other. For instance, improving the
product design for better recycling can facilitate more efficient processing of the waste. Therefore,
we recommend cooperation along the material stream backwards from product designers to waste
collectors for the material streams considered. In general, the hot spots are:
(1)

Collection of waste is effective in terms of quantity in the EU. Yet, further improvements in
the collection would increase efficiency and economies of scale in the waste stream for
WEEE, batteries and paper (excluding packaging paper), especially in Eastern and SouthEastern European countries. Legal instruments are in place but monitoring and enforcement
of the legislation could be strengthened. Improving the quality of the collected material has a
direct influence on the performance of the client industries involved in the value chain for
paper, iron & steel, WEEE and batteries in terms of cost reductions for processing and hence
cost and quality of the secondary materials.

(2)

Re-use, remanufacturing or refurbishing are all three ways to reuse products again in the
same function, and this can be a very effective way of circulating materials before treating the
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materials as waste. For tyres, this happens through re-using part-worn tyres or retreading tyre
casings that are still suitable for retreading.
(3)

Waste-processing. There are waste processing technologies in place for the studied waste
materials and products. For iron & steel, technological improvements in the scrap processing
and in electric arc furnace technology may improve scrap use in the EU and thus improve
flexibility and competitiveness in the EU Industry. All major stakeholders recognise the
importance of scrap quality improvements and investments are largely geared towards further
improving process efficiency and effectiveness in terms of purity of end products. For
batteries, investments in recycling technologies are necessary to improve the recycling
efficiency and recycle certain types of batteries not currently recycled (e.g. lithium batteries).
WEEE contains a multitude of critical metals that need to be separated out manually to ensure
efficient recovery. As this is expensive, mechanical processing is used, resulting in high
losses of critical metals. In this instance, technological development is needed for
implementing an effective sorting technology.

(4)

Energy recovery is a loss of waste as a resource, at least from a narrow cyclic perspective.
Once burnt, the material cannot be materially recovered. However, energy recovery can
replace other fuels. For example, the calorific value of ELTs is equivalent to that of good coal,
while the price is lower.

(5)

Secondary raw materials enter the market place after treatment. A precondition for recycling
is the existence of a market for the recycled materials and final products. A weak demand is a
serious obstacle to a competitive circular economy. It is essential to develop or improve the
quality of the waste materials or the products utilising the secondary raw material.

(6)

New products. The products of the five waste streams have a varying composition (some are
mono-material and others contain a multitude of materials such as WEEE), but the products
tend to become increasingly complex. This requires more and more sophisticated recycling
processes that will increase recycling costs. The trend in new battery production, for example,
leans toward using less valuable materials in the production, which lowers the economic
incentive to recycle. The increasingly complex battery chemistry is very expensive to recycle,
and as a result recycling does not result in many valuable recovered materials. In the long run,
products designed with recycling in mind would increase the profitability for recyclers as well
as the quality of the secondary raw materials and the competitiveness of the European
Industry.

Market analysis by waste stream
The main conclusions for the market studies are as follows:
For iron & steel, a relatively high
recycling rate combined with a welldeveloped, internationally competitive
scrap processing and trading sector
ensure the availability of scrap metal. A
global increase in available scrap is
expected due to huge stock buildings in
emerging economies - China in particular
- combined with a stabilisation of volumes
in the EU. The increased availability of
scrap may be met with increasing
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demand in Europe, if the steel sector manages to shift at least part of its production from blast open
furnaces (BOF) to (the more flexible) electrical arc furnaces (EAF). However, such a shift and the
required technology change is not a given or straightforward process. There is currently
overcapacity in the global as well as EU-wide iron & steel production sector. The overcapacity is
mostly found in BOF structures, i.e. in large integrated steel plants. It is crucial to retain open global
markets to ensure continued incentives for scrap recovery and recycling within the EU.
Recommendations at a glance for iron and steel
Who can act?
Promote smart product design to improve potential re-cycling

Industry

Develop product centric recycling strategies and promote

EU Commission

collaboration along value chains

Industry

Improve data collection and statistics

Industry and Member

Effectiveness?




States with Eurostat
Promote R&D and innovation in scrap quality improvement

EU Commission together



with industry
Promote capacity reduction in integrated sector and further

Industry



development of EAF
Review impact EoW criteria for steel scrap processors and

EU Commission



end users
The effectiveness of recommendations to improve the use of waste as resource is assessed qualitatively with
three degrees of effectiveness:  Low potential  medium potential  high potential.

The study of batteries included industrial batteries and portable batteries – but not automotive
batteries. From an economic
perspective, the market for battery
waste and recycling is atypical. The
market is fully established and
appears to function well. The
behaviour of all players is strongly
governed by EU regulation.
Nevertheless, collection targets are
not fully met in all Member States
and the quality and volume of the
recovered material are not sufficient
to influence the competitive position
of the battery production industry.
Even though the few EU recyclers have sufficient recycling capacity, the market is changing rapidly
and the chemistry of batteries is becoming increasingly complex. Advanced recovery techniques
will be needed in the future. Battery innovation means that less valuable metals are used for
production and this lowers the profitability of recycling and reduces the potential to increase the
competiveness of the EU Industry. Improvements are needed in collection rates, improvements in
the battery sorting process, and investments in recycling technologies to promote the use of waste
as resource.
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Recommendations at a glance for batteries
Who can act?
Improve collection rates

Effectiveness?

Member States and EU



Commission
Improve the sorting process (e.g. through improved

EU Commission

technology)

Industry

Investments and recycling capacity

Industry and Member




States with Eurostat
Changes in battery composition

Industry



Development in the production of new batteries

Member States



Effectiveness of recommendations to improve the use of waste as resource is assessed qualitatively with three
degrees of effectiveness:  Low potential  medium potential  high potential.

The study of the waste paper market has
focused on wastepaper excluding packaging
paper (e.g. cardboard). Businesses and
industrial sources deliver roughly 60% of the
collected waste. The market works relatively
well, and the EU is a global frontrunner when it
comes to collecting and treating waste paper.
Good cooperation between paper producers,
collectors and related agents in the chain has
ensured continuous improvements in the use of
waste paper in the production of new paper.
Nevertheless, there is still a large potential for improvement in the use of recovered paper,
especially in the graphic and household & sanitary paper segment. Hot spots identified in the study
include low recycling rates from households in Eastern and South-East Europe.
Moreover, the competitiveness of EU industry can be strengthened by improving the quality of the
collected waste paper. Source segregating and separating impurities from waste paper at an early
stage in the process will enhance the quality of waste paper and reduce the costs for paper mills
when using waste paper in their production process. An improved internal market for waste would
help as well, for example, by lowering the administrative costs associated with trade (effectively
enforcing the implementation of the Waste Shipment regulation, for example).
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Recommendations at a glance for waste paper excl. packaging paper
Who can act?
Improve collection rates

Effectiveness?

Member States and EU



Commission
Improve quality of waste paper collected (e.g. through

Member States

improved sorting)

Industry

Trade of waste – review of the End of Waste Criteria

EU Commission and




Industry
Technological development in reprocessing

Industry with support from



EU or Member States
Declining market for paper products – ensure eco-design to

EU Commission and

improve recycling

Industry



Effectiveness of recommendations to improve the use of waste as resource is assessed qualitatively with three
degrees of effectiveness:  Low potential  medium potential  high potential.

The analysis of the market for tyres
has shown that the recovery rates
have increased significantly in the last
decade. Currently, an average of 95%
of the used tyres generated annually
are recovered, corresponding to 3.1
million tonnes of used tyres in 2011 in
EU27. Out of this amount, 38% were
material recycled, 38% were energy
recovered and 10% were retreaded
and reused or exported. Areas that
could potentially enhance material
recycling have been identified, i.e.
monitoring exports of part-worn tyres, reviewing the definition of „civil engineering applications‟,
monitoring technological development and the market for recycled material, green public
procurement and R&D activities. Reuse can be furthered by promoting retreading.
All in all, setting up a long-term target for recycling ELTs could serve as a strategic focus and give
the tyre industry a tangible goal and perspective. The EU Commission already has a set of
recycling priorities through the waste management hierarchy and in its Communication „Roadmap
to a Resource Efficient Europe‟. In order to deal with the EU landfill ban on ELTs the tyre industry
needs to keep all recovery routes open until a demand for recycled materials and technologies to
process ELTs are certain and sufficient.
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Recommendations at a glance for tyres
Who can act?

Effectiveness?

EU Commission



Define when backfilling applies to the use of ELTs in „civil

EU Commission with



engineering applications‟, i.e. when this ELT treatment can be

industry

Monitor exports of part-worn tyres suitable for retreading and
develop socio-environmental standards for waste treatment to
be complied with in third countries

considered „recycling‟ or „material recovery‟
Monitor the development in processing capacity, technologies

EU Commission with

for material recycling and a possible effect on competitiveness

industry



concerning such material recycling and energy recovery with a
reassessment in 2017
Increase green public procurement

Member States



Support R&D activities

Industry and Member



States
Increase retreading by introducing end of waste criteria for

Industry and Member

tyre casings that are still suitable for retreading.

States/



EU Commission
Effectiveness of recommendations to improve the use of waste as resource is assessed qualitatively with three
degrees of effectiveness:  Low potential  medium potential  high potential.

The analysis of the market for
electrical and electronic waste
(WEEE) shows that millions of
tonnes of waste electrical and
electronic equipment (WEEE) are
generated in Europe every year, but
only a minor part of the WEEE
reaches the final recycling step
where critical metals are recovered
for secondary use. At the same
time, critical metals have a
particularly high economic relevance
to many different European industry
sectors. Moreover, there is a high risk of supply shortages in the next 10 years. Hence, improving
the recycling rates of WEEE has the potential to improve the competitiveness of the European
industry substantially. In order to improve the recycling rates, a systemic and interdisciplinary
approach is needed that takes into account all steps in the process, from collection to processing.
Actions that should be promoted include strengthening of value chain cooperation, ensuring higher
collection rates, increasing transparency throughout the entire WEEE recycling chain, improving
pre-processing and dismantling of WEEE, as well as supporting technological innovation in the endprocessing.
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Recommendations at a glance for WEEE
Who can act?
Promote value chain cooperation

Effectiveness?


Industry with EU
Commission

Ensure higher collection rates

Member States



Foster transparency throughout the entire WEEE recycling

EU Commission



chain through mandatory reporting requirements
Improve pre-processing and dismantling

Industry

Support technological innovation of end-processing

EU Commission and




industry
Effectiveness of recommendations to improve the use of waste as resource is assessed qualitatively with three
degrees of effectiveness:  Low potential  medium potential  high potential.

A general observation from all five waste streams is the limited data availability concerning most
aspects of the recycling process. This data shortage refers to the amount of waste, the value,
geographical data and sector data, but also the flow of waste, the quality of waste, the actors, as
well as business statistics. Improving the data availability would increase transparency and make
regulation more precise.
Measuring the circular economy: conclusions, limitations and challenges
In an ideal circular economy, all materials will be used again as input materials. Therefore, open
sources have been identified for each of the waste streams (Eurostat or industry statistics) both
concerning data on the demand for input materials from the industry as well as data on the
availability of recycled raw materials. We have studied the overall resource productivity by relating
resource consumption to economic growth. We have also studied the environmental impact by
comparing the impacts from raw materials with impacts from recycled materials. The primary focus
of this exercise has been on recycling. However, we have also, where possible, acknowledged
other forms waste treatment including re-use and recovery.
In conclusion, we have applied data from a multitude of sources and data collected in different ways
and for other purposes, and we have sought to fill in the gaps and missing data with estimates
whenever reasonable. Our approach has been to identify open and readily available data sources
and apply methodologies that are sufficiently simple or transparent to set up a basis for continuous
surveillance of the progress. Due to data problems, we have had to limit our ambition, i.e. to
produce the best possible and plausible picture of the progress towards the circular economy.
An important conclusion is that there are no general sources and patterns – but that every waste
stream has a unique pattern influenced by unique demand and supply conditions, price setting,
entry barriers, value chains, business models and strategies, market power, innovation,
investments and growth perspectives, international trade considerations and global market
perspectives. These patterns are heavily influenced by policy at international, EU and Member
State level.
For paper (excluding packaging paper) and iron & steel, we have identified a set of indicators
illustrating the progress towards a circular economy. We have set up a system h that can be used –
even though the quality of the data can still be improved. The products are relatively well-defined in
terms of the raw materials needed in production and the raw materials extracted from the recycled
products.
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With regard to tyres, batteries and EEE, our success has been more moderate. With regard to
tyres, we have received very detailed statistics of the treatment of used tyres and ELTs, but we
have been unable to calculate the share of secondary waste material available as input to
industries. Batteries and EEE are immensely more complex products, which are produced with a
multitude of different metals. We have identified ways to illustrate the progress in gross, overall
terms but not in any refined way. With the existing open data sources, it is impossible to identify
statistically the quantity of individual metals under the bulk headlines „EEE‟ and „WEEE‟ and
„batteries‟. The number of metals that can be mined from WEEE depends on the waste input and
the recycling processes used, so even if the composition of the products is known from the input,
2

the result of the recycling process depends on the processes applied.

2
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The information on the recycled amounts remains confidential information from the WEEE processing industry.
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1 Introduction

1.1

Background and purpose of the study
This study subscribes to the strategic lines established by the EU flagship initiative „Resource
efficient Europe‟, which highlights the importance of finding „new ways to reduce inputs, minimise
3

waste‟. According to this Commission Communication: „Increasing recycling rates will reduce the
pressure on demand for primary raw materials, help to reuse valuable materials which would
otherwise be wasted, and reduce energy consumption and greenhouse gas emissions from
extraction and processing‟.
Much work has already been done on the topic, both by the EC and Member State authorities in
terms of legislative and regulatory actions, as well as by EU industries in terms of developing new
markets and creating innovative production processes that optimise the use of secondary (waste)
materials. One of the key actions at EU level has been the revision (2008) of the legal framework
for waste, which is based on the entire product life cycle from generation to disposal, with emphasis
on waste prevention, reuse, recycling and recovery (waste hierarchy). This legal framework
provides the basis for improvements in waste management at Member State level, notably in terms
4

of achievement of recycling targets and waste reduction.

However, much of the progress in this area depends on the existence of markets for recycled raw
materials that can compete with primary raw materials in a global context. To date, there are a few
examples of well-functioning markets for recycled raw materials, and the challenge for the present
study is to enhance our understanding of the driving forces and barriers of these markets through
five concrete examples.
The fundamental purpose of this study has been to identify the main driving forces and barriers
towards treating waste as a resource for industry. This has been done for five selected waste
streams, namely iron and steel, tyres, batteries, paper and WEEE.
The waste streams were first selected on the basis of a screening of the use of recycled materials
as raw materials in different industries. The selection process is presented in Chapter 2, and the
market analyses of the five waste streams are presented in Chapters 3-7. A short introduction to
the methodology behind the market analysis can be found in section 1.2.
In a well-functioning market for recycled raw materials the percentage of waste recycled will
increase. A well-functioning market with a high degree of recycling will increase the amount of
recycled material available to client industries and reduce the need for virgin materials. This is an
5

important step in the decoupling process. Therefore, the second part of the study proposes a
methodology to evaluate to what extent the decoupling process takes place at waste stream level.

3
4

5

COM(2011) 21, A resource-efficient Europe – Flagship initiative under the Europe 2020 Strategy
The revision process will end in 2014 and include three main points: (1) A review of key targets in EU waste legislation, (2) An
ex-post evaluation („fitness check‟) of five of the EU Directives dealing with separate waste streams: sewage sludge,
PCB/PCT, packaging and packaging waste, end of life vehicles, and batteries; (3) An assessment of how the problem of
plastic waste can best be tackled in the context of the current waste policy framework, based on the publication of the Green
Paper on a European Strategy on plastic waste in the Environment. See
http://ec.europa.eu/environment/waste/target_review.htm
Decoupling process in this context is taking place when increased production is no longer linked to increase in the use of
virgin raw materials.
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There are two parts to this task; first, in examining the methods available to measure decoupling;
second, proposing specific indicators to measure this for each of the waste streams. The
methodology is presented in Chapter 8 together with the application of the five waste streams.
Waste statistics tend to be at a high aggregated level and they therefore lack the detail required to
identify specific opportunities for recycling. For this assignment, this means that our work has been
based on a combination of statistics, literature and interviews with key stakeholders and experts.
Please note that the majority of accompanying tables and graphs are presented in the annexes.

1.2

Introduction to the market analysis of five waste streams
The core of this study is the analysis of five waste streams selected in the first phase of the study.
The analysis concerns – for each waste stream – an assessment of the market for the specific
waste stream including its structure, conduct, and performance, barriers to entry and market
failures, framework conditions and a strategic outlook.
The overall objective is to enhance our understanding of the driving forces behind and possible
barriers to the proper functioning and/or further development of these markets.
When analysing the waste streams, we will consider the supply of the waste, transformation of the
waste into re-usable/recycled material, the destination of un-recycled waste, the demand for
recycled material and all processes and players involved in this flow. Thus, the supply chain of
waste is considered to involve the main points of production of the waste (e.g. at household level, at
municipal level or by specific industries), the actors involved in collection, transportation and sorting
(if applicable) of that waste, the actors involved in the transformation of the waste into re-usable
material(s), the residual waste and where it ends up, and the demand for the recycled material.
However, we will also consider the wider value chain in which these waste streams operate,
including e.g. industries/consumers further downstream as well as parallel processes in supply
chains for virgin raw material.
While the analysis thus focuses on the specific waste streams, it does so from the perspective of
contributions to the competitiveness of EU industries. In other words, we consider the possible
contribution of improvements in the functioning of waste markets and/or the further development of
these markets to the competitiveness of EU industries that use or could use the recycled materials
produced by these markets. This is reflected particularly in the policy recommendations, which
focus on how to enhance the attractiveness of the market for waste streams and improve the
incentive structure to increase recycling rates to the benefit of EU industries.
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The analysis for each of the waste streams is based on the following analytical framework:
Figure 1.1:

Analytical framework

The analysis is based on data collection that includes stakeholder interviews. Altogether 32
interviews have been held. The activities and the analysis of the above elements take place in
parallel. We will, however, first describe the characteristics and then the functioning and
performance of the market and the framework conditions. The availability of (comparable) data for
certain indicators is limited and therefore some information is based rather on interview sources.
Availability of data may also vary across waste streams.
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2 Selection of five waste streams for analysis

The first task has been to select five waste streams for analysis. This was a 2-step procedure: The
first step consisted of establishing a list of 10 industries that are or may be using recycled materials
instead of virgin raw materials as input to the production process. The second step was a
characterisation of the waste streams of each of the 10 industries. An evaluation scheme is used
for the selection of five waste streams in order to identify different market typologies of waste
streams that have a potential for contributing to growth and improving the industries’
competitiveness. The selection process is presented below.

2.1

Selecting industries
The selection of industries is based on an assessment of a multitude of criteria:
1)

Does access to raw material impact competitiveness?

2)

Do recycled materials play a significant role for the competitiveness of the industry?

3)

Which sectors are affected by the rising prices of raw materials and recyclables?

4)

Does the sector have a potential for using more recycled materials?

5)

Critical raw materials – does increased recycling of critical materials increases
competitiveness?

6)

What are the environmental impacts? The higher the environmental impact, the higher the
likely benefits are from using waste as resource.

Based on these criteria, we have evaluated 24 manufacturing industries. The evaluation has
resulted in the selection of the following ten industries for further consideration.
Table 2.1:

List of industries, where waste as a resource offers potential for growth and competitiveness in the European
industry
Name

NACE code

Name

NACE code

Manufacture of pulp and paper

17.11 and

Manufacture of precious metals

24.41

17.12
Manufacture of tyres

22.11

Manufacture of aluminium

24.42

Glass

23.1

Manufacture of copper

24.43

Manufacture of concrete, cement and

23.6

Manufacture of computer, electronic

26.11

plaster

and optical products

Manufacture of iron and steel

2.2

24.1 and

Manufacture of batteries and

24.2

accumulators

27.2

Characterising waste streams in market typologies
The second step in the selection of the five waste streams consists of characterising each of the 10
industries by number of entities, typical input raw materials and relevant waste streams that could
be used instead of raw materials. Only non-energy, non-agricultural waste streams recycled into
raw materials for manufacturing and industrial purposes were considered. In order to characterise
and identify the most relevant waste streams, the following steps were taken:
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1.

identification of typical input raw materials and relevant waste streams;

2.

quantitative characterisation of the relevant waste streams (generation, current recycling level,
current value of recycling, amounts and value of waste, amount and value of recyclable waste
exported out of the EU etc.); and

3.

identification of the five most relevant waste streams.

Identification of typical input raw materials and relevant waste streams
Table 1 in Annex 1 identifies the typical input raw materials used by the manufacturing industries
and the relevant waste streams that contain the identified input material flows. In several cases,
certain recycled materials are already widely used as input materials, i.e. for paper and cardboard,
glass and plastics production.
Quantitative characterisation of the relevant waste streams
The relevant waste streams identified above and in Table 1 in Annex 1 are used for making a
screening that can serve as a basis for the selection of the five most relevant waste streams and
provide a characterisation of the waste streams in terms of volumes of generation, recycling rates,
and their value and trans-boundary shipments out of the EU.
This way, the potential to become a resource from waste can be judged based on the
understanding of how much, preferably valuable material streams, could be used by European
manufacturers from waste that is currently neither recycled nor shipped to outside the EU-27. Table
2 in Annex 1 provides more detailed information about the relevant waste streams.
Volume of waste generation
The most voluminous waste stream identified for EU-27 according to Eurostat‟s waste data for 2010
are C&D waste (859 Mt of which 314 Mt are mineral waste, 388 Mt are soil, 71 Mt are dredging soil,
19 Mt are metals and 9 Mt are wood), followed by metals (95 Mt including 19 Mt from C&D waste),
paper and cardboard (38.5 Mt) and packaging glass (16 Mt). The officially reported amount of a
waste stream does not always include the total amount generated. One reason is that some parts
of the waste fraction are included in, for example, mixed wastes. Therefore, Annex I includes
additional calculations on generation of waste.
Recycling levels
In terms of recycling, in 2010 the current level in the EU-27 depending on sources and calculation
methods was the highest among metals including aluminium (66-91%), iron & steel (77%) and
copper (70%). The recycling rates were also relatively high for paper and cardboard (67%,
packaging glass (65%) and concrete (64%). The lowest recycling rates were recorded for batteries
(12%) window glass (8%) and plastics (19%).
Loss of materials
The biggest material loss, i.e. waste that is not recycled, is observed for C&D waste (610 Mt), and
metals (8 Mt).
Value of materials lost
In terms of value (€), the biggest loss for the EU manufacturing sector can be approximated by the
value of materials not recycled or shipped out from the EU. Losses due to the value of non-recycled
waste streams are the highest for iron and steel (€ 1400m), paper and cardboard (€ 4300m),
plastics total (€ 7300 m) and plastics packaging (€ 3200m). The stated values are gross values and
do not cover the collection costs and pre-treatment costs in form of for example sorting. The net
values of waste materials not recycled are therefore lower, but collection and pre-treatment cost are
not available for the EU-27, and consequently it is not possible to calculate the net value. Losses
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through exports are the highest for iron and steel € 5500-6500m (in 2010-2011) followed by
precious and other metals accounting for a loss of € 4100-4600m.
Waste with a negative value – an additional potential for cheaper input materials
For most waste types the waste producers still have to pay for disposal of their waste. This is the
case for WEEE, batteries, tyres, gypsum and concrete that currently have a negative market value.
Thus, even if these waste types are sorted into different categories the waste producers still incur
costs.
Therefore, from a market perspective, receiving a waste type and using it as a raw material can be
an interesting business proposition. In this way, industry will earn money by using waste instead of
paying money for a raw material.

2.3

Identification of the 5 most relevant waste streams
Based on the figures from Table 2 in Annex 1, an evaluation scheme was used for the selection of
the five waste streams to identify different market typologies with a potential for contributing to
growth and improving the competitiveness in the industries. As shown in Table 2.2, the main
characteristics chosen are volume and market value of non-recycled waste streams, potential to
increase recycling and strategic value.
Volume of non-recycled waste streams and total market values are evaluated based on the relative
values of the waste streams identified. The potential to increase recycling is scored as follows: 033% current recycling levels have the highest potential (●●●); 34-65% current levels are ranked
with medium (●●) potential, while 66-100% current recycling levels have the lowest (●) potential to
be further increased. Strategic value is primarily based on import dependency and the availability of
the materials for high-tech and low-carbon technologies. The higher the import dependency and
need for certain critical materials are, the higher the score.

Table 2.2:

Summary evaluation table for selection of waste streams
Volume of
Waste type

Potential to

Strategic

Total

value

Score

non-recycled

value of non-

increase

waste

recycled waste

recycling

Iron & steel

●●●

●●●

●

-

7

Aluminium

●●

●●

●

-

5

Copper

●

●●

●

●

5

●●

●●

●●

●●●

9

Metal packaging

●●

?

●

-

3

WEEE

●●●

?

●●●

●●

8

ELV

●●

?

●

-

3

●

?

●●●

●●

6

Used tyres

●●

Negative?

●●

●

5

Window glass

●●

Negative?

●●●

-

5

Packaging glass

●●●

●

●

-

5

Gypsum in C&D

●●

Negative?

●

-

3

Concrete in C&D

●●●

Negative?

●

-

4

Cardboard packaging

●●●

●

●

-

5

Non-packaging paper

●●●

●●●

●●

-

8

Precious metals* and
other metals**

Batteries excl.
accumulators car batteries
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Relevance is indicated with dots: ● Relevant, ●● Very relevant and ●●● Highly relevant. *Gold, silver and
platinum
**Antimony, beryllium, cermets, chromium, cobalt, bismuth, cadmium, gallium, germanium, indium, lead,
magnesium, manganese, molybdenum, niobium, rhenium, titanium, tungsten, tantalum, vanadium and zinc

2.4

Waste streams selected
Based on the tables presented in this Chapter, the following waste streams with different
characteristics have been selected for analysis in further detail:
Batteries (excluding car batteries)
The current recycling rates are low, but this stream has a high content of different valuable precious
and other metals with a high strategic value. The Commission is currently performing an ex-post
6

evaluation (fitness check) for five of the oldest waste stream directives , including the Batteries
directive, which will also assess the current recycling rates.
Iron and steel
This includes a rather homogeneous stream with already high levels of recycling, but the very high
volumes associated with high prices could justify further improvements in using the waste stream
as a resource.
Used tyres
With moderately high waste volumes and a good potential for improving recycling, this stream is an
interesting case, given the existing competition between energy recovery and material recycling.
Although the waste stream is rather homogeneous, there are several different ways to recycle and
re-use the materials found in waste tyres.
Waste Electrical and Electronic Equipment (WEEE)
Similar to batteries, this stream currently has a rather low recycling rate while having a high content
of different valuable precious and other metals with high strategic value which are almost
exclusively available from imports only.
Waste paper other than packaging
Despite a long history of recycling, the steadily high volume of paper waste flows other than
packaging (up 20 Mt) with a rather high total market value still has a medium potential to further
improve recycling and widen the use of the waste stream as a resource.

6

Packaging, ELV, batteries, PCB/PCT and sewage sludge.
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3

Market analysis for iron and steel scrap

3.1

Introduction to iron and steel waste stream
Iron and steel waste – or scrap – is generated by different sources, including steel plants and rolling
mills, vehicles and transportation, construction and building, large equipment and machinery,
electronics and electronic equipment and packaging. In case it is generated during the initial
manufacturing process (scrap from steel processing) it is often referred to as new scrap; scrap
originating from production of final products is commonly referred to as prompt scrap, while scrap
originating from products after their use (e.g. end of life vehicles and demolition of buildings) it is
referred to as old scrap. New scrap often does not enter the market as such, but remains within the
steel manufacturing facilities and can be used (re-melted) directly without any further processing
other than normal practice; this is also called own scrap or own arisings.
The scrap generated by various sources (as indicated above) is typically collected, sorted, baled,
packaged, cut, sheared, shredded and/or sized, possibly goes through cryogenic processes before
final melting at the steelworks
In Europe, a relatively small part (8-10%; this is low compared to most other waste streams) of iron
and steel waste ends up in landfill or incinerators. The physical characteristics of iron and steel
imply they can be recycled and re-used almost indefinitely, while the value of these commodities
has meant that they are among the highest of all recovered materials. According to the world steel
association „steel is the world‟s most recycled material.‟ Globally, it is estimated that some 80% of
post-consumer steel is recycled. Rates are highest for heavy structures, motor vehicles and
machinery (85-95%) and lower for smaller appliances, and e.g. packaging (around 50 per cent).
See Annex 2, table 1.
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Figure 3.1:

Lifecycle of iron & steel7

Virtually all scrap metal ends up back in the manufacturing process of iron and steel. Any other use
is highly unlikely (whether the scrap stays within the EU or is exported). Thus ferrous metal scrap
ends up, through iron and steel manufacturing in other industrial production (machinery and
equipment), construction and final consumer product industries such as car and electronics
manufacturing industries as well as packaging industries. Table 3.1 below provides an overview of
estimated volumes of the iron & steel waste stream.
Table 3.1

Overview of iron & steel waste stream from collection to consumption (2010 and 2004)
Ferrous

Recovered

waste

scrap (for

Share of

Source

collection

recycling)

collected* Exports

tonnes

tonnes

per cent

Eurostat (2010)

69,740,000

63,280,000

91%

83,688,000

75,936,000

91%

Own
calculations***
Eurofer (2010)

(Available
Own

for)

Imports

scrap**

consumption

tonnes

tonnes

tonnes

17,944,347

3,143,207

tonnes

15,187,200 76,322,066
95,792,000

JRC (2004)
102,617,000 77,711,000 76 %
11,800,000 7,000,000 20,523,400 93,434,400
* These figures were calculated and seem to suggest that recovery of steel from iron and steel scrap collected
has increased substantially. Considering the large differences in the data this can, however not be confirmed.
** Scrap as result of steel production which is not collected for recycling but re-melted within facilities (estimated
20% of total additional).
*** Calculated based on 2010 Eurostat data and assumptions (based on JRC) that an additional 20% of total
separately collected iron & steel scrap is contained within mixed metals waste (column 2); own scrap makes up
an additional 20% of total iron & steel scrap recovered (column 7) and total available scrap for consumption in
EU is equal to total recovered and own scrap minus exports, plus imports (column 8).

7

The provided figures are from 2004 (JRC). It should be stressed that due to a number of issues related to data collected in
official statistical databases, they most likely do not represent exact figures.
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3.2

Basic conditions and structure
As has been documented by various sources (see e.g. JRC, 2010; BIR, 2013) the structure of the
scrap recycling industry resembles an inverted pyramid, see Figure 3.2.

Figure 3.2:

Structure of the iron & steel recovery industry

A large number of smaller companies or organisations (e.g. municipal waste centres) supply the
scrap (collection and initial sorting) to a smaller number of companies. These companies further
treat the scrap (dismantling, shredding, etc.) before it is supplied to a small number of large
steelworks or foundries for the reprocessing of the scrap into iron and steel slates, casts, etc.
Supply: Generation and collection of waste
No official statistics exist on total iron and steel waste generated in the EU, thus it is not possible to
determine with certainty how much of the potential iron & steel scrap in society is actually
recovered. Some steel is lost due to wearing, or is too difficult (costly) to recover. Eurofer estimated
that for the EU15 in 2004 some 5.8 million tonnes (Mt) of steel in society (post-consumer steel) was
not collected for recycling, representing approximately 6% of the supposed available steel in
society. In reality, recovery rates will most likely differ strongly per product or activity, with rates
close to 100% for steel processing and steel products manufacturing, while lower rates are likely for
e.g. consumer goods. Industry sources have indicated that given its high value and EU regulations,
EU recovery rates are high and likely above the global average.
According to Eurostat, ferrous metals waste collection in the EU27 totalled 69.7 Mt in 2010.
However this does not include iron and steel waste still contained in the mixed metals waste stream
(15.5 Mt) which also contains substantial amounts of iron & steel waste adding another estimated
20% to the separately collected waste. Moreover, Eurostat data do not include own arisings, which
are estimated to make up 20-35% of total scrap consumption. Main sources of iron & steel waste
include manufacturing and construction. See Annex 2, table 2. Unfortunately no readily available
data exist for specific product sources or for specific qualities of iron & steel scrap collected from
different sources. Thus it is not possible to provide a detailed breakdown of e.g. volumes of iron &
steel scrap collected from buildings, specific types of infrastructure (bridges, rails) demolition,
specific types of (heavy) end-of life vehicles (e.g. trains, trucks) or ships. Likewise, it is not possible
to distinguish, within existing statistical databases, between more detailed qualities of steel
collected from e.g. construction and demolition (e.g. stainless steel, steel alloys, etc.). While

22

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

8

individual processors may have this kind of information, it is not collected systematically in
databases of industry sources or at EU level.
However, the end-use of steel gives an indication of the main sources and potential volumes of old
scrap in society. See Annex 2, table 3 for an overview. The biggest source of old scrap going by
9

amount of steel incorporated within it is the construction and demolition sector and specifically
reinforcement steel and steel sheets, which together account for 38% of total steel consumption.
Historical data for total metallic wastes (which consist for more than 75% of ferrous metals waste)
show a stable amount or slight increase of metallic waste collected between 2004-2008, with a
decrease in the 2008-2010 period, due mostly to the financial crisis and the general economic
slowdown in this period (see Annex 2, table 4).
The collection of iron and steel waste is organised in various ways depending on the specific
activities that generate the scrap. Thus initial collection of iron and steel waste from households
usually takes place through municipal waste collection points, by small scrap collectors/yards at
municipal level or waste management companies. These typically would hardly process the scrap
and sell it on to larger scrap yards with processing facilities. Large iron and steel structures
(buildings, bridges, trains, ships) and ELV will be offered directly to the larger scrap yards and e.g.
manufacturers of cars, ships, etc. may even have long-term contracts with such yards. In addition
there are large suppliers of scrap which require scrap yards to bid online (e.g. Volkswagen) or in
the open market for scrap batches.
JRC (2010) estimates that there are around 45,000 scrap yards across the EU-27, and that
approximately 250 of those can be considered large companies, 9,000 are medium- to large-sized
companies processing over 120,000 tonnes per year and the remainder, approximately 36,000
companies can be categorised as SMEs. Among the medium and large companies there are a
number (over 300) of dedicated ELV shredding companies of varying sizes. See Annex 2, table 5.
Treatment and trading
According to Eurostat data, in 2010, almost 63.5 Mt of ferrous steel waste was treated within the
EU (see Annex 2, table 6). This constituted 31% of all recyclable wastes treated in the EU. The vast
majority of that treatment concerned recovery, while only a small amount was disposed in landfills
(150,000 tonnes) and minimal energy recovery took place (20,000 tonnes).
The EU steel recovery industry (at the treatment stage) is fairly concentrated, with seven
companies providing some 40% of the total steel scrap delivered to the steelworks or foundries in
2010 (JRC, 2010). Large scrap yards/processors often also trade in scrap, while there are a
number of operators that function only as merchants. Scrap yards and merchants forge links and
relationships with both the suppliers of scrap and their main customers, steel companies. The
contacts with their clients (steel mills) will determine what grades/qualities of scrap they produce
and/or deliver. In some cases a scrap yard may not produce this grade itself, but will source it in the
market and thus function as a trader. This may also be a question of logistics, e.g. it may make

8

9

According to industry sources, at least all medium to bigger scrap recycling companies (processors) run their business with
sophisticated system and inventory systems, including sources and volumes of scrap from different suppliers and defined into
different qualities or grades.; but this information is usually confidential and does not end up in the public domain, hence in
publicly available statistics.
Especially mixed construction and demolition is more difficult to recycle. However, the EU has introduced in its Waste
Framework Directive that 70% of the construction and demolition waste has to be recycled by 2020. Therefore, it may be
assumed that in the future more and more construction and demolition waste will be processed separately or the mixed waste
will be sorted.
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more sense to source specific scrap closer to the client than ship it from the location of the scrap
yard. Besides the actual processing, the scrap yards also often play an important role in the
logistics of scrap trade. In some cases they are strategically located along waterways or even have
their own railways. They generally arrange for the collection from small scrap suppliers and the
distribution to the steel mills. The costs of logistics therefore play an important role in the overall
cost structures for scrap processors.
Most of the biggest scrap processors are part of larger companies handling various waste streams
for recycling and providing various environmental services. Examples of such big processors
include Interseroh (Germany), van Dalen Recycling (Netherlands, UK), SIMS Recycling Solutions
(UK), De Richebourg Group (France) and TSR Recycling (Germany). These groups have facilities
across Europe and often even outside the EU and deliver to a wide range of customers.
The type of relationship between the scrap yard and the steel mill is largely determined by the steel
mill. The largest steel producer, Arcelor Mittal, for instance, buys from a large number of suppliers
(an estimated 350) and offers the same prices to all of these. For suppliers to this company it is
therefore hard to differentiate on quality or services. However, many more (especially smaller) steel
companies will have annual or even longer term contracts with a selected number of suppliers,
especially if they need specialised inputs (qualities or grades).
Scrap yards/processors tend to be price takers and even the cost of the scrap they buy is to some
extent dictated by the market. Therefore costs and retaining/reducing these costs are paramount to
safeguard margins. The main costs for scrap yards include:


Raw material inputs (scrap);



Transport and logistics;



Capital costs;



Costs of permits and compliance with (environmental) regulations;



Electricity costs;



Labour costs.

The relative importance and trends in these cost categories will differ given the size, specialisation,
business model and location of the specific processor (e.g. if its business model focuses
predominantly on trading, capital costs will clearly be of lesser importance).
Demand and end-use
Demand for iron & steel scrap is directly related to crude steel production and to a lesser extent iron
& steel casting production. In 2010, the EU steel industry consumed close to 96 Mt of iron & steel
scrap (Eurofer, 2013). Additional scrap demand comes from outside the EU, most notably Turkey.
Despite rapidly increasing crude steel production in emerging markets and a general restructuring
of the EU steel production sector, with rather limited growth in steel production between 1997 and
10

2007 (see e.g. Ecorys, 2008) , the EU remains one of the leading global steel producers and
markets. Crude steel production in the EU27 reached a peak in 2007 of 210 Mt. However, as a
consequence of the global financial crisis, production decreased%% by 34% between 2008-2009.
The 25% increase in EU27 production seen in 2010 was followed by a modest 3% increase in 2011
to leave EU output 27% above the 2009 low but still 16% below the 2007 peak. See Annex 2,
figure1.

10
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Ecorys (2008) „Study on the Competitiveness of the European Steel Sector. Final report, August 2008‟ Study commissioned
by the EC, DG Enterprise within the Framework Contract of Sectoral Competitiveness Studies – ENTR/06/054.
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Crude steel production originates from two main sources: primary (crude) steel produced directly
from iron ore and coke in blast oven furnaces (BOF) and secondary (crude) steel, produced from
scrap steel in electrical arc furnaces (EAF). See Annex 2, figure 2 for an overview of these two
production routes. EAF production can use up to 100% recycled steels as input, while BOF steel
production can use only up to 20 or 30% recycled steel. Approximately 58% of EU crude steel
production capacity is made up of BOF, while 41% is EAF (JRC, 2012).
EU demand for recycled steel is roughly equal to the world average; however, it is not nearly as
high as e.g. Turkey‟s demand, where steel scrap contributed close to 85% of raw material inputs for
11

steel production, since its installed production capacity is almost entirely made up of EAF. Within
the EU due to the structural characteristics of the steel sector in each Member State, scrap
consumption also varies significantly (see Annex 2, table 7). Member States with a high share of
EAF production, e.g. Spain and Italy, are main scrap consumers.
12

There are approximately 500 steel production sites in 23 EU Member States ; many of these sites
are owned by only a handful of big companies. According to CAEF, there are some 2,000 foundries
in the EU. Main producing countries are Germany, Italy, France, Spain and the UK.
The steel sector consists of a limited number of large global players, a number of regional
champions, and niche specialists, found mostly among foundries (Ecorys, 2008). While the foundry
industry uses substantial amounts of scrap in the production process (close to 100per cent), in
volume terms this sector only accounts for 20% of total scrap consumption.
Iron & steel scrap imports and exports
Extra EU imports of iron and steel scrap totalled almost 3.2 Mt in 2011, down from a peak of almost
6.5 Mt in 2004 and 4.8 Mt in 2000. However, in value terms, imports have increased since 2000,
from just over € 1 billion to € 2 billion in 2011 (see Annex 2, table 8). This difference in trend
between volume and value of imports suggests that EU imports concern mostly higher value scrap.
Figure 3.3:

Global Extra EU trade in iron and steel scrap (2000-2011) (Mt, including a linear trend line)

Source: Eurostat (2012)

Total EU exports of steel scrap amounted to approximately 17.7 Mt in 2011, representing a value of
€ 6.7 billion (see Annex 2, table 8). BIR puts this figure even higher, at 18.9 Mt. Exports have
shown an increasing trend especially from 2007 onwards, when EU demand started to fall and
scrap yards became more dependent on foreign demand for scrap. Scrap exports by weight

11
12

BIR (2011) World Markets for Recovered and Recycled Commodities: The End of Waste Era
http://www.eurofer.org/
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increased by 96% since 2000, while in value terms the increase was even more spectacular: a
582% increase between 2000 and 2011.
The vast majority of EU exports (some 10.69 Mt according to BIR data) were destined for Turkey,
which is the global leader is scrap consumption and imports. Emerging markets India (2.13 Mt),
Egypt (1.64 Mt) and China (0.59 MT) follow at a distance as main export destinations, while USA
and Switzerland are the main developed country destinations for EU scrap exports (0.59 Mt and
0.64 Mt respectively in 2010). See Annex 2, table 9.
Prices, pricing and price volatility in the iron & steel scrap market
In line with prices for iron and steel and virgin raw material, ferrous scrap metal prices have seen an
increasing trend, although the crisis has dampened this growth, as is illustrated in Figure 3.4.
Figure 3.4:

Market prices for ferrous scrap (delivered at foundry) (€/tonne)
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Note: Average of light steel scrap (25per cent), heavy steel scrap/rails 40 cm (25per cent), packages 30x30x30
cm (25% and pig iron (25per cent). Eurofer publishes similar indices for a number of scrap grades. The general
trend of these indices coincides with the one depicted in this figure based on CAEF‟s index. Source: CAEF
(2012)

Scrap metal prices are set globally and vary on a daily basis based upon LME and Comex metal
prices. Websites such as http://www.scrapmetalprices.biz and www.metalprices.com/metal/steeliron-scrap/ post current scrap metal prices on a daily basis.
Generally, scrap prices are highly competitive, as so many countries produce scrap and tend to be
quite volatile due to a number of factors, such as shorter contracts, and (seasonal) volatility in iron
& steel scrap availability (supply).
Global market conditions and supply and demand determine scrap metal prices as well as e.g.
financial policies and currencies fluctuations (the US$ is the currency of reference). Factors of
influence on the supply side relate to the availability of primary raw materials, which can be
influenced by duties, quotas or non-tariff barriers; administrative requirements from authorities;
containers availabilities; strikes, social conflicts, war, access to ports and storage areas, and even
weather conditions. On the demand side particularly the development of demand form the steel
sector in largest (import) markets is of influence, particularly those that rely heavily on EAF
production, such as Turkey. Steel scrap demand in these countries can affect global prices of scrap
to the extent that they will not correlate anymore to prices of e.g. iron ore. This situation was
observed end of 2011, when iron ore prices dropped due to falling demand in China (large installed
capacity of BOF), while scrap prices remained stable due to the continued strong steel production
in Turkey.
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The relation between steel production and scrap prices should further be compared in relation to
the kind of steel production and the type (quality) of scrap, as not all scrap is useable for all types of
steel products. Scrap pricing may also be influenced by export restrictions on scrap in several big
producing countries, as is explained in more detail under framework conditions.
The main substitutes for scrap are on the one hand iron ore and on the other so-called direct
reduction iron (DRI). The latter is hardly used and not produced within the EU. There is a
correlation between iron ore prices and scrap prices, as they both depend on demand from the
steel sector, however, this is not a perfect correlation given the difference in demand for both raw
material inputs from BOF and EAF production. Thus increased demand from China with its large
installed BOF capacity will affect iron ore prices, but may have only a limited effect on scrap prices.
Entry barriers
The main barriers to entry in the scrap processing segment at the core of the iron and steel scrap
market relates to capital investment needs and regulatory compliance (permits and approvals as
well as operational costs). High investment costs of key processing equipment such as a shredder
machines (typically in the range of EUR 20 million) means new entrants face high initial investment
costs. In addition, increasing environmental regulations and the need for pre-approval and permits,
has made it harder and more costly to set up scrap yards.
Value chain developments
Likely restructuring in the steel sector, involving the dismantling of BOF capacity in particular - it has
been estimated that overcapacity in large integrated mills is close to 25% (OECD, 2012) - could,
however, have an impact on the EU demand for iron & steel scrap. Even though BOF production
requires less scrap than EAF, the sheer size of these plants imply that total volumes could still be
substantial. It is unclear whether such dismantling of BOF capacity would also involve some extent
of replacement with EAF. This is a development that has been suggested by e.g. the OECD (2012)
as a desirable and even necessary route to take for the EU in light of the high and increasing level
of availability of scrap in both the EU and globally, and the import dependence of the EU on iron
ore. Converting to EAF, it is argued, would make the EU steel industry more competitive, flexible,
and less capital and resource intensive.
Industry sources indicate that such a restructuring is not simple or rapid, in part due to the nature of
the two steel production routes and the kind of products these typically produce. Traditionally, long
products typically produced through the integrated route, required levels of raw materials purity that
scrap could not provide. However, technological improvements in scrap processing and thus the
purity and quality of scrap have improved and it appears possible to produce long products through
EAF with scrap as well now.
There do not appear to be any significant trends in industries further downstream from the steel
sector that would affect the use and demand for iron and steel scrap substantially. As the OECD
(2012) notes, steel substitutes far more traditional materials in construction in particular (e.g. wood
and bricks) than it loses due to being substituted for lighter products (aluminium, plastics, etc.).

3.3

Market conduct
Business models and strategies
Business models and strategies of scrap yards and processors revolve around forging relationships
with suppliers and buyers, thus ensuring the right qualities of scrap can be offered at the right time
and in the right quantities. This bridging of demand and supply also requires tailored logistics
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strategies and a focus on technological improvements in key treatment processes to reduce
impurities and increase quality of scrap.
While collection (supply) is predominantly regional, sales (trading) tends to be pan-European and
even global. Business models include, at least for the largest processors both diversification
(collection, treatment and sales of various types of waste) and vertical integration upstream (in
some cases arranging for collection as part of waste management services and often taking care of
transport and logistics).
Given the recent downturn and volatile recovery of the EU steel sector, diversification of the client
base for scrap yards and merchants outside of the EU is also increasingly becoming a necessary
strategy to ensure the capacity of scrap yards remains optimally used. Increasing exports have
been a clear consequence of this strategy.
Market power
The iron & steel scrap market as such is not one dominated by a single or small number of players
in any of the segments and generally is a fairly open and competitive market. According to BIR
(interview, 2013) „The EU has a market volume of 90 – 100 (Mt) of (ferrous) scrap, there are
relatively big players, such as SIMS Metal Management, EMR-Group, Compagnie Francaise des
Ferrailles (CFF), TSR Recycling GmbH & Co. KG, Scholz, Steena and a few more, however (their)
volumes shown in their annual reports show not only their own processed scrap but also those of
smaller or mediums sized scrap processor, from which they buy scrap to sell it under their own
contracts to steel mills.‟
Thus, despite the presence of some large players, the market is in essence quite fragmented and
despite the larger size of treatment and trading companies, the fact that they are generally bound
by global scrap price indices as well, implies they cannot simply determine prices.
It should be noted that the EU steelworks and foundries find themselves in the position of sourcing
their raw materials supplies predominantly in a globalised market (even though scrap is often
sourced locally, prices are determined globally), while their main customers (such as the car
industry, but also construction) tend to be national or EU based industries. Thus in periods when
EU economic trends differ from international trends - as has been the case in the past few years the EU steel sector finds itself somewhat squeezed between the global dynamics of its raw
materials supply (including scrap) and the regional dynamics of its customer base.
While the EU is a net exporter of steel mill products (semis, long & flat products, tubes), the
economic downturn in the EU market could clearly not be completely offset by export but also
resulted in a high share of excess capacity, particularly in large integrated (BOF) mills.% Clearly
this puts at least part of the EU integrated steel sector in a rather weak market position.

3.4

Market performance
Research & innovation
Technological innovations for scrap processing seem aimed mostly at shredders. R&D focuses
mostly on ways to increase the recovery rates or iron and steel and other materials from WEEE.
Improving the efficiency of scrap processing and increasing the levels of purity of processed scrap
are priorities in this respect. While for iron and steel this would not add much to the total amount of
scrap recovered, as it only relates to one or two% of total volumes, quality improvements will allow
for wider use of scrap by the steel industry and as such is of crucial importance. This concerns in
particular the reduction in contaminations with e.g. copper.
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Focusing on increasing volumes for specific materials such as iron & steel scrap may thus not be
conducive to increasing recovery rates, as the additional volumes may not be worth the
investments. This suggests, as has been noted by especially UNEP (2013), that a product and
quality centred approach may be more useful (see also next section).
Investments and growth
Main investments in the scrap processing sector are currently being made in areas such as export
terminal facilities, NFM detection systems, electricity savings (energy efficiency) and logistics
improvements. They clearly reflect the main cost factors for processors and address ways of
reducing these. At the same time technological investments are aimed at improving the quality of
scrap placed on the market. Limited investments are aimed at expanding production capacity, as
some processors struggle to fill their current capacity. The demand is there (either within the EU or
in the global market), but scrap (waste) availability and fluctuations in this availability, means the
yards are not always able to fill their processing capacity.
With the growth of steel production globally, the demand for steel scrap has also increased
substantially over the past decades. It has been estimated that the world‟s steel scrap consumption
has increased by approximately 12% annually between 1950 and 2008 (Yellishetty et al, 2011).
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While the EU scrap market has shown considerable growth over the past decades, predictions of
future developments in the EU markets are more mixed.
According to industry sources (interview) „Generally, future demand for scrap is expected to come
primarily from Turkey, North Africa and Middle East. While China is expected to replace some of its
BOF capacity with EAF capacity, the country is also expected to build up its own scrap collection
and processing capacity, implying this market (from perspective of EU scrap suppliers) will see only
limited growth.‟
International trade and competitiveness
The EU is a net exporter of iron & steel scrap and the biggest exporters of scrap globally after the
US. Figures 3-5 in Annex 2 provide an overview of the EU global trade position in ferrous waste
and scrap. Given its trade position, the EU scrap industry would appear to be highly competitive
globally and indeed recycling rates are high and technology well advanced. Moreover policies seem
to encourage consistent and high levels of waste collection and management, thus encouraging
high levels of scrap availability. Looking at some other measures of competitiveness, particularly in
relation to downstream activities, a more mixed picture emerges.
Technological developments in the US point towards an increasing use of DRI as a raw material
input at the cost of both iron ore and scrap inputs. Given that the US is an important export market
for EU scrap exports this may lead to a reduction in export opportunities for EU scrap processors.
Indirectly, this development may affect the EU steel industry, which is currently already facing over
capacity and tends to have higher capital and operational costs than what can be achieved with
DRI/EAF production.
For the EU scrap market to retain its competitiveness, it is therefore important to retain open global
markets on the one hand and to promote technological development to achieve higher qualities of
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scrap that can continue to supply the EU steel industry and particularly allow for the upgrading of
EAF production to higher qualities and products.
Market failures
No apparent fundamental market failures were identified in the iron and steel waste market.
However, two issues should be mentioned here that do seem to involve some elements of market
failure, in the sense that they limit optimum recovery of iron & steel waste. First of all, as a recent
14

UNEP report highlights , there is the issue of recycling strategies and policies taking a so-called
materials-centric approach to recycling, which implies that complex products with many different
types of materials (such as e.g. WEEE) are not considered economically viable from the
perspective of each of those individual materials.
Second, as Cooper & Allwood (2012) note, while environmental cost of recycling (i.e. re-melting of
scrap) are much lower than use of virgin raw materials, it is still much more energy intensive and
environmentally costly than the option of re-use. At present not much re-use takes place. Cooper &
Allwood estimate that some 27% of steel in current products could be re-used. There are a number
of constraints that need to be overcome to improve re-use. It is unclear to which extent the EU iron
& steel waste processing sector is equipped and/or incentivised to process scrap for re-use as
opposed to for recycling (re-melting).

3.5

Framework conditions
Policy & regulatory environment
A number of EU policies and regulations have been identified as specifically affecting the market for
iron & steel scrap. These include notably the EU Waste Shipment Regulation, Waste Framework
Directive (WFD) and End-of-Waste Criteria; the IPPC Directive and the EU Emissions Trading
System; the ELV and WEEE Directives and national permits for waste treatment:


Ferrous waste and scrap was the second largest EU non-hazardous exported waste to nonOECD countries in 2011, making up approximately 19% of total waste exports. The industry
has long protested against the classification of a large share of iron & steel scrap as waste,
arguing it should be viewed as a valuable raw material and not as waste, which also means it
should not fall under waste regulations (which involve more administrative and compliance
costs). The recent adoption of end-of waste criteria for iron & steel under the waste framework
directive was therefore welcomed by main industry associations BIR and EFR;



The adoption of end-of-waste criteria means that many processes involving iron & steel scrap
now longer fall under waste regulations and thus compliance costs are reduced. However,
some industry sources as well as downstream users of scrap still complain about the high
levels of purity required for scrap to be classified as a raw material rather than waste, arguing
that even at lower levels of purity it constitutes a valuable raw material for their specific
processes;



The IPPC Directive requires industrial and agricultural activities with a high pollution potential
to have a permit. This permit can only be issued if certain environmental conditions are met,
so that the companies themselves bear responsibility for preventing and reducing any
15

pollution they may cause. Scrap processors generally fall under this group as well and thus
have to obtain permits;


The EU Emissions Trading System is of lesser direct importance to the scrap processing
industry than it is to the steelworks, as emissions from the processing of scrap as such are
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relatively low. However, indirect effects through energy consumption, especially in transport
and logistics are felt and add to costs;


The ELV has on the one hand introduced standards and requirements with which processors
have to comply, thus adding to costs. On the other hand it has established transparent and
regulated collection systems which ensure the market of an almost 100% recovery rate for
end-of-life vehicles, hence of access to scrap from ELV (which is about 75% of an ELV). For
more information on the WEEE Directive we refer to the separate analysis of WEEE in this
report;



At national level scrap collectors and processors also need to obtain specific permits and
comply with national environmental regulations, which may add to both investment and
operational costs. In addition, some EU Directives have been implemented differently across
Member States, implying that compliance differs per country. This has been identified as an
additional cost factor for processors in particular, as they tend to operate across several
Member States – especially the bigger ones.

Global competition and trade policy
While the global demand for scrap declined in the crisis years of 2008/2009, the continued strong
performance and rapid recovery in particularly emerging markets has meant that global demand is
up again. However, EU demand has not grown as rapidly as before and scrap processors have had
to resort to increased exporting of scrap.
Global trade in scrap has increased considerably over the past decade in line with growth in global
steel production. Despite being a globally traded commodity, however, scrap is also the most
restricted steelmaking raw material, subject to export restrictions in the form of especially export
taxes ranging from 15-40% by at least 14 countries (OECD, 2011). Such restrictions, from an
economic perspective, may increase global scrap prices and essentially distort international
16

prices. While this seems favourable for the scrap industry (higher global prices), it has a negative
effect on downstream industries not just in relation to higher than free market prices, but also
because of its limiting effect on supply: Despite being a net exporter of scrap, the EU does remain
to some extent dependent on imports given the need for access to specific qualities or quantities at
given points in time.
While the EU has no outright export restrictions (quantity restrictions or export taxes) on the exports
of ferrous waste and scrap, it does have regulations in place governing the shipment of hazardous
waste in particular, was well as the export of ELV and ships for dismantling. These are essentially
based on environmental and human impact considerations and promote high levels of standards.

3.6

Policy implications
Policy implications for the EU iron & steel waste market are based on a summary assessment of
the markets main strengths, weaknesses, opportunities and threats (SWOT analysis) and the
strategic outlook for the market, as briefly discussed below.
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Table 3.2

SWOT analysis of EU iron & steel scrap market
Strengths

Weaknesses



Relatively high recovery rates



Volatility of supply and prices



Large (potential) availability of scrap



Limited information on generation of iron &



Technologically advanced



Well developed, internationally competitive scrap

steel waste especially at product level


processing and trading sector


Generally limited data availability at level of
scrap processing industry



Regulations that promote recovery and, thus,
availability of scrap.

Focus on materials recycling rather than
product recycling.

Opportunities

Threats



Improving quality (purity) of scrap through



Reduction of steel production in EU

technological advances



Competition from DRI/EAF production,



Increasing EAF production quantity and quality



Improving product design with recycling and

especially in the US

particularly re-use in mind


Improve transparency of market through better
data collection

Strategic outlook


17

We expect, in accordance with OECD findings , a global increase in scrap availability due to
huge stocks building up in emerging economies such as China in particular, while the
availability in the EU will stabilise, as stocks near saturation here.



On the demand side, various EU and global trends will be of importance to the scrap market.
Within the EU steel sector some degree of capacity reduction and restructuring seems
18

inevitable.

This would most likely concern the BOF or integrated sector. Considering the sheer

size of these plants, despite the fact that they are BOF, this may have an impact on demand for
scrap metal as well.


To the extent that some conversion of BOF to EAF will take place, this may have a positive
effect on scrap demand in the EU. The advantages of EAF are lower costs (both investment
and operational) and greater flexibility hence greater competitiveness. The main constraining
factor seems to be product type and quality from EAF processes, but in this respect EAF seems
to be catching up rapidly with BOF, aided further by improvements in scrap quality.



The importance of further scrap quality improvements is recognised by all major stakeholders in
this market and investments and innovation are to a large extent geared towards further
improving process efficiency and effectiveness (in terms of purity of end products). We expect
further technological improvements in processing and in EAF production may well provide
opportunities for increasing scrap use in the EU and improving the flexibility and
competitiveness of EU industries as they would become less reliant on imported raw materials.



Open global markets ensure that steel producers retain the flexibility to source specific qualities
or quantities of scrap outside the EU in case it is not available within the EU and will ensure
undistorted prices for downstream industries. Given the fact that scrap prices are global but
transportation costs are high due to the bulky/heavy nature of scrap, scrap processors in the EU
are likely to always favour sales closer to their processing plants, thus reducing the risk of
valuable materials being exported instead of used within the EU.
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OECD (2012) „The Future of Steel: How Will the Industry Evolve?‟ Paper by Laplace Conseil. OECD Directorate for Science,
Technology and Industry. Steel Committee (DSTI/SU/SC(2012)21).
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The figure below illustrates the main (potential) hot spots in the EU iron & steel lifecycle in relation
to the scrap market, which point towards key areas for possible policy interventions.
Figure 3.5:

Iron & steel lifecycle – hot spots19

Below we briefly elaborate on these specific trouble spots and provide some recommendations on
how to possibly address them to improve the overall performance of the waste market and
contribute to the competitiveness of the client industries, notably the steel sector.
1) Lack of reliable/consistent data on steel waste generation, collection and processing.
Most data seem to be derived from scrap consumption in the steel sector, while data on sources
are not readily available, even from industry sources. This makes it hard to assess where potential
increases/improvements can be realised, or to provide more detailed breakdowns of the kinds of
scrap (sources) – again providing information on where the biggest potential for increases in
volumes and/or efficiency can be achieved.
Policy implication: Improve data collection and statistics for waste generation, collection and
processing jointly by industry, Member States and Eurostat.
2) Cost of permits and compliance with environmental regulations. These have increased
substantially over the years and while justified, can add significantly to overall costs for processors
in particular. Moreover, there still exist big differences between Member States, which creates
inefficiencies for many processors, which tend to operate across various Member States.
Policy implications: While retaining high and strict environmental standards, try to reduce
administrative burden for processors and aim for further harmonisation of legislation/regulations
across Member States
19

The hot spots relate to (1) Lack of reliable/consistent data; (2) Cost of permits and compliance with environmental regulations;
(3) Restructuring of EU steel sector; and (4) Design for recycling.
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3) Trade restrictions. These are mostly relevant as regards third markets, which apply notably
export restrictions that ultimately have a negative effect on global prices and thus affect both
processors and their client industries in the EU. There is clearly a need for open global markets.
Policy implication: Continue to promote, through EU multilateral and bilateral trade policies, trade
diplomacy and agreements access to (secondary) raw materials.
4) Quality of ferrous scrap metals versus virgin raw material. Traditionally, ferrous scrap metal
is seen to have too limited quality for certain processes and products, thus limiting its market
potential within the EU, with its large installed capacity of BOF. However, the gap in quality is
closing and technological innovations could make increased use of scrap in steel manufacturing
possible.
Policy implication: Further promote R&D and innovation in scrap quality improvement and uses.
5) Restructuring of EU steel sector. Reducing overcapacity in the EU steel sector is required to
ensure longer term viability of the sector and ensure stable demand for iron and steel scrap. Given
that overcapacity mostly relates to the BOF sub-sector and given the fact that new technological
innovations may enable broader use of the EAF route, successful restructuring could actually boost
scrap demand, while the availability of (high quality) scrap within the EU in turn could encourage a
shift from BOF focused production to EAF focused production – albeit that this is certainly not the
only factor at play.
Policy implication: Assist restructuring in the steel sector, promoting capacity reduction in integrated
sector and further development of EAF.
6). Improving the recovery of iron and steel from consumer products in particular. Where
products are complex and include many different materials and metals, recovery of iron and steel
scrap form these products may be technically difficult or economically non-viable. Improving the
recovery rate should start at the stage of product design and strategies should focus at the level of
products rather than materials as well.
Policy implications;


Promote smart product design to improve collection and recycling rates further and improve
potential of re-use;



Develop product centric recycling strategies/policies and promote collaboration along value
chains to this end. For details see UNEP (2013).
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Market analysis: the market for battery waste

4.1

Introduction to battery waste
Definition of the battery waste stream
Before advancing to the market analysis of the battery waste stream, an introduction to the battery
market is presented. Batteries present on the market can be grouped into two categories according
to their composition:
(i)

primary batteries (disposable batteries, which constitute around 24% of the global battery
market); and

(ii)

secondary batteries (rechargeable batteries, which constitute around 76% of the global
battery market) (Buchman 2009).

Apart from the more basic segregation of batteries, the battery market can also be divided
according to the application of the battery. The 2006 battery Directive distinguishes between three
types of batteries according to their use:
(i)

automotive batteries, including car start-up batteries;

(ii)

industrial batteries, including batteries used for back-up power supply, for trains and aircraft;
but also the batteries used in electrical vehicles; and

(iii)

portable batteries, including all sealed batteries that can be carried by hand.

In this analysis we will focus only focus on the industrial and portable batteries and not on the
automotive batteries since the recycling chain in this battery segment is performing well (with
recycling rates >90 per cent). According to the European Commission, the EU-27 consumes some
1.15 million tonnes of batteries each year (EC 2009). Automotive batteries represent by far the
largest share of batteries placed on the market (in terms of weight, nearly 70% of the market). The
portable battery market makes up some 14% of total batteries consumed in the EU-27 in 2009,
whereas industrial batteries constitute the remainder of battery market (16 per cent).
Data on the European battery waste market, as considered in this analysis, is limited to date. The
Batteries Directive calls for a systematic gathering of data on waste batteries collected and treated.
The first reporting to the Commission from the MS on collection rates is due by end of June 2013,
but unfortunately, the first reporting on recycling efficiencies data to Eurostat is only due by 2014
and therefore the data to date on the battery waste market remain scarce.
The value chain for the re-use of batteries
The figure below shows briefly the closed loop of battery recycling, as wells as the agents involved
in the manufacturing and recycling process of industrial and portable batteries. Estimations on the
number of batteries placed on the market in the portable and industrial segment and on the
collection rate are included in the diagram. The recycling chain is composed of three key sequential
steps, which are:
1.

Consumption and collection (first green block: „waste logistics and treatment systems‟).

2.

Sorting and recycling (second block: „alternative waste material markets‟). Battery waste is
sorted according to the chemistry of the batteries, since different type of batteries require a
different recycling process. There are two main recycling technologies on the market.
Hydrometallurgical (or hydro) recycling uses chemical processes to separate the elements of
a battery. Pyro metallurgical (or pyro) recycling uses heat to recover the materials.

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

35

3.

Re-use (third green block: the raw materials market). The recovered materials from the
recycling process either feed right back into the manufacturing of batteries or are used as raw
input material for other industries. The diagram (Figure 4.1) shows the use of recovered
materials from the most common type of batteries. Most of the recovered materials are input
for the steel industry, for the construction industry and for battery producers.

Figure 4.1

Battery production chain

More details on each of the three steps in the recycling chain are provided in section 4.2.

4.2

Basic conditions and structure
Regulation as main market coordination mechanism
The Battery Directive has been adopted in 2006 and aims at improving the recycling performance in
the battery segment. Amongst others, the Directive requires recyclers to achieve a recycling
efficiency rate of 65% of the average weight of a lead-acid battery, 75% of the average weight of a
nickel-cadmium battery and 50% of the average weight of other waste batteries. Moreover, the
Directive requires Member States to obtain a collection rate of all batteries of 45% by September
2016 and makes them responsible for setting up collection schemes to achieve these targets.
Lastly, the Directive obliges the producers of batteries (manufacturers and importers) to finance
the costs of collection, treatment and recycling of waste batteries (the so-called producer
responsibility scheme) proportional to their market share, the type of batteries placed on the market
or the volume of batteries placed on the market.
All EU-27 have so-called „compliance organisations‟ (with producer responsibility schemes) in place
in order to deal with the requirements from the Battery Directive. Compliance organisations (COs)
are typically responsible for the logistics between the various parties in the recycling chain, namely
the collection, sorting and recycling of the batteries and for raising awareness among the public
regarding the benefits of recycling. This shows the strong coordination role of the COs (and the
underlying regulation) in the market.
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Step 1: Supply of battery waste (including import) - collection of battery waste

20

The collection method used in the EU-27 fully depends on Member States governments. COs are
free to use any collection method they deem appropriate. A report by BIO IS (2003) finds that most
Member States adopt a dedicated collection channel for batteries (only portable batteries since
industrial batteries are often collected via the market). Still, COs often have to cooperate with
general waste management companies in order to collect all generated battery waste. In the
Netherlands, for example, the share of batteries that is collected via the general household waste
was approximately 62% in 2011. The remainder is collected via the dedicated collection channel
21

managed by the CO (38 per cent).

The sources of battery waste (other than the collected

batteries from the general household waste) are multiple. According to the Dutch CO STIBAT,
some 32% of collected portable batteries in the Netherlands are collected at food and non-food
22

retail outlets, whereas 6% of collected batteries come from schools.

Do-It-Yourself stores are

another important collection-source.
Volume and value of battery waste generated in EU
Data on the total volume and value of the amount of battery waste generated in the EU is not
available due to a lack of information on the amount of batteries placed on the market. Estimations
are needed to arrive at the number of spent batteries that are available for collection. EBRA
estimated that a total of around 200,000 tonnes of portable and industrial batteries were placed on
23

the EU-27 market in 2008.

Only 27,250 tonnes of these portable batteries were collected, which

implies a collection rate of 14% (Schulz, 2008). Undoubtedly, this figure has increased in recent
years due to the requirements of the Battery Directive, but according to interviewees various
Member States have still missed their collection target of 25% in September 2012.
The trend in the amount of collected waste batteries has been positive: more and more waste
batteries have been collected over time. Total battery waste „collected‟

24

in the EU-27 increased

from 1.28 Mt in 2004 to 1,84 Mt in 2008 and then declined to 1.72 Mt in 2010, likely due to the
financial crisis, which caused that less batteries were placed on the market.
In 2016, the collection rate of spent batteries is expected to reach 45% in the EU. According to
interviewees, this will be a challenge, even for the Member States with the most efficient collection
channels in place. This is because a large share of batteries placed on the market remains in use
for a long time, or is hoarded at home. In both cases these batteries are not available for collection.
In the Netherlands, STIBAT‟s annual report for 2010

25

indicates that 51% of the batteries is still new

or in use and not available for collection.
Suppliers of battery waste to collection points
The majority of the Member States have chosen to create more than one compliance organisation
to deal with the requirements of the Battery Directive, though the number varies from one (e.g. NL,
BE, SE) to around 16 in Poland. As they operationalize the producer responsibility schemes
stipulated by the Directive, a Board of Directors is often formed by representatives of battery
producers, the same companies that should bear the costs of recycling. As a result, the costs of
recycling are charged onto the consumers. There are no clear criteria for evaluating whether the
countries with multiple COs are more efficient or not. While multiple COs per country should
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The subsection is mostly based on data from Eurostat, which uses a waste definition that includes lead-acid batteries.
STIBAT, 2012, „Jaarverslag 2011‟ (annual report 2011).
22
STIBAT, online Annual Report 2011, section ‘Inzamelen’, accessible at: http://jaarverslag2011.greenzine.info/#/5/INZAMELING.
23
The most recent data available on collection rates.
24
Waste generation according to Eurostat‟s definition and including lead-acid car battery waste.
25
Available at http://www.stibat.nl/data/sitemanagement/media/Jaarverslag-Stibat-2010(2).pdf.
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stimulate the competition among the COs, it also increases the risk of „free-riding ‟ with respect to
joined marketing and campaigns.
A large share of battery waste is also collected via waste management companies and as a result
the market for battery waste collection is also influenced by the structure of the general waste
management sector. This market power of large multinational waste management companies such
as Veolia and Van Gansewinkel in Europe is increasing (Hall, 2012).

27

This comes at the cost of

SMEs in the sector. Sporadic evidence (complete data on number of share of SMEs in the sectors
is missing) for Spain and France shows that nearly 75%

28

of the households is served by one of the

three largest companies in the country (Menéndez & Cañete, 2010). Local and other private
companies (including SMEs) service some 28.2% of the households in Spain. An increasing
number of mergers and acquisitions in the European waste management sector reduced the
number of SMEs active in this segment even further (Hall, 2012). However, compared to the
treatment and processing stage in the battery waste stream, most SMEs are active in the collection
stage of the waste stream as the capital investment costs in this stage are smaller than in the
battery processing stage. Still, since COs, public service operators and large multinational waste
management companies seem to dominate the collection of battery waste, the role of SMEs in the
battery waste collection market seems to be small.
Volume and value of trade in battery waste
Detailed data on trade in waste batteries in the EU do not exist. In a report by the French agency
ADEME (2012) on the French battery collection and recycling market, data for 2011 show that in
the portable battery segment some 12% of collected portable batteries in France are recycled
29

outside the EU.

A large share of these exported batteries is of the alkaline type (98% of all

exported batteries) and is believed (according to interviewees) to go to North America
30 31

(Canada , ). However, since these data only represent one country in Europe (for one year),
conclusions on the trade in spent batteries cannot be drawn. On the contrary, the trade in spent
batteries is believed to be rather low since transport costs for trading spent batteries are believed to
be too high compared to the value of the recovered materials.
Step 2: From waste to re-usable material – Recycling
Volume and value of battery waste recycled in EU
Presuming that all Member States comply with the Battery Directive, it can be assumed that all
collected batteries in Europe are recycled. According to EBRA, whose members represent 85% of
the EU recycling market, nearly 35,000 tonnes of industrial and portable batteries were recycled in
2011.The amount of recycled batteries in Europe has been declining since 2009,. Primary alkaline
and zinc batteries are by far the most recycled batteries in Europe in 2011 (75% of all recycled
batteries), while industrial batteries made up 9.2% of the total batteries recycled, which leaves
90.7% for the portable battery segment. Overall, primary batteries make up 73.2% of the recycled
battery market in Europe and secondary batteries 26.7%.
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The benefits of the marketing can be enjoyed by others for free.
Hall and Nguyen (2012), „Waste management in Europe : companies, structure and employment‟, August 2012.
28
More precisely: 72% in Spain and 75% in France (Hall, 2012).
29
ADEME (2012), Batteries and accumulators in France – 2011 data.
30
http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/reporting/reporting_2013#Bat2013.
31
A large battery recycler in Canada is found to source spent batteries in Europe and ship them to Canada for recycling.
32
Batteries from manufacturing waste are excluded in this calculation.
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Market players
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There are only a handful of battery recyclers in Europe. In 2005 , Europe hosted 30 battery
recyclers (excluding lead-acid battery recyclers), 14 of those are designed for recycling primary
batteries and16 are secondary battery recyclers (Watkins, 2010). The largest battery recyclers in
terms of capacity are located in Germany, France, Belgium and the UK. Table 4.1 shows an
overview of the players in the battery recycling market.
Table 4.1

Overview of players in the battery recycling market
Battery recycling

Most common

Number of

Number of

segment

battery types

recyclers in

recyclers

the EU

according to

(2005)
Primary

Alkaline, zinc-based

Secondary

34

14

Most important players

interviewees
10-15

Alkaline: Batrec (CH),

batteries, Lithium,

Redux (DE), Valdi (FR),

button cells

Revatec (NL)

Nickel-Cadmium,

16

6

Lithium Ion, NiMH

Accurec (DE), SAFT (FR),
SNAM (FR), Umicore (BE)

For zinc-based and alkaline batteries, the table shows that the most important recyclers, among the
14 documented recyclers that existed in 2005, are Batrec (CH), Redux, Valdi (FR) and Revatec
(NL). In the secondary battery segment Accurec (DE), SNAM (FR), SAFT (FR) and Umicore (BE)
are important recyclers. Since there are only a handful of large recyclers in the two battery
segments (primary and secondary), it can be argued that the industry structure in the recycling
market is concentrated. This is in line with the finding from interviews that the battery sorting and
treatment market is dependent on economies of scale in order to run an economically feasible
35

business.

As a result, SMEs are not believed to play an important role in the recycling segment of

the battery waste stream either. In combination with the fact that spent batteries cannot be
transported far across different countries (since transport costs are high), the handful European
recyclers enjoy a relatively high market power in the regions.
Step 3: Demand for re-usable material (including export)
Figure 4.1 above showed that recycling process can yield a variety of products that can be used,
depending on the type, for three general purposes:
(i)

as raw material input for the battery industry,

(ii)

as raw material input for the steel industry and

(iii)

as input for other industries.

The remaining output of the recycling process is disposed of (or incinerated, but this is a very small
amount). The main products resulting from the most often recycled batteries (alkaline) are iron and
36

steel from the case of the battery and the chemistries zinc and manganese.

Since the rise of more

secondary batteries (such as the Lithium Ion, Nickel-Cadmium and Nickel-MH), more valuable
metals such as cobalt and nickel are recovered from the recycling process, even though they are
only present in small amounts.
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Latest data on the number of recyclers is from 2005 only.
Source: Watkins (2010).
35
Batteries, especially portable, come in small quantities (in terms of weight) and the processing and recycling facilities require
large capital investments.
36
GP, What happens when batteries are recycled?, available at: http://www.g-pbatt.co.uk/downloads/What_Happens.pdf.
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To illustrate the type of materials recovered during the process, data from France show that for all
batteries recycled (including automotive batteries), papers and diverse plastics represent the
37

highest share (in volume) of the total recovered materials (ADEME, 2012).

Crucial for the

economics of recycling in the battery waste stream is that more valuable metals such as cobalt,
cadmium, copper and nickel together „only‟ make up 5% of the total volume of materials recovered
in France. This finding confirms that the metals recovered, including cobalt which has been marked
38

a critical raw material in the EU , constitute a small share of the (already) limited absolute weight
of materials recovered during the recycling process. During the recycling process of batteries, a
share of the contents of battery waste results in slag. The value of these slags is however often
negligible and is „sold‟ (according to an interviewee, recycling companies do not get paid for selling
the slags) to construction companies which can use the slags in the construction of asphalt.
Even though small amounts can be found in used batteries, the recovered amounts of metals are
the most valuable outputs of the battery recycling process. Most notably, cobalt and cadmium are
alloys that can be used by the battery industry to make parts of new batteries again. The supply of
cobalt as an input to the battery industry could be considered potentially unstable since most of the
39

virgin form is imported from the Democratic Republic of Congo (71 per cent).

As a result, recovery

of cobalt through recycling can be considered crucial in light of EU policies. The use of cadmium,
on the other hand, has been banned in some applications

40

and interviewees mentioned that the

use of cadmium in batteries is slowly decreasing too. Moreover, cadmium is refined to some extent
41

in Europe too.

Thus, dependency of Europe on virgin cadmium is smaller compared to cobalt.

Base metals that are also recovered from batteries such as nickel and zinc are globally traded on
the London Metal Exchange. Global battery production, however, often takes place in Asia (notably
for secondary batteries) and thus the use of these metals for EU industry is limited.
Entry barriers in the value chain
When we look at the entire value chain of battery recycling, we can identify several „market entry
barriers‟ which influence the functioning of the market and especially the entrance of new market
players. First of all, legal barriers in the industry are important and could be perceived as deterring
entry as the (obligatory) compliance organisations „control‟ an important part of the flow of spent
batteries and export is also regulated. „Natural barriers‟ also exist in this market (high investment
costs for recycling plant; the sorting and especially the recycling is only economic viable with a
large volume of spent batteries) and „technological barriers‟ (very specific technology for especially
the recycling process). Given these barriers, the potential of new market entry is limited.
Developments further down the value chain that affect the market for re-usable material
The waste battery market experiences positive trends in terms of consumption, collection and
recycling. The future outlook for portable and industrial battery consumption (and in turn collection)
is bright for several reasons. Overall, consumers are demanding more and more mobile electronic
products and at the same time environmental concerns are made a priority. These are just two
important trends in which batteries will play a crucial role. As a result, battery production will
increase, driving the demand for more recovered battery material and at the same time increasing
the supply of battery waste for recycling.
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Not including the lead recovered, since the large share of automotive batteries recycled cause this result.
European Commission, 2011, Tackling the challenges in commodity markets and on raw materials, COM (2011) 25 final.
39
EC, 2011, COM (2011) 25 final, see footnote 29.
40
Actio.net, Cadmium Banned in Europe in November, 2011, available at: http://www.actio.net/default/index.cfm/actioblog/cadmium-banned-in-europe/.
41
RPA (2010), Socio-economic impact of a potential update of the restrictions on the marketing and use of cadmium.
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4.3

Market conduct
Market power and strategic behaviour
As indicated before, the national markets for collection and sorting are dominated by the COs, while
the market for recycling is dominated by a limited number of (big) recycling companies. Both of
these two groups have a certain market power, as the COs control the input (and decide where to
process it) and the recyclers control their recycling capacity (which the COs need). Nevertheless,
recyclers seem to have a more comfortable position in this „negotiation game‟ as they know that
possibilities of COs for (long-time) storage of batteries or substitution to other recyclers are often
limited. COs could namely always refuse an offer by a recycling company, but it depends on
national legislation whether (and how long) they can store the spent battery for a longer period of
time until it is sent to recycling.
Pricing and price volatility
Pricing in the battery waste market is a special topic since all transactions between the various
parties involved in battery recycling are managed by compliance organisations. As such, prices in
the battery waste market are determined on bilateral basis between the CO and the different parties
dealing with the battery waste. Transparency in the market is relatively low as price indices on
different types of battery waste are missing. COs charge one combined fee to battery producers for
all costs involved in this process. Since the arrangements that compliance organisations make with
specific battery collectors, battery recyclers and logistic companies can be regarded confidential, it
is difficult to identify prices that are paid in the various steps of the recycling chain.
The prices for battery waste charged to recyclers vary significantly (in the extreme, from positive
prices to negative prices in the case that the value of recovered materials does not cover the costs
of recycling). COs pay the difference between the costs of recycling and the value of recovered
materials to the recycler. Thus, COs are dependent on the cost information that the recyclers
provide them with. Recyclers could have an incentive to overestimate their costs (as the difference
between recovered value and costs will be reimbursed by the COs), the COs fulfil an important role
in checking the cost structures of the recyclers. Since it is in the interest of the CO not to pay the
recycler too much, the current system in place should promote efficient operations at the recycling
plant, but it is difficult to verify whether this is the case in reality.

4.4

Market performance
Recycling rates for battery
According to the Battery Directive, all collected portable and industrial batteries have to be
42

recycled.

Recycling rates should thus be 100% for all Member States that have transposed to the

Battery Directive. Table 3.1 (appendix) presents information sourced by EBRA on the marketed
amount of batteries per country, the number of collected batteries and the number of recycled
batteries in the EU-27 in 2007. This gives an approximation (since consistent and coherent data is
not available) of the amount of recycled batteries versus the number of marketed batteries.
Share of recycled material used in production processes typical buyers
Even though the Battery Directive stipulates a 100% recycling target for collected spent batteries,
the share of total battery waste that ends up as a valuable material that can be sold to the typical
buyers of these materials is lower. Some compliance organisations already report on the recycling
efficiency of their operations. According to the website of STIBAT, their „Ecotest‟
42
43
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indicates that in

Except for a few exceptions, namely batteries that contain cadmium, mercury or lead and cannot be sold viably on the market.
www.ecotest.nu.
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2010 from all batteries collected, 41% of the materials were recycled, 15% of the materials were
lost during the process and 44% of the materials were incinerated or landfilled. In 2011, the share
of recycled materials increased to 61% due to technical innovations at the recycling sites. The slags
produced could be made more value adding and be consequently sold to various industries. The
French CO also reports the share of materials recovered from the recycling process. Based on
these 2011 data from France the total share of materials recovered in the recycling process was
84% (ADEME, 2012). In the portable battery segment, materials corresponding to 2% of the total
weight recycled had to be landfilled and 9% was incinerated. The incinerated parts mainly
concerned plastics and fractions of crushing waste (ADEME, 2012).
Trade-off between the choice for recycling versus virgin raw material production
A crucial factor to consider in determining whether waste as an input can improve the
competitiveness of other EU industries is the trade-off between the costs for using recovered
materials versus the costs of using virgin raw materials. This trade-off will be different for every
client industry of the recovered battery waste (i.e. the steel industry, the battery industry and – to a
small extent – the construction industry). An important factor in this decision is the price of
recovered material vis-à-vis the price of using virgin raw material.
Another important factor determining this decision is the quality of the materials (indirectly through
the price and directly through the efficiency that can be achieved with higher quality materials).
According to interviewees, the quality of virgin raw materials is often much higher than that from
recovered materials since in the recovered materials there could always be traces of unwanted
chemical elements. The role of sorting in the battery recycling chain is becoming increasingly
important since the purity standards of buyers of recovered material are high. Thus, battery
chemistries have to be sorted very properly in order not to mix different battery types in the
recycling process. In addition, during the course of the interviews conducted in this study it has
been learnt that the current pricing of recovered materials is not competitive enough compared with
virgin materials. EPBA notes that the potential for using battery waste as an input increases
tremendously when environmental costs are taken into account in the pricing of both recovered and
raw material (EPBA, 2011). The report cites a study by Duracell, which finds that 80% of the
environmental impacts across the life cycle of an average alkaline battery are incurred at the raw
materials production and transport phase. The same conclusions are found in a recent study by
Gaines et al (2011) on the life cycle assessment of lithium ion batteries. The amount of energy
needed in one battery life is mainly related to the battery production stage (approximately 40% of
total energy needs) and cannot be reduced significantly by increasing the recycling of lithium ion
batteries. However, total reductions in energy consumption achieved in the remaining elements
involved in the life cycle of a battery (notably the materials needed for production), could be
significant when the recycling is improved.
Market failures
When we look at the total value chain, a number of existing market failures can be identified. One of
the most significant market failures is the existence of negative externalities. Batteries contain
hazardous metals which may result in severe environmental damage when the metals are (for
example) landfilled. Similar environmental damage is caused when spent batteries are exported to
countries with lax environmental regulations, but since the evidence on trade in waste batteries is
scarce; this claim cannot be substantiated with data. This market failure is at the main reason
behind the Directive on (waste) batteries and accumulators and the related set-up of the
compliance organisations. Other existing market failures are related to market power (compliance
organisations vs. the recyclers), information asymmetries between compliance organisations and
recyclers (e.g. on costs, available capacity, etc.) and public goods (R&D investments in recycling
technology), but are less relevant then the existence of negative externalities. Proper disposal of
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waste batteries is crucial as many batteries are disposed along with the WEEE causing breaking of
the batteries and not proper recycling of the chemistries.

4.5

Framework conditions
Policy and regulatory environment
For the European battery waste market two policy regulations are especially relevant: The Battery
Directive (2006/66/EC) and, to a lesser extent, the shipments of waste regulation. As described in
the previous sections, the Battery Directive has a large impact on various aspects of the market.
Most of these impacts have already been described in the respective sections. In general, the
Battery Directive tries to minimize the negative impacts of batteries and accumulators on the
environment. Moreover, the EC Regulation No 1013/2006 on the shipments of waste determines
different requirements for the transportation of waste. Batteries, above all containing lead-acid, fall
under List A1 (Annex VIII to the Basel Convention) and are therefore covered by the export
prohibition for disposal.

4.6

Policy implications
The policy implications presented in this section evolve from the overall conclusions about the
battery waste sector in terms of strengths, weaknesses, opportunities and threats (SWOT) as well
as a strategic outlook for the sector. Table 4.2 below summarises the main findings of the battery
waste market in the SWOT framework.

Table 4.2

SWOT analysis of EU battery waste market
Strengths

Weaknesses





Internationally most advanced legal framework in
place that governs the market effectively





market regarding collection, treatment and
prices (often bilateral and at arms‟ length)

Regulations strongly promote recovery and
recycling of collected batteries, resulting in products

Very limited data and transparency in the



Volumes and value of recovered material in the

useful for end-industries/users (such as ban on

portable segment is too low to make recycling

landfilling)

of batteries commercially viable (making the

Producer responsibility schemes in place that
makes sure that costs for recycling and recovery

industry dependent on regulation)


are born by producers and users of batteries

As a result of the low volumes and relatively
low quality of recovered products (compared to
virgin material), the collection and treatment of
batteries does not influence the
competitiveness of client industries

Opportunities

Threats





Gearing the industry towards the collection and
treatment of the strongly growing industrial battery

increasingly less valuable materials that can be

segment could provide for a commercially viable

recovered, putting pressure on the economic

business case




Increasingly complex battery structures use

Improving recycling efficiencies through R&D could

feasibility of recycling


Health and safety risks increase when battery

bring costs of recycling down and improve potential

chemistries become more complex, leading to

for improving competitiveness of industry

more expensive recycling processes (and a

Improving collection rates throughout Europe

barrier to entry)

increase supply of waste batteries and increases
the role of recovered products for other EU
industries


Improve transparency of market through better data
collection (currently in pipeline on EU level)

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

43

From a market and economics perspective, the market for battery waste and recycling is a very
atypical one. Market analysis has shown that the behaviour of all players in the battery recycling
market is strongly influenced by the various rules and regulations stipulated in the EU Battery
Directive (2006/66/EC). The market is fully „created‟ and driven by this regulation. However, overall
the market seems to be functioning well in line with the Directive. The Battery Directive stipulates
many good targets and processes in order to optimise the functioning of the battery waste stream.
Compliance organisations in Member States play a key role in the performance of the market and
maintaining efficient processes and relationships between the various parties involved. They are
responsible for the collection and sorting, transport and treatment of batteries. Regarding collection,
analysis has shown that collection rates across EU Member States widely differ and not all Member
States are believed to have achieved the 25% collection rate target in 2012. All portable and
industrial batteries collected in the EU should be recycled and recycling efficiency targets at the
recyclers should ensure that the recycling process yields a sufficient amount of recovered materials
that can be used by EU industry. However, the quality and volume of materials recovered is not
sufficient to influence the competitive position of the battery production industry or the steel industry
(the two most important client markets). Moreover, even though there is enough recycling capacity
in the EU, the market for batteries is changing rapidly and battery chemistries become increasingly
complex, so that advanced recycling techniques are required in the future.
The handful of secondary battery recyclers in Europe (some 6 companies according to
interviewees) should be making these investments in order to ensure enough capacity to handle
those batteries in the future. Thus, improved recycling will mainly serve the environmental goal of
reducing negative externalities. The improved recycling rates and efficiency decreases the
dependency on other (non-EU) countries for the sourcing of valuable materials for the production of
batteries. However, due to innovations and technological developments in battery production
increasingly less valuable metals are used in the production of new batteries. This both lowers the
profitability of recycling and reduces the potential to increase the competitiveness of EU industry.
Figure 4.2

Hot spots in the battery waste market

The diagram above identifies five „hot spots‟ that need to be addressed in order to improve the
efficiency of operations on the battery waste market. The „hot spots‟ are presented in line with the
flow of the circular economy, so from consumption and generation towards the reuse of the
materials.
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1.

Improving collection rates. Clearly the biggest challenge for the industry and the EU as a
whole is improving the collection of portable and industrial batteries. The entire battery waste
stream would be able to achieve important efficiencies and economies of scale when the
supply of spent batteries would increase. The potential for increasing battery collection is
especially large in Eastern and Southern European countries, where landfilling and
incineration of batteries still takes place too often.
Policy implication: Important instruments for improving collection rates are in place through the
Directive (amongst others data collection and collection rates), but Member States have not
met some of the 2012 objectives. More monitoring and enforcement could be necessary.

2.

Improve the sorting process. One of the reasons that recovered battery waste material does
not have a big influence on the clients‟ industries is that the quality of the material is too low.
Among others, improving sorting techniques further would keep unwanted batteries or
substances separated during the treatment process and subsequently improved the quality of
the recovered material.
Policy implication: Support research, innovation and implementation of new sorting techniques
in the industry through facilitating the adoption of these techniques (regulation) and providing
financial assistance to support research and innovation.

3.

Investments and recycling capacity. Investments are needed in recycling technologies both
for improving the recycling efficiency and being able to recycle certain types of more complex
batteries (e.g. lithium primary) that are currently not being recycled. With the battery market
changing rapidly and more and more valuable metals being removed from new batteries,
companies are reluctant to invest in recycling capacity as the outlook on the market
environment is challenging. High natural entry barriers make entry to the recycling market
difficult as well.
Policy implication: Similar to hot spot 2, support to research and innovation is necessary. In
addition, easier entry and exit to the recycling market (e.g. by supporting investments) should
be aimed for in order to increase recycling capacity and create ‘healthy’ competition.

4.

Changes in battery composition. The trend in new battery production is towards using less
valuable materials (metals) in the production. The share of cobalt and cadmium is for example
decreasing and the increasingly complex battery chemistries in new batteries (e.g. in electrical
vehicles) are very expensive to recycle and do not result in many valuable recovered
materials.
Policy implication: This development does not create an immediate policy implication.
However, targets on recycling efficiencies have to be continuously reviewed in order to make
sure that it remains realistic for recyclers to achieve the recycling target.

5.

Developments in the production of new batteries. In essence, the positive growth outlook
for the battery consumption in the EU (particularly large industrial batteries) is good for the
battery waste market. However, as hot spot 4 indicates, batteries are also becoming
increasingly complex and recycling capacity in Europe for recycling the new complex batteries
is not very large (hot spot 3). The recycling market has to prepare for changing conditions in
the market.
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Policy implication: As mentioned, entry and exit in the recycling market could be made easier.
A proper functioning of compliance organisations in Member States should be ensured as
they fulfil a crucial role in the coordination of the recycling market. International cooperation
between Member States could be further promoted and supported in order to create EU-wide
efficiencies in the recycling market.
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5

Market analysis: the market for waste paper

5.1

Introduction to waste paper
This chapter presents an in-depth market analysis of the waste stream of paper. It investigates the
market typologies of waste paper and analyses the main drivers and barriers towards treating
waste paper as a resource for the European industry. The waste paper market considered in this
44

report relates to waste paper excluding packaging paper (e.g. cardboard).

Chapter 2 explained

the rationale behind this definition.
In this chapter, the terms waste paper and recovered paper are used. Strictly speaking, any paper
that is disposed of (waste paper) is often referred to as „recovered paper‟. Strictly speaking, the
definition of recovered paper is a little narrower since recovered paper is the used paper which is
processed „in accordance with the European Standard List of Recovered Paper and Board Grades‟
and thus is used for reprocessing (COST Action E48, 2010, pp. 28).
Waste paper is generated from a variety of sources, which can be grouped into three broad
categories (Villanueva & Eder, 2011):
1.

industrial sources;

2.

commercial sources; and

3.

households and small businesses.

Industrial sources (such as waste from process cuttings) and large commercial sources (such as
supermarkets) deliver roughly 50% of all collected waste. Households supply some 40% and small
businesses the remainder of 10% of all waste paper collected
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(including packaging). The quality

and characteristics of waste paper largely determines the economics behind the paper recycling
market. As a result, waste paper is categorised according to its grade, a class that defines the
quality of waste paper. Most of the waste paper collected in Europe are ordinary and medium
46

grades (50% and kraft grades (40%).

High grades of waste paper are estimated to account for

10% of total waste paper collected in Europe.
Use of waste paper
After collection, recovered paper serves as resource, together with virgin raw material, for the
production of different types of paper. Due to the scope of this study, the market analysis in this
chapter will mainly focus on the production of newsprint and other graphic papers, household &
47

sanitary papers and other papers. In CEPI countries , these products constituted to approximately
57% of the total paper production in 2011.
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In industry, waste paper is often referred to as „recovered paper‟. Strictly speaking, the definition of recovered paper is a little
narrower than waste paper since recovered paper is the used paper processed „in accordance with the European Standard
List of Recovered Paper and Board Grades‟ (COST Action E48, 2010, pp. 28). Waste paper is all used paper, even the paper
that cannot be recycled (such as hygiene papers).
45
Villanueva & Eder 2011: 14.
46
Packaging paper is included in the collection of these shares. Packaging papers is mainly manufactured from kraft grades,
which are the grades of paper that have little further relevance for the paper market considered in this report.
47
Austria, Belgium, Czech Republic, Finland, France, Germany, Hungary, Italy, Norway, Poland, Portugal, Romania, Slovak
Republic, Slovenia, Spain, Sweden, Switzerland, The Netherlands, United Kingdom (EU-27 excl.
Cyprus/Malta/Estonia/Lithuania/Latvia/Greece/Denmark/Ireland/Luxembourg/Bulgaria, incl. Switzerland, Norway). CEPI
represents 95% of the European pulp and paper industry in terms of production.
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The lifecycle of paper
In general, paper can be manufactured from wood (virgin fibres), from waste paper (recovered
fibres), from non-fibrous materials and from a combination of the previous. The importance of
recovered paper as a resource has grown over time, with an average input to production share
growth of almost 10 percentage points in the last ten years until 2011 (CEPI, 2012). The share of
virgin pulp fibres from wood went down from 51% in 1991 to 40.3% of the total input in Europe in
2011. A large share of the remainder of the paper is manufactured using non-fibrous materials (15
per cent). Obtaining paper from wood-fibres is accomplished in a slightly different way than
obtaining paper from waste paper, but both processes always involve pulping. Making pulp from
waste paper is achieved by adding a significant amount of water to the collected paper, after which
the pulp however still contains impurities, such as small iron elements, ink and other sludge. The
pulp thus has to be screened, cleaned and washed. The pulp is subsequently heated and pressed
to obtain paper. Before the paper arrives to the consumer, so-called „converters‟ use the paper for
their applications (e.g. printing a newspaper). Due to the natural limitations of the fibres in papers,
recovered paper can only be reprocessed and recycled at maximum six times (varying per paper
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type), though some 3.5 times is a more realistic estimate in practice. . The diagram below shows
the flow of paper in the paper production chain, including the recycling chain which brings paper
back into the production line. Included in the figure is the share that the flows represent in the entire
flow of resources. This data has been based on a study by Villanueva & Eder (2011), who in turn
sourced their data from CEPI, and represent 2008 figures.
Figure 5.1:

Waste paper chain: a closed loop

Additional note: According to CEPI, the collection of waste paper for recycling increased to 72% in 2012 and the share of noncollectable waste paper is higher than 7%. The figures outside the „closed loop‟ (the red line) might thus be underrepresented.

5.2

Basic conditions and structure
This section on basic conditions and structure has been split into three parts, which each cover a
part of the waste paper market and the agents operating in this market.

48
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Based on interview with CEPI
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Step 1: Supply of waste - waste paper generation.
The volume of paper consumption in Europe gives an indication of the volume of paper available for
collection. In CEPI countries in 2011, some 80.4 million tonnes (Mt) of paper was consumed.
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In

2010, total paper consumption was 84.7 Mt and in 2007 even 89.5 Mt. Excluding packaging
materials, total paper consumption (using this report‟s waste paper definition) amounted to 45.3 Mt
in 2011 (CEPI, 2012). The share of waste paper collected for recycling constitutes to approximately
50

68 per cent

compared to the total amount of paper consumed. In 2011, this was further increased

to 70% and implied a total volume of waste paper collected for recycling of 57 Mt (CEPI, 2012).
The difference between the total consumption of paper in a year and the collection of waste paper,
represents non collectable waste paper (including paper that is hoarded and stored or not available
for recycling such as toilet paper), landfilled paper and incinerated paper. Together, these
categories of alternative waste treatment represent 32% (2008) of total consumption of waste. The
share of non-collectable waste paper was 7%
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in 2008 and is unlikely to have changed much. This

type of waste paper mainly covers hygiene papers (such as toilet paper) that cannot be collected
for recycling, but also paper hoarded at home. Data from COST Action E48 (2010) show that
collection rates within EU Member States differ. Southern and Eastern Europe are lagging behind
the EU average. In 2010, this average was approximately 68%. Eastern and South-East Europe,
however, collected only between 48% and 60% of paper for recovery.
Suppliers: Collection and sorting of paper waste
The collection systems that are in place to collect the waste paper can be divided into two
categories according to COST Action 48 (2010): Industrial collection and private collection. Waste
paper from industrial and commercial sources are collected via the industrial collection systems that
usually operate using drop-off containers at important industrial sites, or smaller containers at
individual offices. According to the study, the industrial collection system is functioning well in
Europe (collection rates as high as 90% in some countries), since these sources represent the
easiest-to-collect waste paper. Collection of waste paper from households is much more
challenging. Two main types of systems should be distinguished for the collection of household
(and small businesses) waste paper:
1.

container collection (using public containers or „blue bins‟) and

2.

Kerbside (door-to-door) collection.

Unfortunately, there has so far been no evidence on the effectiveness of the various collection
systems, but the various collection systems do seem to affect the quality of the collected waste
paper, which in turn determines the extent to which recovered paper is used as a raw material
(COST Action E48, 2010). A strong driver of higher collection rates was, on the other hand,
identified to be the environmental awareness of citizens, which was higher in European countries
with high collection rates (COST Action E48, 2010).
Most countries in the EU-27 use collection systems run by both municipalities and private
organisations (COST Action E48, 2010). Collectors either run a dedicated waste paper collection
scheme or choose multi-material (co-mingled) collection schemes, in which multiple waste sources
are collected and sorted centrally. The multi-material systems are often used by large multinational
waste management companies that use economies of scale in their collection efforts to be cost
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This figure is different than the 87.5 Mt consumed in the recycling chain diagram since it reports the value of consumption in
2008.
50
Data from 2008.
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According to CEPI, this share is highly underrepresented and is in reality closer to 20%. For sake of continuity, we stick to the
data presented in figure 5.1
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efficient. In recent years, co-mingled collection systems are increasingly used in the UK, Ireland
and France, but according to the European Recovered Paper Council (as stipulated in this report
later), this development is not beneficial for the paper waste stream as it is believed to reduce the
quality of collected waste paper.
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As such, the ERPC calls for putting a halt to the rise of co-

mingled collection in Europe.
Trade in waste paper
Recovered paper is increasingly traded across borders, not only between the Member States, but
also outside the EU. Overall, the EU-27 has operated large trading surpluses in waste paper in the
past ten years for mainly all waste paper grades. Export surpluses have however been declining
over the years. Most of the imports of waste paper in Europe are sourced from other European
countries (81% of the global imports of waste paper).
Imports of waste paper from outside the EU are relatively limited (the remaining 19%). The export
of paper waste steadily increased from 3.6 million tonnes in 2000 to 10.3 million tonnes in 2011
(CEPI, 2012). Most of these exports are exports to China (76% of all recovered paper exports from
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the EU-27 ). In terms of volume, the kraft paper and paperboard grades of waste paper accounted
for the bulk of the total recovered paper exports from the EU-27 (67% in 2012). Recovered paper
from mechanical pulp (the higher grade waste paper) represented 13% of the total recovered paper
54

exports in 2012. Other type of waste paper constituted the remainder.

In all categories, China is

the main export destination for the EU. The demand for corrugated and kraft grade waste paper is
especially high in China due to their export oriented manufacturing industries, which require
packaging materials that can be produced more cheaply with the re-pulping of waste paper (lower
energy costs). Since a large part of the consumption of these exported goods occurs in the EU-27
again, the collection of the waste paper also takes place in the EU-27. The focus of this analysis is
not on packaging waste paper, which does not justify a full analysis of this phenomenon. There
have however also been signals from industry
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that exports of higher grade waste papers are

increasing and becoming important too. Even though this trend (and trade in waste paper in
general) reflects normal and healthy supply and demand dynamics, a higher demand for waste
paper increases the prices of waste paper for European paper mills and could thus negatively affect
the utilisation of recovered paper in the paper production process.
Step 2: From waste to re-usable material - Pulping
The main activity involved in transforming waste to re-usable material involves (re-)pulping. After
the collection and sorting (according to grade) of waste paper by the waste management company,
the bales are bought by paper mills, which process them either directly into a final product (paper
from 100% paper from recycling) or mix the recovered paper pulp with virgin fibre pulp into the final
product. Pulp and paper mills are often integrated into one company. Data from CEPI show that
18% of all pulp and paper mills in the industry are integrated into one company and that paper and
pulp mills that use only recovered paper as input to the production process are always integrated in
one company (Ecofys, 2009).
Volume and value of waste paper recycled in EU
In 2011, 26.95 million tonnes of waste paper (excluding the corrugated and kraft grade, which is
mainly used for packaging papers), were recycled into recovered pulp in CEPI countries (CEPI,
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ERPC, 2011, European Declaration on Paper Recycling 2011-2015
Based on UN COMTRADE data
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Based on UN COMTRADE data
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CEPI mentions that trade in higher grade waste paper constitutes some 2/3 of total exports of waste paper from the EU
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2012). Compared to the volume of waste paper collected for recycling in 2011 (excluding export,
48.4 million t), this represents 56% of all collected recovered paper..
Some 171 pulp mills in CEPI countries produced virgin paper pulp in 2011. In terms of size in 2011,
the largest share of the virgin pulp market is served by big pulp mills that produce more than
300.000 tonnes pulp per year. The geographic distribution of the pulp producers is largely
concentrated in the Nordic countries (Sweden, 31% of the market; Finland, 27% of the market). The
vicinity of the wood fibres and hence the low transport costs for this material is an explanation for
this high market share. According to CEPI, in total 418 European mills use a share of recovered
paper pulp in the production of paper. In these cases, the pulp mill is (mostly) integrated in the
paper mill.
Trade in pulp
Pulp as intermediate raw material can be sold on the market. Most of the pulp marketed is from
virgin fibres and is mostly sold from non-integrated market pulp mills to other mills in Asia (74%)
and other mills within Europe (18%). The trading of pulp is, however, discouraged by economic
incentives as the pulp needs to be dried before it can be transported, which is an energy intensive,
thus costly, process (Villanueva & Eder 2011, page 11). As a result, most pulp is sourced locally in
the EU (36 Mt). Nevertheless, CEPI countries imported around 8 million tonnes of pulp every year
until 2011, mainly from Latin America. Pulp exports from CEPI countries amounted to 3 million
tonnes in 2011, which hence results in a negative trade balance in pulp for the EU-27. The main
export destination for marketed pulp from Europe is Asia.
Much of the trade in waste paper is conducted by traders. According to interviewees, these waste
paper traders are plentiful in the European markets and use the difference in prices of waste paper
to make profits. Within EU countries, price differences exist within the same grade of waste paper
and hence traders use this opportunity to buy waste paper in a country with a low waste paper price
and sell the waste paper in another country with higher waste paper prices (for the same grade).
Step 3: Demand for re-usable material - Paper production
The demand for re-usable material is entirely driven by the paper industry, which makes final
products from the recovered material (recovered pulp). The paper waste stream has, in this
respect, a special structure since the demand for waste paper is exercised by the same firm that
also indirectly provides the supply of waste paper. Further down the chain, the demand for paper
based on recovered paper input comes from the so-called „converters‟, who print the papers and
prepare them for the end-use of consumers.
Volume and value of paper production
The production of all papers in Europe had been increasing until the global financial crisis stalled
growth and development in key European paper markets in 2007 – 2009. Since most of the sales
are made in European markets (exports to non-CEPI countries constituted 19% of total production
in 2011), the sluggish growth in the European market of the last years significantly affected the
producers of most paper segments. However, not all paper segments saw production and
consumption decline. The household and sanitary papers segment experienced the strongest
production increase from 2010 towards 2011 (+3per cent). It can be expected that increasing
standards of living in Europe are a likely cause of this results. The consumption of hygiene papers
can namely be expected to grow with increasing standards of living. The producers of the largest
type of papers, other graphic papers, reduced their production by 2.5% from 2010 to 2011, but are
still above production levels in 2000. The production of the newspaper papers remained fairly
stable.
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The geographic distribution of paper mills, compared to pulp mills, is more balanced in the EU (with
production sites in Germany accounting for the largest share of production, 24per cent). Sweden
and Finland still make up an important share of total paper production (24% combined). Since
collection of waste paper in volume is higher in Western European countries reflecting the size of
the population and collection potential, paper mills in e.g. Germany, Italy and France are more likely
to use recovered paper fibres as compared to mills in Sweden and Finland that benefit from the
proximity of a lot of virgin fibres but lack the collection volume due to limited population. Based on
2009 industry survey figures from PwC (2010), the largest paper companies in Europe are Svenska
Cellulosa (SCA, SWE), Stora Enso (FI), UPM-Kymmene (FI), Smurfit Kappa Group (IRE), the
Mondi Group (IT) and Metsä (FI).
Entry barriers
In this market for waste paper some entry barriers exist which determine the level of new entrants
and influence the functioning of the market. First, environmental regulations on (recovered) pulp
and paper processing are present in this market, which impose a potential burden of compliance on
new entrants. „Natural barriers‟ to entry
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are quite high and relate mainly to the economies of scale

and scope (and the related investments) which are needed to develop a viable business model. For
example, the investment that is needed to set up a new recovered pulp and paper mill could be
more than € >500 million.
Developments further down the value chain that affect the market for re-usable material
Consumption patterns, and in turn production, in the graphic paper and household & sanitary paper
segments are likely to change in the future. One of the important developments in the consumption
pattern is the surge of mobile electronic devices, which reduces the demand for some papers in
these segments (such as newspapers, advertisement papers). Moreover, according to
interviewees, newspapers are increasingly lowering the page number and size of their products (to
tabloid-format) and in some printed news segments increasingly fewer advertisements (due to
57

competition from electronic media advertising) are placed in printed media , which causes an
additional reduction in paper demand. At the same time, however, rising standards of living might
increase demand for these type of papers. According to CEPI, paper consumption has on average
decoupled from economic growth since the start of the millennium, which hints at a possible overall
net decline in paper consumption (partly due to ever lighter paper). According to COST 48 (2010),
the share of communication papers in total European paper production is likely to decline in the
years 2015 – 2020. Tissue papers, on the other hand, are expected to experience a slight increase
in volume and share of production.

5.3

Market conduct
Market power and strategic behaviour
The concentration in the market for pulp and paper mills has been increasing over the last ten years
towards larger mills as more and more small mills had to close down their business. In the pulp
segment, the market share of smaller pulp producers (producing 100 tonnes or less) declined from
46.9% to 30.3% (CEPI, 2012). Moreover, interviewees indicate that the ten largest producers are
consuming roughly 40% of total collected recovered paper as input to their production, whereas
four large producers
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consume roughly 30% of the total supply of recovered paper available in
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A natural barrier is considered here a one-off cost for a firm that wants to enter a certain market that arises due to the nature
of doing business in that sector. In some sectors these natural barriers are higher than in others, for example when very large
investments in a complex production facility are needed in order to start delivering a service or product.
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According to a recent report by JRC-IPTS (2012), advertising revenues in printed newspaper media have been declining
since 2007.
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Stora Enso, Smurfit Kappa, UPM and DS Smith.
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Europe (48.4 Mt in 2011). At national level this may vary substantially as SMEs could be more
densely populated in one country or another. According to the EC, the market concentration in the
various paper making industries differs from very high (>85% of market share for top-10 producers)
in the coated and uncoated mechanical paper and newsprint segments to low (<65%) for uncoated
wood free container board and wrapping paper segment. SMEs are most active one step further
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down the chain, in the converter business segment.

This confirms the general picture that even

though SMEs are active in all parts of the production chain, large firms dominate the market in the
(re)processing stages.
Pricing and price volatility
Prices of waste paper are determined according to traditional supply and demand dynamics in the
market. The supply of waste paper is controlled by waste management companies (or the
municipality in case they are owner) and demand is exercised by paper mills that use a share of
recovered paper in their paper production. Sometimes, a trader of waste paper acts as intermediary
and sets prices to pulp and paper mills as well. According to interviewees, prices of waste paper
are often fixed in bilateral contracts. Contract lengths between waste management company and
paper recycling mill vary and mills often manage multiple contracts (annually, quarterly, and
monthly) in order to spread the pricing risks. The waste paper prices in these contracts are often
linked to an industry-index (for example EUWID in Germany, or RISI internationally). These indices
play an important role in price setting and transparency in the market.
Data from CEPI (2009) show that in the years from 2000 until 2010, no large price increase could
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be observed , but the waste paper price shows an extremely high volatility (JRC, 2011). One of
main drivers for the extreme volatile nature of the price of recovered paper is the inelastic supply of
waste paper (Villanueva & Eder, 2011). Since consumers are not likely to change their behaviour
with respect to disposal of paper based on the waste paper prices, the supply of paper is stable. At
the same time, however, demand for waste paper can change often (depending on the needs of the
61

market ), which drives large fluctuations in prices.
The quality of waste paper strongly influences the price of the various grades of recovered paper.
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The lowest grade of recovered paper (mixed, unsorted) could sell for €50 – €150

per tonne,

whereas the highest qualities of waste paper could sell for €200 - €350 or more per tonne
(Villanueva & Eder, 2011).

5.4

Market performance
Recycling rates
From the total volume of waste paper collected in Europe in 2011 (57.3 Mt), some 48.4 million
tonnes of waste paper were used as inputs to the production process of paper. Compared to
consumption, this implies a utilisation rate of approximately 51%. However, when analysing the
share of waste paper available in the market, we find that 60.3% of recovered paper available is
used for recycling in paper mills. Apparently, the difference (almost 10%) can be assumed to be lost
during the process of converting recovered paper into new paper. Including exports of collected
waste paper, 70.4% of collected waste paper is reused in 2011 (CEPI, 2012).
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European Commission, 2013, Pulp and paper: competitiveness, on DG Enterprise website,
http://ec.europa.eu/enterprise/sectors/wood-paper-printing/paper/competitiveness/index_en.htm.
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Though according to CEPI, prices of waste paper have increased by about 30% in the years from 2010 to 2013
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For example, Chinese New Year is thought to cause a peak in demand and concomitantly prices
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Though according to CEPI, none of the recovered waste paper is sold for less than EUR 100 nowadays
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Share of recycled material used in production processes typical buyers
It is important to further distinguish between the types of waste paper that are demand by Europe‟s
paper mills in order to judge the importance of increasing supply of paper waste. Figure 4.1 in
Annex 4 presents a very clear overview of this potential. From the paper types considered in this
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analysis , we observe a very high utilisation rate of newspaper grade waste paper for the
production of newsprint paper.
However, the utilisation rate of recycled paper in the other graphic paper segment is very low (10
per cent). Household and sanitary papers use nearly 50% of recovered paper in the production and
other papers use nearly 40% in 2011. In interviews, stakeholders explained that for other graphic
papers virgin raw material is often preferred due to higher quality standards. Since the de-inking
and cleaning of even the highest grade waste paper is often more expensive than producing new
high quality paper from virgin pulp, this dynamic is one explanation for the low utilisation rate in this
paper segment.
The choice of using recycled inputs versus virgin raw material
The paper mill‟s optimal choice of virgin fibres versus recovered fibres is an important driver of the
market for waste paper. Commercial paper mills base their decision on the costs of production for
both methods. According to interviewees, this choice depends on energy costs involved, costs of
virgin pulp, costs of recovered pulp and the quality of recovered pulp. Mainly due to the much lower
energy demand and related costs involved for repulping recovered paper into paper, the price of
recovered pulp versus virgin pulp is much lower. Note, however, that the total energy consumption
for producing paper (including drying etc.) might be higher for recycled fibre based paper in case
the quality of the recovered paper is low. Notwithstanding this, the quality of waste paper has been
cited as the most important driver of determining the trade-off between virgin and recycled pulp.
The higher the quality of the waste paper is, the lower are the costs involved in reprocessing it. This
in turn increases the potential for the use of recovered paper pulp. The quality of waste paper is
determined by the amount of undesirable components, the state of recovered paper recycling
technologies, the level of impurities in the finished pulp and the level of residues produced during
recycling (Grossman, 2007).
However, conclusions on the costs of recycling versus virgin fibre production are difficult to make
since the costs involved for both depends strongly on the technologies used and the type of paper
produced. In a recent study by Merrild et al. (2008), the environmental costs of five recycling
techniques for the production of paper were compared to nine virgin fibre processing technologies.
The authors find that in 10 out of the 14 comparisons between technologies made, the use of
recovered pulp was the preferred option from an environmental point of view.
Market failures
Market failures exist in this market, but they seem relatively small or are already covered by
regulation. The most obvious market failure is the existence of negative externalities in relation to
the disposal of paper. Recycling of waste paper creates important environmental benefits, and as
indicated the recycling rates differs per country. There may also exist some kind of information
asymmetry (about demand and supply), but there are traders active in the market who deal with the
processing of this type of information. According to interviewees, the existence of some market
power on the level of the some large waste management companies that own large shares of waste
paper sometimes creates „inefficient‟ pricing incentives for waste paper. Moreover, to some extent,
a principal-agent type of problem exists between the different parties in the paper production chain.
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Newsprint papers, other graphic papers, household and sanitary and other papers.

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

For the paper mills (and for the potential for waste paper to increase the competitiveness of the
industry), the impurities in waste paper (e.g. ink, cases, transparencies) should be reduced as
much as possible, but this is not always the most profitable business decision for converters (their
economic incentives are different).

5.5

Framework conditions
The policy and regulatory environment that effects the market for recovered paper is shaped by the
64

more general Waste Shipment Regulation (WSR) , national permits for the treatment of waste, the
current discussion on the End-of-Waste (EoW) criteria and the Waste Framework Directive (WFD).
The WSR itself is not experienced as major bottleneck by industry since the trade in graphic papers
and household & sanitary papers is on the Green List of waste. If properly enforced, this list implies
shipping without the need for additional documents. However, according to CEPI, the
implementation of the WSR is not fully guaranteed yet in all Member State, which thus creates
some degree of uncertainty and burden surrounding the exporting process.
The WFD includes a requirement for Member States to adopt separate collection schemes for
waste paper, to be operationalized in 2015. Since literature has identified that the quality of waste
paper increases when paper is collected separately, the WFD creates the right incentive from the
point of view of the waste stream. The identified trend in some Member States (such as the UK,
Ireland and France) towards the use of co-mingled collection systems thus seems to move away
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from this objective. However, based on the revised WFD , co-mingled systems are allowed given
they meet certain quality requirements after sorting the waste. The efficiency and technology used
in the co-mingled system is thus of crucial importance in order to judge the impact of this trend on
the potential of the paper waste stream to improve competitiveness of the EU industry. Additionally,
by 2020 the Member States should achieve re-use and recycling rates for municipal waste
(including paper) of at least 50%. In order to achieve this average objective, it is likely that recycling
rates for paper have to further increase (to say 80%) in order to compensate for low recycling rates
for other products such as plastics. The adoption of these rules is likely to increase the quality of
waste paper and, in turn, the likelihood of the use of recovered paper as input.

5.6

Policy implications
The policy implications presented in this section evolve from the overall conclusions about the
waste paper sector in terms of strengths, weaknesses, opportunities and threats (SWOT) as well as
a strategic outlook for the sector. Table 5.1 below summarises the main findings of the waste paper
market in the SWOT framework.
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EC Regulation No. 1013/2006
Directive 2008/98/EC on waste
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Table 5.1

SWOT analysis of EU waste paper market
Strengths

Weaknesses







Internationally some of the highest collection
rates of waste paper, making waste paper

present in the trade of waste paper between

available for recycling

Member States (also relating enforcement of

Strong European-wide initiatives that bring
together both up- and downstream actors in the



Some administrative burdens and barriers

Waste Shipment Regulation)


High price volatility in the market for waste

recycling chain and aim to improve the potential

paper results in uncertainty for the business of

for recycling of paper (such as the ERPC)

paper recycling

Use of advanced technologies to increase
economic feasibility of recovered paper

Opportunities

Threats





Increasing collection rates of waste paper
throughout Europe (especially Eastern and

graphic papers, which represent an important

South-East Europe) increase the supply of (high

share of European paper production (45% in

quality) waste paper that is necessary for



If exports of waste paper to outside EU-27 (incl.

Improving technology in processes at the paper

high quality waste paper) increases, the

mills and in the down-stream uses of paper (e.g.

availability of high quality waste paper in

inks, toners) should decrease the costs of

Europe declines, lowering the potential of

converting waste paper into a re-usable product

recovered paper to improve the

Further improving the ability to create valuable
products from recycling residues and by-products



2011)


increasing utilisation rates


Declining demand for newspaper and some

competitiveness of the industry


As paper production is an energy intensive

Stimulating the use of eco-design rules that

business, dependency on energy prices is a

maximise the value of the closed loop system

threat

The market for recovered paper can be characterised by a strong overall recycling performance in
the EU and a relatively well-positioned client market (being the paper industry itself). The outlook
for the sector is good. European paper producers enjoy a strong market position in the household &
sanitary papers segment, which is expected to grow strongly in the future. The outlook for the
consumption of the graphic papers (another segment in which European producers have a strong
position) is less bright, but the potential for increased competitiveness through the use of recovered
66

paper in this segment is promising.

The role of recycling and using recovered paper as input to

the production process in paper making has been increasing strongly over the last ten years (see
introduction) and is likely to continue growing. The high recycling rates of used paper in the
production process of new paper (>70% including exports) indicate that the industry views used
paper as an important resource to paper production. A good cooperation between paper producers,
collectors and related agents in the chain has ensured continuous improvements in the use of
recovered paper in the production of new paper. Further improving the potential of recycling in the
paper market is high on the agenda of the industry, which conducts research on for example
maximising the value of by-products of the recycling process, which should increase the profitability
of using recovered paper as input to the production process.
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Still, there is potential for further improving the use of recovered paper in the production process.
Especially in the graphic and household & sanitary paper segment of the market (the segment of
focus in this report), the potential for improving competitiveness of the industry through the
increased use of recovered paper is large. In 2011, „only‟ 10% of total fibre inputs for the production
66

The surplus in trade that the EU-27 operates currently can be seen as an indication of international competitiveness.
Moreover, Europe hosts 6 top-10 largest paper producers in the world (sales) according to the PwC top-100 (PwC, 2011)
67
CEPI, 2011, Maximum value from paper for recycling – towards a multi-product paper mill
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of graphic papers (other than newspapers) was sourced from recovered paper fibres (CEPI, 2012).
This is well below the average utilisation rate of 51% across all paper segments (Fig. 5.1)and
indicates the potential for the sector to improve cost competitiveness by increasing the use of
(generally cheaper) waste paper in production. The feasibility of increasing this utilisation rate is
determined by the factors affecting the cost of using recovered fibres and virgin fibres for this paper
68

segment.

One of these factors to unlocking this potential is increasing the quality of the waste

paper. Moreover, collection rates of recovered paper can still be further increased in Europe as
well, so as to increase the supply of recovered paper, thereby lowering the price of recovered paper
as input to the production process and increasing the likelihood that recovered paper is used as
input to the production process.
Figure 5.2:

Hot spots diagram for the waste paper recycling chain

Currently, the use of recovered paper in the production of „other graphic papers‟ (~35% of all paper
production in Europe) as a share of total inputs is only 10%. This study has identified five „hot spots‟
in the material flow of waste paper, which should be addressed in order to improve the
competitiveness of the paper industry (see the figure above for the reference to the numbers).
1.

Further improvement in collection rates. An important barrier to further optimisation of the
waste paper waste stream is increasing the collection of waste paper. From a geographical
perspective, the collection rates of waste paper are below the EU average in Eastern and
South-East European Member States. Moreover, in all Member States, the collection of waste
from household and small businesses can still be further improved also. Lastly, increasing the
speed of the loop from consumers to mills further adds to the availability of waste paper. A
higher volume of waste paper available, which should lower the price of recovered paper as
input to the production process and lower costs for the industry.
Policy implication: The Waste Framework Directive (WFD) has set the right incentives and
targets for improving recycling of waste paper in Europe. In light of the established policy
priorities in the WFD, recycling of waste paper is preferred over (energy) recovery and
disposal and hence should be promoted. A key to success is effective implementation.
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According to CEPI, the technical requirements for fibre characteristics and the environmental considerations involved might
make this a challenging objective.
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2.

Improving the quality of waste paper collected. The second key barrier to improved
performance in the industry is improving the quality of the collected waste paper. Given the
importance of quality of recovered paper for the costs in the production process of paper
(directly determining price and indirectly determining processing costs, including cost of
69

handling and waste management of the impurities ), the improvement in quality will have a
direct positive impact on the paper industry. The difficulty of achieving both higher collection
rates and higher quality is that in countries with already high collection rates, the increment of
collected paper could be of lower quality.
Policy implication: The Waste Framework Directive includes the provision on separate
collection of waste paper, which has proven to increase quality. The rise of co-mingled
systems in some Member States should be discouraged if the quality of the separated waste
paper does not meet the quality requirements stipulated by the revised Waste Framework
Directive Further increases in the quality can be obtained by, e.g. increasing the use of ecofriendly paper applications (see 5).
3.

Trade of waste. The EU internal market should provide a free flow of goods, especially in
waste paper since it is used as input to EU production processes. Waste paper (given a noncontaminated status) is on the green list and hence not subject to major administrative checks
or burdens. Yet, enforcement of the Waste Shipment Regulation is believed to be an issue in
some instances, which adds uncertainty and costs to international trade (both between
Member States and outside the EU). Specifically regarding not-standard waste streams of
paper, the question often arises whether the paper should be treated as waste, which causes
administrative burden and extra costs. Adoption of the EoW criteria would classify „proper‟
waste paper as product and would remove these costs to trade and, everything else equal,
potentially improve the supply of waste paper to paper mills within Member States, but more
likely outside the EU too as the waste paper can be traded as a product.. This in turn would
facilitate the global circular economy, but potentially reduce the availability of waste paper in
Europe, which reduces the potential for waste paper to add to the competitiveness of EU
industry.
Policy implication: Adoption of clear, transparent and unambiguous (not adding administrative
costs to businesses) End-of-Waste criteria could contribute to enhancing the potential for
waste paper to contribute to the competitiveness for EU industry. It would facilitate the flow of
trade in waste paper as a resource within the EU Member States, but potentially also increase
the outflow of waste paper as a resource to outside-EU destinations. In addition, adoption of
the EoW criteria might add costs to paper mills as waste paper becomes a more equivalent
70

input as compared to virgin raw material. In its position paper , CEPI adds that the impurities
in the EoW would increase significantly, adding costs to the recycling process. Hence, the
policy implication of the adoption of the criteria is a delicate issue.
4.

Technological developments in reprocessing. Even though the techniques used by
industry for reprocessing recovered paper are well-developed and the industry is making
continuous improvements in the efficiency of the recycling process, innovations and
technological advancements in the area of reprocessing should still be promoted.
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According to CEPI, an increase in impurities of 1% increases total purchasing costs by €70 million per year and increases
waste handling costs by €50 million per year.
70
http://www.cepi.org/topic/recycling/pressrelease/endofwaste
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Policy implication: Though already largely driven by self-interest in the industry, investments in
new technologies should be supported by through promotion of R&D initiatives (e.g. financial
initiatives) or research projects in this field under the Horizon 2020 programme.
5.

Declining market for paper products. Due to a continuous increase in the use of mobile
appliances and (concomitant) reduction in the size of communication papers, the paper
production in certain graphic paper segments could face declining demand. This could limit
the potential of waste paper as input to production in case increased quality requirements
from the printed graphic paper segments cannot be met by recovered paper pulp.
Policy implication: Though influencing a consumer trend is not a recommendation for policy;
the EU could address this issue by smart product policy, such as labelling of eco-designs,
eco-products and green public procurement.
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6 Market analysis: the market for used tyres

6.1

Introduction to used tyres markets
Million tonnes of used tyres are generated in Europe every year, and with an expected focus on
environmental aspects and lack of natural resources, used tyres have the potential to become a
long-term strategic advantage for the European industry. Over the last decade, recovery rates have
increased significantly, and currently an average of 95% of the used tyres generated annually in
EU27 are recovered.
Used tyres can be divided into two segments:
1.

End-of-life tyres (ELTs) are defined as tyres that can no longer be used on a vehicle,
including tyres for passenger cars, trucks, tractors, industry, earth moving, airplanes, and
motorcycles. ELTs amount to approximately 80% of the used tyre market in tonnes. The main
components of a tyre are rubber, steel and textile with a variable proportional mix depending
on the type of tyre.

2.

71

Part-worn tyres are exported for reuse or retreading, corresponding to 20% of the used tyre
market in tonnes.

In the EU, there are three used tyre management models, namely producer responsibility, free
market system and tax system. Producer responsibility covers more than 60% of the annual ELT
arisings; the free market system covers about 38% of the market, while the tax system only covers
2% of the annual ELTs arising. Regardless of the type of used tyre management system, the endconsumer finances the used tyre management. The total cost associated with the management in
Europe is estimated to be €600 million annually (ETRMA, 2012a).

6.2

Basic conditions and structure of the market for used tyres
In 2011, an estimated 3.52 million tonnes of used tyres were generated in the EU27 and Norway,
Switzerland and Turkey. The largest volumes of used tyres are found in the largest countries, i.e.
Germany, the UK, Italy, France, Spain, Turkey, and Poland, ranging from 190,000 to 670,000
tonnes per year. These countries account for approx. 75% of all used tyres annually. All other EU
countries have less than 100,000 tonnes of used tyres per year, and six European countries have
11,000 tonnes or less (ETRMA, 2013a).
Used tyre management and entry barriers
Irrespective of the used tyre management system in place, the system must accomplish the
functions of collection, transportation, processing, and recovery or recycling. The value of the ELT
increases along the value chain, and consequently it shifts from a cost centre to a break-even
situation. At the beginning of the system, the environmental fees are high, but they may drop over
time as the system is optimised (WBCSD, 2010).
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60

An average truck tyre is made of natural and synthetic rubber (42%), metal (25%), carbon black and silica (24%), zinc oxide
(2%), and sulphur (1%) (Basel Convention, 2011).
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To enter the market for ELT processing, some economic and administrative barriers must be
circumvented, including land and equipment purchase, permitting procedures, etc. Once the ELT
processing facility is operational, analysis has shown that the higher the number of ELTs taken in,
the more cost-effective the processing system becomes. Establishing a large-scale end-user
market for ELT-derived products allows for a continuous intake of ELTs and a base market on
which all other end-user markets can be developed. The price paid for these materials and the
return on investment for the tyre industry is still relatively low. However, the greater the number of
recovery routes established, the better the true value of all the end markets can be recognised
(WBCSD, 2010).
Effective management systems need a stable ELT processing infrastructure to supply ELTs to the
end markets. As producer responsibility covers more than 60% of the annual tyre arisings, ELT
management companies under this model – such as importers and manufacturers - have a
competitive advantage relative to companies working under the free market system due to the high
market power. This is based on an expectation that the value of ELTs will increase in the long run
(Interview Genan, 2013).
Used tyre management industry and the role of SMEs
Different stakeholders are involved in used tyre collection, sorting and reprocessing before the
rubber fraction of tyres can be delivered to the final users. In the EU, it is estimated that more than
1,000 companies are involved in collecting and sorting. Furthermore, around 500 re-processors
convert ELTs into shreds. Both collectors and re-processors are primarily small and medium sized
enterprises. The costs related to collection, transportation and reprocessing are estimated at €450
million annually (Interview ETRMA, 2013). Over 100 major ELTs granulators have been identified in
17 EU Member States.

72

The annual production per company varies from 2,000 to over 50,000

tonnes of rubber granulate per year. The majority of granulators are located in Southern Europe.
They also have the smallest production and produce granulates for their own use. The larger the
annual production the more internationalised the granulators become (Aliapur, 2009). Some
granulators are represented in several countries. This is the case for the world‟s largest recycling
company Genan, which works in Germany and Denmark under the free market and tax model. The
company has four recycling plants in Europe, i.e. three in Germany and one in Denmark, with a
total recycling capacity of 275 kilotons ELT per year (Genan, 2013c). It is estimated that the
granulation sector‟s turnover is approx. €140-200 million annually (Interview ETRMA, 2013). In
2011 1.262 kilotons ELTs were materially recovered in EU – of which 1.049 kilotons were
granulated (Interview ETRMA, 2013).
Retreading is the removal of worn tread and bonding of a new tread to the tyre body. In Europe, the
two main retreading segments are truck and aircraft tyres. These segments differ in market
concentration, number of annual retreaded tyres, employment, and turnover. In the truck tyre
market, there are approx. 500 active tyre retreaders. Large companies retread more than 150,000
tyres per year, while some only retread several hundreds of tyres per year. The 10 largest
companies serve approx. 50% of the market. In total more than 6 million truck tyres are retreaded
annually in Europe. The total turnover of the truck tyre retreading industry ranges between €1.5 –
€1.75 billion and the sector employs approx. 10,000 qualified employees. In the aircraft segment,
there are three major retreaders in Europe, whose market volume is estimated at 350,000
retreaded tyres per year. Furthermore, the annual turnover is estimated at €200 million, and the
sector employs several hundred people. (Interview ETRMA, 2013).
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They are France, Italy, Spain, Portugal, Greece, UK, Ireland, Germany, Netherlands, Belgium, Switzerland, Poland, Hungary,
Romania, Denmark, Norway and Sweden.
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Part-worn tyres: Retreading, reuse, and export
Part-worn tyres can be processed in three different ways, i.e. retreaded, re-used or exported.


Retreading
Retreading is a form of waste prevention, and although environmentally responsible,
retreading car tyres is uneconomic, and the trend is that fewer tyres will be retreaded in the
future. However, retreading truck and aircraft tyres is financially sustainable (Genan, 2013a).
Moreover, it saves 80% of raw materials and energy necessary for production of tyres (OECD,
2005).



Re-use
A used tyre can also be reused. In the EU, there is no standard for minimum tread depth for
all types of tyres. Consequently, if the tread depth complies with national legislation a used
tyre can be reused in that country (ETRMA 2013b).



Exports
Finally, part-worn tyres can be exported. Most developed countries ban export of waste to less
developed countries, but it is legal to export part-worn tyres, as they are not categorised as
waste (Genan, 2011).

ELTs: Material recycling, civil engineering and energy use
ELTs can be recycled material or serve as energy recovery, mostly in the cement industry. Both the
material recycling industry and cement industry generate an income from charging a fee when they
receive ELTs (Deloitte, 2009).


Recycling the materials
ELTs can be separated back into their main components. The outputs from recycling ELTs are
rubber powder and granulates (67%), steel (18%), textile (14%) and less than 1% waste. The
separated materials must meet some quality requirements concerning uniformity and purity.
Rubber powder and granulate can be used in numerous applications including asphalt
73

modifications, athletic fields, artificial turf, children‟s playgrounds, new tyres , etc. Recycled
steel can be re-melted in large steel works and substitute virgin raw materials. The textile
fraction is incinerated for energy recovery in cement kilns, but product development is on-going
(Genan, 2013b).


Material recovery of tyres in civil engineering applications
ELTs can be used in civil engineering applications and public works. Such applications vary
from shredded tyres used as a foundation for roads and railways to whole tyres used for
coastal protection, insulation, etc. (ETRMA, 2012a). Another common usage is to use
shredded tyres as drainage layers in landfills.
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So far recycled substance does not have 100 per cent the same properties as new rubber. The effects of this are two-fold. On
the one hand there is a commercial issue related to quality of the tyres (ranging from customer appreciation matters such as
non-stable ride and handling characteristics of the tyres, to tyre wear, noise, etc.) but it could also have safety implications.
The tyres are small patches of rubber that carry the vehicle at standstill and at full speed, in cornering and braking, in all
weather conditions. Using materials with uncertain properties may be a liability. An article in the European Rubber Journal,
Why is recycled rubber not used in tyres, September 2011 points to barriers for the use of recycled material: “Partly it is that
people perceive recycled materials as somehow worse than virgin. For this reason, companies in the business use words like
Upcycled (SRI) or Regenerated (Watson-Brown). Second, there are product liability issues. If a company is found to use
recycled materials and a product containing those materials subsequently fails, the victims potentially can claim negligence by
the manufacturer for compromising the performance of the product by using low-cost ingredients. Third, there is a desire
among premium tyre makers to build the best tyres possible. If their technical departments do not believe that the recycled
goods available on the market are sufficiently well-qualified or sufficiently repeatable, then they will not approve them for use
in the tyres. Nevertheless, some tyre makers told ERJ that they are using recyclate in their products.” Cited from ERJ,
September 2011, p35.
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Energy recovery
An ELT contains energy that can be recovered through energy sources in industrial processes.
With a calorific value equivalent to that of hard coal and a lower price than hard coal, ELTs are
used as a substitute for different fossil fuels in production processes. Today ELTs can be used
as a replacement in coal-burning plants, and usually the main application can be found in the
cement sector (ETRMA, 2011a). Some countries, such as Poland, Romania and Sweden, have
an energy recovery rate between 60%-100% and these countries therefore have a small
amount of material recycling. Other countries, such as Belgium and Denmark, have a material
recycling rate over 80% ( (ETRMA), 2012a)

Based on life cycle assessment (LCA), material recycling of ELT is compared with incineration a
74

better environmental solution. Two LCA studies (Aliapur

(2009) and Force Technology et. Al,
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(2009a)) , have both shown that material recycling in the form of artificial turf gives higher
environmental benefits than incineration in cement kilns on all included parameters. In Hungary and
76

Bulgaria, legislation with a preference for material recovery is in place.
R&D and emerging technologies

Today, R&D investments in tyre companies amount to 3.5% of their annual turnover. In the coming
years with increased scarcity of natural resources, expectations are that more efforts will need to be
put into R&D (ETRMA Annual Report, 2011-2012). R&D is pivotal to explore new technologies that
can improve existing or develop new end-user markets for recycled ELTs. The R&D may be multistakeholder and involve the end-user industries for recycled tyres and the tyre industry. Moreover,
R&D projects can be funded by joint financial schemes between industry, laboratories and
governments, etc. Government support plays a key role in activating material recycling through
promotion of its business value and supporting R&D investment (WBCSD, 2010).
77
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New technologies under development include pyrolysis/thermolysis , electric arc furnaces (EAF) ,
79

and devulcanisation.

These treatment options are only applied at a very limited scale for several

technical, economical, and performance reasons (ETRMA, 2012a). Recently, a joint R&D project
between the tyre producer Pirelli and the material recycler Genan was initiated with a target to
74

The Aliapur study compared nine recovery options: artificial turf, moulded items, cement kilns, steelworks, municipal
incineration, riding surface, drainage basin, infiltration basin and foundries. The technologies used in each option was
evaluated according to their maturity, where municipal incineration, foundry and riding surface are considered as emerging
technologies Aliapur, 2009).
75
Comparative life cycle assessment of two options for waste treatment: material recycling versus co-incineration in cements
kilns‟. The study was undertaken by FORCE Technology, Copenhagen Resource Institute and IFEU (Institut für Energi- und
Umweltforschung in Heidelberg) and commissioned by Genan. The study was based on nine different environmental impact
categories and for all nine categories material recycling using it for infill in artificial turf and for modification of asphalt and
bitumen was better than co-incineration. The study was carried out according to the ISO standards 14040 and 14044 was
peer reviewed by an international team of three experts led by Gaiker, a Spanish Technology Centre.
76
Hungary has had maximum quota since 1 July 2006. Minimum 50% of collected waste tyres must be diverted for material
recovery, while maximum 50% can be utilized for energy recovery. See Country Fact Sheet on Waste Policies
http://scp.eionet.europa.eu/facts/factsheets_waste/2006_edition/Hungary and Chapter 6, page 25: The target in the Bulgarian
legislation is that not less than 65% of marketed tires (in country market) during the current year should be utilized;
and not less than 50 % of marketed tires during the current year should be regenerated or/and recycled. This 50 %
regeneration excludes incineration with energy recovery. Article 8 in http://eea.government.bg/bg/nsmos/waste/legislationiug/naredba-iug-2012.pdf
77
Pyrolysis is the decomposition of ELTs under absence of oxygen into intermediate substances such as gas, oil and
char (ETRMA, 2012a).
78
Shredded tyres are used in steelworks equipped with electric arc furnaces as a substitute for anthracite and scrap metal. The
use of ELTshreds is technically and economically feasible but for administrative reasons it has a more limited deployment in
Europe (Commission).
79
Devulcanisation is the process of breaking down and recycling rubber. Methods include thermal, mechanical, ultrasound and
bacterial, and it can be used to make moulded rubber products from ELTs (WBSDC, 2008). De-vulcanization of tyres is
studied by other actors. I.e. Patents about de-vulcanization processes has been granted to Exxon Research Engineering Co.,
ELASTOMER TECHNOLOGIES LTD, RUBBER REGEN LLP and RECYCLATECH GROUP LTD (Thompson Innovation
Patent-database).
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replace a minimum a 10% of the natural rubber used in the production with a recycled rubber
compound (Genan, 2011; Interview Genan, 2013).

80,81

However, such processes are usually cost

82

prohibitive (ETRMA, 2012a).

6.3

Market conduct
The market outlook for the used tyre management industry depends on the type of management
system in place, the technical properties of processing technologies, and economies of scale
(SSSUP, 2011). These market characteristics allow firms to reduce their average costs as they
increase their output and this favours large-scale production over small-scale production. Thus, the
European used tyre management industry is more concentrated than other sectors (Interview BIR,
2013). This is also reflected in the environmental fees paid by end-consumers, which differ across
countries and used tyre management systems (Interview ETRMA, 2013).

83

ELT price mechanism
The main price determinants of ELTs are the prices of rubber, fossil fuels and the demand as
expressed by the various applications for ELT-derived granulates (Interview Genan, 2013).
Over the last 15 years, the commodity prices for rubber and coal have been very volatile and have
generally experienced a steady increase (World Bank, 2013).
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The European tyre industry

depends on imports of natural rubber because there is no domestic production of natural rubber in
Europe for geographical and climatic reasons. The EU is the second largest consumer of natural
85

rubber after China.

70% of the world‟s natural rubber is produced in Indonesia, Thailand, and

Malaysia, which are organised in a consortium affecting the price of natural rubber by regulating
supply and export (ETRMA, 2010). Furthermore, the price mechanism is distorted by speculating in
rubber. A steep increase in natural rubber prices in the period 2008-2011 is attributed to lower
production in rubber plantations in South East Asia and a higher demand from China (ETRMA,
2011a). However, since then rubber prices have dropped to 2008 levels (World Bank, 2013).
Currently, there is no substitute for natural rubber that can replace current applications and
guarantee the same tyre performance. Thus, the tyre industry‟s exposure towards natural rubber
prices has made predictability and continuity in the natural rubber supply an important element in
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In 2011 Pirelli and Genan signed an agreement for recycled rubber reuse research (Tyre press, 2011). The target of this
research is that technically 10% of natural rubber can replaced by recycled rubber powder in the production of new tyres
(Interview Genan, 2013).
81
Devulcanisation of recycled rubber for use in natural rubber compounds. In 2011, the tyre manufacturer Pirelli and the tyre
recycler Genan signed a joint development agreement to find ways of using devulcanised, recycled rubber in tyre production.
According to Genan this has resulted in the development of a new technology. The new technology is a further enhancement
of the recycling technology already applied by Genan as very fine cryogenic rubber powder is devulcanised using the new
technology. The devulcanised rubber is aimed at substituting 10 % of the virgin natural rubber compound used in production
of new tyres. Moreover, the recycled rubber is applicable, not only in the tyre production, but in all applications where natural
rubber compound is being used. The production will commence in October 2013 and will take place at Genan‟s facilities in
Viborg, Denmark. Here the tyre recycler has invested 18.5 million Euro in new production facilities with an annual estimated
production of devulcanised, recycled rubber of 19.000 tonnes. The ELTs being devulcanised are scrapped, non-retreadable
truck- and industrial tyres. The 19.000 is the equivalent of about 28.000 tonnes of truck- and industrial ELTs. Additional
research will be carried out in the future. The main focus will be on using devulcanised rubber for substitution of virgin raw
materials in natural rubber as well as synthetic rubber compounds (Interview Genan 2013).
82
Sources do not agree on this point and no further concrete economic and technical information on the business case
for devulcanisation remains confidential.
83
E.g. in Belgium the environmental fee per car tyre is €2.40 and €12.46 per bus and truck tyre in 2006. In Greece the
environmental fee per car tyre is €0.45 and €2.80 per truck tyre in 2007.
84
In this period, the price of natural rubber has increased from $ 0.32 to $ 1.35 per pound which culminated in 2011 with a price
at $ 2.80 per pound. In the same period the commodity price for coal increased from $ 26 to $ 100 per metric tonne. Coal also
peaked in 2008 with a price around $ 193 per metric tonne.
85
Natural rubber consumption in EU and China in 2010 was 1.1 and 3.6 million tonnes respectively (ETRMA, 2012b).
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global competitiveness. The depicted factors undermine long-term planning and transparency thus
affecting the tyre industry negatively (ETRMA, 2011b).
Overall, global demand for rubber is increasing heavily due to emerging countries becoming major
consumers. The Chinese consumption of natural rubber is expected to double by 2020 compared to
the present. A likely solution is an increase in natural rubber production in Latin America and Africa,
which have an unused potential. However, the 7-year gestation period for natural rubber before
returns can be made will prolong the adjustment period (ETRMA, 2011c). The availability of natural
and synthetic rubbers may become problematic in the years to come. Shortages affecting natural
rubber will in turn affect synthetic rubber. Synthetic rubber is made from fossil fuels and is therefore
a non-renewable resource. As described above the long-term outcome from increased natural
resource scarcity is that efforts in R&D will be more urgent (ETRMA Annual Report, 2011-2012).
Recent changes in supply and demand for ELTs
The financial crisis has led to changes in both supply and demand for ELTs. It is expected that
consumers wait longer before they replace their car tyres, just as they are postponing maintenance
and repairs. Since 2008, there has been a continuing decrease in EU replacement market sales in
the various segments. In 2012 alone, this decrease amounted to 13% in the consumer segment
(including light truck, car & van tyres) and 19% in the truck segment. Consequently, fewer tyres
have become available as ELTs for collection and treatment.
The financial crisis has also affected the demand for ELT recycling markets in Europe. As
mentioned before, synthetic turf and children playgrounds are the main market outlets for ELT
86

granulates.

However, investments in neighbourhood renewal, public space and urban

development (often funded by local governments) have been reduced, and consequently the
markets for ELT granulates are saturated. (Interview, ETRMA).
The market for ELT rubber in asphalt has experienced a better development. Although the
consumption of bitumen used in asphalt for road construction decreased between 2007 and 2010, it
increased again from 2010 to 2011 to a level of 15.4 million tonnes in the EU, Norway, and
Switzerland. However, in order to make the asphalt stronger, bitumen is generally modified by
adding mainly SBS (Styrene-Butadien-Styrene). The actual share of modified bitumen differs from
country to country. In 2011, it was 25% in Austria and Belgium, in Italy 14% and UK 8%. In
87

Germany it was 23% in 2009 (EAPA, 2012 ). In general, the use of modified bitumen has been
increasing, and here it is relevant that ELT rubber powder can replace SBS. However, asphalt
rubber remains a marginal application in all EU markets at present. According to some industry
sources, there is, nevertheless, a potential for growth for the use of asphalt rubber in Europe
(Interview Genan, 2013). If it is assumed that on average 20% of the bitumen in the EU is modified,
the total amount of modified bitumen corresponds to 3 million tonnes. Of this amount it is
reasonable to assume that 4% is SBS (Thienel, K-Ch., Münich University, 2011), i.e. 120,000
tonnes. The SBS amount of 120,000 tonnes can be replaced by 300,000 tonnes of ELT rubber
powder, which is equal to approximately 450,000 tonnes ELT.
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According to ETRMA estimates, both market outlets might represent 66% of the demand for ELT granulates in Europe
(based on a feedback from a limited number of ELT management companies in Europe producing a quantity of ELT rubber
granulates representing about 25% of the estimated rubber fraction from ELT granulates produced in EU27+NO+CH in 2011).
87
EAPA, 2012 ASPHALT IN FIGURES 2011 (Consumption of modified bitumen in the road industry on page 4)
http://www.eapa.org/userfiles/2/Asphalt%20in%20Figures/Asphalt%20in%20figures%2029-11-2012.pdf
88
Calculated by CRI based on the official statistic, the Münich University Study, the ratio between SBS and
rubber powder taken from the LCA study (Force Technology et al) and assuming 67% of the weight of a tyre can be made
into rubber powder and granulates, cf. the information stated under section 6.2. „Recycling the materials‟
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Furthermore, in the future ELTs can be used in the production of new tyres, although not all
industry players are of the same view here. The first production of devulcanised rubber using ELT
rubber powder that can be used as material for production of new tyres will start in 2013 (Interview
89

Genan, 2013).

The initial production consists of processing 28 kilotons truck and industrial tyres.

Genan estimates that 28- 30% of the annual relevant ELT arising can be treated. However, the
assessment from ETRMA is that devulcanisation technology (existing or under development) is not
ready for industrial application. At the very least, it doubts whether volumes will be processed in
such quantities that it will affect the market for ELTs in Europe. Only time will tell how big the
devulcanisation potential will be.

6.4

Current and future market performance
High recovery rates
In 2011, an estimated 3.5 million tonnes of used tyres were generated in the EU27 and Norway,
Switzerland and Turkey of which 620,000 tonnes were part-worn tyres (ETRMA, 2012a). The
average recovery rate for used tyres was 95%, which is remarkably high (ETRMA, 2011d).
In 2011, around 80% of the used tyre arisings were energy recovered (38%) or material recycled
(38%), and about 10% were retreaded and reused or exported. Overall, this represents a five-fold
increase in the recovered quantities from 1994 to 2011 and an average 25% annual increase
(ETRMA, 2012b). The development is highly correlated with the ban on landfill disposal, the
introduction of the three types of management schemes in Europe and technological developments
(ETRMA, 2012a). The introduction of the ban on landfill disposals and used tyre management
systems in Europe was a reaction to the significance of the problems caused by the volumes of
used tyres produced. Today, with a 95% recovery rate, the problems with high volumes of used
tyres have been substantially reduced (Interview BIR, 2013). Figure 6.1 illustrates the development
in treatment routes for used tyres in the period 1996-2011.

Figure 6.1

Treatment routes for used tyres 1996-2011

Source: ETRMA.
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Genan will start its production of devulcanised rubber using ELTs.)
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Internationally, recovery rates for ELTs have also increased significantly, although recovery rates in
the EU are higher than in the USA, Japan and South Korea. The current high recovery rates mainly
stem from ELTs being energy recovered (Hyder Consulting, 2012).
Of the 2.7 million tonnes of ELTs generated, 22 countries recovered 90% or more of their annual
used tyre arisings. Of these, 18 countries even recovered 100%. Around 150,000 tonnes of used
tyres are still landfilled corresponding to 5% of all used tyre arising. The small share of landfilling is
a relatively recent phenomenon. Thus, in 1996, 49% of the used tyres were still landfilled, while this
share had dropped to 20% in 2004 and 8% in 2007 (ETRMA, 2012a). Part-worn tyres are estimated
at 620,000 tonnes, corresponding to 20% of the annual used tyre arisings. Approximately 50% are
retreaded, 30% are exported (for reuse and retreading), and 20% are reused. Most of the part-worn
tyres come from the largest EU countries with minor differences in the individual categories..
Over the last decade, the volumes of imported used tyres have experienced a general decline,
which coincides with the establishment of used tyre management systems in the EU. Intra-EU trade
dominates, and around 95% of all imported used tyres came from other EU countries in 2010. After
other EU countries, African nations are the largest trading partners (OECD, 2013).
Challenges and opportunities for ELT-derived materials
Depending on the quality, both ELT granulate and steel have an average price of around € 200 per
tonne (Eurostat, 2013) (Interview Genan, 2013). In 2011, the combined market value was
90

approximately € 200 million.

Moreover, under a business-as-usual scenario with 100% material

recycling the value is estimated to be € 500 million. However, the markets for ELT-derived materials
are currently under pressure, and this will also lead to pressure to pursue other applications,
notably energy recovery. Thus, a continuous business-as-usual scenario is highly uncertain.
Expectations are high in the area of asphalt rubber because it saves maintenance costs and
reduces noise (5-6 dB compared to conventional asphalt). Hence, asphalt rubber has important
advantages that can be played out as part of green public procurement. In addition, the production
of devulcanised rubber for substitution in natural rubber compounds will start later in 2013
(Interview Genan, 2013). Therefore, the ELT material recycling industry has new opportunities to
grow. In order to realise these opportunities, investments are necessary to reorganise the structure
of the industrial supply chain. The existing infrastructure is a solid foundation for attracting
investments (SSSUP, 2011). However the development of new recycling outlets for ELTs is
conditioned on the overall outcomes from R&D projects, access to research funding or green public
procurement to realise the opportunities for growth.
However, it is questionable whether such opportunities will arise fully in the short term. After all,
public budgets at national, regional and local level are under pressure, and this may lead not only to
a reduction in investments, but also to an even stronger focus on costs – as part of the initial
procurement process. Hence, some stakeholders doubt whether the potential of asphalt rubber will
offset the losses in other ELT market segments. Other stakeholders (Genan, 2013) find that both
the potential of asphalt rubber and the use of ELT powder in new tyres will increase the
consumption of ELTs for material recycling into a high-quality output. In the long term, the main
challenges for increasing recycling rates are technological improvements and sharing of knowhow
between stakeholders. Protection of current market positions can interfere with the need to share
critical competences, capabilities, and knowhow (SSSUP, 2011).
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6.5

Framework conditions
National and international legislation is an important driver of the treatment and disposal of used
tyres (WBCSD, 2010). Currently, waste hierarchy preferences are reflected neither in EU nor in
national legislation due to the maturity of the 2008 Waste Framework Directive.
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Therefore, raw

materials invested in the production of new tyres are wasted by using low-level environmental
solutions (SSSUP, 2011). At present, the legislation primarily focuses on collection and
management rather than increasing recycling rates. To obtain more environmental optimal
solutions, policy and regulatory framework changes should also favour technologies further
downstream if that helps avoid the production of new raw materials. Furthermore, it should also
promote the use of the output in substitution applications, thus turning a waste burden into an
environmental as well as an economic benefit (Eco-innovation, 2013). To comply with the increased
requirements, EU and national policies are pivotal for establishing a grounded and long-lasting
business environment. The financial support is justified by the environmental costs that can be
avoided (SSSUP, 2011).

6.6

Policy implications
Strategic outlook
ELTs are currently not used in the production of new tyres but gradually they will be (cf. the section
on „R&D and emerging technologies‟ (Interview Genan, 2013)). However, the diversity of ELTderived products used in other applications contributes to medium-high recycling rates, i.e. 38% of
used tyres arising in 2011 (ETRMA, 2013a). Outlooks differ between the short-term, medium-term
and long-term. In the short-term, the reduced demand for ELT granulates in public investments
(synthetic turf or children playgrounds) may not be fully compensated for by other applications
(notably asphalt rubber and new tyres). Hence, it is expected that other applications, such as
energy recovery, are still needed (Interview ETRMA, 2013). In the medium term, application of ELT
granulates for asphalt and new tyres may potentially to change the market in terms of the quantity
absorbed. Quality ELT granulates have a high development potential, and many uses are based on
the natural characteristics of the rubber and the very competitive price of ELT granulates compared
to virgin rubber. However, investments are necessary to produce a sufficient quality and quantity of
ELT granulates. In the long-term, development of financially sustainable devulcanisation
technologies has important perspectives for using the most environmentally friendly solutions
(SSSUP, 2011).
All applications have some strengths and weaknesses, but the typical barriers hindering
widespread usage of material recycling are various technical limitations and market readiness as
well as market competition between recycling and energy recovery. Moreover, applications also
differ at the level of development potential and perspective (Aliapur, 2009). The numerous
applications of ELTs, ELT-derived products, end-markets, and technological developments make
future expectations somewhat uncertain. The driving factors will be the price of fossil fuels as well
as natural rubber. Given the exogenous developments in these primary markets for natural rubber
and fossil fuels, the main issue with material recycling is whether or not the market for ELT-derived
products is „immature‟ and thus whether or not it should be supported (OECD, 2005).
Investments and collaboration are needed
Today, material recycling has far from gained a dominant share of the ELT market. The explanation
is that the recovered products are often characterised by a performance that is equal or almost
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The 2008 Waste Framework Directive sets the basic concepts and definitions related to waste management.
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equal to traditional products and only rarely achieve improved performances, i.e. longer life cycle,
higher quality, cheaper costs, etc. Consequently, the use of tyre-derived products depends on ecofriendliness. However, if the ELT-derived product markets are to grow it needs support to start and
consolidate. In this process, public administrations and policies play an important role in developing
the markets. The development is affected by attitudes to open innovation and the triangulation of
knowledge among companies, public administrations and research centres (SSSUP, 2011).
Heavy R&D investments are being made and new technologies are emerging. These efforts are
likely to increase the number of applications for ELT-derived products including ELTs beginning to
enter in the production of new tyres. Combined with a policy and regulatory framework that
stimulates the markets for ELT-derived products, significant opportunities for more environmental
optimal treatment of ELTs are likely to be realised in the years to come (WBCSD, 2010). Table 6.1
summarises the strengths, weaknesses, opportunities, and threats of the European tyre market.
Table 6.1

SWOT analysis of the European tyre market
Strengths

Relative high recovery rates

ELT-derived products are used many
applications

The existing ELT management infrastructure
is a solid foundation for attracting investments.

Retreading truck and aircraft tyres is
economically sustainable.

Heavy R&D investments

New technologies are emerging

Opportunities

Improving the quality of ELT granulate through
technological advances and investments

Increased intra-EU trade of quality ELT
granulate

Replacing in the long term natural rubber used
in the production of new tyres with recycled
rubber granulate

Rubber price volatility will foster increased
focus on R&D

Investments are being made to reorganise the
structure of the industrial supply chain

Enhanced sharing of knowhow between
stakeholders

Enlarging end-markets for ELT-derived
products by green public procurement

Weaknesses

Limited market size for ELT-derived products

Commodity volatility of supply and prices

Lack of transparency in the markets for rubber

The tyre industry is import-dependent on rubber

ELTs are exported out of the EU

It does not pay to retread used car tyres

Many emerging technologies are prohibitive due to
costs

Technical limitations and market readiness are the
typical barriers for ELT-derived products

The performance of ELT-derived products is equal
to traditional products
Threats

Reduction of available used tyres

Fossil fuel price increase

Limited technological development

Greater risk exposure due to natural rubber
speculation

Less multi-stakeholder R&D collaboration due to
the financial crisis

Reduction in the market demand for ELT-derived
products due to the financial crisis

Protection of current market positions can interfere
with the need to share critical competences,
capabilities, and know how

Source: Own illustration.

Policy implications
Figure 6.2 illustrates the principles of the circular economy of tyres and million tonnes of used tyres
in 2011 in brackets. In the circular economy, materials flow from virgin materials into products to
end users. Before reaching their end of life, the products may be reused. The green flows expand a
circular economy and the red flows reduce a circular economy. This process is divided into three
stages, i.e. a waste logistics and treatment system, alternative waste markets and a raw material
market.
The majority of European ELTs are collected and treated, and the ELT management models are
well-established systems. However, some tyre treatment options potentially discourage increased
material recycling, i.e. landfilling (equal to no treatment), exporting, civil engineering applications,
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energy recovery and the current size of the market for ELT-derived products. They are accentuated
by hot spots 1-6 in the figure. The yellow and red coloured hot spots signal whether the area has a
low or high effect on the material recycling potential in terms of tonnes of tyres used. The green hot
spot (7) is related to waste prevention.
Figure 6.2:

The circular economy of tyres – hot spots and million tonnes of used tyres in 2011.

Source: Own illustration.

Numerous instruments and methods can be applied to accelerate and facilitate increased material
recycling rates of ELTs. Based on the evidence collected, we see the following policy implications:
1.

Exchange of best practices of used tyres management. Even though it is illegal, 150,000
tonnes of used tyres were either landfilled in 2011, or of unknown whereabouts, where Italy
and (outside the EU) Turkey account for 80% of the total amount. In both countries, this can
be attributed to the phase-in of the producer responsibility model. ETRMA has a forum for
exchange of best practices between national ELT management companies. This may promote
a more efficient recovery of ELTs.

2.

Review export of part-worn tyres. Part-worn tyres are not categorised as waste and
consequently it is perfectly legal to export them to less developed countries. The result is,
however, that recyclable material is leaving the EU and the chance of ultimate recollection in
other parts of the world is lower than in Europe.
Policy implications: This practice can be controlled and a level playing field can be created by
monitoring exports of part-worn tyres combined with introducing socio-environmental
standards (i.e. relating to working environment and treatment of ELTs) to be complied with for
processing of ELTs in third countries.
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3.

Review civil engineering applications. The term „recycling‟ is used in connections with civil
engineering applications. This covers a number of different applications such as foundations
for roads, costal protection or insulation. The Waste Framework Directive states that
92

backfilling operations are not considered recycling.

Policy implications: It is important to clarify and determine that civil engineering applications
where shredded tyres substitute gravel, sand, soil, or stone should be considered backfilling
and not recycling. ETRMA has already implemented this concept by separating ‘material
recycling’ and ‘material recovery’ (i.e. material recycling options + civil engineering, public
works & backfilling) in its annual ELT statistics.
4.

Monitoring technological development and market for recycled material. Energy
recovery of ELTs is an important and sound treatment option for ELTs in Europe. There is a
clear economic and environmental rationale for energy recovery for the cement and tyre
industries. By using ELTs for energy recovery, ELTs replace other energy sources such as
coal or pet coke with some additional advantages (fewer emissions, biomass fraction, and
substitution of iron ore and silica). However, material recycling ranks higher than energy
recovery in the waste management hierarchy, and material recycling, such as artificial turf and
modification of asphalt and bitumen, is a better alternative from an environmental point of view
as documented by two LCA studies. An increase in material recycling would be a transition
towards a more circular society and fulfilling of the EU Commission‟s Communication on a
„Roadmap to a Resource Efficient Europe‟ from September 2011, with its milestone that by
2020 „Energy recovery is limited to non-recyclables materials…‟.However, currently the tyre
industry needs to keep all recovery options open to deal with obligations related to the landfill
ban on ELTs. The processing capacity for material recycling is not sufficiently in place, the
market demand for granulates is insufficient or uncertain. De-vulcanisation might be a further
option for processing ELTs. However, for the time being, the technological developments, the
capacity, and the business model are not well documented. Taking these uncertainties into
account, and knowing that investments in developing material recycling technology are made,
we suggest that the EU Commission reassess the development in processing technology and
the capacity of material recycling as a route for ELTs in 2017 to clarify, if processing capacity
and markets can absorb a higher number of ELTs and rubber material then.
Policy implications: To monitor the development in processing capacity, technologies for
material recycling and a possible effect on competitiveness concerning such material recycling
and energy recovery with a reassessment in 2017.

5.

Increase green public procurement. Currently, public procurement has (too) strong focus on
initial purchase costs, while maintenance costs and wider societal benefits are often less
important. This prevents the wider take-up of tyres in the form of asphalt rubber.
Policy implication: Support and develop end-users for markets for ELT-derived products;
green public procurement should be more integrated in both national and EU policies.
Governments are in a strong position to stimulate the demand for recycled materials.
Furthermore, standards that ensure that ELT-derived products can be used as a substitute for
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In the recycling Waste Framework Directive (Directive 2008/98/EC, Art. 3.17) recycling is defined as: „...any recovery
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virgin raw materials should be set, and use of recycled material where virgin material is
currently used should be required, e.g. in road surfaces.
6.

Support for R&D activities. Improving existing or developing new products is pivotal for
enhancing the circular economy in the long run. In this respect, the existing infrastructure
constitutes a solid foundation.
Policy implication: Financial support and closer multi-stakeholder collaboration between tyre
companies, recyclers, used tyre management companies, laboratories and governments are
central to increasing material recycling.

7.

Increase retreading. When retreading a tyre, the wearing surface of the tyre is replaced with
new rubber tread, thus extending its life. In this way, retreading is a form of waste prevention
that enables the extension of the life of a tyre. Future waste generation can be reduced by
more retreading. There is currently an untapped potential for casings suitable for retreading.
Policy implication: The untapped potential for retreading tyre casings could be fully exploited
by introducing EU harmonised end of waste criteria for casings that are still suitable for
retreading..

Overall, setting up a long-term target for recycling ELTs could serve as a strategic focus and give
the tyre industry a tangible goal and perspective. The Commission already has a set of recycling
priorities through the waste management hierarchy and in its Communication „Roadmap to a
Resource Efficient Europe‟. In order to deal with the EU landfill ban on ELTs, the tyre industry
needs to keep all recovery routes open until a demand for recycled materials and technologies to
process ELTs are certain and sufficient.
To accommodate a higher percentage of material recycling, a combination of systematic and
coherent efforts is necessary. A strategic focus on just one area and applying one tool at a time is
simply insufficient. Finally, consistency between the priority areas is essential.
The proposed policy options have the potential to decrease waste generation and maintain or even
increase the recycling rates of ELTs as well as the reuse and retreading of part-worn tyres and thus
the circular economy in Europe. Returning to the hot spots, in Figure 6.2 the yellow spots have the
lowest potential in terms of the volume of used tyres. In 2011, they concerned approx. 0.61 million
tonnes of used tyres. Due to the absolute size, they could be considered „low-hanging fruit‟.
Moreover, the tyre industry will be able to adapt its capacity relatively fast to the new conditions.
The red spots have the largest potential effects. In 2011, 1.27 million tonnes of used tyres were
energy recovered. Consequently, this requires a long adjustment period.
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7 Market analysis: the market for Waste
Electrical and Electronic Equipment (WEEE)

7.1

Introduction to WEEE
Millions of tonnes of waste electrical and electronic equipment (WEEE) are generated in Europe
every year, but only a minor part of the WEEE reaches the final recycling step where critical metals
are recovered for secondary use. WEEE is one of the world‟s fastest growing waste streams due to
the short lifespan of electrical and electronic equipment (EEE). New appliances are developed all
the time, and more and more people are gaining access to EEE worldwide.
Regarding material composition, WEEE is defined as a mixture of various metals, different types of
plastics and ceramics. Essential constituents of much WEEE include so-called critical metals. The
term critical metals as used in this analysis comprises a group of metals that has a particularly high
risk of supply shortage in the next 10 years and has a particularly high economic relevance despite
of the low metal volumes used globally. This is in line with the definition developed by the EU Raw
Material Initiative (European Commission, 2011). The focus in this market analysis of WEEE will be
on the 14 metals that have been defined as critical to the EU. They are antimony, beryllium, cobalt,
fluorspar, gallium, germanium, graphite, indium, magnesium, niobium, platinum group metals, rare
earths, tantalum, and tungsten (European Commission, 2011). Precious metals such as silver and
gold are also constituents of WEEE that can be recycled. In some cases, precious metals are the
primary focus of WEEE recycling due to the large amounts of these metals in WEEE and a more
developed technology for recycling that increases recycling profitability. Precious metals will be
considered when relevant. However, the primary focus of the analysis will be critical metals.
Figure 7.1 provides an overview of the WEEE lifecycle diagram. We discuss the different players
involved in the process in the following section.

Figure 7.1:

EEE lifecycle diagram

Source: Own illustration.
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7.2

Basic conditions and structure
The life of EEE consists of various stages from the acquisition of raw materials to manufacture, use,
reuse, recycling and disposal. When EEE becomes WEEE, it can be collected either non-separated
or separated. Non-separated WEEE ends up with the ordinary municipal waste and incinerated for
the purpose of energy recovery or disposed of. Separated WEEE is either reused or recycled to
produce secondary material input for new production processes (within a range of different
industries). However, separated WEEE may also be exported to be reused by consumers outside
93

the EU (legal) or alternatively recycling under dubious conditions (illegal) in Asia and Africa . All of
the possible stages of the process are illustrated in Figure 7.1 above.
WEEE management and extended producer responsibility
WEEE management is governed by the WEEE Directive (Directive 2002/96/EC), which was
recently amended (Directive 2012/19/EU). Both of the WEEE Directives impose the responsibility
for the disposal of WEEE on the producers. There are two generic categories of WEEE
management systems, i.e. „collective systems‟ and „individual systems‟. The objective of both these
systems is to provide WEEE management services at reduced costs to the consumers and ensure
compliance with the WEEE legislation at national level (UNEP, 2007). Individual producers are free
to choose between the two systems. However, the principle of extended producer responsibility
applies in all cases.
Most producers are members of a collective compliance system making it convenient and fast to
ensure that they live up to their producer responsibility. In these systems, each producer pays a fee
to the collective compliance system according to the amount of EEE he puts on the market. At
European level, the WEEE Forum, a non-profit association of 39 European producer compliance
schemes, collaborates to ensure collection and proper treatment of WEEE.
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The WEEE is

collected at local waste sites, sorted and transported to a suitable plant for further treatment.
Producers who choose not to be part of a collective compliance system are obliged to manage
collection, transportation and treatment on their own (individual schemes). If a producer sells EEE
for commercial use, he must make sure that the user is aware of the ways to return the WEEE to
the producer. When selling EEE to private users, the producer is covered by a „clearinghouse
system‟ where a national coordinating body is responsible for determining the collection obligations
of each producer. The producer must collect the determined amount of WEEE from regional
collection points and make sure it is treated according to standards and regulations (UNEP, 2007).
While WEEE collection takes place at local or regional level with tens of thousands of collection
points, dismantling and pre-processing typically takes place at a regional or national level at various
facilities all over the EU-27. There are thousands of dismantling companies all over Europe while
pre-processors are measured in their hundreds (Hagelüken, 2012). All pre-processing begins with
the removal of certain hazardous components. Afterwards, the different components of WEEE are
separated. The technique applied at this step largely depends on labour costs in the country in
93

There is no regular reporting on WEEE movements since there is no code for WEEE in the Basel Convention (because it is
prohibited). Nevertheless, there are plenty of indications (e.g. only 3.2 million tonnes of the 10 million tonnes of WEEE put on
the European market were collected in 2010 and WEEE waste sites can be found in West African countries, India and China)
that a significant amount of WEEE is not collected and treated according to EU standards. Instead, it may be exported to
countries outside the EU disguised as used electronics and electrical products (European Environment Agency, 2012). There
are no exact estimates of the amount of illegally exported of WEEE.
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Interview with Pascal Leroy, Secretary General of the WEEE Forum
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question and has a major influence on further separation steps and thus on metal recovery
efficiency (Chancerel, 2010). After pre-processing, a range of different technologies for automatic
size reduction is available on the market. They include cutting systems, rotor shredders, rotor
impact mills and hammer mills. Following size reduction, different fractions of materials (ferrous
metals, non-ferrous metals - among these critical metals - and plastics) are separated using
mechanical and manual procedures. The shredding residues are often used for energy recovery
where critical metal parts are lost for further recovery (Bakas et al., 2012).
End-processing takes the dismantled components produced in the pre-processing step and
recovers metals and other materials that can be used as secondary raw materials in the production
of new EEE or in other industries. As opposed to collection and pre-processing, end-processing of
WEEE is a globalised service with only few facilities in Europe. The main player in this field is
Belgian Umicore, which recovers precious metals (silver, gold, platinum, palladium, rhodium,
iridium, ruthenium) and special metals (indium, selenium, tellurium) in an integrated smelter. In
95

2012, Umicore employed a total of 14,438 persons.

Two other players are the Aurubis Group in

Germany and Boliden in Sweden, which both use copper smelters for recovery of precious metals.
The Aurubis Group employs 6,400 persons
persons in Sweden and Finland.
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(not all of them in the EU) and Boliden employs 4,500
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Entry barriers
Entering the WEEE market entails some barriers depending on the specific part of the market (i.e.
collection, dismantling, pre-processing and end-processing). When entering the end-processing
market large investments in land and production facilities must be made, necessary permits must
be obtained, etc. Production facilities for WEEE end-processing are costly. Hence, the fixed costs
of entering the WEEE end-processing market are very high (which is probably the reason why there
are only three end-processing companies in Europe). Once the processing facility is operational,
production can be made more cost-effective by processing a large and continuous amount of
WEEE due to economies of scale. However, the relatively low amounts of collected WEEE
compared to the amount of generated WEEE also constitute a barrier to entry into the market as
well as operation of WEEE end-processing companies (EPOW, 2011).
With regard to the pre-processing and dismantling market, one entry barrier is access to labour that
is not too expensive. Pre-processing and dismantling processes require either use of manual
labour, which is expensive in many European countries, or development of new technologies to
ensure careful separation of WEEE as a prerequisite for effective metal recovery. The currently
available technologies for WEEE dismantling do not ensure a sufficiently effective recycling
process.

7.3

Market conduct
The European WEEE management industry includes dismantlers and pre-processors as well as
end-processors. Due to the ever-growing quantities of WEEE and the inherent market possibilities,
end-processing facilities are expanding. In 2011, the German Aurubis Group expanded its total
recycling capacity from 275,000 tonnes to 350,000 tonnes per year. The recycling capacities at
Boliden in Sweden are currently undergoing a considerable expansion from 45,000 tonnes to
120,000 tonnes of WEEE per year. In Belgium, Umicore processes over 350,000 tonnes of raw
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Source: http://www.umicore.com/en/
Source: http://aurubis.com
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material (all kinds of WEEE) every year (Buchert et al., 2012). Consequently, considerable plant
capacity for recycling of precious and critical metals is available and is currently being expanded.
WEEE price mechanisms
According to the WEEE Forum, the average cost of separate collection and treatment of WEEE in
98

the EU in 2009 came to about 300 €/tonne.

This includes the direct cost of collection, transport

and treatment as well as the operational costs of the monitoring and administration of collective
compliance systems. The producer-paid collection system fee covers all these expenses, which are
eventually imposed on the end users when they purchase new EEE.
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Consequently, the value of

WEEE considered as one waste stream is negative, i.e. the producer pays to have the WEEE he
generates collected and treated. The value of WEEE, however, increases along the value chain
when pre-processing has taken place and shredding residuals as well as metal components are
sold for further processing. As a last step in the recycling chain, end-processors recover and sell
precious and critical metals that can be used for new production purposes.
Recycling costs differ dramatically between the different WEEE categories. Recycling costs are
extremely high for categories like energy saving lamps containing hazardous substances, while
other categories of WEEE, such as large household appliances or mobile phones, generate
revenues from the recovered secondary raw materials that exceed the costs of separate collection
and treatment. In general, the costs of collection and treatment per tonne are expected to decrease
with rising amounts of collected WEEE (Bakas et al., 2012).
Prices of metallic minerals are usually established on global commodities exchanges. However,
many of the EU‟s critical metals are not traded on the commodities exchanges. Instead, critical
metals are traded on the open market, i.e. using bilateral contracts between producers (primary
mining firms or recycling companies) and buyers (different industrial users and critical metal
traders). The volumes traded are very small in comparison to other metals, which makes the market
for critical metals less transparent (European Commission, 2011). At the same time, it is a
globalised market, and the smaller the amount of metal traded, the more global the market is.
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This means that the European end-processors sell critical metals to industrial users all over the
world as well as traders of these metals.
Over the last 10 years, prices of metallic minerals – among these precious and critical metals have increased steadily. In January 2012, the gold price was 1,384 USD/t oz. and 1,286 USD/t oz.
101

for platinum

, representing a fivefold increase in the commodity price for gold and a doubling of

platinum prices (World Bank data, 2013).
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There are two main reasons for the steep increases in

price for precious and critical metals. First, many of the critical metals have no suitable substitutes,
causing prices to rise rapidly when demand is higher than supply. Second, increased demand
cannot be compensated for by increased supply when metals are produced only as by-products of
base metals. Examples of this include critical metals such as indium and germanium, which are byproducts of zinc mines and gallium from aluminium processing. This also causes metal prices to
rise rapidly (Bakas et al., 2012).
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Country specific data on costs of collection and treatment are considered commercially sensitive information by
the WEEE Forum and are therefore not available.
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Interview with Dr Christina Meskers & Ana-Maria Stoian, Assistant Manager Umicore EU Government Affairs,
Umicore Precious Metals Recycling.
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The international troy ounce (t oz.) is used to express the mass of precious metals such as gold, silver, and platinum.
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7.4

Market performance
In 2010, the total amount of EEE put on the European market was almost 10 million tonnes
according to Eurostat. There is no official record of the amount of generated WEEE, but it was
estimated to be approximately 7-8 million tonnes in 2008 (United Nations University, 2008) and
probably higher in 2010. Of this amount, 3.2 million tonnes of WEEE were collected in the EU-27 in
2010, and the recycled and reused amount was approximately 2 million tonnes. Hence, less than
one third of the generated WEEE is currently being reused and recycled.
Figure 7.2 illustrates the recycling rates of the different metals critical to the EU. It is evident that the
recycling rates of some critical metals are very low or non-existing. In some cases, this is due to
lack of technology allowing for recycling of, e.g., beryllium, fluorspar and gallium. In other cases,
relatively low recycling rates are caused by insufficient collection of WEEE, illegal shipments of
WEEE, or sub-optimal pre-processing techniques. We discuss this in more detail below.

Figure 7.2:

Recycling rates of metals critical to the EU
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Source: European Commission, 2011, Tackling the Challenges in Commodity Markets and on Raw Materials.

7.5

Framework conditions
EU legislation is an important driver for the collection and recycling of WEEE. Recently, a new
WEEE Directive (Directive 2012/19/EU) came into force (on 13 August 2012), which must be
integrated into the national legislation of the Member States by 14 February 2014. The new WEEE
Directive sets higher targets for collection, recycling and recovery of all types of WEEE. The
following targets apply:


From 2016, the minimum collection rate to be achieved annually is 45% of the average weight
of the amount of EEE placed on the market in the three preceding years in the Member State
concerned. From 2019, the minimum collection rate to be achieved is 65% of the average
weight of the amount of EEE placed on the market in the three preceding years in the Member
State concerned, or alternatively 85% of WEEE generated in the territory of that Member
State.



Depending on the category of WEEE, minimum targets for recovery and recycling are
applicable as described in Annex V of the Directive. From August 2012 until August 2015, 7080% of WEEE must be recovered, and of this 50-75% must be recycled. From August 2015,
75-85% must be recovered and 55-80% must be recycled.

Moreover, the Restriction of the use of certain Hazardous Substances in electrical and electronic
equipment Directive (Directive 2002/95/EC) has been amended recently. The new RoHS Directive
(Directive 2011/65/EU) places tighter restrictions on European manufacturers concerning the
material content of new electronic equipment placed on the market.
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Regarding cross-border movements of waste, WEEE is normally classified as hazardous waste,
implying that the authorities in the recipient country must be notified before it is transported across
borders, and export to non-OECD countries is prohibited by EU‟s Waste Shipment Regulation
(Regulation (EC) No 1013/2006). Fully functional appliances may be exported to non-OECD
countries, but it can be difficult to discern when the used EEE is a second-hand product or waste
i.e. WEEE (European Environment Agency, 2012).
One of the key elements of the new WEEE Directive
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is a reversed burden of proof where a

shipment of used EEE is suspected of being a shipment of WEEE. Testing in such instances
includes functionality testing. The provisions of Annex VI of the new WEEE Directive ensure that
where there is an element of suspicion of the shipment being WEEE, it can be established on
objective grounds whether the object to be shipped is EEE, or WEEE.

7.6

Policy implications
Strategic outlook
The SWOT model below summarises the above analysis of the WEEE waste market. Each of the
four dimensions (strengths, weaknesses, opportunities and threats) has been accessed with a view
to increasing WEEE recycling rates in the EU.

Table 7.1:

SWOT analysis of the market for WEEE
Internal situation
Strengths




Weaknesses

There are producer responsibility schemes



Insufficient collection of WEEE

for WEEE in 25 of Europe‟s 27 Member



Legal/illegal export of WEEE from the EU

States



Sub-optimal pre-processing and dismantling

The WEEE Directive has been amended
setting higher future collection rates and
recycling targets for WEEE



Available technologies allow for recycling of
many critical metals and facilities for urban
mining exist
External situation
Opportunities



Secondary critical metals are fully

Threats


substitutable to virgin critical metals when
processed to meet the same requirements


Steep price increase of precious and critical
metals over the past 10 years



Strategic value of WEEE, i.e. in many cases

Price increases of critical metals increases

a stable supply of critical metals is important

profitability of recycling processes

for climate policy objectives and for
technological innovation


Uncertainty: Implementation of large-scale
recycling of critical metals in WEEE requires
significant investments. Uncertainty about
future quantities and qualities of waste
streams, legislation and the value of
materials may discourage the establishment
of recycling activities

103

78

Directive 2012/19/EU

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

Based on the analysis above, we have identified three main „hot spots‟.
Figure 7.3:

„Hot spots‟ in the EEE life cycle diagram

Source: Own illustration.

The above figure describes the main „hot spots‟ using the WEEE lifecycle diagram. They are:
1.

Hot spot 1: Insufficient collection of WEEE. In general, the collection rates of WEEE are
insufficient and there are huge differences between EU Member States as regards collection
rates (Bakas et al., 2012). However, the collection rates vary immensely from WEEE category
to category. Relatively large collection rates are characteristic of WEEE categories that are
large in physical size or rich in content of valuable metals. Such categories include large
household appliances, IT and telecommunications or consumer equipment. Other product
groups have very low collection rates, e.g. small household appliances, light equipment and
electrical and electronic tools (Bakas et al., 2012).
Policy implication: Ensure higher collection rates. Higher collection rates could be ensured
through raised public awareness of the importance of WEEE recycling as a resource for the
European industry and by developing new business models and infrastructure for collection.
New business models and infrastructure could be in the form of deposit systems or leasing
systems, etc. Higher collection rates could also be achieved by setting collection rates per
product category instead of a total amount. This possibility is mentioned in the new WEEE
Directive’s Article 7.6 (Directive 2012/19/EU). When collection targets are formulated as a
total amount the incentive to collect WEEE product categories, such as small IT and
telecommunication equipment (relatively low-weight), is low compared to the incentive to
collect large household appliances (due to the higher weight of these products). However, the
amount of valuable, critical metals is much larger in low-incentive product categories, thereby
raising the importance of collection and recycling of these specific product categories.
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2.

Hot spot 2: WEEE is exported from the EU as used products. A significant amount of
WEEE is believed to leave the EU registered as used products rather than WEEE. Used, but
working products do not require notification before shipment and can be shipped to nonOECD countries legally. However, these old products are not always fully functional or they
end up as WEEE after only a short time. Consequently, much of what should have been
registered as WEEE appears to be exported (illegally) out of the EU disguised as used EEE
(European Environment Agency, 2012, Bakas et al., 2012 & Fischer et al., 2008). Different
studies carried out by a range of different agencies all over Europe have tried to estimate the
amount of (illegally) exported WEEE disguised as used products. The results of these studies
differ considerably and make it difficult to conclude anything regarding the extent of the
dubious EEE/WEEE shipments. However, no doubt valuable critical metal is lost as a
resource for the EU industry when used EEE/WEEE is (illegally) exported to countries outside
the EU. Furthermore, WEEE that is exported (illegally) to non-OECD countries may not be
treated in an environmentally sound manner. Consequently, in addition to the loss of critical
metals such exports pose a threat to human health as well as the environment.
Policy implication: Foster transparency throughout the entire WEEE recycling chain by setting
mandatory reporting requirements for material flows along the recycling chain. This would
ease the tracking and tracing of WEEE from collection to the final destination and ensure that
the collected WEEE is transported to suitable treatment facilities and is not landfilled,
incinerated or shipped to countries outside the EU disguised as used EEE. Furthermore,
comprehensive use of customs documents and additional customs codes should be
implemented to ease controls at ports aiming to better distinguish used EEE from WEEE. In
addition, a risk approach to facilitate targeted controls of high-risk shipments should be
implemented. For example, high-risk shipments could be identified based on exporters and
final destination.

3.

Hot spot 3: Sub-optimal pre-processing and dismantling. Complex products such as
WEEE contain a multitude of critical metals that need to be separated manually to ensure their
efficient recovery. Manual labour is, however, expensive (depending on the cost of labour in
specific countries), and mechanical techniques are often used instead. The result is that high
losses of critical metals occur at many pre-processing facilities thus lowering the final metal
recovery efficiency.
Policy implications related to processing


Improve pre-processing and dismantling. High-quality pre-processing and dismantling of
WEEE are a prerequisite for efficient recovery of critical metals. In order to increase
WEEE recycling rates it is necessary to develop economic, energy efficient and
environmentally sound pre-processing technologies for complex WEEE that can
generate output fractions that fit optimally into subsequent metallurgical extraction and
refining processes.



Support technological innovation of end-processing. Finally, recovery rates of critical
metals can be increased by supporting technological development of WEEE endprocessing. This should be done by developing flexible metallurgical flowcharts that can
treat changing and complex feeds efficiently (the material composition of EEE changes
all the time when new and improved products are developed. Hence, the flexibility of
end-processing technologies is critical). Furthermore, technological innovation can
improve metallurgical process performance in relation to range and yields of recovered
critical metals as well as energy efficiency and emission levels.
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4.

Systemic solutions not related to a specific hotspot. A complex waste stream such as
WEEE requires a systemic solution and interdisciplinary approaches to improve the entire
recycling chain substantially and thereby increase the recycling rates of critical metals. Such a
systemic solution should cover very diverse fields such as product design, i.e. design for
disassembly and design for recycling, mechanical processing and metallurgy, economics, i.e.
new business models, social sciences, i.e. awareness and infrastructure for collection, etc.
(Hagelüken, 2012 and UNEP, 2013). Moreover, research and development should be multistakeholder and involve the electronics industry, WEEE processors (at different stages of the
recycling process), EEE users, etc., in order to commit all the relevant players to the same
cause. In the following, we give five specific recommendations on what can be done to
increase WEEE recycling rates.
Policy implications: Promote value chain cooperation by applying a lifecycle perspective for
different WEEE product groups. A lifecycle perspective will increase our understanding of
value chain interactions and impacts, thereby raising awareness among EEE producers of the
importance of their design for disassembly/recycling, i.e. a product design that eases
disassembly and increases recycling rates. From a regulatory point of view, requirements to
design as well as use of secondary raw materials (critical metals) could be included in product
policies. Improve monitoring of multi-material products with critical or precious metals in terms
of quantity and processing from waste to raw materials. The lack of data and transparency is
especially grave for complex products such as batteries and WEEE. They contain unknown
quantities of different materials – including critical or precious metals. There is a need for
better monitoring and enhanced transparency throughout the chain from collection to
secondary raw materials. Not only for the quantities of the materials but also monitoring the
processing of the materials. Actors required are EUROSTAT/European Environmental
Agency.
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8 Methods for measuring progress towards
circular economy

8.1

Introduction
This study focuses on waste as a resource, and respects the waste management hierarchy as set
out in the Waste Framework Directive. The primary focus of this study is on recycling, and hence
this chapter will advance the method for measuring progress towards the circular economy only in
this regard. However, we will, where possible, also acknowledge other forms waste treatment
including re-use and recovery.
In an ideal circular economy, all materials and waste are kept in a circular flow and used again.
Materials stay in the flow by reusing and refurbishing products and by recycling materials after the
end of their product life. Recycled materials are used as secondary raw materials in production and
substitute virgin materials as much as possible. In the context of this study, we have directed our
primary attention to the availability of secondary materials as an input to the EU industry. Looking
ahead towards a circular economy it is important to define how to measure the progress in this
respect. We document the availability of secondary materials, i.e. materials recovered from waste
for use in place of a primary material when manufacturing a product.
In a circular economy model, material resources are kept in the technosphere

104

for a long time and

the waste phase is a step before a material becomes a resource again and again. Obviously, the
lifetime of materials ranges considerably from only a few days in case of some fast-moving
consumer goods to several decades or even centuries such as construction materials. In this
regard, the material flows of this study also differ. Thus, while it is possible to recycle iron and steel
for the same or different purposes, other products contain materials that can be separated and
recycled using different routes. For example, the steel content of end-of-life tyres may be recycled
together with scrap from other sources, while recycling of the rubber contents and textiles may
happen via different recycling routes.
This chapter presents a methodology for measuring progress together first and uses the
methodology to measure the flow of materials within the five waste streams.

8.2

Methodology
Thus, on the input side in a circular economy, the use of primary materials should be decoupled
from economic growth and through extended use of recyclables from environmental impacts as
well. Nevertheless, in a circular economy, the inputs largely come from waste, keeping raw material
extraction within a sustainable threshold. Similarly, most of the waste on the output side should be
reused and recycled by the economy.

104

Technosphere is the part of the physical environment affected through building or modification by humans, of which materials
are being part of as products and in productions cycles.
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Figure 8.1:

Progress towards a circular economy – measuring inputs used for production

Source: CRI

The decoupling process of resource consumption is analysed in relation with the economic
activities and with the associated environmental impacts. In other words, it refers to a reduction in
the environmental impact both per unit of economic activity (relative decoupling) and in terms of
absolute levels (absolute decoupling).
While resource productivity can be related to the volume of resource consumption to GDP or GVA,
in the context of this study, these environmental impacts can be understood by comparing the
impacts from raw materials and recycled materials. Typically, as proven in several life cycle
assessments, using recycled materials has a much lower environmental impact than using virgin
raw materials.
One of the most widely applied approaches is to account for the CO2 equivalent greenhouse gas
emissions associated with production using virgin raw materials to those using recycled materials.
In case of energy-intensive processes, this is often a very accurate proxy for the overall
environmental impacts. Complex life cycle impact assessment methods account for the impacts
induced by different emissions by normalising and categorising the environmental impacts.
Table 8.1

CO2 equivalent emissions from production based on primary and secondary materials
Primary (kgCO2-eq/kg)

Low-alloyed steel

Secondary (kgCO2-

CO2-eq emissions

eq/kg)

are lower by

2,1

1,7

-19,0%

0,09*

0,04

-56,1%

Stainless steel

3,4

1,7*

-50,0%

Aluminium

11,5

1,1

-90,4%

Tyres

1,5**

0,5**

-67%

1,3

1,1

-15,4%

Cast iron

Paper (newsprint)***

Sources: EcoInvent Life Cycle Inventory Database,*CRI Estimates based on Eco-Indicator ’99105,
** CRI estimations based on various industry sources *** other paper types require less energy for production.

105 http://www.pre-sustainability.com/download/manuals/EI99_Manual.pdf

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

83

8.3

The circular economy – summary of data sources
The general principles described above have to be applied to the five selected waste types (Iron &
steel; critical metals in WEEE; batteries excluding car-batteries; tyres and waste paper other than
packaging). The application of the methodology requires that sufficient data are available. In fact,
there is a data shortage or uncertainties regarding some of the parameters. The table 8.2 below
gives an overview of the availability and quality.

Table 8.2

Overview of data availability for measuring progress on the five selected waste streams
Iron & Steel

Critical metals in

Batteries

WEEE

excl. car-

Tyres

Waste paper
other than

batteries

packaging

Material input needed by EU
Industries

Available
based on
rough
assumptions

Only limited
availability and
unsure figures

Available

Available
based on
rough
assumptions*

Available
based on rough
assumptions**

Share of secondary raw materials
and primary raw material

Available

Only limited
availability and
unsure figures

Available

Available

Available

Environmental impacts (difference
between primary and secondary
materials)

Available

Available

Available

Available

Available

Current and potential recycling rate

Available

Only limited
availability and
unsure figures

Available
from late
2013

Available

Available
based on
calculation

GVA of the sector

Available

Not available

Not
available

Not available

Limited
availability

„Available‟ means that data exist – but in most cases data are not complete for all sectors, years or countries. In
other cases, data are estimated because they are not subject to reporting obligations. Furthermore, it must be
noted that figures found in different statistical sources might be not fully comparable.* Secondary raw material
from waste tyres can be used for other applications than new tyres. Consequently, the material input can be
estimated both in relation to new tyres and total demand **Secondary raw material from waste paper has
shorter fibres than virgin based paper. Therefore, in connection with some types of paper products virgin
material based fibres need to be added to be able to use secondary raw material,. The recycled fibres can be
used up to six or seven times.

The data sources and figures presented below concern the progress towards a circular economy
for the five waste streams. No single source of statistics has all the information we need, and
therefore we use a mixture of sources and estimations to provide a clearer picture. Industry data
have been our primary data source because is often more detailed than Eurostat data, but the
collection methodologies are not well documented. With regard to data input, we have also worked
with the Eurostat Prodcom database, which estimates the weight or number of products produced
in the EU. In most cases, the Prodcom database seems to underestimate the material use.
Therefore, this data source has been less useful for documenting the need for materials than
expected. As the indicator of the economy, we have used GVA for EU27 per inhabitant when we
have not found any suitable data for the economic development of a sector.
The principle has been to find open, regularly updated data sources with valid, complete and
consistent sets of data for the EU27. Where possible, we have used simple linear estimations to
supplement missing values. Obviously, we would prefer to have real data rather than estimations.
However, when studying the documentation, some of the „real data‟ are estimations made by the
national statistical bureaus or Eurostat. In the same way, we use estimations where we think that it
is justified, and we aim to be transparent about estimations to allow the reader to judge the
uncertainty of the figures. The estimations are the difference between having no picture at all and a
plausible picture of the progress towards a circular economy. If more qualified data appear, the
methodology will be clear and it will be is easy to substitute the figures.
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8.4

Measuring progress towards circular economy
In the following, we apply the methodology of measuring the progress towards a circular economy
to the five selected waste streams. The ambition is to identify relevant sources and statistics that
can be used as indicators. Indicators can never show the full picture – but they can indicate the
underlying structure efficiently – in this case the progress towards the circular economy for the
selected waste streams. In order to reflect these uncertainties, the estimates are formulated
through bandwidths. These bandwidths also acknowledge, where possible, other forms of waste
treatment, such as re-use and recovery.
Overall, estimates have been made for iron & steel, paper and tyres. Partial estimates have been
made for the most complex waste streams, WEEE and batteries.
Estimates by waste stream: iron & steel, paper and tyres
The first waste stream is iron & steel. In order to measure progress towards the circular economy
in the case of iron & steel, the amount of iron & steel input to the industry is compared with the
amount of recycled material in the EU27 per year. The data used for the calculation are presented
in Figure 8.2.The figures for 2012-2014 are trend lines estimated by linear regression by DTI.

Figure 8.2:

Circular economy of iron & steel

As indicator for the material input to the industry, we use the statistical information for total crude
steel output in thousand tonnes from Eurofer (2012), which is the red dotted line in Figure 8.2, and
the scrap consumption. We use the net sales from the German steel industry as a proxy for the
development in the EU 27 steel industry.
As an indicator of secondary material for the input of scrap iron and steel to the production
process, we have used the EU27 scrap consumption. The estimated proportion of secondary
material is a calculation of the percentage of scrap consumption compared to the crude steel
output. In 2011, this figure is 57%. As an indicator of the amount of recycled material in relation to
the generated amount of waste, we have the figure 83% for 2007 from the World Steel Association
(WSA, 2010).
The second waste stream is paper (without packaging paper) where the amount of paper
consumed is compared with the amount recycled paper (again without packaging paper) in the
EU27 per year. The comparison is made in Figure 8.3.
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As a proxy for the material input to the paper industry production, data from CEPI (Confederation of
European Paper Industries) are used. This is the dotted red line in Figure 8.3. As a proxy for the
secondary material used, we use the amount of recycled waste paper. CEPI provides the statistics
for recycled paper and the figures for recycled packaging paper (Source: CRI). By subtracting the
figures, we obtain the amount of recycled paper excluding packaging paper. We have estimated the
amount of recycled paper for 2006-2008. The green line represents recycled material. The share of
secondary material can then be calculated by dividing the recycled material indicator with the input
material indicator.
Figure 8.3:

The circular economy for paper (without packaging paper) in EU27

The third waste stream concerns used and end-of-life tyres. The comparison is made in Figure
8.4.
Figure 8.4:

The circular economy for tyres

ELT statistics from ETRMA are detailed and have allowed us to include more figures for the circular
economy. 95% of used tyres were treated in EU27+No+CH as either part-worn tyres or recovered
as ELTs in 2011. Used tyres can be used as raw material for reuse, exports (for recovery) or
retreading if they are part-worn. Moreover, if the tyres are ELTs they can be used as secondary raw
material. 58% of used tyres are used as raw materials. If focusing only at the use of ELTs as a
secondary raw material for input to industry, then 48% of ELT arising are available. The materials

86

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

used in tyres are steel, rubber and textile. It is not possible to calculate one meaningful percentage
of secondary material input to industry. Thus, the calculated percentages relate „upstream‟ in the
circular economy to the used tyre arising instead of „downstream‟ in the circular economy to the
material input of the steel industry, the rubber industry and other industries which use secondary
waste materials from tyres as input to production processes.
Partial estimates for WEEE and batteries
The fourth waste stream is WEEE. In order to measure progress towards the circular economy in
the case of electrical and electronic equipment (EEE), the amount of EEE consumed (put into the
market) is compared with the amount of recycled electronic waste (WEEE) in the EU27 per year.
The comparison is made in Figure 8.5.
Figure 8.5:

The circular economy for WEEE

WEEE is a heterogeneous waste stream consisting of several different materials. Compared to the
more homogeneous waste streams, such as iron and steel or paper, measuring the amount of
secondary materials used for production directly is more difficult. For this reason, we present the
gap between the amount of materials recovered (including reuse) compared to the amount of EEE
products put into the market. The source for EEE and WEE is Eurostat. In the figure, we compare
the amount of EEE consumed (put into the market) with the amount of recycled and reused
electronic waste (WEEE) in the EU27 per year. This is a very simple view and gives no answer as
to the materials involved. The exact amount of reused WEEE is unknown and cannot be
subtracted. We would therefore welcome the development of statistical indicators on specific
materials to follow the amount of critical and rare metals used in electronic products on the one
hand with the amount of critical and rare metals returned into the market as materials through
recycling on the other hand. However, such indicators do not exist today. The composition of EEE
is complex and statistics would require detailed knowledge of which products to include as well as a
register of the content of different metals in the products.
The fifth waste stream concerns batteries that (similarly to WEEE) are a heterogeneous waste
stream consisting of several different materials. Therefore, we compare the gap between the
amount of materials used for new batteries production and the amount of materials recycled from
waste in order to follow the main principle behind measuring progress towards the circular
economy. Thus, Figure 8.6 compares the amount of batteries consumed with the amount of
batteries recycled in the EU27 per year.
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Figure 8.6:

The circular economy for batteries

There is no direct way to make the comparison since data are not directly available. For the
estimation of the material input, we have used statistics on the number of batteries produced from
Prodcom and information from ERBA (European recycle batteries association) on the weight of
batteries to estimate the total weight of batteries consumed. Figures on recycling of portable
batteries have been indicated for several years by ERBA. Portable batteries do not include car
batteries and accumulators or industrial batteries. The recycling rate may then be estimated to be
16% in 2010. The share of secondary material input cannot be computed.
The progress towards a circular economy over time: the case of iron & steel and paper
Whereas above estimates are static, it is also important to review the progress towards the circular
economy over the years. In Figure 8.7 we show the progress towards a circular economy for iron &
steel and paper based on the data presented above. We have not illustrated the progress towards a
circular economy for WEEE, because the estimation of the raw material (tonnes of WEEE) does not
seem to be directly relevant for input to electronic products. The relationship between the products
produced and the raw material recovered is highly dependent of the types of materials recovered
and the types of materials used in the production. We do not have detailed information that would
allow us to make such an illustration. Moreover, we have not illustrated the progress towards a
circular economy for batteries because the estimation of the raw material (tonnes of recycled
batteries) appears to be much too rough to use as an estimate for raw material input. Similarly, we
do not have figures concerning the relevant material input streams in production for tyres.
For iron and steel (Figure 8.7), it is obvious that the steel sector has been heavily affected by the
financial crisis. In the period before the financial crisis from 2003 to 2008, the share of recycled
material increased and the environmental effect (measured in C02 per kilo production) decreased.
The financial crisis has resulted in a sharp reduction in the production. Since 2008, the production
of iron and steel has increased again. However, the ratio of scrap use has not changed
significantly. The data from 2011 are based on trends by linear regression and it seems that
resource efficiency is improving and a relative decoupling is taking place.
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Figure 8.7

The circular economy over time: paper exclusive of packaging and iron & steel

Note: DTI calculation using indicators from Prodcom

Note: The environmental impact has been calculated

and CEPI. Environmental impact is calculated by

with an estimated C02 effect of 50% reduction when

estimating a reduced C02 impact of 15% from using

using secondary rather than primary resources in the

recycled material. Index data 2006 =100. Estimation of

production. 2003 = 100. Estimation of trend to 2014

trend to 2013 by linear regression.

by linear regression.

Figure 8.7 presents diagrams for paper without packaging pager. The illustration of paper without
packaging paper is based on a combination of Prodcom data and CEPI data on the amount of
recycling. The illustration of paper is based on CEPI data for consumption and recycling. There are
signs of a relative decoupling of paper production and economic development. However, since the
ratio of recycled material to material input has not changed much, the environmental impact is not
in absolute decline.
Conclusions, limitations and challenges ahead
In conclusion, we have applied data from a multitude of sources and data collected in different ways
and for other purposes, and we have sought to fill in the gaps and missing data with estimates
whenever reasonable. Our approach has been to identify open and readily available data sources
and apply methodologies that are sufficiently simple or transparent to set up a basis for continuous
surveillance of the progress. Due to data problems, we had to limit our ambition: to produce the
best possible and plausible picture of the progress towards the circular economy.
An important conclusion is that there are no general patterns across waste streams – but that every
waste stream has a unique pattern, which is influenced by unique demand and supply conditions,
price setting, entry barriers, value chains, business models and strategies, market power,
innovation, investments and growth perspectives, international trade considerations and global
market perspectives. Further, these patterns are strongly influenced by policy at international, EU
and Member State level.
For „paper without packaging paper, iron & steel and tyres we have identified a set of indicators
illustrating the progress towards a circular economy. We have set up a system that can be used to
follow the progress although the quality of the data can still be improved. The products are
characterised by being relatively well-defined in terms of the raw materials needed in production
and the raw materials extracted from the recycled products. For iron & steel the progress towards a
circular economy is clear.
With regard to batteries and EEE, our success has been more moderate. Batteries and EEE are
immensely more complex products, which are produced using a multitude of different metals. We
have identified ways to illustrate the progress using rough, overall figures, but not in any refined
way. With the existing open data sources, it is impossible to identify statistically the quantity of
product types or individual materials under the bulk headlines „EEE‟ and „WEEE‟ and „batteries‟, it is
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impossible to see where the materials go and under which conditions they are processed. There is
a clear need for monitoring end-of-life flows with an enhanced transparency from collection to final
processing. The number of different metals that can be mined from the WEEE depends on the
waste input and the recycling processes used, so even if we know the composition of the products
106

from the input, the result of the recycling process depends on the process applied.

.

In summary, the progress towards a circular economy can be measured and evaluated over time if
the data exists and the products behind the data are well defined and stable over time. The
assessment of progress towards a circular economy is difficult for groups of products composed of
multiple materials and for products, which constantly changes the material composition
assessments of movement towards a circular economy.
The progress towards using waste as a resource is at a different stage across the various
materials. Progress towards a circular economy entails not only using waste as resource but
various additional aspects, such as use of renewable energy sources for example. Progress
towards the concept of circular economy requires gradual incremental changes in materials
management and business activities in a policy environment that supports this change.
On average, raw material costs represent 40% of average production companies and prices of raw
materials have been increasing and the European policy environment has also set targets to
eliminate environmentally harmful subsidies and improve recycling rates. It can be expected that a
recovery of the global economy will lead again to a surge in raw material prices.
The potential benefits in the circular economy are significant and are likely to increase in the future:
according to estimates of McKinsey (McKinsey, 2012) net materials cost savings worth up to $ 630
billion p.a. towards 2025 could be achieved by the EU manufacturing sector. This implies that
companies that are willing and able to treat waste as a resource are likely to be more competitive
and resilient. Put differently (EC, 2012)
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, „in a world with growing pressures on resources and the

environment, the EU has no choice but to go for the transition to a resource-efficient and ultimately
regenerative circular economy.‟ This will require systemic change in the use and recovery of
resources in the economy but lead to innovation, investment, increasing opportunities for new
business models and ultimately create jobs and enhance competitiveness.
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The information on the amounts recycled remains confidential information from the WEEE processing industry.
EC (2012) „Manifesto for a Resource Efficient Europe‟
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Annex 1: Tables and figures selection of
waste streams

Table 1.
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Number of entities in 2010, typical input raw materials and relevant waste streams for each selected activity
Number of registered entities
Material flows
highNACE
all
Manufacturing
volume
Typical input
Relevant waste
Ref
code
manufacturer
producers
materials
streams
(Eurostat)
(E-PRTR)
paper waste,
NACE Manufacture of
wood, waste
packaging waste,
134
69
6,7,8
17.11
pulp
paper
MSW, wood
waste
paper waste,
Manufacture of
NACE
wood, waste
packaging waste,
paper and
1199
497
6,7,8
17.12
paper
MSW, wood
cardboard
waste
synthetic rubber
(22per cent-25per
cent), natural
rubber (15per
used passenger
NACE Manufacture of
1266
23
cent-17per cent),
car tyres, used
1,3
22.11
tyres
carbon black
truck tyres
(graphite, 16per
cent-19per cent),
waste tyres
plastic waste,
NACE Manufacture of
oil, natural gas,
packaging waste,
11
22.2
plastic products
plastic waste
ELV, C&D
Manufacture of
plastic waste,
NACE plastic
oil, natural gas,
6622
100
packaging waste,
11
22.22
packaging
plastic waste
ELV, C&D
goods
post-industrial
cullets from
window, car
windscreen
production etc.,
NACE Manufacture of
sand, lime, soda,
423
60
window glass,
1,2
23.11
flat glass
glass waste
automotive glass,
electronic
equipment, solar
energy
equipment
NACE Manufacture of
sand, lime, soda,
packaging waste,
1751
188
1
23.13
hollow glass
glass waste
MSW
Manufacture of
80% aggregates
concrete
NACE
(sand, gravel,
C&D, power
products for
9889
7
9
23.61
rock), water,
plants (residues)
construction
cement
purposes
natural gypsum,
Manufacture of
synthetic gypsum
C&D, Flu Gas
NACE plaster products
(including Flu
Desulphurization
480
13
9, 10
23.62
for construction
Gas
(FGD) at power
purposes
Desulphurization
plants
at power plants)
ferrous metal
Manufacture of
waste, mixed
basic iron and
metallic
steel and of
packaging and
NACE ferro-alloys and
other mixed
iron ores, iron &
24.1 & of tubes, pipes,
420+1620=2040 365+77=442
metallic wastes,
1
steel scrap
24.2
hollow profiles
C&D wastes,
and related
industrial
fittings of steel
production waste,
MSW, ELV and
WEEE
NACE Aluminium
bauxite, alumina,
C&D, ELV,
1069
205
1,4,5
24.42
production
aluminium scrap
WEEE, Industrial
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NACE
code

Manufacturing

Number of registered entities
highall
volume
manufacturer
producers
(Eurostat)
(E-PRTR)

Material flows
Typical input
materials

Relevant waste
streams

Ref

production waste,
packaging waste,
MSW, bulky
waste

NACE
24.43

Lead, zinc and
tin production

180

93

NACE
24.44

Copper
production

251

61

NACE
24.41
&
24.45

Precious metal
production and
other nonferrous metal
production

NACE
26.11

Manufacture of
electronic
components
including the
manufacture of
semi-conductors
and other
components for
electronic
applications

NACE
27.2*

Manufacture of
batteries
excluding
accumulators

420+535=955

4923

442

zinc ores
(sphalerite), tin
ores (cassiterite)
found in ores with
zinc, silver and
copper
copper sulphides,
copper scrap
different ores,
apart from the
precious metals
are these are
often not mined
as main products,
but rather as byproducts of other
mining, waste
scrap

???

1,15

Cables, C&D,
ELV and WEEE

1,14

Production waste,
C&D, ELV and
WEEE, batteries,
discarded
machines and
components

16, 1

44

silicon (wafers),
plastics,
commodity
metals (copper,
nickel, aluminium,
lead, silver, tin),
plastics

WEEE, ELV

12,
13

55

graphite, zinc
powder,
manganese, lead,
nickel, lithium,
cadmium

WEEE, batteries,
ELV

1

26+63=89

Abbreviations used for waste streams: C&D – construction and demolition waste, ELV – end-of-life vehicles,
MSW – municipal solid waste, WEEE – waste electric and electronic equipment
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Table 2.

Generation, recycling, transboundary shipments and value of waste streams

Waste type

Generated
amount in
tonnes
according
to
Eurostat
2010

Metal total

88,270,000

Iron & steel

68,890,000

Aluminium
Copper
Precious
metals*and
other
metals**
Precious
metals*
Metal
packaging
WEEE***
ELV
Total
batteries
and
accumulator
s (car
batteries)
Batteries
excl.
accumulator
s car
batteries***
Rubber
Tyres
Glass total
Window
glass
Packaging
glass
Car glass
C&D waste

Generated
amount in
tonnes
according
to other
sources

103,000,00
0

Current
recycled
amount
excluding
backfilling
in 2010
according
to
Eurostat
80,320,000
63,260,000

1,400,000

Recycling
percentag
e
according
to
Eurostat

Recycling
percentag
e
according
to other
sources

Current
value of
recyclin
g in mln
€

91
79,700,000
3,100,000 4,300,000
976,000

4,700,000
6,120,000

Current
material
recycled
amount
according
to other
sources

92
132

Amount
in tonnes
not
material
recycled
accordin
g to other
sources

Value of not
recycled
amount mln
€ in 2011
(theoreticall
y)

Exported
amount
out of the
EU in
tonnes in
2010

Exported
amount
out of the
EU in
tonnes in
2011

Exporte
d value
out of
the EU
in mln €
in 2010

Exporte
d value
out of
the EU
in mln €
in 2011

14,982

17,943,45
3

17,619,54
8

5,567

6,655

Source

7,950,000
77
66-91
70

23,91230,127
4,0365,599
2,471

8,050,000
2,908,000

Amount in
tonnes not
material
recycled
according
to
Eurostat

5,630,000

39,740,00
0
400,0001,600,000
424,000

20,22

521-2,084

986,120

946,694

1,200

1,233

1,074

1,207,593

1,352,950

2,796

3,426

4,19,20,2
2
19,22

1,969

4,845,200

3,121,000

4,101

4,629

19,22

11,262

10,803

3,442

3,832

17,25

-1,930,000
1,580,000

54

41,000

2,343

1,328,000

14,543

4,539,581

3,237,972

71

1,301,609

9,569,844
8,260,000

3,200,000
6,020,000

33
73

6,369,844
2,240,000

21
21

1,630,000

1,400,000

86

230,000

20

350,000

3,340,000

42,000

1,480,000
3,172,000

9,220,000

25,800,000

857,160,00

44
1,443,000

13,640,000

1,200,000
15,979,785

12-25

14,850,000

148

100,000

17,000,000

11,047,801

270,000

10,760
246,350,00

11,000,000

1,860,000
45

69

58

679

-4,420,000

8

0

1,100,000

65

4,931,984

6,000,000

0
29

1,729,000
10,950,00
0

270,000
610,810,00

20
3

178,000
500

1,750,332

1,510,206

1

1

18,20,22
2

274

18,21
2
20

Waste type

total
Gypsum

Generated
amount in
tonnes
according
to
Eurostat
2010
0

Current
material
recycled
amount
according
to other
sources

Recycling
percentag
e
according
to
Eurostat

Recycling
percentag
e
according
to other
sources

Current
value of
recyclin
g in mln
€

Amount in
tonnes not
material
recycled
according
to
Eurostat

Amount
in tonnes
not
material
recycled
accordin
g to other
sources

Value of not
recycled
amount mln
€ in 2011
(theoreticall
y)

Exported
amount
out of the
EU in
tonnes in
2010

Exported
amount
out of the
EU in
tonnes in
2011

Exporte
d value
out of
the EU
in mln €
in 2010

Exporte
d value
out of
the EU
in mln €
in 2011

Source

0
4,000,000

203,498,00
0

Concrete
Paper &
cardboard
total
Cardboard
packaging
Other waste
paper

Generated
amount in
tonnes
according
to other
sources

Current
recycled
amount
excluding
backfilling
in 2010
according
to
Eurostat
0

38,570,000

80,300,000

31,054,823

130,895,00
0
37,170,000
26,106,661

50,000,000

Plastic total

12,840,000

Plastic
packaging

14,847,035

27,700,000

54,000,000

23,639,501

96

4,825,941

5,225,000

67

19, 20
8,818

84

30,360,499
7,330,000

10

64

33

26,300,00
0

4,948,162
0

57

1,400,000

19

0
2,382

5,510,000

1,568

10,021,094

50,000,00
0
22,475,00
0

4,295

10,227,44
8

11,134,14
2

1,423

1,718

19,20

808

21

3,487

19

7,304

3,375,000

3,364,000

909

962

19,20,22

3,257

21

*Gold, silver and platinum **Antimony, beryllium, cermets, chromium, cobalt, bismuth, cadmium, gallium, germanium, indium, lead, magnesium, manganese, molybdenum, niobium, rhenium, titanium,
tungsten, tantalum, vanadium and zinc *** Amount put on the market. Note: Critical metals are not a very homogenous waste type and the recycling potential is therefore difficult to characterise. WEEE
includes specific metals: gold silver, platinum (precious metals), antimony, beryllium, cermets, chromium, cobalt, bismuth, cadmium, gallium, germanium, indium, lead, magnesium, manganese,
molybdenum, niobium, rhenium, titanium, tungsten, tantalum, vanadium and zinc. Based on sources: ETC/SCP, 2011 (Green economy and recycling in Europe) and JRC-IPTS,2009 (Study on the selection
of waste streams for End of Waste assessment).

Annex 2 Tables and figures for iron and steel

Table 0.1

Overview of estimated steel recycling rates (global) by final product categories
Market

Recycling rate (2007 est.)

Construction

85per cent

Automotive

85per cent

Machinery

90per cent

Appliances

50per cent

Containers

69per cent

Total

83per cent

Note: This is not an exhaustive list and does not include categories such as household waste, for which recycling rates
are typically much lower.
Source: World Steel Association (2010)

Table 0.2

EU ferrous and mixed metals waste generation (2010)
Activity

Metallic wastes

All NACE activities plus households

91,440,000

ferrous metals
waste

mixed metals
waste

69,740,000

15,490,000
110,000

Agriculture, forestry and fishing

200,000

80,000

Mining and quarrying

570,000

480,000

80,000

26,370,000

19,230,000

5,160,000

Manufacturing


Manufacture of food products; beverages and tobacco products

410,000

180,000

210,000



Manufacture of textiles, wearing apparel, leather and related
products

100,000

70,000

30,000



Manufacture of wood and of products of wood and cork, except
furniture; manufacture of articles of straw and plaiting
materials

150,000

90,000

60,000



Manufacture of paper and paper products; printing and
reproduction of recorded media

350,000

90,000

220,000



Manufacture of coke and refined petroleum products

160,000

100,000

50,000



Manufacture of chemical, pharmaceutical, rubber and plastic
products

820,000

520,000

240,000



Manufacture of other non-metallic mineral products

680,000

550,000

120,000



Manufacture of basic metals and fabricated metal products,
except machinery and equipment

13,740,000

10,320,000

2,330,000



Manufacture of computer, electronic and optical products,
electrical equipment, motor vehicles and other transport
equipment

9,290,000

6,860,000

1,710,000



Manufacture of furniture; jewellery, musical instruments, toys;
repair and installation of machinery and equipment

680,000

470,000

180,000

450,000

320,000

100,000

15,860,000

12,430,000

2,020,000

140,000

100,000

40,000

Electricity, gas, steam and air conditioning supply
Water supply; sewerage, waste management and remediation
activities


Water collection, treatment and supply; sewerage; remediation
activities and other waste management services



Waste collection, treatment and disposal activities; materials
recovery

15,710,000

12,330,000

1,980,000

Construction

12,930,000

9,740,000

2,460,000

Services (except wholesale of waste and scrap)

12,570,000

11,070,000

1,140,000

Wholesale of waste and scrap

19,320,000

15,530,000

2,190,000

3,180,000

850,000

2,230,000

Households
Source: Eurostat Waste Statistics Database (2013)
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Table 0.3

Steel intensive end-use products
Product description

Fraction of end-use (% of total)

Cars

7per cent

Trucks

1per cent

Ships

3per cent

Aeroplanes

0 (negligible)

Structural sections

9per cent

Concrete reinforcements

22per cent

Steel sheet in construction

16per cent

Line pipe

2per cent

Rail track

1per cent

Mechanical machinery

13per cent

Other electrical equipment

3per cent

Steel packaging

3per cent

Consumer durables (domestic appliances)

3per cent

Total

8383per cent

Source: Cooper & Allwood (2012)

Table 0.4

EU27 Development of metallic waste generation 2004-2010
Year

2004

2006

2008

2010

Activity (NACE 2)
All NACE activities plus households

83,140,000

93,770,000

99,150,000

91,440,000

Agriculture, forestry and fishing

370,000

160,000

180,000

200,000



Agriculture and forestry

370,000

160,000

180,000

:



Fishing and aquaculture

0

0

10,000

480,000

630,000

410,000

570,000

Mining and quarrying
Manufacturing

:

31,680,000

29,690,000

29,200,000

26,370,000

Manufacture of food products; beverages and tobacco
products

800,000

400,000

400,000

410,000



Manufacture of textiles, wearing apparel, leather and
related products

180,000

120,000

100,000

100,000



Manufacture of wood and of products of wood and cork,
except furniture; manufacture of articles of straw and
plaiting materials

980,000

290,000

190,000

150,000



Manufacture of paper and paper products; printing and
reproduction of recorded media

330,000

520,000

440,000

350,000



Manufacture of coke and refined petroleum products

110,000

130,000

160,000

160,000



Manufacture of chemical, pharmaceutical, rubber and
plastic products

690,000

590,000

730,000

820,000



Manufacture of other non-metallic mineral products

590,000

1,220,000

770,000

680,000



Manufacture of basic metals and fabricated metal
products, except machinery and equipment

15,950,000

16,700,000

15,600,000

13,740,000



Manufacture of computer, electronic and optical
products, electrical equipment, motor vehicles and other
transport equipment

11,650,000

9,310,000

10,070,000

9,290,000





Manufacture of furniture; jewellery, musical instruments,
toys; repair and installation of machinery and equipment

390,000

390,000

750,000

680,000

Electricity, gas, steam and air conditioning supply

550,000

530,000

440,000

450,000

Water supply; sewerage, waste management and
remediation activities

25,760,000

15,860,000

820,000

140,000

24,950,000

15,710,000

17,530,000

23,660,000



Water collection, treatment and supply; sewerage;
remediation activities and other waste management
services

:

:



Waste collection, treatment and disposal activities;
materials recovery

17,530,000

23,660,000
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Year

2004

2006

2008

2010

Construction

15,200,000

11,300,000

11,410,000

12,930,000

Services (except wholesale of waste and scrap)

11,370,000

12,300,000

12,420,000

12,570,000

Wholesale of waste and scrap

2,350,000

12,170,000

15,790,000

19,320,000

Households

2,740,000

3,320,000

3,530,000

3,180,000

Activity (NACE 2)

Special values:
0 = less than half the final digit shown and greater than real zero
: = not available
Source: Eurostat Waste Statistics Database (2013)

Table 0.5

Size distribution of iron and steel scrap collection companies
Size category

Number of companies

SME

1 – 12,000 tonnes/year

9,000*

Medium/large

Size of companies by type or tonnage turnover

13,500*

12,000 – 36,000 tonnes/year

13,500*

36,000 – 120,000 tonnes/year

9,000*

Mixed

307+

Large

10

> 120,000 tonnes/year
ELV shredders
Top 10: 1.2 – 10.0 Mt/year

* Estimates
Source: Munchova and Eder (2010), based on BIR/EFR data

Table 0.6

Treatment of ferrous metals and mixed metals wastes (2010)
Metal wastes, ferrous
All recyclable
wastes

Treatment type
Total waste treatment
Energy recovery
Recovery other than energy
recovery

Metal wastes, mixed ferrous
and non-ferrous

Total

% of recycl.
wastes

Total

% of recycl.
wastes

206,890,000

63,450,000

31per cent

9,190,000

4per cent

30,760,000

20,000

0per cent

-

0per cent

168,590,000

63,290,000

38per cent

9,010,000

5per cent

-

Recovery other than energy
recovery - Backfilling

180,000

20,000

11per cent

-

0per cent

-

Recovery other than energy
recovery - Except backfilling

168,410,000

63,260,000

38per cent

9,010,000

5per cent

Incineration without energy
recovery

1,510,000

-

0per cent

-

0per cent

Disposal

6,020,000

150,000

2per cent

180,000

3per cent

6,000,000

150,000

3per cent

160,000

3per cent

20,000

-

0per cent

20,000

100per cent

-

Deposit onto or into land

-

Land treatment and release
into water bodies

Source: Eurostat (2012)
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Figure 0.1

Source: http://www.issb.co.uk/eu27.html#CSP (retrieved 27-02-2013)

Figure 0.2

Primary and secondary steel production routes

Source: JRC (2012)108

108

JRC (2012) - N. Pardo, J.A. Moya, K. Vatopoulos: „Prospective Scenarios on Energy Efficiency and CO2 Emissions in the EU Iron &
Steel Industry.‟ Reference Report by the Joint Research Centre of the European Commission
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Table 0.7

Steel scrap consumption in main steelmaking EU Member States (2011)
Crude steel production

Steel scrap

Steel scrap use as share

(Mt)

consumption (Mt)

of production (per cent)

Member State
Austria

7,474

2,351

32per cent

Belgium

8,026

3,182

40per cent

France

15,781

8,768

56per cent

Germany

44,284

19,794

45per cent

Italy

28,715

22,519

78per cent

Poland

8,779

5,972

68per cent

Spain

15,504

13,119

85per cent

9,478

3,890

41per cent

177,218

100,770

56per cent

United Kingdom
EU-27
Source: BIR (2012)

Table 0.8

Extra-EU trade in ferrous scrap – volume and value (2000-2011)
% change
Trade volume/value

2000

Export (tonnes)

9,006,223

11,113,056

12,006,488

17,666,666

96per cent

978,804,114

2,209,094,586

4,459,449,941

6,671,775,433

582per cent

4,774,028

6,462,979

4,498,317

3,175,604

-33per cent

1,043,482,837

2,043,840,689

2,423,627,789

2,008,270,910

92per cent

Export (mln EUR)
Import (tonnes)
Import (mln EUR)

2004

2008

2011

2000-2011

Source: Eurostat (2012)

Table 0.9

Main EU export destinations for steel scrap (2010)
Exporter

Total

Main export destinations

Volume (Mt)

Volume (Mt)
EU27

18.9

% change compared to
previous year

Turkey

10.69

+44per cent

Egypt

2.13

+5.7per cent

India

1.64

+191.0per cent

China

0.59

-63.5per cent

USA

0.51

+59.7

Switzerland

0.46

+41.1

Source: BIR (2011)

Figure 0.3

Main steel scrap importers (2006-2010) - Mt

Source: BIR (2011)
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Figure 0.4

Main steel scrap exporters (2006-2010) - Mt

Source: BIR (2011)

Figure 0.5

Major net steel scrap exporters 2010 (Mt)

Source: BIR (2011)
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Annex 3: Tables and figures for batteries

110

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

Table 3.1:

Chemical composition of most common battery types

Iron &
Steel

Other
metals

Other
Silver

Lithium

Mercury

Lead

Cobalt

Alkali

Carbon

Paper

Plastics

Water

non
metals

22.3per

0.5per

15 per

1.3per

5.4per

3.7per

1.0per

2.2per

10per

1.3per

cent

cent

cent

cent

cent

cent

cent

cent

cent

cent

cent

Zinc Carbon

17per

15.0per

0.1per

19per

0.8per

6.0per

9.2per

0.7per

4.0per

12per

15.2per

cent

cent

cent

cent

cent

cent

cent

cent

cent

cent

cent

37per

1per cent

1per

14per

2per

31per

1per

3per

3per

7per

cent

cent

cent

cent

cent

cent

cent

cent

4per

1per

4per

10per

3per

cent

cent

cent

cent

cent

(button)
Primary

Zinc

25 per

Mercuric Oxide

Zinc Air (button)

Lithium (button)

Alkaline (button)

Silver Oxide

Lead Acid

Household & professional

Lithium Ion

35per

cent

cent

60per

18per cent

cent
37per

23per cent

cent

50per

Manganese

Nickel Metal

42per

2per cent

cent

Lithium –

Nickel Cadmium

cent

42per

(button)

1per

3per

2per

3per

13per

cent

cent

cent

cent

cent

1per

11per

0.6per

2per

2per

6per

6per

14per

cent

cent

cent

cent

cent

cent

cent

cent

2per

9per

4per

31per

0.4per

1per

0.5per

2per

2per

4per

cent

cent

cent

cent

cent

cent

cent

cent

cent

cent

1per

2per

2per

7per

19per

cent

cent

cent

cent

cent

cent

35per

22per

15per

2per

10per

5per

11per

cent

cent

cent

cent

cent

cent

cent

20per
cent

19per cent

1per cent

1per cent

35per

1per

10per

4per

4per

9per

8per

8per

cent

cent

cent

cent

cent

cent

cent

cent

22per

16per

3per

18per

13per

28per

cent

cent

cent

cent

cent

cent

20per

65per

10per

5per

cent

cent

cent

cent

Lead Acid
Standby
Lead Acid
Traction
Nickel Cadmium

Industrial

Secondary

Nickel

Manganese

Household & professional use

Alkaline -

Manganese

n.a.

Standby
Nickel Cadmium
motive power
Nickel Metal
Hybride
Adapted from: Fisher, K. et al, 2006, Battery Waste Management Life Cycle Assessment, commissioned by Environmental Resource Management.
BIO Intelligence Service, 2003, Impact assessment on selected policy options for revision of the battery direct
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Figure 1:

Source: CEPI Key Statistics 2011
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Annex 5: Tables and figures for tyres

European Directives that impact used tyres management


1993 Regulation on supervision and control of trans-border shipment of waste 259/93/EEC



1999 Directive on the Landfill of Waste - 1999/31/EC



o

Ban on used tyres (whole tyres) in landfill starting July 2003

o

Ban on shredded tyres in landfill starting July 2000

2000 European Waste List - 2000/532/EC and further amendments
o



End of life tyres are classified under code „16 01 03‟

2000 Directive on Incineration of Waste - 2000/76/EC
o

Fixes emission standards for all cement kilns starting in 2002

o

Older cement kilns prohibited from burning end-of-life tyres after 2008

o

From December 2008, new provisions apply to cement kilns co-incinerating waste including end of
life tyres. The cement kilns currently burning ELT in Europe are already complying with this
Directive.



2000 Directive on End of Life Vehicles (ELV) - 2000/53/EC
o

85% of scrap cars to be recovered starting 2006

o

Sets a target of 95% recovery by 2015 for vehicles below 3.5 tones and indirectly setting targets for
a minor part of ELT in the EU

o


Tyres to be dismantled from vehicles increasing ELT arising by 10%

2001 EC Decision on EU list of wastes - 2001/118/EC, end of life tyres are classified under entry
16.01.03. This text applies from 1st January 2002 in EU Member States.



2005 EC Thematic strategy on prevention and recycling of waste - COM(2005) 666 final)
o

Provides an holistic analysis of the major achievements in the waste management area for the past
30 years.

o

It stresses a need to further developing approaches for the determination of best environmental
options and for the setting of targets for recycling and recovery of waste, taking into account the
differences between products and materials and the possible alternative.

o

Encourages the principle of producer responsibility- strategy proactively applied by the tyre
manufacturers since late 90‟s in anticipation of EU regulatory requirements.



2008 Waste Framework Directive - 2008/98/EC
o

Sets the basic concepts and definitions related to waste management and lays down waste
management principles such as the „polluter pays principle‟ or the „waste hierarchy‟.

o

Introduces the concept of end of waste, by which selected waste streams could cease to be
considered as waste if they comply with end of waste criteria
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Tabel 2 Used tyre recovery in EU (EU27 + NO+CH) in 2011
National figures
Used
Reuse of Part-worn tyres
(tonnes)
Tyres
(UT)
Arising
Reuse
Export
Retreading
A
B
C
D

ELT Arising

E = A-(B+C+D)

ELT recovery
Material

Energy

Landfill/
unknown

Total
UT
recovery

UT
treated

L=K/A

Civil engineering
F

Recycling
G

Total
H = F+G

Energy recovery
I

J

Austria

63,000

0

0

3,000

60,000

0

24,000

24,000

36,000

0

K=
B+C+D+H+I
63,000

Belgium

87,000

0

8,000

5,000

74,000

1,000

59,000

60,000

14,000

0

87,000

100%

Bulgaria (est.)

25,000

0

0

3,000

22,000

0

8,000

8,000

5,000

9,000

16,000

64%

Cyprus (est.)

4,000

0

0

0

4,000

0

0

0

0

4,000

0

0%

Czech Rep. (est.)

63,000

0

0

2,000

61,000

0

10,000

10,000

32,000

19,000

44,000

70%

Denmark

44,000

0

1,000

0

43,000

0

43,000

43,000

0

0

44,000

100%

Estonia (est.)

10,000

0

0

0

10,000

0

6,000

6,000

3,000

1,000

9,000

90%

100%

Finland

53,000

0

0

1,000

52,000

46,000

4,000

50,000

2,000

0

53,000

100%

France

416,000

45,000

0

48,000

323,000

50,000

115,000

165,000

158,000

0

416,000

100%

Germany

670,000

10,000

92,000

85,000

483,000

0

220,000

220,000

3,000

0

670,000

100%

Greece

44,000

0

2,000

2,000

40,000

0

23,000

23,000

11,000

6,000

38,000

86%

Hungary

43,000

0

0

0

43,000

4,000

18,000

22,000

21,000

0

43,000

100%

Ireland

28,000

3,000

1,000

2,000

22,000

6,000

14,000

20,000

0

2,000

26,000

93%

Italy

433,000

27,000

21,000

34,000

351,000

0

70,000

70,000

180,000

100,000

332,000

77%

Latvia (est.)

10,000

0

0

0

10,000

0

5,000

5,000

4,000

1,000

9,000

90%

Lithuania (est.)

11,000

0

0

0

11,000

0

5,000

5,000

4,000

2,000

9,000

82%

Malta (est.)

1,000

0

1,000

0

0

0

0

0

0

0

1,000

100%

Netherlands

65,000

0

16,000

2,000

47,000

0

37,000

37,000

10,000

0

65,000

100%

Poland

190,000

5,000

0

20,000

165,000

0

55,000

55,000

110,000

0

190,000

100%

Portugal

90,000

1,000

0

17,000

72,000

0

47,000

47,000

25,000

0

90,000

100%

Romania

57,000

0

0

0

57,000

0

14,000

14,000

43,000

0

57,000

100%

Slovak Rep. (est.)

25,000

0

0

1,000

24,000

0

23,000

23,000

1,000

0

25,000

100%

Slovenia (est.)

11,000

0

0

0

11,000

0

6,000

6,000

5,000

0

11,000

100%

National figures
(tonnes)

Spain

Used
Tyres
(UT)
Arising
283,000

Reuse of Part-worn tyres

Reuse
10,000

Export
24,000

Retreading
35,000

ELT Arising

ELT recovery
Material

214,000

Civil engineering
14,000

Recycling
92,000

Total
106,000

Energy
Energy recovery
108,000

Landfill/
unknown

Total
UT
recovery

UT
treated

0

283,000

100%

Sweden

73,000

0

1,000

0

72,000

13,000

16,000

29,000

43,000

0

73,000

100%

United Kingdom
(est.)
Norway

369,000

27,000

24,000

32,000

286,000

17,000

149,000

166,000

113,000

7,000

362,000

98%

45,000

0

2,000

0

43,000

16,000

19,000

35,000

8,000

0

45,000

100%

Switzerland
EU26+NO+CH
Turkey
Source: ERTMA, 2013.

53,000

3,000

0

5,000

45,000

0

13,000

13,000

32,000

0

53,000

100%

3,266,000

131,000

193,000

297,000

2,645,000

167,000

1.095,000

1,262,000

1,231,000

151,000

3,114,000

95%

246,000

N/A

N/A

N/A

246,000

0

49,000

49,000

43,000

103,000

92,000

75%

Tabel 3 National ELT management companies and environmental fees
Country

Company name

Environmental fee

Belgium

€2.40 per car tyre and €12.46 per bus
and truck tyre (2006)

Estonia

Not available

Finland

A fee (€1.85 per car tyre) is paid when
a new tyre is purchased

France

€1.85 +VAT per car tyre, €10.2 +VAT
per truck tyre. No visible fee for
consumers

Greece

Ministerial decision introduced a
visible fee on new tyre sales - €0.45
per car tyre and €2.80 per truck tyre
(2007)

Hungary

Not available

Italy

Not available

Netherlands

Passenger and caravan tyres, €2
+VAT per tyre

Norway

€1+VAT per car tyre, €6+VAT per
truck tyre

Spain

From €1.98+VAT to €40+VAT
depending on tyre type

Poland

Not available

Portugal

Fee paid by members ranges from
€0.80 (car tyre) to €40.13 (per civil
engineering tyre) €1+VAT per car tyre,
€7+VAT per
truck tyre

Romania

€1+VAT per car tyre, €7+VAT per
truck tyre

Sweden

Varies depending on tyre type

Turkey

Not available
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Tabel 4 Applications for ELT granulates, strengths, weaknesses, technical and market readiness, and potential
development

Status

Strengths

Asphalt and
road pavement

Synthetic turfs

Sport grounds
and children play
areas

Industrial
floors

Applications with
current
limitations

Elasticity

Noise
absorption

Increasing
the life
span of the
road
surface

Increasing
safety in
wet
conditions

Leading
application

Leading
application

Leading
application










Weaknesses

Technical
and market
readiness

Potential of
development
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Technical
difficulties
for
integration
in bitumen

Lack of
quality,
norms and
reliable
grinders

Limited by
national
legislations

Awaiting
testing
results in
some
countries
Legal limits,
recommended in
public works,
research
programmes
High potential in
the medium and
long term






Medium potential
in short and
medium term

Medium potential
in short and
medium term






Developing in
almost every
country

Moulded pieces
(industry and
urban furniture)
Applications in
development
Cost compared to
virgin rubber.

Cost
efficiency
Durability
Thermal
resistance
Resilience
Elasticity.
Ecological
performance
Shocks and
sound
absorption.
Malleability,
easy to work
with
Few colours
Not
recyclable
Granulates
contain
heavy metals
Flammability
Odour
Heavy weigh.
Granulates
packaging
bags are not
practical

Black
aspect,
odour &
magnetic
characterist
ics

Perception
of toxicity
and risk to
health

Installation
is easier
with virgin
rubber

Potential
risks of soil
contaminati
on
Developing in
almost every
country



Antivibratory &
insulation
mats
Applications
in
development





Developing
in countries
with rubber
material
producers
Small
potential in
short and
medium
term

Developing in
countries with
rubber
material
producers
Small
potential in
short and
medium term

Compliance
with health
and security
standards in
the industry.
such as
traceability
and security
information
Heat
hardening
material

Developed in only
for urban furniture,
occasional for
industry
Small potential in
short and medium
term
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Concrete
Status
Strengths

Weaknesse
s

Technical
and market
readiness

Potential of
developmen
t

Applications in
development

Capacity
to replace
sand

Lighter
than sand

Cost
compared
to sand

Few users
identified, low
cost
competivenes
s
Long term

Equestrian
floors
Applications in
development

Durability

Shocks
absorptio
n

Shoe sloes
Leading
application

Elasticity

Resilienc
e

Ballistic
tiles
Leading
application

Leading
applicati
on

New
compounds
Marginal
applications

Environment
al
performance




Odour
Black
colour

Perceptio
n of
toxicity
and risk
for health
Few users
identified







Few users
identified,
very
occasional

Not
recyclable
Flammability

Not ready yet,
waiting for R&D
progress

Small
potential in
short and
medium term

Medium term

Few users
identified,
very
occasional

Medium potential
in the medium
and long term



Limited
to
certain
type of
shoes
Few
colours



Durabilit
y
Shocks
and
sound
absorpti
on

High
technical
limitations

Treating Waste as a Resource for the EU Industry. Analysis of Various Waste Streams and the
Competitiveness of their Client Industries

Pallet
blocks
Marginal
applications

Reducin
g the
amount
of resins
used

More
expensiv
e than
recycled
wood

Heavy
metal

Negative
testing
results
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Beryllium

Yes

Cobalt

Yes

Fluorspar

Gallium

Yes

Germanium

Yes

Graphite

Yes

USA,
Canada,
China, Brazil
DRC,
Russia,
Tanzania
China,
South
Africa,
Mexico
USA, Russia

China, USA,
Hong Kong
China,
Brazil,
Madagascar

100 %

N/A

No

100 %

16 %

Yes

69 %

0%

No

187,000

4,2 %

€126,98

N/A*

140

3,0 %

€44,21

N/A*

62,000

2,5 %

€0,32

N/A*

5,100,000

3,4 %

Subject to
strong
fluctations
100 %

0%

No

0 % fly
ash/slag

€384,02

N/A*

118

10,2 %

0%

No

0 % fly
ash/slag

€885,80

N/A*

140

3,4 %

95 %

0%

Yes
(feasible
though not
done in

€0,89

N/A*

1,130,000

3,0 %

Gap between possible and
currently realized recycling
value (million Euros) (12)

N/A*

Possible recycling value (million
Euros) (11)

€5,06

Currently realized recycling
value (million Euros) (10)

Forecast demand growth p.a.
(%) (9)

Depends on
actual
smelting
refining
technology
used for
processing
0 %, lost in
Cu-alloy or
slag
90 %

World supply 2009 (tonnes) (8)

Yes

Price of recycling per kilogram
of metal

11 %

Price 3yr Ave (€/kg) (7)

100 %

Potential recycling rate with the
current technology (6)

Technology allowing for
recycling (yes/no) (5)

Bolivia,
China, Peru

Current recycling rate(4)

Yes

Import dependency rate (3)

Used in production of EEE
(yes/no) (1)

Antimony

Main sources of imports into EU
(2006 or 2007)(2)

Critical metals

Tabel 5 Critical metals, sources of import, recycling rates, prices, world supply, currently realized recycling value, and possible recycling value.

104,08

N/A

N/A

N/A

0,0

N/A

438,56

2.466,92

-2.028,35

0,0

N/A

N/A

0,0

0,0

0,0

0,0

0,0

0,0

0,0

N/A

N/A

Tungsten

Yes

Yes

€2,53

N/A*

760,000

7,3 %

11 %

Yes

€47,75

N/A*

62,000

10,1 %

35 %

Yes

€24509,06

N/A*

445

2,7 %

practice)
(Yes)

100 %

14 %

100 %
90-100 %

< 50 %,
partly to
slag

95 %

100 %

1%

Yes

€22,96

N/A*

124,000

9,8 %

100 %

4%

No

€270,89

N/A*

1,160

5,3 %

73 %

37 %

Yes

€31,71

N/A*

94,009

4,9 %

*Not available; the information is considered business confidential.

Gap between possible and
currently realized recycling
value (million Euros) (12)

Yes

6,5 %

0,3 %

Possible recycling value (million
Euros) (11)

Tantalum

1,200

90-100 %

Currently realized recycling
value (million Euros) (10)

Yes

Forecast demand growth p.a.
(%) (9)

Rare earths

World supply 2009 (tonnes) (8)

Yes

Price of recycling per kilogram
of metal

Platinum
group
metals

Price 3yr Ave (€/kg) (7)

Yes

Potential recycling rate with the
current technology (6)

Niobium

N/A*

Technology allowing for
recycling (yes/no) (5)

Yes

€389,41

Current recycling rate(4)

Magnesium

China, Hong
Kong,
Singapore
China,
Israel,
Norway
Brazil,
Canada
South
Africa,
Russia,
Norway
China,
Russia,
Kazakhstan
China,
Japan,
Kazakhstan
Russia,
Bolivia,
Rwanda

Import dependency rate (3)

Used in production of EEE
(yes/no) (1)
Yes

Main sources of imports into EU
(2006 or 2007)(2)

Critical metals
Indium

1,40

233,65

-232,24

269,19

N/A

N/A

325,66

N/A

N/A

3.817,29

10.361,21

-6.543,92

28,47

N/A

N/A

12,57

N/A

N/A

1.102,98

N/A

N/A

1.

Based on multiple sources: European Commission, 2011. Tackling the challenges in commodity markets and on raw materials & European Pathway to Zero Waste, 2011. Study into the feasibility
of protecting and recovering critical raw materials through infrastructure development in the south east of England – Final report.
2. Source: European Commission, 2011. Tackling the challenges in commodity markets and on raw materials.
3. Source: European Commission, 2011. Tackling the challenges in commodity markets and on raw materials.
4. Source: European Commission, 2011. Tackling the challenges in commodity markets and on raw materials.
5. Based on multiple sources: European Commission, 2011. Tackling the challenges in commodity markets and on raw materials & European Pathway to Zero Waste, 2011. Study into the feasibility
of protecting and recovering critical raw materials through infrastructure development in the south east of England – Final report & Bakas. I., Fischer, C., Harding, A., Haselsteiner, S., Kosmol, J.,
Milios, L., Plepys, A., Wilts, H. and Wtittmer, D., 2012. Present and potential future recycling of critical metals in WEEE – final draft paper. ETC/SCP: Working paper 2012; Copenhagen.
6. Source: Bakas. I., Fischer, C., Harding, A., Haselsteiner, S., Kosmol, J., Milios, L., Plepys, A., Wilts, H. and Wtittmer, D., 2012. Present and potential future recycling of critical metals in WEEE –
final draft paper. ETC/SCP: Working paper 2012; Copenhagen.
7. Source: European Pathway to Zero Waste, 2011. Study into the feasibility of protecting and recovering critical raw materials through infrastructure development in the south east of England – Final
report.
8. Source: European Pathway to Zero Waste, 2011. Study into the feasibility of protecting and recovering critical raw materials through infrastructure development in the south east of England – Final
report.
9. Source: European Pathway to Zero Waste, 2011. Study into the feasibility of protecting and recovering critical raw materials through infrastructure development in the south east of England – Final
report.
10. Source: Own calculations. Currently realized recycling rate is calculated as follows = ((world supply 2009*1000/100)*current recycling rate)*price/kg/1000000.
11. Source: Own calculations. Possible recycling value is calculated as follows = ((world supply 2009*1000/100)*potential recycling rate)*price/kg/1000000.
12. Source: Own calculations. Gap between possible and currently realized recycling value is calculated ad follows = currently realized recycling value - possible recycling value. Negative numbers
indicate a value loss to the European industry.

Figure 0.6 Recycling of WEEE – steps and number of players in the EU

Source: Dr Christian Hagelüken, Umicore Precious Metals Refining, presentation for the Eionet workshop on waste in
Istanbul, October 4th 2012.
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Tabel 6 Collected amount of WEEE in the EU in 2008 as percentages of WEEE categories
WEEE category

% of the total collected amount of WEEE

Large household appliances

56.2%

Small household appliances

5.8%

IT and telecommunication equipment

18.5%

Consumer equipment and photovoltaic panels

14.2%

Light equipment

1.0%

Electrical and electronic tools

1.7%

Toys, leisure and sports equipment

0.5%

Medical devices

0.2%

Monitoring and control instruments

0.2%

Automatic dispensers

0.5%

Source: Bakas. I., Fischer, C., Harding, A., Haselsteiner, S., Kosmol, J., Milios, L., Plepys, A., Wilts, H. and Wtittmer,
D., 2012. Present and potential future recycling of critical metals in WEEE – final draft paper. ETC/SCP: Working paper
2012, Copenhagen.

Tabel 7 Calculation of collected waste amounts of selected WEEE product groups in the EU in 2008
Product group

Mobile phone

WEEE category

IT and

Collected

Collected

Collected product

amount of WEEE

amount of

group/collected

category in

product group in

WEEE category in%

tonnes

tonnes

575,976

1,174

0,20%

575,976

48,661

8,45%

575,976

9,910

1,72%

telecommunication
Desktop computer

IT and
telecommunication

Laptop, notebook,

IT and

notepad

telecommunication

LCD TV

Consumer equipment

442,746

10,199

2,30%

LCD monitor

Consumer equipment

442,746

7,125

1,61%

Plasma TV

Consumer equipment

442,746

0

0%

Source: Bakas. I., Fischer, C., Harding, A., Haselsteiner, S., Kosmol, J., Milios, L., Plepys, A., Wilts, H. and Wtittmer,
D., 2012. Present and potential future recycling of critical metals in WEEE – final draft paper. ETC/SCP: Working paper
2012, Copenhagen.
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