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   PREFACE

The Chairman of the Environment Committee of the European Parliament requested IPTS to perform a
study that examines how important the role of recycling could be in Òcombatting the growing
mountains of wasteÓ.

The Committee expected an analysis of the main barriers to the growth of the recycling industry (e.g. in
relation to problems of defining ÒwasteÓ and Òsecondary raw materialÓ, economic barriers, legal barriers
such as safety requirements and technical standards, etc).

With this mandate, IPTS contacted a large number of actors concerned and provided a platform for
exposing all the main positions relevant for the recycling debate in Europe. IPTS contacted in particular
the various services of the European Commission concerned, most industrial actors and NGOÕs.

The specificity of IPTS is the observation and follow up of technological change, in the broad sense, in
order to get a better understanding of its links with economy and society. IPTS develops methodology
to carry out this task with scientific rigor starting with technologies in the fields of energy, environment,
information technology, biotechnologies and materials, and gradually covering all technology fields. At
the same time the Institute carries out research to improve the understanding of the impact of new
technologies and their benefits and more generally the relationship between technology, economy
and society.

This work fits the mandate of the IPTS in its task of providing lights to the European policy makers
about selected topics. The subject is relevant for the debate on how to reach sustainability and
provides a line for orienting our technology watch. Recycling is a societal problem, close to the citizen.
It is also fully relevant to the debate on the ÒgreeningÓ of industry and the management of change.

The present action on recycling is particularly timely. While the European Packaging Directive is now
being implemented across the EU, the European Commission is now involved in a large reflection
about waste management: DG XI has recently drafted a European waste management strategy and is
preparing, jointly with DG III,  a communication to the Council and Parliament on recycling.

In performing this study, IPTS uses its main competitive edge which is to be neutral while being totally
pervaded by the EU philosophy and fully aware of EU policies and actions. Hopefully, this will allow for
the creation of bridges between the different fields of EU action and contribute to the creation of a
common knowledge base at the disposal of all stakeholders. The Institute aims to support the
decision-maker in the management of change whenever science and technology have an important
role to play.

IPTS acknowledges the active participation of about 250 experts and representatives of sectoral
interests that were contacted. They helped us review the two drafts of this report and made
suggestions, mainly about their own sectoral concerns, for inclusion in the final document. We wish to
thank the large number of them who sent us their valuable feedback.

H. J. Allgeier
Director of IPTS

Seville, December 9, 1996



ÒThe recycling industry in the EU: Impediments and ProspectsÓ 3

   Contents

Page

1. Introduction 4

2. General analysis of the barriers to recycling 7

2 . 1 The inconsistent and controversial definitions of waste 8

2 . 2 Landfills, a last resort option 9

2 . 3 The need for public initiative: responsibility, partnership and profitability issues 10

2 . 4 The central problem: the still unknown cost of recycling 12

2 . 5 The need for reliable and harmonized statistics 13

2 . 6 The concept of hierarchy 14

2 . 7 Other concepts and instruments 15

2 . 8 Designating ÒBest Recycling/Waste Management PracticesÓ 18

2 . 9 The need for a better integration of policies 19

3. Sectoral analysis of major impediments to recycling 21

3 . 1 Traditional recycling industries 22

3 . 2 Emerging recycling industries 23

3 . 3 Analysis by waste streams 24

3 . 3 . 1 Packaging 24

3 . 3 . 2 Metals 33

3 . 3 . 3 Non packaging paper 36

3 . 3 . 4 End of life vehicles 37

3 . 3 . 5 Electric and electronic waste 39

3 . 3 . 6 Building and demolition waste 41

3 . 3 . 7 Used tyres 43

4. Strategy and Prospects 45

5. Conclusions and recommendations 48

ANNEXES 49

Annex i - Recent studies and references 50

Annex ii - Packaging waste: national measures and recycling 54

Annex iii - Potential effects of economic instruments on recycling 57



ÒThe recycling industry in the EU: Impediments and ProspectsÓ 4

1 . Introduction

Recycling is but one of the options available for waste management which consists of waste
prevention, reuse, material and energy recovery and disposal. Recycling issues cannot b e
evaluated in isolation but only in the frame of an overall strategy for waste management.
The economic value of resources currently wasted, the cost of pollution caused by waste
disposal and the cost of the required improved waste management solutions are tremendous.
Therefore, a well thought-out waste strategy is essential for strengthening societyÕs efforts
towards sustainable development, better environmental protection, employment and industrial
competitiveness.

The European Packaging Directive gives one of the first definitions o f
ÒrecyclingÓ1. It currently defines recycling as Òthe reprocessing in a production process of
waste materials for the original purpose or for other purposes including organic recycling but
excluding energy recoveryÓ. This definition is not yet applicable in all Member States. Several
versions of it have been adopted and vary substantially from each other. In one case, even
energy recovery has been considered as recycling2. This, combined with variations in the
definition of the various waste management options and of the various waste categories, makes
the description of the existing situation difficult.

Each of the existing evaluation studies on the Òrecycling industryÓ in Europe makes its own
assumptions and categorisation. As a consequence, we do not benefit from one clear definition
and description of the European Òrecycling industryÓ as a starting point for the analysis of the
barriers to its growth. In our view, an analysis of the Òrecycling industryÓ should include
collection, pre-treatment and ÒrecyclingÓ per se.

Recycling is not always necessarily the preferable waste management solution
since it is limited by the Second Law of Thermodynamics and obeys the law of diminishing
returns. Other options such as prevention, reuse, and recovery of energy can offer ecological or
economic advantages over recycling according to the application area. In this light, the growth of
the recycling industry is     not   a necessarily desirable policy target. The point is to perform
recycling at its optimum rate both on an economic and environmental point of view. This
optimum can vary widely according to material, location, available infrastructure, application,
scientific and technological state of the art, etc.

The desirability for increasing recycling depends on its relative merits
compared to the other waste management options in a given geographic area.
However, local waste management policies, not necessarily driven by environmental
considerations, sometimes favour other waste management options.

A selection of examples of impediments to recycling is presented in Table 1. Depending on the
background policies and their goals, these impediments can be either environmentally desirable
or not. Barriers to the growth of recycling can also result from the absence of legislative action or
from the difficulty to take rapid technological progress into account in the decision making
process.

IPTS has received a large and high quality feedback from many experts on the basis of two drafts
circulated between June and September of this year. A general analysis of the problem (Chapter
2) first presents the main issues. The study then makes an effort to use the best available data
about the current size of the Òrecycling industryÓ and present the technology and management
options on a sectoral basis to identify the major barriers to its growth (Chapter 3). Chapter 4
reviews the coherence of the findings of the study with the proposed Community Strategy on
Waste. Conclusions and recommendations for further action conclude the work.

                                                
1 Directive 91/156, amending Directive 75/442 also introduced a definition of recycling within ÒrecoveryÓ.
2 EUROPEN: Definitions in Packaging Waste Management Law in the EU, Agra Europe, London, 1995
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Table 1
Selected cases illustrating factors affecting recycling

Country Aims Description of the cases Critical points
United
Kingdom
Environmental Protection Act
1990

Recycling Credit Scheme in favour of
recycling or recycling infrastructures

A recycling credit scheme covering the full long term marginal
cost of disposal has been set up in the UK since 1992.
The average value offered as a credit was in 1992/1993 ECU
7.3/tonne

à The implementation of the scheme increased recycling
by 3.9% in 1991/92 and by 5% in 1992/93. However no
robust correlation was established between the scheme
and recycling rate or diversion rate from disposal.
Almost 60% of the waste disposal and collection
authorities believe recycling would be lower without
credits.

Norway
Parliament decision 1.1.1994

Product charge on non-refillable
containers to favour reuse

Product Charges of ECU 0.09/unit on non-refillable beer and
carbonated soft drinks containers. à No documented environmental justification for

non-refillable container charge.

à Barrier to recycling

à Market distortion (discrimination between glass and
other container materials).

Portugal
Decree 313/96 to complement the
Decree 322/95.

To state the practical rules of the two
management systems and fulfil the
requirements from Articles 5 and 9 of
decree 322/95. To set targets to promote
packaging reuse

This decree states that, as of the beginning of 1999, restaurants and
cafes must sell soft drinks, beer and mineral water only in
reusable bottles. From 1997 to 1999 distributors and traders must
achieve re-use quotas for the packaging of these drinks.

à No clear documented environmental justification
for nonreusable bottle ban.

à Market distortion - Barrier to single market

Luxembourg
Draft packaging law

Charge on non-returnable beverage
container to favour refill vs. recycling

The government is drafting a law on packaging for liquid foods,
mandating recycling and refilling rates and promoting the use of
refillable packaging.

à No documented environmental justification for
favouring refill vs recycling

à Limited range of application considering all waste
streams.

Italy
Law 427, Art.29bis 29 October
1993

Virgin raw material charge on PE to
promote recycling

Levy of 10% on PE price when selling plastic for film production.
The tax is levied on virgin polyethylene produced in Italy and on the
whole import value of plastic films containing polyethylene
imported from outside Italy.

à No documented environmental justification.

à Market distortion (competitive advantage for plastic film
producer in Italy).

Germany
Packaging waste Ordinance
(1991)

Refillable beverage container quota to
promote reuse.

The Packaging Waste Ordinance (1991, Art. 7,8,9) mandates a
deposit refund-system for non-reusable packaging. A mandatory
deposit-refund system for all plastic beverage container is also
implemented  if recycling quotas (Art. 6 annex) are not achieved
and if the quota for refillable beverage containers falls below
72%.

à No documented environmental justification for
refillable quotas

à No rationale for favouring re-use vs. recycling

à Incompatible with EU Packaging Directive targets (D
94/62).

à No rationale for the exception of milk packaging.
Germany
Draft amendments to the
Packaging Ordinance (1991),
20.12.95

Quotas for material recycling of plastic to
ensure recycling activity.

The amendments to the Packaging Waste Ordinance call for at
least 50% mechanical recycling of plastic . à No documented techno-economic or environmental

justification for material recycling quotas.

à Technical difficulties to reprocess impure material and
market deficiencies for recycled material.
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Selected cases illustrating factors affecting recycling (continued)

EU
Directive 94/62/EEC

Packaging Directive 94/62/EEC in
favour of prevention, reuse and
recovery.

The Packaging Directive (94/62/EEC) prescribes minimum and maximum recycling
targets for packaging waste promoting the prevention, reuse and recovery of
resources. Between 25 and 45% of the packaging waste have to be recycled by
the year 2001, with a minimum of 15% for each packaging material.

à Unsorted waste exported for recycling will not count towards the 15%
recycling target for each of the material considered.

à No clear documented techno-economic and environmental
justification for recovery targets

à The 15% target was set because of the specific issue of plastics waste but
does not correspond to the reality for other material streams.

EU
Draft directive on ELV 15.2.96

Producer responsibility to achieve
high recycling levels

The draft proposal for a Directive on end of life vehicles (ELV) calls for the full
producer responsability, the producer would have to bear all costs arising
from recovery and disposal of ELV.

à Cost and logistic problems for the producers to handle the recycling and
disposal operations.

à No mention in the directive of the possibilities for introducing a mechanism
to finance additional costs.

Denmark
Law 1975 revised 1991

Ban on beverage metal cans to
promote refillable containers

In Denmark metal containers are not allowed à No clear environmental justification for the ban.

à Market distortion - Barrier to single market
Denmark

à Law LB 623 1994 on bever-
age container

à Law LB 620 1994 on dispos-
able plates, cups, etc.

à Waste Charge Act
     (1987, revised 1990 and

1993)

Disposal/product charges to favour
recycling

The Law LB 623, 1994 establishes a tax  on beverage container bottles, the
amount paid varies with the size and material considered, and the average
amount of the charge is approximately ECU 0,16 per unit.
Product charge on bags (approximately ECU 1.24/kg and ECU 2.77/kg
respectively on paper and plastic bags holding more than 5 l).
Disposal Charge of ECU 27.02/tonne on waste going to landfill and ECU
22.17/tonne on waste going to incineration with energy recovery

According to the Danish EPA :

à The waste disposal charges have contributed to an increase in the
proportion of waste being reused or recycled from 35% in 1985 to
50% in 1993. The recycling of demolition waste has increased from
12% in 1985 to 82% in 1993.      

à The beverage container tax (aiming to create incentives for reducing the
use of disposable bottles and promote the use of returnable bottles)
imposed only on  non-reusable container bottles has pushed the
implementation of a high-efficiency system of deposit for returnable bottles
regulated by retailers and manufacturers of beer and soft drinks. According
to the EPA data 99% of all bottles are returned. (No clear environmental
justification for favouring reuse vs. recycling)

à The plastic bag charge (aiming to create incentives for decreasing the
amount of disposable bags ending up in the waste stream) has pushed
industry to review the bag "design" by switching to lighter materials.

Belgium
Draft eco-tax law 16/07/93
revised 09/02/95

Eco-taxes to promote reuse and
recycling

A charge of BF 15/litre is levied on all beverage containers unless they are
reused or covered by a deposit-refund system or in the case of one-way
packaging meet specified recycling targets.

à Equivalence between reuse and recycling .

à Complex tax administration

à Range of application limited to beverage containers
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2. General analysis of the barriers to recycling

The activity of collecting materials for recycling has always been practiced by man and recycling
already plays an important role in waste management in many parts of Europe and in many
industry sectors. Today, metals are among the most recycled materials and the industries that
are operating in this area are known as the secondary metals industries. They operate under
open market conditions and, as any other business, they aim to make profits. Other, now
traditional and similarly profitable recycling activities are being carried out on a large scale by the
paper and glass industries.

The factors that determine the recyclability of single materials include the purity of the recovered
products, the market for the recovered products, the monetary value of the material, the cost of
collection and transport, the cost of sorting, the cost of transformation into reusable material and
the cost of disposing of any residual material. In this context, the recycling activities known to be
profitable usually concern material fluxes which are regular, homogeneous, relatively clean,
maintain their properties over time and provide savings in manufacturing processes. In this light,
it is quite clear that materials from municipal solid wastes are usually the most
problematic to recycle.

In many cases, such as for metals, glass and paper, recycling can offer large environmental and
economic advantages compared to primary raw material production. For example, remelting
aluminium scrap consumes only 5%3 of the energy needed in the whole primary production
process and is therefore extremely attractive. The identical characteristics of the recycled
product with primary aluminium do not pose any marketability problems. The profit usually
generated provides a margin for covering the cost of collection and separation of the waste.
Similar, albeit lesser, advantages favour steel, glass and paper recycling.

Next to the roles of industry and public authorities, environmental awareness
and consumer participation are crucial for the success of recycling operations.
Today, the environmental awareness of consumers is increasing everywhere in Europe,
creating pressures to Òdo somethingÓ against the Òthrow-away societyÓ. The public response
shows many different faces across Europe and can be a barrier as well as an impetus for the
development of best waste management practices. Since consumer participation is a major
potential factor of success for recycling, it is clear that adequate environmental education
through targeted campaigns, tailored to local conditions, can be instrumental in improving the
overall prospects of recycling.

We are still far from a dematerialized society4. The continuous accumulation of waste5 (in
particular municipal solid waste), consumerism, resource depletion, environmental degradation,
lack of social innovation, are common knowledge. The overall response of the society to solve
the waste problem is rather slow and the potential contribution of recycling to improving this
landscape is insufficiently exploited. Although recycling a significant fraction of t h e
materials present in waste can be undoubtedly profitable (such as paper, glass
or metals), different nations show remarkably important differences in their
ability to exploit these recycling opportunities. Apparently, many impediments need
to be identified and removed in order to solve urgent environmental problems. This may
simultaneously offer opportunities to address competitiveness and employment problems.

The various impediments to the development of recycling can be classified in several types:

· Definitions: Inconsistent definitions such as waste or secondary raw material, hazardous
or not, create multiple difficulties and confusion in the statistics (see 2.1, 2.5). The extent
of the definition problem is such that it is not always clear what waste management options
belong to recycling.

                                                
3 theoretical energy needed for melting of Aluminium scrap; the figure is meaningful for comparisons only if
system boundaries are sufficiently defined
4 See section 2.7, p.15: The concept of dematerialisation proposes to reduce or even eliminate wherever possible
the use of materials in products and services
5 despite a few appearing signals about a decreasing production of municipal solid waste in some countries that
could be attributed to recycling and waste prevention.
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· Landfills and other alternative waste management options: Many potentially

recyclable resources are still lost to landfills (see 2.2). However, this reality may be subject
to change depending on the outcome of the work on a new European landfill directive.

 
· Managerial and inertial issues: Vested interests, return on investments, custom,

lack of public initiative and attributed responsibilities, decentralized decision making,
public acceptance, public education, consensus between actors, collection
infrastructure, possibility of transport, existence of facilities,... (see 2.3).

 
· Technological and economical: Availability, efficiency and economics of techniques

for waste collection, separation, pre-treatment and recycling; market for recycled
products; price of raw materials; economic competition from other waste management
options, etc (see 2.4).

 
· Legal and regulatory instruments: Bans, licensing requirements, voluntary

agreements versus legislation, laws on the shipment of waste, attribution of liability,
classification,... (see 2.6 and 2.7). Creating rigid hierarchies of alternative waste
management options and dictating ÒsolutionsÓ without generally acceptable scientific
evidence can be sub-optimal (see 2.6). Designating systematically Òbest waste
management practicesÓ could contribute to developing local solutions that are efficient,
flexible and adapted (see 2.8). These best practices should be designated taking into
account the whole Òlife-cycleÓ of wastes and should be updated in step with scientific and
technical progress.

 
· Integration of policies: Lack of coordination can lead to incoherent or contradictory

policy targets. Environmental, industrial, trade and R&D policies can be finetuned at EU
level thanks to a common strategy resulting from a Òcommon knowledge baseÓ (see 2.9).

2.1 The inconsistent and controversial definitions of waste

The issue of recycling is extremely complex and raises many questions on definitions6, unsolved
technical challenges and scientific concerns about health, environmental and economic
impacts. This uncertainty and lack of information make decision making difficult and can close out
legitimate waste management options a priori and without proper evaluation.

The first Framework Directive on Waste (75/442) in 1975, indirectly defined all recyclable
materials as waste insofar as recycling was considered as a means of disposal, together with
landfilling and incineration without energy recovery. This situation improved with the revised
Framework Directive on Waste (91/156) in 1991. Although it still defines recyclable raw materials
as ÒwasteÓ, it makes a distinction between waste intended for recovery (e.g. recycling, Annex
IIB) and waste intended for disposal (Annex IIA).

The issue of definitions is recognized by many actors as being of utmost
importance. In most countries, waste is loosely defined, giving room for interpretation. T h e
most crucial points appear to be the distinction between waste and non-waste,
recyclable and non-recyclable waste as well as between hazardous7 and non-
hazardous waste. Other inconsistencies of similar nature concern essentially the distinction
between waste and secondary raw material, waste and residue, waste and by-product, waste for
disposal and waste for recovery, etc. The development of a coherent international se t
of definitions of terms relevant for waste management, associated with
transparent criteria, is highly desirable and, if successful, could render t h e
establishment of lists largely superfluous. Such a set of definition should cover both
the materials (waste, residue,...etc.) and the waste management options (recycling, re-use,
                                                
6 Unclear and different definitions of waste create market distortions and make the interpretation of statistics
difficult.
7 This is particularly relevant because of the future ban on the export of hazardous waste for recycling to non-
OECD countries, starting on January 1, 1998.
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disposal, ...etc.). The issue is all the more crucial that the regulatory requirements change vary
dramatically from one category to the other.

Attempts by international organisations8 to harmonise definitions and establish an international
classification system started several years ago. However, the uncertainty about the respective
acceptability of alternative options for the final disposal, recycling or treatment of ÒwasteÓ renders
the agreement on common definitions difficult, at least in the short-term. A recyclable ÒwasteÓ is,
in practice, a useful secondary raw material which, in many cases, can have a sizeable economic
value. In the light of the existing legislation on the transfrontier shipment of waste, all definitions
that label Òrecyclable secondary materialsÓ as ÒwasteÓ can create important barriers to their
movement and recycling (for examples see 3.3.2 on non-ferrous metals).

A broad consensus on the acceptability of recycling and recovery methods would significantly
contribute to the solution of the waste definition problem. The discussion would then focus on
Òmaterial streamsÓ handled using Ògenerally acceptedÓ and Òenvironmentally safeÓ practices
(Best Available Techniques and Best Management Practices) for recovery, recycling, treatment
and disposal (see 2.8).

2 .2 Landfills, a last resort option

As the consumption society developed, landfilling became at first the almost exclusive waste
management method and a major impediment to the development of recycling activities. This
was particularly true for the waste streams contained in municipal solid wastes, and for all those
materials, such as tyres, for which the private actors did not spontaneously develop recycling
initiatives. Incineration (first without energy recovery) appeared as a way to solve the issue of
volume and public health, mostly in large urban areas where landfills became unwieldy. Today, in
many European countries, the public acceptance of landfills and of incineration is becoming
more problematic. Under the pressure of increasing environmental problems from poorly run
sites (odor, leaching, etc), tighter controls and rising operating costs, the number of landfills in
Europe is decreasing9.

Future trends will very much depend on the forthcoming European landfill standards10.
Landfilling is increasingly viewed as a last resort option and its environmental standards are
being tightened. A draft European directive is already being discussed and includes, among
other provisions, the phasing out of co-disposal of hazardous waste with municipal solid waste,
the pre-treatment of the waste, the collection of methane and the prohibition of landfilling for
most organic waste11. As a general rule, the requirement to pre-treat prior to landfilling favours
recycling and energy recovery. This could lead in the medium-term to a situation where only
non-recoverable and inert wastes, all with a low organic content, are accepted in landfills. In any
case, the most probable consequence of the current legislative developments will be an
increase of the costs of landfilling. It would be interesting to assess the impact of this increase on
other waste management options with a view to optimize waste management as a whole.

As far as recycling is concerned, increasing the costs of landfilling may threaten, in the short-
term, the existence of moderately profitable and poorly innovative recycling operations because
the disposal cost of the non-recyclable fractions may become prohibitive. This could, for
example, concern the 25% shredder fraction of the Òend of lifeÓ vehicles currently sent to
landfills. A landfill cost increase also stimulates recyclers to focus on the easiest parts, turning
away from post-consumer products with a larger fraction of non-recyclables. However, one could

                                                
8 The European Waste Catalogue (EC, UNECE); Green, Amber and Red Lists (OECD, EC); International Waste
Identification Code (OECD); Core list of Hazardous Waste (OECD)
9 However, experts express the view that total landfill capacity is not necessarily diminishing since the trend has
been towards the use of a smaller number of larger sites in order to benefit from economies of scale; Waste
Management International, plc, personal communication to IPTS, Sept. 26, 1996.
10 On  May 22,1996 the European Parliament rejected the common position of the Council, deeming the landfill
standards too lax.
11  Unpublished latest draft for the future European landfill directive, October 1996 (see EWWE, Cutter Inf. Corp.,
Vol. 5, No. 20, page 1, 18 October 1996).
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also see such complex interactions between landfill costs and successful recycling as a driving
force towards innovation to increase recycling efficiency and decrease the disposal of left-overs.
A last potential issue is the increasing attractiveness of illegal tipping as controlled landfilling
becomes expensive. In some extreme (and rare) cases, expensive landfills are used by small
communities as sources of income and alternative waste management options are forbidden, or
severely limited.

2 .3 The need for public initiative: responsibility, partnership and
profitability issues

Recycling is a complex operation preceded by preparatory steps such as the collection
and the sorting of wastes. While recycling per se is generally carried out within industrial facilities
as the last step, the collection and sorting of waste require an appropriate public awareness and
participation. To this end, public initiative is needed to generate the appropriate conditions,
such as education and infrastructure, for the participation of the citizens in the recycling effort.

The amounts of resources at stake are enormous: tens of millions of tonnes for each
material across Europe. The market forces have so far been clearly unable to fully mobilize this
potential resource but this does not mean recyling these currently lost resources cannot
become profitable. Today, out of the 600 million tonnes of secondary raw materials generated
every year in the world, 200 million are traded internationally.

There is a wealth of examples illustrating the currently poor recycling efficiency o f
the society. Aluminium recycling is one of the prominent cases. Although Sweden has been
recycling about 90% of its aluminium cans (beverage packaging) for many years, most of the
other EU Member States continue to show significantly lower rates: from 65% in the second
best case to 5% in the worst. Another example of societal inefficiency is the case of waste paper
recycling, which emerges as a profitable business in several countries, even when the raw
wastepaper must be purchased abroad and transported. However, there are several examples
of EU Member States which are still filling their scarce landfill space with significant amounts of
old paper (not separated) while importing equivalent grades of old paper (separated) for
recycling.

Regarding the recycling of plastic wastes, tyres, the Ònon recyclable12Ó shredder fraction from
end of life vehicles and other ÒdifficultÓ waste streams, we are far from consensus, even on
tested waste management concepts. Available pilot experiences indicate potential
avenues for the future. However, the long time needed before clear performance data are
available and analysed by the actors is a major challenge for the establishment of a common
agenda, not only in the EU but also at global scale. The increasing complexity of products,
markets and business systems, coupled with the need of participation from the public, turn the
setting up of efficient recycling programmes into time consuming projects. It will take for example
Fost Plus, in Belgium, about 6 years to reach cruising speed and cover the whole country in the
collection and sorting of municipal solid waste.

Overall, recycling is today on the increase mostly because of government
pressure and, to a lesser extent, consumer demand for environmentally friendly
products. As far as industry is concerned, and beyond the traditional commercially established
recycling activities, some analysts claim that virgin raw material producers have shown
limited interest in recycling initiatives. This would be the case, for example, of the
aluminum and tyre industries13. These views are not always accepted by the virgin raw materials
producers. The European Aluminium Association, for example, claims that aluminum recycling is
being promoted by primary producers due to the strong energy savings to be gained by such a
strategy. Besides, virgin material producers facing competition from other types of materials are

                                                
12 about 25% by weight of the recovered Òend of life vehiclesÓ ends up in landfills, essentially non-metal fractions.
13 R. U. Ayres and L. Ayres, Materials-optimisation in the production of major finished materials, INSEAD-CMER,
Report from study BRE2.CT93.0894, Jan. 1995
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strongly interested in improving the overall environmental image of their products by promoting
their recyclability14.

In contrast to the traditional commercially established recycling activities, many materials, in
principle recyclable, are not recycled. This is the case for municipal solid wastes such as
plastics packaging and paper, or other wastes such as many end-of-life products (electronic
wastes, electrodomestic appliances, non-retreadable tyres, etc). They are lost to landfills,
incinerated or disposed of without control. Sometimes, illegal recycling activities, operating out
of the accepted environment and safety guidelines create economic difficulties for the legal
operations.

The Concept of Responsibility is essential in dealing with recycling and waste
management in general15. When there is no attributed responsibility, there is a clear tendency
not to tackle the problem. This is still foreign to many actors. Now, the Polluter Pays
Principle is embedded in European environmental policy and provides a legal basis for
attributing the financial responsibility for pollution. However, putting it into practice does not go
without difficulty since the pollution caused by the generation and disposal of waste cannot
always be clearly attributed to ÒpollutersÓ16. The future European civil liability system for the
remediation of environmental damage is expected to provide legal procedures for the
determination of responsibility and the application of the polluter pays principle.

National administrations need to prepare the framework for profitable private
initiative, without which no substantial recycling can be sustained. In this context we clearly
identify a general need to better understand the complex interactions between profitability and
responsibility issues. Market conditions for recycled products and low or fluctuating commodities
prices are major factors to take into account.

Provided that the return on investment for recycling technology and related logistics is within
affordable limits, generally, the overall economic profitability of recycling depends
mainly on operating costs. Profitability may be achieved either through the reduction of the
need to purchase raw materials, through the reduction of the cost associated to environmental
protection and waste disposal, or through the direct profit from selling recycled or recyclable
materials.

The profitability of recycling is a complex and changing issue. This makes charting
a strategy difficult. In many cases, recycling would be profitable if the right investments17 were
made. Profitability and affordability are relative notions and one must make clear what are the real
costs, who pays what, and who collects the benefits. In other words, who should make the
investments? Where does the responsibility lie? How should the benefits be shared?

The benefits from profitable recycling accrue not only to industry through profits, but also to
society through better efficiency in terms of environment, quality of life, employment,
competitiveness,... It is important to recognize that threre are three main categories of waste
streams: those which can be collected, sorted and recycled and yield an overall economic profit,
those which can be recycled with profit, provided that collection and sorting are subsidized, and
finally those for which recycling itself is not economically profitable. Whether a given type of
waste falls in one or another of these three categories depends strongly on the available
infrastructure and technology. For the material streams which cannot be recycled with an
economic profit, society has been slow to recognize that the investments n e e d e d
are often too large to be provided solely by the private sector and must ensure
that the sharing of the costs and benefits is equitable.

The recycling of resources contained in municipal solid waste and in other
difficult waste streams is a business that can only be developed through an
efficient partnership between private initiative and the public sector. The

                                                
14 Waste plastics recycling is one of the best examples for this case.
15 See also section 2.7, p. 15
16 According to the Association of Cities for Recycling, Brussels (personal communication to IPTS, 28. 06. 1996),
the Dutch system for packaging, obliging the producers to report the quantities of their products put on the
market allows to identify the partial responsibility of each producer.
17 Infrastructures, logistics, public awareness,...
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identification of the partners and their roles in the partnership is not always clear. The benefits
are both financial and non-financial. This second category is difficult to define and covers
environmental improvements, avoided costs (e.g. landfill, loss of resources, treatment,...),
societal benefits (e.g landscape preservation, jobs in the recovery and recycling operations,...),
improved efficiency, etc. However, improvements in waste management are
beginning to appear around the world, every country proceeding according to its own
resources and social structure. Where governments have begun the dialog and taken
systematic  actions, progress has been rapidly visible.

2 . 4 The central problem: the still unknown cost of recycling

There is now a general agreement that the costs of recycling are a combination of t h e
costs of the collection of recyclable materials, of the related pre-treatment
operations (logistics) and of the costs of the recycling operation per se. This is
why industrial wastes are often the first to be recycled: they often benefit from the generation of
large quantities of homogeneous waste materials on a few sites, resulting in low collection and
pre-treatment costs. The materials from municipal solid wastes are mostly at the other hand of
the spectrum, with high collection and sorting costs. The benefits result in saving resources and
in economic profitability18 which is most often the essential motivator for setting up recycling
operations.

A few years ago in Europe, when some governments started to develop waste control and
recovery policies, there was no previous experience and the pioneering political decisions to
achieve high recycling rates had to rely on rough assumptions. Virtually all the key parameters of
the system were unknown: tonnages, technologies, costs, response of the citizens, etc. Now,
enriched by the results of various national experiences, our understanding is better. However,
many uncertainties remain and the shape of the whole system at a European level and of many
of its key components is far from final.

Despite the slow overall progress of the waste management systems, on the positive side,
society has discovered concepts to organize the collection and sorting o f
wastes to perform an agreed rate of recycling by raising financial resources. The French,
Belgium and German systems Eco-emballages, Fost-Plus and DSD are examples of this
multifaceted experience.

The major challenge for the recycling of materials from the ÒdifficultÓ waste streams was to know
the real cost of the whole recycling chain. We must here distinguish between the overall cost
and the cost of the recycling step per se. A ÒprofitableÓ recycling step does not necessarily
mean that the overall recycling activity is profitable. One of the major lessons learnt, is that t h e
most important factor that determines the overall profitability of recycling
operations is the cost of collection and sorting.

To date, the various national systems in place obey to intrinsically identical concepts. They take
however very different forms according to:

·     Technology      choices   : different perceptions about options, costs, performances and
environmental impacts lead to different recycling targets.

 
·     Logistics   : collection and sorting standards vary strongly according to the local

conditions; in addition, the recycling technology used also imposes strict
requirements. Uncertainty about the final choice of recycling technology is leading to
uncertainty in the whole chain. Emerging technologies hold the promise to
substantially decrease sorting costs.

                                                
18  Economic profitability of recycling is caused either through the reduction of the need to purchase raw
materials, through the reduction of the cost associated to environmental protection and waste disposal, or the
direct profit from selling recycled or recyclable materials.
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On the negative side, overall costs remain for the large part unknown and some actors
defend the notion of threshold, i.e. the recycling rate above which costs (mainly collection)
skyrocket. The various implementations of the systems also often created trade barriers,
recycling rates have been set arbitrarily and the distribution of benefits has not always been
transparent and equitable.

The economics of recycling should also be viewed in relation to the cost o f
alternative waste management options such as incineration with energy recovery or
landfilling. The high relative price of the alternatives clearly helps recycling.

The price of virgin raw materials, which can be seen from the perspective of recycling as
perfect substitutes for the secondary raw materials, is another important factor for t h e
economic attractiveness of recycling. As such, this price is in general strongly
dependent on global trade and on the world prices for raw materials, regardless of
local regulations. The world prices of raw materials tend to fluctuate, sometimes abruptly as
witnessed by copper and aluminum recently on the London Metals Exchange, and this strongly
affects the long-term economic planning of the recycling operations. The higher the virgin raw
material prices, the more attractive the secondary raw materials. This can be illustrated by the
case of plastics, for which large scale post-user material recycling will remain by and large
uneconomical as long as the prices of basic hydrocarbons will remain low. However, industry
actors involved in recycling activities tend to agree that any interference with regard to the price
structure of the materials is unacceptable. This stems from the fact that the consequences of
legislative measures on the market cannot be predicted19. and that many recycling industries
active in the EU (e.g. metals, textiles, paper) are heavily involved in world trade.

2 .5 The need for reliable and harmonized statistics

We have so far used a number of statistics to express the issues presented above. However,
there appears to be a wide agreement on the lack of reliability of these statistics. It is
not uncommon to deal with error margins in excess of 20%.

The availability of reliable statistics is of major importance both for the recycling
industry, in order to measure its performance and make market estimations, and for policy
makers in order to be able to set realistic recycling targets and monitor progress. However, this is
far from being the case in many areas. In particular, because of the lack of harmonised data, it is
difficult to agree on achieved recycling rates, to draw conclusions from the existing data or to set
meaningful targets for the future.

Together with the generation of reliable statistics comes the need for harmonized and
coherent definitions of what the figures mean. There is currently in Europe a plethora of
ways and standards to collect data, depending on the industry sector or the country considered.
This means that the data available for one material in one country do not necessarily correspond
to the homologous data available in another country. The yardstick against which recycling
performance is to be measured should be standardised for each material on a European basis,
and possibly worldwide. Clearly, without agreed common definitions, any further attempt to
collect statistics is doomed to fail.

Various industry associations, Eurostat and the OECD are active in this field and publish some
figures on a regular basis20. The OECD is also improving the comparability of waste accounting
methodologies but the experience to date seems to show that waste statistics are often not
refined enough to allow the identification of specific materials. The European Environmental
Agency (EEA) and Eurostat are involved in the collection, evaluation and harmonization of
statistical data across the European Union. A European Catalog of Waste is being drafted and
industry associations, such as APME21, are actively involved in improving and harmonizing the
European data for their sectors. In its Annex III, the European Packaging Directive is making a
                                                
19 European Aluminium Association, personal communication to IPTS, 19 Sept. 1996
20 OECDÕs Environment Compendium 1995
21 APME/SOFRES, Plastic packaging consumption, waste and recycling (1994 data), Edition 1996
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step in the direction of collecting material-specific data. CEN is also active in the area with
standard CEN TC261/SC4 in progress. This standard covers terminology and methods of
calculation of packaging fluxes. In any case, a widely accepted standard terminology covering
the process of recycling, the categorisation of recyclable materials, the methods for data
collection and the data about import/export is still needed. The implementation of European
legislation will contribute to the fulfilment of this need.

It is important here to realize the practical difficulty of collecting waste generation
and recycling data. Today, the quantities of waste generated are often estimated from
consumption data thanks to assumptions about the life-span of products and import/export
fluxes. This carries large uncertainties but direct measurement is a challenge.

The lack of international standards to characterize recyclable materials is linked
to the issue of terminology and creates a barrier to recycling. Organizations such as CEN
or ISO could become involved in the matter. The existence of widely accepted standards is also
a prerequisite for the establishment (now being considered) of a European stock exchange for
secondary raw materials. Such standards would contribute to introduce recognizable and
reliable material quality levels, thereby widening their acceptance by the manufacturing
industries. Proposals in this direction are receiving mixed responses from industry.

2 .6 The concept of hierarchy

The Concept of Hierarchy is based on common sense considerations and underlies t h e
European waste policy. This concept proposes the following list of waste management
options in decreasing order of priority: first comes the reduction of waste generation, then
reuse, then recovery, and last disposal. The recovery step covers various options such as
material recycling, energy recovery or composting, which are sometimes also ranked according
to a much debated hierarchy. While everybody agrees that preventing the generation of wastes
must be the first priority, the rest of the hierarchy, and in particular the efforts to establish a sub-
hierarchy within the recovery option are strongly questioned because of the lack of supporting
scientific evidence. Examples of national hierarchies conflicting with the hierarchy proposed at
EU level22 indicate the size of the debate.

The question of the hierarchy is strongly linked to definitional aspects, as
energy recovery can be reasonably seen as a form of recycling. Converting plastics waste into
petrochemical feedstocks is usually considered as material recycling. Using these petrochemical
feedstocks as fuel can then be seen as energy recovery from waste plastics. A minor
percentage of these feedstocks will be reprocessed into plastics. This shows the complexity of
the problem and the need for holistic assessments of the choice of waste management options.

The standing debate around incineration is a good illustration of the questioning of the
legitimacy of the hierarchy. Several debates around definitions exist, in part linked to the
existence of both plain incineration as a means of final disposal and incineration with energy
recovery. A distinction between ÒincinerationÓ and Òfuel substitutionÓ was proposed as an
attempt to ease this debate. Now, under the pressure of some northern European countries,
the classification of Òincineration with energy recoveryÓ as Òfinal disposalÓ is being considered in
order to restrict the possibilities of export of wastes destined to energy recovery.

The refusal of incineration by the public in many Member States, even with energy recovery, is
strongly linked, on the one hand, to the continuous discussion about dioxins keeping the fear
from the public awake (even though the newer incinerators are actually dioxin sinks), and on the
other hand, as with many other facilities, to the ÒNIMBYÓ syndrome (increased local traffic, noise,
visual intrusion,...). However, many still view incineration as an option with a future.
While incineration with energy recovery can handle all types of mixed plastics and paper waste
from MSW without any difficulty, there is pressure to perform a fixed proportion of material

                                                
22  UK Department of the Environment and the Welsh Office, Making Waste Work, a strategy for sustainable
waste management in England and Wales, 1995.
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recycling (the Packaging Directive requires at least 15%). In the case of plastics, many industrial
actors favor energy recovery, arguing that 84% of the hydrocarbons are burned directly, so why
not also the few percent that have already been used once in the form of plastics? This is
particularly relevant for the case of packaging waste from MSW which is, to a large extent, very
costly to recover and pretreat. In the case of paper, Scandinavian virgin pulp and paper
producers argue that their paper is a renewable resource from properly managed forests and
performing an excess of recycling could threaten the existing forest management equilibrium.
Additionally, both plastics and paper have a high calorific value and help optimize the
incineration of other types of wastes.

Life-cycle assessment (LCA) is a prominent concept in the debate around the hierarchy. The
preamble to the European Packaging Directive (94/62/EC) states: Ò...life-cycle assessments
should be completed as soon as possible to justify a clear hierarchy between reusable,
recyclable and recoverable packagingÓ. This statement considers a priori that the hierarchy is
environmentally justifiable and that the life-cycle assessment (LCA) methodology is able to
justify it (see next section about the current state of the art of LCA).

2 .7 Other concepts and instruments

The growth of population, the lack of disposal sites and the fear of an increasing scarcity of
natural resources have led governments, local communities and associations of many types to
set up a variety of source reduction, reutilisation, recycling and recovery programs.

The common approach to control the flow of waste through Òend-of-pipeÓ policies and
instruments has shown its limitations for the promotion of a sustainable use of resources. The
applied Legal Instruments are well known and very potent. However, the lack o f
harmonization of the national legislations of the various European countries is
a strong barrier to recycling and to environmental protection at EU level. In many cases the
dynamics of market forces is not used optimally and waste management options are imposed by
arbitrary interventions. The existence of a coherent, transparent and flexible legal framework at
European level can help mobilize the secondary raw material resource.

The appearance of environmental legislation at EU level, best illustrated by the
current implementation of the European Packaging Directive, is a step in the right
direction. It provides a basis for the harmonization of legislations in the various European
Member States. For example, the Packaging Directive provides a number of European
definitions and proposes a scheme for the coordinated and coherent collection of statistics.

The new waste management policies are increasingly recognizing the intrinsic barriers to
optimum waste management and call on new concepts and instruments to contribute to the
achievement of sustainable development.

The Concept of Dematerialisation proposes to reduce or even eliminate wherever
possible the use of materials in products and services. To be useful, it must be part of an
upstream strategy to reduce the intensive consumption of materials in the production processes
(concept of Eco-efficiency). Dematerialisation may be considered as a sensible long-term
approach on the path towards sustainable development. Preventing the generation of wastes is
one aspect of dematerialisation, e.g. through reducing or eliminating packaging, expanding the
life-span of products when possible or favouring re-use. An additional example is the
development of information technologies which still bear the promise of a Òpaperless officeÓ and
the development of wireless telecomunications potentially removing the need for copper wires.
This shows the scope of some actions that could be taken in the framework of dematerialisation
strategies.

These strategies are useful for achieving the sustainable level defined by the Concept o f
Environmental Space23, sometimes called Ecospace. This concept, is based on the

                                                
23 Friends of the Earth Europe, Towards Sustainable Europe, The Study, Feb. 1995
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limitation of the access to environmental resources to sustainable levels on a just and equal
basis for all. This means that developed countries would have to seriously reduce their use of
resources to be able to come to terms with this concept, in order to let the less developed
nations get their fair share. It is clear that adopting such a concept would lead to profound
changes in the way of life of the European society. This concept is closely related to the concept
of Carrying Capacity, i.e. the amount of population that can be sustained by a given area of
the world. The concept of Ecological Footprint explains that, beyond their local
environmental impacts, human activities may have delocalized, and sometimes global,
environmental effects, such as acid rain or global warming.

Although the above mentioned concepts are truly groundbreaking, policies developed to tackle
the current situation draw on a number of less visionary but pragmatic principles.

The Concept of Responsibility is essential in dealing with recycling and waste
management in general. When there is no attributed responsibility, there is a clear tendency not
to tackle the problem. The Òpolluter pays principleÓ is a form of attribution of responsibility,
but is in itself insufficient to attribute it clearly, as we have seen above (section 2.2). Procedures
are needed to make the attribution of responsibility transparent. Now, arguments focus on the
application of either Òshared responsibilityÓ or Òproducer responsibilityÓ. ÒShared
responsibilityÓ means that the responsibility for handling the waste product at the end of its life is
shared between all or some of the various actors. They can be the producer, the user, the
distributor, the public authorities, etc... While technically, the producer is often the best placed
to handle the waste stream, the user can be made financially responsible for part of the costs.
This is now the case for cars in the Netherlands for example, where a new car buyer pays
automatically a 250 NL guilders fee for handling the car at the end of its life. The car industry for
example, as many other industry sectors, is clearly in favor of shared responsibility. Producer
responsibility would mean the whole burden of waste management would fall on the shoulders
of the car industry.

The OECD is currently involved in bettering the definition and applicability of the concept of
Extended Producer Responsibility, an emerging strategy to internalize the
environmental costs of products throughout their life-cycles. This concept extends the
responsibility of producers from those already assumed (e.g. worker safety, production waste
management,...) to the post-consumer stages of the life of a product. This strategy provides an
incentive for manufacturers to reduce the environmental impacts of their products throughout
their life-cycles and promotes the introduction of a new concept: Design for Recycling, i.e.
bearing in mind during design the potential environmental impacts at all stages of the life of a
product. Extended producer responsibility can be part of a general approach of shared
responsibility since some environmental impacts due to transport, distribution, (mis)use, etc.,
are not of the responsibility of the producer. This would have the added merit of alleviating the
fear of some waste management experts that producer responsibility would promote the
development of sectoral waste management responses and limit the integration of waste
management policies. For example, if car manufacturers are legally held liable for the
management of end-of-life vehicles, they will likely want to take control of downstream recycling
activities such as shredding operations, be it only for legal reasons, and they would not be
necessarily very open to shredding other types of wastes for which they are not liable.

The 1989 ÒCommunity Strategy for Waste ManagementÓ introduced the Proximity Principle,
stating that waste should be treated or disposed of in the nearest suitable facility. The new
Strategy for Waste Management recognises the inadequacy of such a principle by saying it does
not apply to ÒwastesÓ destined for recycling (recovery) provided that movements of waste are
monitored and made on the basis of a recycling contract binding the waste holder and the
recycler. Together with the self-sufficiency principle (aiming at ensuring that wastes are not
exported for disposal, in particular to non EU countries) the proximity principle are rightly limited
in their application lest they work against a future optimum waste management practice. There is
no reason to create barriers to the application of good recycling practices outside of the EU.

In this context, it is important that the free movement of recyclable materials b e
preserved in order to remove unnecessary barriers to trade, optimize logistics and facilitate the
installation of large recycling centers where economies of scale can be fully developed. This is
particularly important in border areas where significant tonnages of secondary raw materials can
be mobilized on both sides of a border, or where existing facilities on one side of a border can
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help resolve solid waste management problems on the other side. The Basel Convention and
the Council Regulation EEC 259/93 are very relevant regulations in this context. Generally, the
improvement and harmonization of waste management concepts, with their definitions, would
ease the current situation.

Various Economic Instruments can be put in place to internalize the external costs of the
various waste management options (see Annex ii ). However, our mostly vague knowledge
of the real cost of recycling (see 2.4) and of the other waste management operations
have not yet allowed their broad and efficient application. Economic instruments affect the
economic costs and benefits of the alternative waste management options and range from
charges on virgin materials and new products to taxes and market intervention. Many attempts to
use them, based on arbitrary assumptions on cost factors, have shown the difficulty of their
application. In the light of an increasingly better mastery of technological and economic issues,
the economic instruments appear to have the potential to work satisfactorily. However, each
must be targeted to specific problems, sized accordingly and adapted to the peculiarities of the
country considered. Their impact on competitiveness must be seen both in the context the EU
single market and of emerging developments in the World Trade Organization (WTO) at global
scale24 .

The Principle of Non-Discrimination between materials and products is not yet well
understood in Europe. For example, recyclable - and subsequently recycled - products are not
considered a priori by most regulations and procurement policies as being of equal status as
reusable products. Indeed, recycled products are often different from virgin ones.

Voluntary Agreements and Covenants are an approach of choice in the Netherlands in
order to commit industry to achieve environmental improvements. On the positive side,
volontary agreements can be a method to build a consensus that works best when the deterrent
for failure is strong enough. If consensus is reached, chances are that the agreement will be
respected by all parties. This is particularly attractive in the cases, such as recycling, where
legislation is notoriously difficult to draft. The pragmatic Dutch government view is the following:
discussion about a covenant is a good start and gives in the mean time the government time
(and material) to draft its own legislation. If the covenant works, all the better; if it doesnÕt, the
government has relevant legislation at hand to implement. One important point here may be the
role played by the cultural context of the consensus building: cultural differences between the
different partners around the table can be a real challenge for the achievement of a consensus,
as was shown by the Priority Waste Streams initiative of the European Commission. This
approach is seen critically by Friends of the Earth25, at least in the UK and the Netherlands,
reportedly for four main reasons: (1) in many cases, voluntary agreements have been shown to
be ineffective; (2) they can be a way for government to abdicate responsibility and are too open
to cheating; (3) they fail to stimulate innovation and (4) they lack public credibility. In fact, this
criticism may not be as harsh as it seems at first sight and simply appears to say that
environmental policy cannot be run exclusively with voluntary agreements. Friends of the Earth
recognizes that voluntary agreements can indeed be one environmental policy tool.

Life-Cycle Assessment (LCA) is a methodology increasingly used to attempt to provide an
environmental rationale to the selection of waste management options. It classically consists of 4
phases: scoping (i.e. setting boundaries), environmental inventory, impact assessment and
improvement assessment. LCA is being widely used to optimize industrial processes but one of
its main purposes is to compare alternative options by making life-cycle inventories, i.e. listing
the various consumptions and emissions along the life of a process or product. This objective
part of the methodology is very useful, highlighting the potential problem areas and making
environmental comparisons of parallel alternatives easier.

Life-Cycle Assessment is generally considered as a promising tool for supporting various
decision making procedures, such as the justification of waste management hierarchies.
However, the setting of the boundaries, the unavoidable assumptions used and the issues
raised at the stage of the impact assessment (e.g. valuation, the choice of impact end-points,

                                                
24 Communication from the Commission to the Council and the European Parliament on Trade and the
Environment, COM(96)54 final, Brussels 28. 02. 1996
25 Friends of the Earth Europe, A superficial attraction, The voluntary approach and sustainable development,
Dec. 1995
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allocation,...) limit the applicability of the results and require a good consensus to derive useful
conclusions. The various hypotheses needed and valuation issues raised by this tool make it still
unable to provide conclusive, universally authoritative and non controversial answers. However,
the use of LCA is expected to increase in Europe and there is a clear
challenge to develop LCA standards helping increase the transparency of t h e
methodology.

2 .8 Designating ÒBest Recycling/Waste Management PracticesÓ

Traditional recycling activities live in equilibrium with a given socio-economic context. They
maintain balances on many fronts: labor, investment, markets, supply, local community, political,
etc... They live on proven concepts. However, the introduction of a new technical or
management option, or the need to recycle a new waste stream, can cause a radical change of
the rules of the game at any time. This often disturbs existing balances26 at all levels (inter-
industrial, regional, national, global) and creates the need for decision making around a new
consensus to reach new balances. This process can be very lengthy (in the order of years),
turning frequent or multiple breakthroughs into a real challenge to be adequately exploited by
corresponding policies.

Often, new policies and balances have been reached in the absence of proven concepts. This
has occurred in some pioneering countries. However, in most cases the lack of adequate
initiative, mostly when the legislator or public authorities does not provide a clear waste
management frame, sufficient infrastructure, adequate public education and so on, can be
clearly identified as a major impediment to the development of recycling. This is the case even
when concepts developed elsewhere are available. The implementation of recovery and
recycling activities needs to be supported by systematic action plans and the
private initiative must be properly supported by public involvement. Where this was realized, a
political will led to the birth of the emerging recycling industries (see section 3.2). This shows the
need for an institutional mechanism geared at helping smooth the incorporation of novelties into
existing policies.

The European Packaging Directive opens the door for such a mechanism and
recognizes the need for an Òadaptation to scientific and technical progressÓ, providing a legal
basis for the introduction of the concept of evolutive Òbest practicesÓ. This is coherent with the
approach taken by the IPPC (Integrated Pollution Prevention and Control) framework directive.
This concept of periodical updating of the legislation opens an ideal frame for the
establishment of a procedure for the systematic assessment of the novel available techniques,
their performance and environmental impact. Such a rigorous procedure can help avoid the
setting of rigid and arbitrary targets.

Until now, the recovery and recycling  targets introduced by national and E U
regulations have been derived by procedures and negotiations lacking
transparency. For example, the recycling targets of the Packaging Directive were not
determined by using systematic procedures, as foreseen in the future, but by political
negotiation. The 15% minimum recycling requirement does not translate the different realities in
the various secondary raw materials markets but the need to agree on a common denominator.
In this case, this limit was the lowest common denominator, i.e. the recycling performances for
plastics in Europe.

                                                
26 These can be market, price, industrial, logistics, or social equilibria. A general example is the issue incineration
versus material recycling (see analyses of particular waste streams, for example ÒpaperÓ in chapters 3.3.1.2 and
3.3.3). More specific examples are, among others, the debate between feedstock and mechanical recycling of
plastics wastes (see chapter 3.3.1.1) and the debate between Òdesign for recyclingÓ and Òimproved shreddingÓ of
End of Life Vehicles (ELVs; see chapter 3.3.4).
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Similar approaches to the negotiation of recycling targets, without a systematic methodology,
are the rule in the various Member States. A good example is the overestimation of the
achievable plastics recycling targets (60%) by the German Government in 199127.

The committee foreseen by article 21 of the European Packaging Directive for the Òadaptation to
scientific and technical progessÓ is already in function. Its mode of operation has been defined
by ÒRules of ProceduresÓ. However, they do not propose any systematic and transparent
methodology to achieve this adaptation nor do they foresee a European definition of the state-
of-the-art. A transparent and detailed technical evaluation procedure must b e
developed to set the ground for building the political consensus in each case where
alternative waste management and recycling options are debated. This technical
procedure would present the technical performance and economic data of t h e
alternative options in a standard format, under the form of a Òreference
technical noteÓ for each alternative option. Agreed ÒcriteriaÓ would then b e
needed for the screening of the ÒbestÓ practices and the identification o f
ÒappropriateÓ targets.

At European level, the Priority Waste Streams Programme of the Commission developed and
tested a first systematic approach to create a consensus among the key actors about acceptable
waste management practices for a few showcase waste streams chosen by the Member States.
Unfortunately, this programme was discontinued because it was unable to find an adequate
institutional background for long-term operation.

Clearly, a neutral European body, free of vested interests, without Òlead
countryÓ attitude and having the necessary technical skills is needed t o
continue this effort. This body could develop a consensus building methodology
preserving the integration with other policies. Industrial, employment, R&D and environmental
policies must be linked to this enterprise.

The waste management targets that can be elaborated by such an institutional approach hold
the promise to provide a permanent state-of-the-art referencing system flexible enough to allow
its adaptation to technical progress and to local circumstances across the EU.

2 .9 The need for a better integration of policies

As mentioned earlier, recycling is only one of a range of waste management options and should
only be considered in the context of the general waste management strategy. One can see the
definition problem caused by the first directive on waste simply because the definitions it uses
were solely developed for this piece of legislation. At the time of the revision, the legislator was
conscious of the difficulties this had created in relation to other areas and attempted to improve
the situation. However, because the revision only touched on this directive, independently from
the rest of the environmental legislation, all is not yet resolved. ÒIntegrationÓ, i.e. making
sure all legislation fits coherently in the broad frame of European policy,
requires to go further and to tackle regulations in a holistic manner as far as
possible. The European legislator is conscious of the problem and the first steps in the right
direction have already been taken.

For example, a framework directive on water, bringing under a single umbrella all the existing
single directives relating to water and avoiding contradictions between distinct pieces of
legislation, is being prepared. Similar initiatives exist for soil and air. They all fall under the
directive on Integrated Pollution Prevention and Control (IPPC) which should help
coordinate all environmental regulations. The IPPC directive opens the door to the
development of a holistic approach to environmental and industrial policy making.

                                                
27 According to DSD (personal communication, 03. 07. 1996) none of the stipulated recycling quotas in the EU
packaging Directive and the German Packaging Ordinance have been supported by results of scientific
research. DSD proposes that with current advances in life-cycle-analysis it should be possible to define quotas
corresponding to ecological break-even points for recycling!
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However, the interpretation of the term ÒintegratedÓ has so far been rather
narrow, remaining essentially limited to selected environmental policy areas. In the future, this
interpretation should broaden and make the integration between the various policies a reality. In
order to reach a harmonious path towards sustainable development, European R&D and
industrial policies should ultimately also become part of the process of integration, improving the
synergy between the various policy areas. For example, taking a policy of increasing recycling
quotas poses technical challenges. This is in part because secondary raw materials of ever lower
quality are joining the materials streams but also because the quality standards recycled
products must meet are increasingly stringent. These challenges should be translated into R&D
priorities guiding the formulation of R&D policy. Conversely, R&D results should find their way
into environmental policy through appropriate mechanisms as proposed in section 2.8. Similar
links should emerge with industrial policy.

Integration should also play its role between national and European policies in order to establish
more clearly the place of the European Union in the world and give a common voice to the
Member States on the common market issues. Here, the relations with the World Trade
Organization have particular significance

In short, ÒintegrationÓ means, on the one hand, the elimination of contradictions and
incoherences between the various pieces of legislation building European policy, and, on the
other hand, the potentiation of synergies between various policy areas.
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3. Sectoral analysis of major impediments to recycling

Given the lack of harmonised waste statistics across Europe, data about the size and the
prospects of the European recycling industries vary considerably depending on the information
sources, geographic area and the underlying definitions and assumptions. Table 2 attempts to
give an overview of our knowledge of waste and recycling data. In general, industry associations
have some data about the amounts of material recycled in their respective sectors. However,
very often, the total amounts of waste and the amounts of wastes sent to landfills are poorly
known. The data from the analysis of landfills are very difficult to use in order to get an idea of the
material fluxes and are mostly useful to provide an idea of the relative size of the various waste
streams. In any case, these data cannot provide information on the waste streams sent to
incinerators.

Table 2: Basic European waste and recycling statistics28

ÒWASTEÓ RECYCLED

Total waste

(million tonnes)

Packaging only

 (million tonnes)

Landfilled waste

(million tonnes)

Total post user
waste recycled
(million tonnes)

Packaging waste
recycled
(million tonnes)

Non ferrous metals*29 n.a. n.a. n.a. 4.3 n.a.

Ferrous metals n.a. 430 n.a. 70 1.521

Paper31 55 22 n.a. 29.5 19.4

Plastics32 17.5 9.0 13.3 1.1 0.9

Glass33 n.a. 15.3 n.a. 7 (container glass) 7

Composites n.a. 0.85 n.a. n.a. n.a.

Textiles 4.2 n.r. n.a. n.a. n.r.

Rubber 1.95 n.r. n.a. n.a. n.r.
Chemicals
Chlorinated  solvents 0.183 n.r. n.a. n.a. n.r.

Rubble 34 500 n.r. n.a. n.a. n.r.

* Only the 4 main metals: Al, Cu, Pb and Zn
n.a.: not available  -  n.r.: not relevant

As appears in this table, and in spite of the large feedback received during the preparation of this
study, there are still many data gaps. Packaging only represents a small fraction of t h e
total waste streams in terms of tonnage but, due to its diverse and dispersed
nature and its high visibility in municipal solid wastes, it is the object of most of
the existing waste legislation. In tonnage, rubble (building and demolition waste) is by far
the largest stream, both in terms of waste generation and in terms of tonnage recycled but
reliable statistics are reportedly inexistant31. In terms of value, ferrous metals are the largest
recycling market.

                                                
28  Data from several sudies available at IPTS, see list of information sources.
29  Source: International Council on Metals and the Environment, Ottawa, Canada
30 Source: Informations-Zentrum Wei§blech, D�sseldorf, personal communication to IPTS, 3 July 1996.
31 Source: CEPI
32 Source: APME/SOFRES
33 Source: FEVE
34 Source: SAGA Ltd, UK, personal communication to IPTS, 27.08.1996
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3 .1 Traditional recycling industries

The traditional recycling industries are those that appeared spontaneously, with the sole market
as a driver, sometimes long ago. They provide significant services to the society as they
contribute to the saving of resources (both materials and energy) and to the reduction of the
accumulation of wastes. They reduce many waste problems in their region and beyond, until
recently solely using market forces without the direct intervention of the legislator.

These industries are generally organized around specific material streams such as metals,
textiles, paper or glass and are often involved in both virgin and secondary raw materials35. They
were often born near large sources of ÒwasteÓ materials of homogeneous quality (e.g. scrap from
large industrial facilities, scrap yards, ...etc) or relied on cheap collection from charitable
organizations (e.g. textiles, paper). As a matter of example, today, about 50% of the current
commercial output of the European iron and steel industry consists of recycled materials (47%
for the world) and about 96% of the production wastes are being recycled.

Today, these industries have to reckon more and more with growing environmental legislation in
general. One of the latest and far reaching pieces of legislation in this respect is the European
packaging directive. Beyond this particular piece of legislation, the general trend is, on the one
hand to promote reuse and recycling, and on the other hand, to tighten the environmental
standards recycling operations (and industrial processes in general) have to meet.

The glass industry mostly relies on supply of old glass from low cost bring-back schemes. It
benefits now increasingly from a very high level of automation. For example automated colour
sorting equipment is now often used to improve the initial sorting of the glass cullet by colour
made by the public at the glass skip.

Old paper processing technology has progressed significantly over the last few years but sorting
is still largely manual. Collection is based on bring-back schemes (paper banks, voluntary
ventures), separate collection and collection in large office buildings, printers shops and
distribution centers where large quantities of good quality old paper can be obtained. The paper
mixed with municipal solid waste is impossible to recycle (but not to compost) because of its high
level of contamination and moisture. While incineration with energy recovery is no alternative for
tinplate and glass, many Scandinavian actors consider it as a better alternative for waste paper
and flexible packaging management. The debate is thus kept open.

In these traditional industries, small merchants coexist with large waste management
companies. Municipal authorities are also often involved, either as direct players or
through contracted recycling services. The integration between merchants and
reprocessors is generally high in the cases of ferrous metals, paper, and glass. However, the
extent and nature of this integration varies significantly between Member States.

The case of the so-called Òend of life vehicleÓ, where the current recycling rate of all materials
involved reached about 75% without specific regulatory measure, best illustrates the current
decision making dilemmas common to many recycling applications. The problem to be solved is
confined to the 25% of the materials which apparently cannot be tackled spontaneously in a
profitable way by the available techniques. Doing nothing from the part of the legislator would
contribute to sending these materials to landfills or to incineration. If society decides that at least
part of these 25% are worth recycling, intervention is clearly needed (and has started in some
Member States) at all levels including:

· R&D actions for the improvement of waste prevention and recycling techniques;
 
· The selection of appropriate regulatory tools and concepts that improve the current

situation without introducing distortions to the market; and
 

                                                
35 The glass recycling industry appeared spontaneously but is much more recent than the others (+/- 1970).
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· The selection of the appropriate mix of measures that promises the maximum benefits
at the lowest cost.

Some impressive recycling achievements exist, often resulting from a combination of high public
environmental awareness, legislation, and favourable national waste management
infrastructures, possibly linked to the existence of traditional recycling industries. We will only
cite two examples: the 91.5%36 recycling of aluminium cans in Sweden and the 80% glass
packaging recycling in the Netherlands.

These examples show that there are already several excellent Òachieved recycling targetsÓ. After
proper analysis of how they were achieved, they could be used as reference points in the
design of action plans for the improvement of recycling rates in other countries (e.g. 14%
recycling of aluminium cans in France, 27% glass packaging recycling in the UK, 30% paper
recycling in Belgium).

3 .2 Emerging recycling industries

Unlike their traditional counterparts, the emerging recycling industries are often linked to either
particular complex waste streams, such as municipal solid waste, electric and electronic waste,
etc, or low value waste streams such as rubble, waste tyres, etc. These industries generally
emerge because of consumer or regulatory pressure and usually do not benefit, at least at first,
from favorable economics.

Their challenges are often:

· The separation of the various raw materials present in the product (e.g. many small
parts, multi-material parts,...);

· The handling of very different material streams (e.g. glass, precious metals,
engineering plastics,...);

· The lack of organized collection (e.g. where do you bring your old computer or your old
record player?);

· The lack of critical mass (e.g. as a consequence of point 3);
· The lack of Òdesign for recyclingÓ, making it too difficult to sort (e.g. electronic waste);
· The lack of specific recycling technologies (e.g. tyres, paper in municipal solid waste);
· The poor marketability and poorer product characteristics (e.g. for mechanically

recycled plastics).The trend towards materials savings results in extremely light weight
items (e.g. plastic films).

The first, second and fifth points can be covered by a more general characteristic: t h e
increasing complexity of products, which can be viewed as one major challenge.

On the other hand, they can generate high value secondary raw materials (e.g. engineering
plastics or precious metals) or recycle materials that would become hazardous waste (e.g.
chemicals). While the traditional recycling industries deal exclusively with materials, the emerging
recycling industries can offer opportunities for re-use (e.g. memory chips from computers). In
spite of their young age, the emerging recycling industries have the potential to achieve high
recycling rates as shown by the 43% rate achieved for plastics packaging from municipal solid
waste in Germany.

However, as always, one must bear in mind that a cheap virgin raw material means a low incentive
for recycling.

                                                
36 Source: EEA, European Aluminium Association,Brussels (personal communication to IPTS, 09. 07. 1996)
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3 .3 Analysis by waste stream

3.3.1 Packaging

There are many different definitions of packaging across the EU and in the world37. An
improvement towards the harmonisation of terms is expected in Europe in the wake of the
transposition of the Packaging Directive into the national laws of the Member States.

Packaging is considered by the Packaging Directive as any product used to contain or protect
goods, at any stage of the transformation chain. It can be classified into ÒprimaryÓ, containing a,
sales unit to the final user or consumer, ÒsecondaryÓ, grouping a number of units at the point of
sale, or ÒtertiaryÓ, used to help transport and handling.

As such, packaging can be made of any material, or combination of materials and can enter many
different waste streams. In practice, it consists of recyclable materials (paper,cardboard, plastics,
metals and glass) which are still for a large part sent to landfills or plain incineration. Industrial
packaging poses relatively little problems and is recycled in significant amounts.

The packaging materials in municipal solid waste (MSW) remain a significant challenge for the
European society and for the world. Although the available statistics do not determine the size
of the problem, it can be roughly estimated as follows:

· 50% of the waste paper and plastics materials come from packaging.
· The major part of glass waste is packaging (bottles, jars  and small containers).
· Packaging accounts for a minor part of metal scrap, essentially :

- steel cans
- aluminium cans.

Most of the post-consumer primary packaging ends up in landfill, in the case of households
through municipal solid waste, unless collected separately. The German experience is
somewhat starting to change this picture through DSD and some other countries are developing
similar approaches. Primary separation into the five material streams is required for any type of
recycling. In the case of metal cans, paper, and even more in the case of glass, separate
collection and recycling has been practiced for many years, often in bring-back schemes, simply
driven by economics. In the case of plastics, recycling was long limited to the re-extrusion of
industrial scrap within industry. It then expanded to the recyling of industrial packaging waste.
Post-consumer plastics recycling from households has begun recently and only handles a very
small fraction of the waste.

The following figures do not intend to provide a general view of the size of the packaging waste
but to give an illustration of the widely differing realities of post consumer packaging waste
recycling in Europe. The high recycling rates already achieved in some cases show the overall
potential for the recycling of all packaging materials except plastics:

· Aluminum can recycling rate38 (decreasing order): Sweden 91.5%, Germany 70%,
Austria 50%, Italy 35%, Greece 34%, UK 28%, Ireland 18%, Portugal 17%, France
14%, Spain 14%, Benelux 10%.

 
· Steel packaging recycling rate (decreasing order): Germany 67%, The Netherlands

58%, France 40%, Belgium 35%, Spain 17%, UK 16%. European average: 41%
(APEAL, 199639)

 
· Paper and cardboard (% old in the new, decreasing order): Ireland 95%, Denmark

74%, The Netherlands 67%, ..., Finland 5%. (CEPI, 1995)
 

                                                
37 CEN and ISO are in the process of developing definitions for packaging
38 Source: European Aluminium Association,Brussels, personal communication to IPTS, 09.07.1996
39 APEAL, Personal communication to IPTS, 16.07.1996 and 26.09.1996
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· Glass packaging recycling rate (decreasing order): Switzerland 85%, The
Netherlands 80%, Austria 76%, Germany 75%, ..., UK 27%. (FEVE, 1995 data)

 
· Plastics waste from MSW recycling rate (decreasing order): Germany 43%, Austria

6%, France 2%, The Netherlands 2%, Denmark 0.8%, ..., Ireland and Greece 0%
(estimated). (SOFRES, 199640)

Besides indicating the potential for recycling in Europe, these figures raise several questions:
why are there such large differences in recycling rates between countries? why are there such
large differences in recycling rates between materials? is it possible and desirable to raise the
recycling rates of all materials to the highest level achieved? is it possible to significantly raise the
overall recycling rate of every material beyond the highest level already achieved? What are the
optimum recycling rates? Are local differences justifiable?

The highest recycling rates are usually the result of a combination of profitable operations with
public environmental awareness and pioneering legislation. The low recycling rates often
correspond to a Òlaisser faireÓ attitude coupled to a lack of economic incentive, to a relatively low
content of recyclables  in the targeted waste streams and sometimes to difficult logistics. Table ii-
1 in Annex ii presents an overview of the current national legislations on packaging waste in the
EU Member States. Most of these legislations are recent and call for high recycling rates.
However, they often have long term targets and their implementation is not yet completed.

The debate around the preparation and adoption of the European Packaging Directive was a
major event and its implementation starting in July 1996 will play a harmonizing role among the
national legislations in the European Union for the recycling of packaging materials. This
directive was set up to increase environmental protection in the EU while preventing the
apparition of trade barriers between Member States. It calls for the prevention of waste
generation, its reuse and requires at least 25% by weight of the packaging waste materials to be
recycled within 5 years of the adoption of the directive, with a minimum of 15% for any single
material. At the same time, at least 50% by weight of the packaging waste materials must be
recovered. These targets will be reviewed five years after the implementation of the directive in
the Member States. Greece, Ireland and Portugal benefit from a laxer regime.

The Packaging Directive sets the frame for the systematic establishment of a packaging materials
recycling industry throughout Europe. However, the results of its implementation still remain to
be seen. In order to achieve the targets, the Member States must first ensure that collection and
recovery systems are set up. Many administrative and technical questions are still open and their
resolution will be instrumental for the achievement of high recycling rates. Most importantly,
the determination of recycling targets will be key for the impact of t h e
Directive. The initial targets have been set rather low and could be seen as impediments to
recycling. Existing national legislations are often already a lot more ambitious (e.g. 64% plastics
recycling in Germany to be achieved by 1998).

In this light, and at the occasion of the planned future reviews of the Packaging Directive, it
would be desirable to set recycling targets through standard consensual
procedures taking environmental, technical and economic justifications into
account. Such procedures need a clear legislative background, adequate resources and
sufficient time to be developed, tested and implemented (see section 2.8).

Some other elements of the Packaging Directive could indirectly but significantly contribute to
achieving high recycling rates: standardization of definitions, the improvement of Life-Cycle
Assessment concepts, coordination with R&D policies, the marking of recyclable materials, the
developement of information systems and databases, ...etc.

                                                
40 Source: SOFRES, personal communication to IPTS, 16.09.1996
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3.3.1.1 Packaging plastics

Post-consumer plastics packaging waste is probably the most difficult recycling issue facing
Europe today. Based on available  data41 ,  the total plastics waste generated in 1994 in Europe
has been evaluated at about 17.5 million tonnes out of which IPTS roughly estimates that about
50% is packaging waste. The remaining  50% are essentially agricultural, automotive, non-
packaging MSW, construction/demolition and electric/electronic waste and are not yet covered
by any European legislation. The total European plastics consumption in 1994 was 26 million
tonnes.

Although in most European countries post-consumer plastics recycling is virtually non existent,
the implementation of the EU packaging directive, adopted in December 1994, imposes
significant recovery and recycling targets by the year 200042. The directive calls also for the
review of the achievable targets every five years and opens a long-term frame for technology
development.

Under the pressure of the packaging directive, Europe is already playing a leading role in
developing innovative technologies. The situation in the USA is less homogeneous and
focusses on collection and sorting, while Japan has started only very recently to follow. In this
context, better coordination between national and EU environmental and R&D policies is
essential for guiding the future adoption of fast developing technologies and maintaining the
European leadership. Current planning can benefit from lessons learned in the early 90Õs in
Germany, where an ambitious national recycling plan based on traditional recycling technology
and insufficient knowledge was adopted. Moreover, implementation of the packaging directive
could be helped by using recently demonstrated alternative technology options, such as
feedstock recycling in the iron and steel industry, and in refineries, or energy recovery in several
industrial applications .

There is some experience at the national level on the prevention-collection-sorting-recycling
cycle of plastics packaging waste, particularly in Germany. The major lesson learnt is that
traditional mechanical recycling, based on the remelting and extrusion of waste plastics, has
limitations both in cost and efficiency. It can only achieve high recycling goals (more than 20%) at
extremely high cost. To solve these problems, new concepts are being developed, including
the feedstock recycling and the energy recovery options, which, if adapted efficiently in national
waste collection schemes, could provide an optimum between cost and environmental benefits.
The challenge is now for each country to adopt the appropriate mix of management concepts,
logistics and recycling technologies.

In this context, adoption of innovative technology at a European level seems promising in the
long-term. Investment decisions in new feedstock technology have to take into account the fast
developments and frequent changes of course in technology, that cannot be easily reviewed
and evaluated with respect to cost and environmental impacts. On the other hand, the choice of
implementation deadlines of the directive seems to be realistic (up to 2005) to allow all Member
States to benefit from the current development of some of the emerging techniques and to
learn from experiences gained in pioneer countries.

Lessons from Germany: combining collection, sorting and recycling
technologies: While most of the European countries are just starting to elaborate
implementation plans for the packaging directive, Germany already has a recycling industry
based on ÒtraditionalÓ mechanical recycling techniques due to the early establishment of a
Packaging Ordinance excluding plastics incineration from being accepted as ÒrecoveryÓ. It is also
worth mentioning that in countries like Denmark, France, the Netherlands and Sweden,
incineration with energy recovery is regarded as an important waste management option. As for
the collection and sorting logistics, large scale projects are being further developed in Austria,

                                                
41 APME/SOFRES: Information system on plastic waste management in Western Europe, European
Overview-1994 data; Brussels, January 1996
42 Brandrup, Bittner, Michaeli, Menges (Ed.), 1995, Die Wiederverwertung von Kunststoffen, Carl Hanser
Verlag M�nchen, Wien.
L. Bontoux & D. Papameletiou (Ed.), 1996, Proceedings of an International Workshop on Technology Options for
Plastics Waste Recycling, held at IPTS, Seville, Spain, 20-21 November, 1995.
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Belgium and France. Other Member States are now planning their own national recovery and
recycling schemes.

The early packaging waste management concept introduced in June 1991 in Germany set
extremely ambitious recovery and recycling goals for plastics waste: 64% by July 1st 1995. The
design of the overall system was based on the collection, sorting and recycling technology
available in the early 1990Õs. The operating results, seen from todayÕs point of view, reveal that
the high environmental awareness of the German population has enabled high collection rates
to be achieved. However, recycling technology was soon identified as a bottleneck. Mechanical
recycling can only be carried out if the plastics waste material is separated into mono-material
fractions of identical molecular structure (PVC, PE, PP etc.). This separation only proved to be
economically feasible for the waste plastics fraction made of large parts (heavier than 10 g, for
example bottles). The real challenge for achieving high recycling targets lies with
the smaller and dirty parts such as yoghurt cups or small wrappers. Waste
statistics, with all their shortcomings, estimate this fraction to be 70-80% o f
the total plastics in the municipal solid waste. Based on this knowledge, the
European packaging directive and legislative provisions in other countries clearly avoided
setting high recycling targets and settled for a level of 15% recycling.

Seen from the point of view of traditional techniques, and because of the law of diminishing
returns, high recycling targets are intrinsically expensive. Total costs up to 6000 DM per ton with
an average of 3000 DM per ton have been reported in Germany with about 70% of this cost
being due to collection and separation. Since the processing and recycling represent
only approximately 30% of this cost, cost reduction is best achieved by new combinations of
logistics, and avoiding the expensive separation steps by employing novel recycling techniques
that can accept mixed plastics waste fractions. Cost reductions of 30% or more are said to be
achievable in Germany by using improved logistics and innovative technologies.

Linking policies with recent technology breakthroughs: In Germany, despite the
difficulties in realising the original recycling plan based on traditional technologies, the high
targets were not lowered: This put industry under extraordinary pressure to provide solutions,
and lead to new research activities which focused on avoiding the expensive separation of
plastics into mono-fractions. As a result, the door to feedstock recycling was opened because it
allows the handling of mixed plastics waste, and high collection and recycling targets became
achievable at a more reasonable cost.

The concept of feedstock recycling regards waste plastics as hydrocarbons and injects them,
following adequate pre-treatment, into crude oil refinery operations to deliver several oil fractions
and waxes depending on the particular local circumstances. The system, therefore, takes
advantage of large existing refinery capacities and returns the plastics waste to virgin raw
materials. Large scale demonstration was provided by VEBAÕs 80.000 t/y (tonnes/year)
hydrogenation plant for mixed plastics waste in Bottrop, Germany. However, the high tonnages
of plastics wastes expected to be treated by this technology failed to materialize and important
plans from DSD (Dual System Deutschland) in Germany in 1994, promising to expand such
capacities up to 300 000 t/y in cooperation with a number of large companies for a gate fee of
around DM 325/t, were cancelled. Research activity in this direction is also being carried out at
the international level. A pilot project has been initiated by a consortium including BP, DSM, Elf
Atochem and Enichem.

Another breakthrough was recently made public involving the possible use of properly prepared
mixed plastics waste in the iron and steel industry as a reducing agent for iron ore. The
endothermic character of the reaction allows the classification of this technique as feedstock
recycling and not as energy recovery. Large scale industrial project results are reported from
Kl�ckner, Germany. The demonstration project started in 1992 and the latest continuous 1 year
experiment (50 tonnes of plastics per day) was recently concluded, apparently with success.
This technology appears to be the cheapest plastics recycling alternative available today, even
compared to mechanical recycling. Promising experiments are also reported on the co-
combustion of pre-treated plastics waste in an increasing number of cement plants in Europe.

Competition expected from Japan: Outside Europe, the only recent event is that policy
makers in Japan have decided to follow the European path by introducing a framework law,
similar to the EU packaging directive. The most striking feature of the Japanese developments is
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the clear preference for Òplastics liquefactionÓ, the Japanese version of feedstock recycling, and
for energy recovery. Recent announcements from MITI (the Ministry of International Trade and
Industry in Japan) reveal that full operability of large scale industrial systems is expected to be
reached within five years thanks to dedicated R&D projects.

Need for a targeted R&D strategy: The general trend is towards a reduction in the overall
cost of recycling. Because collection costs are difficult to reduce, because sorting and
pretreatment are costly, and because todayÕs problem resides largely in municipal solid wastes,
the general trend pushes technologies able to handle mixed plastics and towards the automatic
sorting of plastics. With the exception of some EU and public funded projects carried out in
Germany, research on novel technologies capable of treating mixed plastics waste has until now
been carried out exclusively by industries at their own cost. In order to sustain the achieved
European lead, it is now crucial to adopt a long-term strategy. First of all, existing R&D goals
supporting developments of the ÒtraditionalÓ systems need to be reconsidered in the context of
the desirability of developing the new technology options further. Existing R&D projects for
developing automatic separation and sorting techniques have not yet delivered sufficient
results to solve the bulk of the problem. Energy recovery, fuels and feedstock recycling may be
included in the priority options. The investigation of the feasibility of plastics waste recycling in
the iron and steel industry, and of energy recovery through co-combustion of pre-treated
plastics waste with other fuels in the cement industry are particularly attractive. More emphasis
needs to be placed on research for improved logistics that will allow optimisation of combinations
between prevention of waste generation, collection and final treatment of plastics waste. Further
research could deal with the development of standardised eco-balancing methods for national
administrations to harmonise the selection of management and technology options. Long-term
research options include topics such as design for recycling and dematerialisation of production
and consumption in our society.

Plastics waste recycling implementation options: For most EU Member States,
building a plastics recycling industry in a short time frame, often nearly from scratch, poses
several questions. Firstly, setting collection and recycling targets calls for an integrated
evaluation of logistics and performance capabilities of the final treatment technologies. Where
recovery targets are high, such as 60% in Germany, the technology mix must
include feedstock recycling and energy recovery in addition to traditional
mechanical recycling. The optimum combination of the various technological options can
be established through methodologies such as life-cycle assessment studies, and depends on
local conditions and market forces.

Lower recycling targets, in line with the requirements from the European packaging directive,
can be achieved by adopting either mechanical recycling or novel technologies. When talking
about the impediments to the recycling of plastics, a number of additional factors must be
mentioned:

· The drive towards the minimisation of packaging weight making separation more and
more difficult.

· The prohibition of plastics containers (e.g. requirement for glass bottles in D and DK).
· The low price of crude oil, making virgin plastics very cheap and more attractive than

recycled plastics.

In conclusion, it appears that nation-wide schemes can achieve high recycling or energy
recovery targets while minimising both collection/separation and recovery/recycling costs. They
could be developed further in the future. In this context, there is now an opportunity for
countries without traditional mechanical recycling industry to opt for the use of modern
technologies.
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3.3.1.2 Packaging paper and cardboard

Packaging paper represents close to 40% of the total paper consumption in W. Europe (see
also chapter 3.3.3), with widely different market situations in different countries.

Recycling paper packaging wastes has been technically less difficult to carry out than recycling
plastics. It is generally considered as less capital intensive than primary paper production. As a
consequence, it has been practiced for decades in countries with little forest resources and
abundant good quality packaging wastes from industrial sources.

About 37 Mt waste paper and board were thrown into municipal solid waste in Western Europe in
1994 and about 30 Mt of old papers were recycled in Europe in 1995. As shown in Table 3,
some European countries have achieved the highest recovery rates (old paper collected
versus total paper consumption) and utilisation rates (proportion of old paper in new paper
production) in the world:

Table 3: Recovery rates and utilization rates of old papers in Europe43

Recovery rate Utilisation rate

W. Europe 1994 43.5 % W. Europe 1994 40.6 %

Top 3 countries: Top 3 countries:
Austria 66.0 % Netherlands 71.0 %
Netherlands 63.0 % Spain 69.8 %
Germany 60.3 % UK 62.9 %

The recovered waste paper must fit a set of precise characteristics in order to be recycled. These
characteristics are conditioned by the demands of the market. Roughly, there are two large
families of applications (packaging, corrugated board,... and graphical papers) with different
recovery circuits.

Concerning the recovery and recycling techniques, one important issue remaining is the
problem of ÒstickiesÓ originating from the adhesives present in the recyclable paper. The stickies
can cause breakdowns or decrease machine productivity. The introduction of fractionation
technologies was a large step forward for paper recycling: it has increased the number of grades
of paper usable for recycling. Deinking is considered by several experts as technological
problem that can be improved. Issues of wastewater treatment and sludge disposal remain but
technologies are emerging bearing the promise to recover the energy and recycle the mineral
fraction of the sludge; about 100 deinking mills presently operating in Europe generate about
1.5 million tonnes of sludge per year (dry basis)44.

Emerging policies and current debates: The main debate around paper recycling is the
competition between recycling and incineration. In the longer term and in view of a potential CO2

tax there is a perception that the energy producers could become competitors to the paper
industry. Prices for recovered paper could be driven up to a level where it is not economical for
the paper industry to use secondary fibre. The paper industry in countries without significant
forest resources tend to defend recycling against incineration while the Scandinavians tend to
keep the door open for incineration. In any case, the large Scandinavian players have invested
heavily in recycling facilities in the rest of Europe and there is a strong local dimension to the
issue.

Paper recycling should be viewed at European level because of the enormous crossborder
trade in paper products as well as in recovered paper. In general, for old paper, the source is
more the large consuming areas of Europe. While the Netherlands, Germany and the UK mostly
practice home market recycling, because of a high local generation of old paper and a rather
                                                
43 Source: personal communication to IPTS, SCA Recycling, Zaventem, Belgium, June 1996; these figures
concern all types of paper
44 Source: personal communication to IPTS,CJC, Marketing Associates, Norwich, UK, June 1996
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efficient collection, the South of Europe, where packaging is needed for exports, import old
paper because the local collection efforts there are still insufficient. It is also worth noting that the
import/export fluxes mostly concern full packages, not empty ones. Therefore, waste packages
are available where the products are consumed. It is therefore important to ensure the free
circulation of old papers and board to keep the markets in balance.

Key examples of impediments to paper recycling:
· Presence of complex products such as multilayer packages.
· No stringent packaging legislation in some countries.
· Generally insufficient waste paper supply in Europe, even if the picture can vary

according to the grades of paper considered. Supply is usually short in the higher old
paper grades.

· Instability of waste paper prices: it appears that small imbalances in the supply/demand
situation result in strong price swings. One of the main reasons is seen in the lack of
information and the improvement of statistics is proposed as a solution.

· Economic competition from incineration!
· Large amount of paper sent to municipal solid waste (paper mixed with municipal solid

waste cannot be recycled).
· Cost differentials and subsidies (or lack of) distorting the competition between disposal

options. Whenever landfill is a cheaper option there is little incentive to collect and
separate paper. The different ways of subsidising old paper collection in different
countries also cause problems.

· Lack of efficient collection systems and expensive sorting.
· Recycled material content targets can be counter-productive if set arbitrarily. Recycled

paper should be used for its best applications.
· Unequal distribution of reprocessing capacity.

Prospects: The overall paper recovery rate in Europe is already in excess of 40% which for the
present situation is insufficient to cover the overall European demand for old paper. For the time
being Europe remains a net importer of old paper. However, experts expect that the
implementation of the Packaging Directive and other legislation (e.g. on graphic papers) will
soon let collection exceed demand for recovered paper in Europe. A surplus of 0.4 million
tonnes is expected as soon as 199845, while existing analyses for 2000 and 2005 forecast 1.1
and 1.7 million tonnes surpluses respectively, mainly for packaging (mixed paper) grades.

Today, incineration of recovered paper with energy recovery is not playing an important role.
However, according to several experts it could become an important and necessary tool to
handle temporary surpluses which often distort the recovered paper markets. According to the
paper industry, incineration with energy recovery at paper mills would be a desirable solution.

3.3.1.3 Packaging metals

Metals can be divided into ferrous metals and non-ferrous metals. For packaging, steel and
aluminum are the most relevant, as they are used in cans and aluminum flexible packaging such
as foil.

Reliable statistics appear to exist for specific packaging applications46, such as cans, to quantify
the amount of used beverage cans generated and recycled each year in Europe. In any case, it
is clear that packaging amounts to just a small fraction of the ferrous and aluminum metal scrap
generated.

Ferrous metals are easily separated by magnets, and non-ferrous metals by eddy currents. The
performance of both, similar types of separation is usually satisfactory but depends also on the
results of pre-sorting operations.

                                                
45 source: personal communication to IPTS, SCA Recycling, Zaventem, Belgium, June and September 1996
46 European Aluminium Association, Brussels, personal communication to IPTS, 09.07.1996
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Steel packaging
In 1990, the estimated average recycling rate of steel cans in B, D, F, I, NL and GB was 25% (3
billion beverage cans and 11 billion food cans). Newer data for 1995 reported to IPTS by the
Informations-Zentrum Wei§blech, D�sseldorf, refer to 40% recycling in the EU (35% in B, 67%
in D, 40% in F, 22%in E, 14% in GB, 58% in NL).

While detinning is now a standard technology and while tin can be an undesirable contaminant
of steel, the recycling of tinned cans is often performed without detinning. According to the
Informations-Zentrum Wei§blech, D�sseldorf, steel of high quality is currently being produced in
Germany at a high recycling rate (67%) without detinning tinplate packaging scrap. All depends
on local practices, the type and quality of steel being recycled and the type of steel being
produced47. In an oxygen converter, in which most of the charge is derived from iron ore and
therefore relatively free from metallic contaminants, detinning is not necessary. This allows to
use scrap without detinning and still remain within the tolerance level for tin in the resulting steel
thanks to dilution. In an electric arc furnace, on the other hand, since the whole charge can be
composed of recycled steel, the issue of contaminants is more relevant and detinning maybe
necessary to achieve the desired quality48.

The current trend towards a higher use of electric arc furnaces throughout Europe coupled to a
higher tinned can recycling rate resulting from the implementation of the European packaging
directive may impact on the debate about the need for detinning. In the long run, the recycling
of tinned cans without detinning will contribute to the permanent contamination of the steel
recycling feedstock of the future.

Aluminium packaging
In 1995, 35% of all aluminum cans in Europe were recycled, i.e. 5.7 billion cans, or 85 000 t of
recycled aluminum.

Aluminum recycling has long been practiced because of the energy savings it generates versus
virgin aluminum production. Up to 95% of the energy used for the production of primary
aluminum can be saved through the recycling of aluminum cans while obtaining a metal of equal
quality. Remelting facilities are available in almost every EU Member State. However, it is
interesting to note that recycling rates for aluminum cans differ widely in Europe (91.5% in
Sweden against 14% in France, for example). This is mainly due to differences in national market
shares of aluminum versus steel  and the type of collection schemes available. Separate
collection schemes with cash incentives such as deposits or refunds to charity programmes
result in high recycling rates.

In what concerns flexible aluminum packaging, incineration with energy recovery is increasingly
being used in a number of European countries. Aluminum foil has a calorific value of up to 31.5
MJ/kg, equivalent to three quarters of the calorific value of fuel oil. Under furnace conditions in
an incineration plant, foil releases its energy by reacting with oxygen in an exothermic reaction.

Key examples of impediments to recycling of packaging metals:
· Availability and rising cost of scrap arisings.
· Diverse quality of scrap (galvanized steel, tinned plate, alloys, etc.)
· Technological limitations of furnaces to accept scrap.
· Barriers to the growth of the electric arc process.
· Dependence on demand for metals.
· Ability to process high quantities of scrap.
· Export of high quality scrap outside Europe and import of low quality scrap.

3.3.1.4 Packaging glass

Post consumer glass packaging essentially consists of Òcontainer glassÓ. It is also this form which
is of most interest for recycling because the largest application for recycled container glass is the
production of new packaging. Other sources of waste glass can be windows from demolition,

                                                
47 APEAL, personal communication to IPTS, 26.09.1996
48 AMG Resources Limited, personal communication to IPTS, 19.09.1996
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windscreens from cars, light bulbs, cathodic tubes (e.g. TV screens), glass fibers, etc... and
cannot be used as packaging glass. The removal of glass from the municipal solid waste streams
to be incinerated is also beneficial because its presence lowers the efficiency of incineration.

Around 7 Mt waste glass are collected yearly in the EU which remains a net importer of waste
glass (ÒculletÓ). The average EU glass recycling rate is estimated at about 50% but this average
value hides large differences between the various countries.

Glass recycling has also long been practiced and results in significant raw materials energy
savings for glass production. Depending on quality, up to 100% waste glass can be used in a
glass furnace. The process can be repeated indefinitely without any loss of quality of the new
glass produced.

Impediments and prospects
Among many factors which affect how much glass is ecycled, colour separation is probably the
most important. When clear, green and brown bottles are mixed, the resulting cullet cannot be
used in clear furnaces and only limited quantities can be put into brown furnaces. Green is the
catch-all quality but there is not enough green glass production to absorb all the cullet collected.
This is the reason why separate collection of colours is preferred over mixed collection.

The other major controlling factor on glass recycling is the ability to keep the contamination of
the cullet by other materials than glass to a minimum. The most common contaminants are paper
from labels, plastic films and caps, plastic bottles, metal closures and metal cans.

As a result, the biggest technological issues facing the glass recycling sector seem to be the
efficient color sorting of the cullet and to reduce the contamination level of the cullet. For the first
issue, some success was obtained by automatic colour sorting devices. For the second issue,
paper and plastics, being much lighter than glass, can be easily separated. Ferrous metals can
be readily separated by using magnets. Aluminum can be separated after crushing of the glass:
since it is not crushed, it can be screened off.

The biggest difficulty in separation comes from materials, such as ceramics, earthenware or
concrete, which are close to glass for certain physical properties. They are often called the
ÒinfusiblesÓ because their melting temperature is often much higher than that of glass. These
materials can result in high rates of rejection in the glass production process.

To further increase used glass collection, it is essential to continue the efforts already under way
to develop the European network of glass banks, a well proven system. These actions
contribute to provide color sorting where necessary, to launch information campaigns targeted
both towards the public and the authorities concerned, to invest in state-of-the-art glass
recycling facilities, etc. Unfortunately, and in spite of a two-fold increase in glass collection over
the last decade, a significant amount of glass is still disposed of in landfills.

International trade in cullet is currently not important. The development of a system to grade
cullet could in the long run promote it, thereby helping glass recycling. This could go hand in
hand with the definition of well established standards (grades) or commercial specifications for
cullet in order to make the market more efficient. Some limited imbalances in the market exist in
term of color, such as for example in the UK, where old glass collected is mostly colored
(imported wine bottles, beer bottles, etc.) while new glass production is 70% clear glass.

Research is being performed to develop new applications for recycled glass (fibers, Òglass
asphaltÓ, construction materials,...). A new technology is appearing which can color clear glass
by way of a colored coating. Such coating disappears during glass melting, removing the need
for color sorting of old glass. If such technology were to become widespread, all container glass
would be manufactured clear and the above mentioned imbalances would disappear.
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3.3.2 Metals

The ferrous and non-ferrous recycling industry are the two most widely and long established
sectors, and are characterised by the important fact that merchants invariably pay to collect
recyclable materials from a wide variety of sources. The economic strength of the sector has
been impressive and this is partly reflected by the large number of people employed in metals
recycling within the EU (probably more than 100 000). However, operating margins, in particular
for steel, are low and the sector relies on economies of scale for profitability. It should be noted
that, due to their durability and unlike most secondary materials, secondary metals command the
same price as primary metals of equal purity, and usually reach more than 70% of the price of
primary metals.

Recyclable metals are classified into Òhome scrapÓ, Ònew scrapÓ and Òold scrapÓ according to its
origin. ÒHome scrapÓ arises from the plants of the primary producers (ingot croppings, plate edge
trimmings, ...etc.), and is mostly reprocessed internally. ÒNew scrapÓ comes from the
manufacturing of metal parts, such as trimmings, cut-out pieces, etc. It is sold to secondary
metals dealers in quantities usually dependent on industrial activity rather than price (it must be
Òdisposed ofÓ). ÒOld scrapÓ is the post-user scrap, i.e. from products at the end of their life such
as cars, domestic appliances, etc. It must be collected from municipal solid waste, scrap dealers,
retailers, etc., and sorted. As a consequence, the availability of Òold scrapÓ depends more on
price than in the case of Ònew scrapÓ. The relative size of the arisings of new and old scrap varies
from metal to metal.

The identification and sorting of metals, long performed by hand by skilled personnel, is
becoming automated. The price of the metal fractions obtained depends on the level of purity
achieved by the sorting operations. More R&D is needed to improve the efficiency of this
operation.

Ferrous metals
The ferrous metals recycling industry is one of the traditionally well established recycling
industries in Europe and in the world. This is mainly due to the good separability, the high
recyclability and the high economic value of ferrous waste materials.

Apart from solving waste disposal problems, the recycling of ferrous metals presents the
following important advantages:

· Approximately 70% energy savings compared to primary iron production
· Saving of water, iron ore and coke.

The European steel industry recycled around 70 million tonnes of steel scrap while the crude
steel production totalled 153 million tonnes. Of all the steel scrap used, about 50% is post
consumer material collected by the scrap industry, while the other 50%  are home scrap (27%)
and new scrap (23%). The amount of ferrous materials escaping the recovery and recycling loop
is poorly known. One source of losses is the presence of contaminants in the ferrous scrap
making it unsuitable for the desired quality of the new steel. Recently, lines of R&D were
proposed to the Commission to address these problems49.

Electric arc furnaces are better suited to handling steel scrap than oxygen converters (typically
<300 kg scrap/t in oxygen converters, 1000-1200 kg scrap/t in electric furnaces). Electric arc
furnaces are dominant in southern Europe while oxygen converters dominate in northern
Europe.

The trends towards the decrease of the steel content and the increase of the aluminium
contents of cars is relevant for the metal recycling industry. In general, there is a tendency for
cars and household appliances towards the reduction of their steel contents.

                                                
49 IXAS Conseil: Mineral and Metallurgical Industries of Europe, Evaluation of R&D needs and determination of
priorities in financing R&D programmes within the industry, EC BRE-CT94-1314, Lyon, 1994
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The ferrous metals recycling market has been practically autoregulated so far. The regulatory
proposals linked to end of life vehicles, with their high steel content, could bring changes to this
picture (see section 3.3.4). In this context, it is interesting to investigate what consequences the
various types of intervention would have.

The introduction of much tighter quality controls in steel production (computer control) raises
the quality and consistency requirements for the scrap, therefore playing against recycling.
Better preparation of scrap according to clear specifications would promote scrap usage as well
as maybe the development of less demanding technologies.

From the point of view of the independent steel works50, the rising cost of ferrous scrap is a major
obstacle to the development of the electric arc furnace. The availability of cheap high quality
ferrous scrap in Europe had stimulated the investment in electric arc furnace capacity. However,
recently, international competition has caused the export of high quality European steel scrap to
well paying international customers, causing an increase in the price of local lower quality scrap,
forcing the industry to look for alternative feed materials.

Non-ferrous metals
The recyclable non-ferrous metals include aluminium, copper, chromium, zinc, lead, tin, nickel,
cadmium, precious metals etc. They have been traditionally recycled for a large part because of
the often favourable economics of the operation. Exact data about recycling rates do not exist.
The closest seems to be what is published by the International Council on Metals and the
Environment (see Table 4). Consequently, there is currently no conclusive evaluation of the
environmental problems and losses of resources due to the lack of recycling non-ferrous metals.

In 1993, the total EU production of the four major non-ferrous metals (Al, Cu, Pb, Zn) was 8.2 Mt.
Of the 4.7 Mt scrap consumed in the production of these tonnages, approximately 400.000 t
were imported from non-EU countries. The size of the EU non-ferrous metals collection and
reprocessing industry has been estimated to consist of approximately 15,000 units of which
10% are large, 30% middle sized and 60% small. Approximately 100,000 people are employed
in this sector51.

The complex typology of secondary non-ferrous metals makes it extremely difficult to establish
common definitions about products and waste categories. This may be seen as one of the key
problems for developing reliable statistics at European and world level.

The complexity of non-ferrous metals recyling increases in all the cases where the materials are
toxic and where adverse environmental effects can be associated with the recycling operations.
In this context, the Council Regulation (EEC) 259/93 can be perceived as a barrier and a
controversial issue has been introduced with Decision II/12 of the Basel Convention. The aim of
this Decision is, among others, to limit the transboundary movements of hazardous recyclable
materials.

According to ICME52, this Decision does not differentiate between materials for recycling and
materials for disposal. Therefore, ICME claims that the Basel Convention affects strongly the
economies of industrialising countries that have been recently increasing their non-ferrous
scrap imports from OECD countries. On the other hand, there is definitely a need to prevent
environmental damage related to the export of hazardous non-ferrous wastes from the OECD to
industrialising countries. This is because the appropriate regulatory measures to guarantee
environmentally sound recycling practices may be absent in the importing countries. This
freedom of international movements for secondary non-ferrous metals under environmentally
sound conditions is one of the key recommendations made by the European Non-Ferrous
Metals Trade, Recovery and Recycling Industry to the European Commission53.

                                                
50 European Independent Steelworks Association (EISA), personal communication to IPTS, 10.07.96
51 M. E. Henstock: The Recycling of Non-Ferrous Metals, International Council on Metals and the Environment,
Ottawa, Canada, May 1996
52 M. C. Cambell: Non-Ferrous Metals Recycling: A Complement to Primary Metals Production, International
Council on Metals and the Environment, Ottawa, Canada, March 1996
53 Eurometaux: For a Community Non-Ferrous Metals Recovery and Recycling Policy in the EC, June 1992
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Table 4: The recyclability of non-ferrous metals54

Metal
World

production
(Ô000 t/year)

Recycling
 as % of

consumption
Recycling factors Limitations to recyling

Aluminum 19 600 25 Substantial energy savings Difficult to separate alloying
elements

Cadmium 18.6 10 Easily recovered by
volatilization

Battery collection rate low

Chromium 28455 26 Recycled constituents of
stainless steel scrap

Little use as chromium metal

Cobalt 22.9 9 Recycled constituents of
superalloy scrap

40% in dispersive applications

Copper 9 200 38 Saves energy Lead in some alloys
Gold 2.3 16 Old jewellery is the primary

source
Large gold holdings for intrinsic
value

Lead 7 816 53 Easily melted and refined Limited by collection efficiency
Magnesium 309 26 Considerable energy saving Magnesium in alloys largely

lost
Manganese 7 100 insignificant Oxidizes easily Largely lost in steel recycling
Mercury 3.0 6256 Volatility lends to ease of

recyling
Demand declined 70% since
1970

Molybdenum 78.9 1157 Catalysts and superalloy scrap Losses to carbon steel,
dispersive uses

Nickel 814.7 4458 Mainly stainless steeland other
alloy scrap

Impurity control in super alloys

Platinum group
metals

0.33 10 Automotive catalysts and
industrial uses

Available data very limited

Rare earth metal
oxides

62 insignificant Rare earths are abundant but
processing is expensive

Volumes do not warrant
recycling

Silver 13.8 35 High recovery from most
applications including
photography

Collection of discarded
materials

Tantalum 0.34 14 Cutting tools, high alloy scrap,
capacitors

Collection of tantalum bearing
materials

Tin 225 10 Mainly from new tinplate scrap Dispersive uses such as
plating and solder

Titanium 110 40 Energy savings in using scrap
titanium

Refining technology difficult

Tungsten 42.1 20 Tungsten carbide and mill
product scrap

Tungsten in alloys is lost in
recycling.

Zinc 8676 28 Brass scrap, die castings,
drosses, galvanized sheet and
steelmaking dusts

Dispersive use in galvanizing
and as oxide and chemicals

Impediments and prospects
· The harmonisation of existing classifications and the development of better definitions of

waste categories may help develop reliable statistics. In the case of hazardous wastes, this
will contribute to facilitating their safe export towards certified recyling plants.

                                                
54 Non-ferrous metals recycling: a complement to primary metals production, by M. C. Campbell, International
Council on Metals and the Environment, Ottawa, Ontario, March 1996.
55 As ferrochromium
56 This is one estimate from the US only from Mineral Commodity Summary, 1995. In 1991, the same source
indicated a recycle rate of 32%.
57 United States Bureau of Mines, 1991
58 Nickel Development Institute
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· Designating Òbest recycling practicesÓ and their environmental performances could
contribute to the application of global recycling standards. Certified recycling plants could
then be allowed to process given ÒclassesÓ of wastes.

· Significant losses of non-ferrous metals wastes to landfills occur from car shredder residues.
New technologies and management concepts for end-of-life vehicles may provide
improvements.

· Price fluctuations in the primary raw material markets tend to destabilise the markets for
recycled materials.

· Import/export taxes favouring exports rather than local processing affect competitiveness
adversely.

Non-ferrous metals processing usually requires less capital investment than steel processing and
industries recycling non-ferrous metals appear to typically deal with 4 different metals on average.
However, in the last few years, heavy environmental legislation has caused many players to stop
dealing with lead, resulting in a decrease of the recycling rate for lead. Overall, there seems to be a
trend towards the specialization of dealers in certain metals in order to best take advantage of
economies of scale. Some non-ferrous streams such as aluminum cladding and windows are fully
recycled.

As the drive towards higher recycling rates is intensifying, there is a need for recovering a higher
proportion of the metals available from post consumer sources. Simultaneously, the levels of
contamination must be further reduced while the separation of non-ferrous metals into high purity
fractions is difficult to achieve. This is creating challenges for the production of high quality scrap metal
feedstock because, as the recycling rates increase, a wider range of materials in ever smaller unit sizes
get into the recycling stream. This brings an increasing level of contamination and renders the
necessary sorting more expensive. This can even decrease the overall quality of the secondary metal
obtained and illustrates the law of diminishing returns. To address this issue, an increased transfer of
responsibilities for scrap quality to the scrap providers is desirable and will probably occur.

In parallel, as the exploitation of metal ores in the world proceeds, the best grades become exhausted
and their average metal content decreases (an estimated 50% average decrease in metal content
since 1950). This increases the cost and environmental impact of the primary production of metals,
rendering secondary metals ever more attractive.

3.3.3 Non packaging paper

Non packaging paper accounts in W. Europe for about 60% of total paper consumption: 35%
represents printings and writings (excluding newsprint) while10-15% is non recoverable e.g.
toilet tissue, specialty, archival, etc.

More R&D is needed in the areas of:
· Inks to help de-inking.
· Chemical dyes to make white paper without bleaching.
· Office machinery (photocopiers, fax, etc...) to facilitate the use of recycled paper.

Impediments and prospects
 As for paper in general, the environmental impacts of recycling processes must be considered
before promoting recycling. In particular, the generation of large quantities of sludges (ink, paper
additives, fillers,...) by recycling operations is a serious issue. The limits of the collection logistics
are also to be reckoned with. The advantage of printing and writing paper versus packaging is
that it is more likely to be collected from concentrated sources such as printing shops or office
buildings and delivers paper grades of higher quality. However, this type of collection is still too
limited to cover all the potential for the use of recycled graphic paper.

Improvements in de-inking technologies, increased use of water based inks and better
separation of short and long paper fibers are all on the agenda for the improvement of the
environmental profile of paper recycling. Significant progress has already been made to increase
the recycling of the lower quality post-consumer paper such as newsprints and magazines.
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3.3.4 End of Life Vehicles

End of life vehicles (ELV) are currently at the center of the development of a hotly debated
European directive. In the EU Member States, ELV are currently recycled through a shredding
process in which nearly all the metals (approx. 75% of the weight of a vehicle) and an increasing
proportion of the plastics, foams, rubber and textiles are recovered. The remaining fraction, the
so-called automotive shredder residue (ASR), is for the most part disposed of in landfills.

Although ASR is a relatively unimportant waste stream (equivalent to only approx. 1 % of the
tonnage of municipal solid waste), this situation remains unsatisfactory. ASR consists of a
heterogeneous mix of materials, including plastics, fibres, glass (and some toxic substances
such as PCB) which could be further recovered. Additionally, ASR has a high calorific value and
can be used as fuel59.

The main actors involved in the recycling of ELV are the scrap yards and retailers, the operators
of shredding plants, the steel and non-ferrous metals industries and the local authorities for the
disposal of the ASR. Additionally, the entire car manufacturing industry is now involved in
improving the recyclability of cars.

After shredding the ELV into fist-sized pieces, ferrous metals, non-ferrous metals and ASR are
separated magnetically and by air classifiers. Proceeds from the sale of the metal fractions are in
the order of 90 ECU/vehicle. The shredding costs are ca. 37 ECU/vehicle60. This does not
contain any transport or dismantling cost nor ASR disposal costs. Techniques have been
developed both for draining the various liquids from the ELV to avoid contamination and for
dismantling valuable parts such as catalytic converters, batteries or large plastic parts before
shredding in order to reduce the quantity and the hazardous nature of ASR. A gate fee of 130
ECU/vehicle is expected to be sufficient to cover the costs of these processes61.

Because of this ASR, the increasing cost of landfills threatens the profitability of the recyclers
who live essentially from the sale of the ferrous metal fractions, some non-ferrous metals and of
dismantled parts. However, other factors also affect the profitability of recyclers:

· The share of steel contained in ELV is expected to shrink to close to 60% due to the
increasing use of plastics and composites to reduce the weight of new car models.
These materials end up mostly as landfilled ASR.

· The price for steel scrap, still the largest part of ELVs, depends on the price set by the
world markets and on the imports of cheap steel from Eastern Europe and Brazil.

· Scrap yards and retailers contribute significantly to the re-use of parts and to the ELV
recovery infrastructure, but many of them operate in a kind of legislative vacuum. The
development of legislation must be cautious not to threaten their existence.

The increasing use of light metals should not create too much of a problem for recycling. For
example, the first full aluminum chassis are already available on the market and will be available
for recycling in due time.

One of the first initiatives to regulate the disposal of ELV was the German draft directive on
ELV. This initiative, in favor, as in the Netherlands, of producer responsibility (see in section 2.7,
the ÒConcept of ResponsibilityÓ), proposed to oblige car producers to take ELV back. As a
reaction, all European car manufacturers started to work on new concepts to improve current
ELV disposal practices. Their goal was to avoid legislation and solve the problem on the basis of
a voluntary agreement.

The European Commission regognized ASR as one of the priority waste streams and formed a
ÒELV Project GroupÓ composed of representatives from all concerned industries, associations
and governements. In March 1994, this group presented a strategy for the treatment of ELV to
                                                
59 The UK authorities concluded that ASR was not a toxic or hazardous waste.(R. G. Loram, personal
communication to IPTS, Sept. 20, 1996).
60 P�chert, Walter, Conradt, Rentz: Altautorecycling, Economica Verlag, 1994
61 In The Netherlands the foundation Auto&Recycling and Auto Recycling Nederland BV has started to
recycle ELV with the objective of 86 % recycling by the year 2000 and financed by a 116 ECU/ELV levy.
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DG XI62. The main objectives of this strategy were:

· Disposal (landfill and incineration without energy recovery) of a maximum of 10% of the
weight of the ELV for the car models marketed from the year 2002 onwards.

· Disposal of a maximum of 5% of the weight of the ELV on average per producer by the
year 2015.

· Depollute the ELV before shredding so that the ASR meet landfill standards as of 1995.

The voluntary agreements on ELV recycling accepted by the automobile industry in France63,
Germany64, Spain65 and five other EU countries followed these recommendations to a large
extent.

A draft European directive on ELV is now being discussed within the European Commission66

that would oblige car manufacturers and importers to take back their used vehicles at no charge
and make them responsible for achieving high levels of recycling and reuse. This strict
application of the producer responsibility principle is fiercely opposed by the automobile
industry. The recycling targets currently proposed by the draft directive are:

· To reuse or recover at least 85% of the ELV weight by 2002 while recycling at least
80% of this.

· To reuse or recover at least 95% of the ELV weight by 2015 while recycling at least
90% of this.

PVC, mercury, lead, cadmium and hexavalent chromium would be banned from cars starting in
2002 and the models sold from then on would have to be designed to achieve the above-
mentioned recycling rates.

Impediments and Prospects
The main bottleneck for the future of ELV recycling is the cost of dismantling and disposal.
Dismantling, because it requires a lot of manual labor, is the most expensive stage of the
recycling process. Its cost, influenced by the current trend towards the reduction of the quantity
and toxicity of ASR, can be reduced through:

· Design of cars for recycling67. All car manufacturers have now developed Òdesign for
recyclingÓ guidelines and parts suppliers are pressed to include recyclability into their
modules.), and

· The development of advanced dismantling processes.

Design for recycling is likely to be a strong area of progress for car recycling in the future.
However, since todayÕs cars are expected to have a life-span of 12 years, design for recycling,
now in its infancy, and related advances in the recycling of cars need time to show results.

One approach developed in industrialised countries over the last few years, is to largely
automate68 or simplify dismantling and recycling to reduce cost. However, dismantling the
thousands of models of cars on the market by some type of flexible automated industrial scale
dismantling and recycling plants is a tall order. To this end, a microchip containing all the
information necessary for the automatic dismantling and recycling could be attached to each
car69. Producing dismantling manuals containing the exact amount and location of materials,
liquids, parts and aggregates contained in a given ELV could also help.

                                                
62 Commission of the European Communities, ELV Information Document, fifth draft, 1993
63 Accord cadre sur le retraitement des v�hicules hors dÕusage, Paris, 10.03.1993
64 Freiwillige Selbstverpflichtung zur umweltgerechten Altautoverwertung (PKW) im Rahmen des
Kreislaufwirtschaftsgesetzes, VDA, Frankfurt, 21.02.1996
65 Acuerdo marco sobre reciclado de veh�culos al final de su vida util, Madrid, 16.01.1996
66Draft Proposal for a directive on end of life vehicles, DG XI, February 1996
67 The program BRITE EURAM helps funding R&D in this area (e.g. project BRE2 CT92 0.269 Nr. 5671 on
the reduction of the copper content of electric motors).
68In developing countries, where labour is cheap, life-time extension and recycling work very well: the
average life time of a car can be as high as 30 years compared to 13 in Europe.
69 This information could also be used for automated fuel refilling by robots (under development),
automated and optimised packing of vehicles for combined transport, automated servicing, etc.
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An alternative approach under development is to design a process that can be fed entire cars
and churn out reusable materials, energy, and a small amount of non-reusable material70. In view
of the large variety of materials contained in cars, it is difficult to produce secondary materials of
good quality with such a process. It will be interesting to see the achievements obtained in the
years to come.

If the producer responsibility proposed draft directive on ELV is upheld, the automobile industry
could move in the recycling and dismantling area and take full control over it. Additionally, the
recycling target, effectively limiting to 5% the amount of material that can be incinerated, could
have the perverse effect of limiting the use of plastics in cars, leading in turn to an increase in the
weight of cars and an increase in fuel consumption.

Emerging modular car concepts are now opening new opportunities for integrated approaches
to production, repair, upgrading and recycling.

3.3.5 Electric and electronic waste

Electric and electronic equipment is equipment using electricity, or through which electricity
flows, and/or which contains an electric circuit (circuit with active and passive components)
mainly constituted by glass, plastics, ferrous and non-ferrous metals, small amounts of precious
metals, batteries and cables. It essentially belongs to one of the following categories:

· Computer/office hardware
· Professional electronics
· Electric equipment
· Electric equipment for offices and residences
· Telecommunications
· Large and small electrodomestics
· Consumer electronics
· Lamps.

On the whole, one can distinguish two main groups of electric and electronic waste (EEW):

· The EEW which retain an intrinsic economic value, such as main frame and personal
computers, cables, professional electronics, lead acid batteries and old
telecommunications equipment; and

 
· The EEW which cannot finance their own recovery and recycling, such as small

batteries, small electric equipment, electrodomestic appliances, consumer electronics,
lamps, etc.

Current estimates evaluate that EEW account for around 2-3% of the entire waste streams in the
EU. This amount is forecast to increase by about 3.5% per year. While the new products tend to
weigh less that their predecessors, the total number of products sold, and their complexity,
increases. Another emerging trend is the increasing proportion of plastics and non-ferrous
metals in EEW.

In spite of their small volume, EEW have been designated as a priority waste stream by DG XI for
three main reasons:

· They may contain significant amounts of hazardous materials,
· Some contain valuable raw materials and
· Their volume is rapidly increasing.

Cables, electrodomestics, electric equipment and batteries account for probably more than 80%
by weight of the electric and electronic equipment. Similarly, a very small number of heavy
objects (<1%) appear to account for a very large fraction of the weight (>80%). This characteristic

                                                
70 Engineering, Separation and Recycling NV in Handzame, Belgium suggested such a process.
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has consequences for the collection of EEW. Cables are usually considered apart from the rest.
It should also be noted that the professional sector (by contrast to consumer electronics)
generates about 50% of the EEW. This share is already for a large part recovered and recycled.

Various schemes have been proposed, relying on producer responsibility and supported by
product or disposal charges. The ÒProject Goup on Waste from Electric and Electronic
EquipmentÓ of the Priority Waste Streams activity of DG XI, submitted an information document
as well as recommendations. However, the industry considers the exercise failed because it did
not achieve agreement on the issues of responsibility, funding and collection/recovery
structures71.

The very different composition, value, life expectancy, use and general characteristics of electric
and electronic products, recognized in these documents, suggest that EEW are difficult, or
even impossible71, to be dealt with as one single waste stream. This did not stop Austria from
starting a pilot project treating EEW as one stream72. Best practices for the collection, transport
and recovery, re-use, upgrading or disposal, which offer both economic and environmental
benefits, cannot be generalized: an electronic notebook is just too different from a refrigerator.
In order to optimize recovery and recycling, the industry therefore favors the sharing of
responsibilities and maintaining the recovery and re-use/recycling schemes that already exist for
some products.

The systematic recycling of consumer electric and electronic equipment is still largely in its
infancy in most European countries and potential arisings are unknown. A pilot project for the
collection of electronic waste in the Netherlands ended up collecting less than expected.
Reportedly, a large fraction of the used but reusable electronic equipment generated across the
European Union finds its way to emerging markets in Eastern Europe, the Middle East and
Africa.

There is so far no specific EU legislation for EEW. There is only indirect impact from legislation
on PCB/PCT, CFC and batteries. However the legislator will have to play a large role in framing
appropriately the necessary measures for the re-use, recovery and recycling of EEW in Europe.

Legislative approaches such as in Austria, the Netherlands, Finland, Germany, Sweden and
Switzerland still are in a draft form and there are proposals in Norway. In Greece, EEW are
covered by the Ministerial Decision n¼72751/3054/85. Voluntary agreements already exist in
Austria, Denmark, Finland, France, Sweden (with stringent recommendations from the Swedish
Ecocycle Commission), the UK, Switzerland and Norway. The Dutch approach focusses on
electronic waste and is based on shared responsibility with an internalization of the costs of
collection and recycling in the price of the new products (similar to the approach for end-of-life
vehicles in the Netherlands).

Perhaps the most important actors in this field are the producers of electric and electronic
equipment. Most of them have started to adapt the design of their products to the requirements
of recycling. Many have issued Òdesign for recyclingÓ guidelines and some even use recycled
materials in their products73. Re-use and refurbishing are also promising options that become
especially important for products that are marketed as a service such as photocopiers. Modular
concepts including sufficient standardization (e.g. personal computer cases) allow, within certain
limits, the easy exchange of modules and even upgrading.

There is also a number of initiatives by all sorts of charity organizations to collect, repair and sell
second hand electric and electronic products. Local communities are also starting to set up take-
back schemes for EEW in association with distributors and manufacturers (e.g. Bilbao, Spain).
After exhausting the possibilities of re-use, refurbishing and upgrading, those who will some
day have to handle the ultimate recycling of EEW, downstream from the manufacturers handling
collection and refurbishing, will probably be companies from the process industry because most
steps of the recycling process, such as dismantling, sorting, shredding, sifting, etc..., are
mechanical.

                                                
71 eurobit, personal communication to IPTS, 28.6.1996
72 Bundesministerium f�r Umwelt, personal communication to IPTS, 28.06.1996
73 e.g. Siemens in its computer housings
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Impediments and Prospects
There appears to be threats to the survival of established EEW recycling operations in Europe
because of a lack of qualification, environmental awareness and regulatory compliance of a
number of collection and recycling companies. Additionally, cut price Asian actors and the
imperfect enforcement of existing regulations in Europe reportedly74 make life difficult for
mainstream European recyclers. Finally, the legal classification of a large part of the EEW as
Òtoxic wasteÓ is a serious threat to recycling because of the limitations it creates to the free
movement of goods (Basle Convention and Regulation EEC 259/93).

The main long-term objective for the iterative and parallel development of recyclable electric and
electronic equipment on the one hand and of recycling processes on the other hand, should be
to reach the economic break-even point for recovery, re-use and recycling. In view of the
number of re-usable parts and valuable materials contained in EEW, this seems to be realistic.
Due to the experiences with the existing packaging regulations and the heterogeneity of EEW,
a specific legislation is unlikely to be the best way to promote its recycling. Widely accepted
Òdesign for recyclingÓ standards seem to be a better alternative.

One of the critical points for the ultimate material recycling of EEW (after exhausting economical
and environmental options for re-use and refurbishing) is the identification of the parts
containing toxic materials (e.g. mercury switches), their separation and their state-of-the-art
treatment or disposal. This requires substantial knowledge and experience that could be
provided by specialized companies operating under recognized quality standards. A mandatory
certification of these companies, linked to the Òdesign for recyclingÓ approach, can be
considered.

Another critical issue is miniaturization. While reducing the use of materials and therefore
contributing to waste prevention, miniaturization makes material recycling more difficult by
intimately associating materials (i.e. making sorting very difficult and increasing the
ÒcontaminationÓ of every material by others) and by making every unit of waste less worth
recycling.

The marketing of electric and electronic products as part of a service (e.g. delivering x
photocopies or y phonecalls or illuminating a building for a given time), would undoubtedly
promote re-use and refurbishing concepts.

3.3.6 Building and Demolition Waste

Building and Demolition Waste (BDW) is more of a problem because of its high mass flow rather
than for its hazardous potential. The Construction and Demolition Waste Project of the Priority
Waste Stream Programme of the European Commission75 estimates a total of 500 million tonnes
of BDW are generated within the EU every year. The accuracy of this estimate is limited due to
different material definitions in the Member States and to the fact that most of these waste
streams are not registered. The main actors in this field are construction enterprises, demolition
and dismantling enterprises, transporters, local authorities and the operators of recycling plants
for the different materials.

The term Building and Demolition Waste includes four different waste streams:

·     Excavated      soil   amounts to approximately 1 to 2 t per person per year or up to four times
the tonnage of municipal solid waste (MSW). This material can in general be reused for
any type of road work, sound barriers, etc., and will not be dealt with in this report.

·      Waste        materials     from     the      constructio        n       of       buildings    range from minerals, wood, plastics
and metals to paint and will be referred to hereafter as Òconstruction wasteÓ (CW).

                                                
74 Indumetal Recycling, personal communication to IPTS, 28.06.1996
75 Construction and Demolition Waste Project in the Priority Waste Stream Programme of the European
Commission, Report of the Project Group to the Commission, Symonds Travers Morgan/ARGUS, Oct.
1995
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·      Waste      from      the        dismantling       and        demolition        of        buildings   , referred to hereafter as
Òbuilding rubbleÓ (BR), amounts to ca. 0.5 t per person per year (i.e. the same order of
magnitude as MSW). The composition of BR depends very much on the type of
dismantling applied (selective, non selective)76.

·     Building     rubble     from     road      construction     is in general directly reused in road construction
and will therefore not be dealt with in this report.

Until recently, and in some cases still now, the practice in most of the EU Member States was to
dispose of BDW either at assigned sites under little control or without any control. BDW is also
often used as an intermediate layer in MSW landfills. Besides the esthaetic damage to the
landscape possibly resulting in considerable remediation costs if these areas are included in
urban planning, BDW may cause damage to soil and groundwater if toxic materials such as
paints, oils or other are present. Remediation costs for contamined soil can easily reach 500
ECU/t. A proposal by the British Sand and Gravel Association would be to use urban planning to
help site BDW recycling facilities within existing quarries and landfill sites in order to maximize
recycling and minimize the above-mentioned problems.

As the problem of BDW is closely linked to landfills, most legislation on BDW derives
from landfill standards such as the German TA Siedlungsabfall. The trend is to allow only
the disposal of non hazardous mineral materials, assuming that all organic materials can either be
recycled, composted or incinerated (preferably with recovery of energy).

The existence of standards for secondary mineral raw materials is a prerequisite for a successful
high quality recycling. Such standards are now being produced and markets for secondary
mineral raw materials of certified quality are emerging. One of the key issues in this area appears
to be the level of trace elements tolerable in case of multiple recycling.

Mineral materials for construction have usually a very low value per unit mass: 1t of prime gravel
costs 5.25 ECU in the Upper Rhine Valley which is rich in sand and gravel, while it costs ca. 13
ECU in regions with little such resources like the Netherlands. In consequence, unless
transported by boat or controlled by strict regulations such as in the Netherlands, the transport
distances for mineral materials are limited to about 50 km. This is especially true for the recycling
of BDW and recycling plants serve an area of no more than 60 km in diameter. They are thus
limited to inputs of approximately 100,000 t/year. Frame conditions such as alternative disposal
cost and thus achievable gate fees, prices, market for primary mineral raw materials, offer of BDW
and regulation vary largely from region to region. In general, legislative action results in
prompting a recycling industry to emerge or develop.

Opportunities for improving the management of construction waste originate mainly through
the development of best construction practices. They mostly consist of minimising left-overs
and trim, while organizing separate collection and re-use or recycling of unavoidable
construction waste such as packaging. The additional cost incurred is small compared to the total
building cost. In some cases, best practices can even result in savings. A further reduction of
construction waste is possible through the use of large pre-fabricated elements such as wall or
ceiling segments.

Building rubble, if not contaminated, can be recycled into secondary mineral raw materials of
certified quality using processes based on combinations of crushers, screens, manual sorting
and wind sifters. The reduction or elimination of contamination through wet processing has so
far not been successful. The secondary materials produced achieve a market price of 70 % of a
comparable primary material.
As the offer of BDW and the demand for (secondary) raw materials depend very much on the
construction activity, the recycling business is closely linked to the actual building economy and
has to cope with seasonal ups and downs.

Impediments and Prospects
The key element, and at the same time the main bottleneck, for the recycling of building rubble
is the knowledge of the exact composition of the demolition materials sent to recycling plants.
This information allows to choose the best (most profitable) recycling technology and re-use

                                                
76 Building Rubble from industrial buildings is not included and dealt with in this report
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option. It also allows to price the delivered building rubble according to quality and thus to give
an incentive for selective dismantling. As a consequence, the overall dismantling and recycling
system remains dynamic and can be guided by environmental policy instruments.

Pilot studies have shown that, when planned as an integrated dismantling, recycling and reuse
process, a recycling rate of 95 % can be achieved at no additional cost compared to
conventional tearing down and landfilling77.

From a quality point of view, successful recycling depends mainly on the markets for secondary
raw materials. Commonly agreed quality standards, in combination with reasonably high prices
for these materials (in the order of 5.25 to 7.85 ECU/t), are the best incentive for a recycler to
strive for high quality. A simple rise of alternative disposal costs for building rubble stimulates
recycling to avoid high gate fees without any incentive to meet a high quality standard. For now,
recycled BDW seems to have little scope of use in the highest quality applications78.
It is imperative that any solution to the above mentioned bottlenecks and impediments be found
in a concerted action with all key players. It is a relatively slow process because confidence in
secondary raw materials can only stem from research and good long term experience (at least
ten years).

3.3.7 Used tyres

With an estimated 2 million tonnes per year in the EU, used tyres are a relatively small waste
stream. Problems for the disposal of tyres arise from the danger of ignition and uncontrolled
burning, which results in considerable emissions. Landfilling is restricted by the tendency of the
whole tyre to resurface due to its shape and elasticity. In 1990 about 20% of all used tyres were
retreaded79 and 30% were recovered for other uses such as incineration, pavement, etc.

The main actors in the tyre and used tyre business are tyre manufacturers, tyre dealers, garages,
tyre centers80, retreaders, car breakers yards, operators of cement kilns and tyre incineration
plants, operators of shredders and a few recyclers (e.g. for road pavement). Tyre centers appear
to be the largest source of used tyres. Breakers yards, garages and tyres centers generally sell
their tyres in bulk to the collection business, dominated by a few large companies. Some still
usable car tyres are exported to less demanding markets. There are difficulties in collecting the
rest of the tyres.

While used tyres from cars have little economic value, they have different uses depending on
their quality. The best ones can be re-used as tyres, the rest retreaded or shredded.

From a technical point of view, the best re-use and recovery options for used tyres seem to be
retreading and energy recovery. Retreading results in an extension of the life span of a tyre and
could be a profitable business but technical limitations limit both the amount of tyres that can be
retreaded (thermoset rubbers cannot be retreaded) and the market for retreaded tyres (different
performances).

Impediments and Prospects
The main impediments to an increase of the market share of retreaded tyres is the limitation of
the speed these tyres can safely tolerate and the lack of confidence of car drivers in their safety.
Retreading is a viable operation for truck tyres and largely practiced in countries such as the
Netherlands. Recently, the production of high-quality retreaded tyres was re-started. However, it
is being threatened by the import of cheap new tyres from Asia, in spite of their sometimes
inferior quality. Improved tyre technology and European quality standards for retreaded tyres, in
combination with consumer tests and dynamic marketing, could help increase the potential
market share of retreaded tyres. The creation of the image of an ÒecotyreÓ could also be

                                                
77  Rentz, Ruch, Nicolai, Spengler, Schultmann: Selektiver R�ckbau und Recycling von Geb�uden,
dargestellt am Beispiel des Hotel Post in Dobel, ecomed Verlag, 1994
78 UK Sand and Gravel Association, personal communication to IPTS, 19.07.1996
79 trucks 40 - 50%; aeroplane tyres are retreaded 8 - 10 times
80 including supermarkets
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significant81.

Because national legislations usually does not know the quality marks for retreaded tyres,
caravans and trailers manufacturers are not allowed to market retreaded tyres as original
equipment. This creates a barrier to the expansion of the market for retreaded tyres.

While tyres82 contain more energy than coal, they contain less sulphur, nitrogen and ash. After
shredding, the so-called Òinch chipsÓ can be used in cement kilns as coal substitute up to 25%.
This is a proven and profitable technology. The steel contained in tyres can even improve the
quality of the clinker. Therefore, energy recovery in cement kilns could be the best option for
used tyre disposal. The main impediments to this application are the initial investment for the
feeding system83 and the test burns needed for receiving an operation permit in view of a
relatively small cost advantage. A small contribution (0.5 to 1 ECU/t) from the car user would
make this a viable business at a cost, at worst, of 10.5 ECU over the life-time of a car. Mono-
combustion is also a proven option84. However, the profitability of energy recovery depends
strongly on the price of alternative waste management options (e.g. landfilling) and on the price
of energy.

Other materials are produced by shredding tyres: granulates, used as base material in other
industries, and other materials to be incinerated, preferably with energy recovery. In this case,
the high production cost of granulates is a problem for their acceptance.

The working group set up by the European Commission on used tyres in the context of the
Priority waste streams programme suggested the following goals for the year 200085 :

· an increase of the average life span of a tyre by 5%,
· an increase of the share of retreaded tyres to 25%,
· an increase of the share of recovered tyres to 65%, and
· a "close to 100%" collection rate.

Furthermore, the working group suggested a preference be given to re-use and recycling over
energy recovery.

A general ban on landfilling, in combination with the recommendations suggested by the above
mentioned working group, would likely be enough to solve these problems. In the case of
granulates, their high production cost and poor characterization limit their potential market. More
R&D is needed in that direction.

In the Netherlands, a general ban on the landfilling of tyres is already applied and Sweden has
issued an ordinance (1994:1236) stating that 60% of the waste tyres shall not be landfilled after
31 December 1996. This percentage is to be raised to 80% after December 31, 1998.

                                                
81  Vaco, personal communication to IPTS, 16.07.1996
82 ca. 30 MJ/kg
83 up to 95 000 ECU for pneumatic feeding, up to 400 000 ECU for mechanical feeding
84 Gummi Meyer, Landau, Germany generates 14.5 MW of electric power from 600 tyres/hour
85 Proposal from the working group to the European Commission for a recommendation on the prevention,
recovery and disposal of used pneumatic tyres, XI/454/93-EN Rev. 3, 24.1.1994
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4. Strategy and prospects

As can be seen from the analysis developed above, it is difficult to talk about Òthe recycling
industryÓ. Many actors from many different industry sectors, operating in very different contexts,
participate in recycling; it is not just one single industry sector. As a consequence, the issue of
recycling is extremely complex and raises many questions.

The first point to recognize is that recycling issues cannot be evaluated in isolation but only in
the frame of an overall waste management strategy. Such a strategy has already been drawn by
the European Commission (Draft Council Resolution on Waste Policy, COM(96) 399 Final, July
30, 1996) and will strongly determine the prospects of recycling in the EU.

The most relevant points addressed by the strategy on waste with respect to recycling are
reviewed below in the light of the previous chapters.

· The Concept of Hierarchy is a key point of the strategy on waste but difficult to
implement. Is this concept really useful to the development of optimum recycling and waste
management practices in general? In any case, the strategy recognizes that the
implementation of this concept is only possible with a certain flexibility and must be guided by
the principle of selection of the best environmental option, although economic and social
costs also have to be taken into consideration. This requires evaluation methods (e.g.
life-cycle assessment, multi-criteria analysis, cost-benefit analysis,...) which should allow the
determination of the best practicable environmental option on a case by case basis without
the need for a pre-established hierarchy, as analyzed in sections 2.6 and 2.7.

 
· The application of a clear Concept of Responsibility is essential in dealing with

recycling and waste management in general. The strategy on waste highlights its favor for
Producer Responsibility and goes on broadening its scope. This largely agrees with the
Concept of Extended Producer Responsibility, an emerging strategy to internalize the
environmental costs of products throughout their life-cycles. This concept introduces
notions such as Design for Recycling, i.e. bearing in mind during design the potential
environmental impacts at all stages of the life of a product and involves the responsibility of all
parties concerned, with a prominent position for the producer.

 
· In view of the many operations, materials, origins, processes and legislations involved, t h e

issue of definitions is of utmost importance for a strategy on waste. The current
strategy paper should be encouraged to give more emphasis to this aspect. The most crucial
points appear to be the distinction between waste and secondary raw materials as well as
between hazardous and non-hazardous waste, mostly in the context of the Basel
Convention and of Council Regulation EEC 259/93. There is therefore a clear need to bring
harmony in the matter. Additionally, a broad consensus on the acceptability of recycling and
recovery methods would significantly contribute to the solution of the definition problem.
Work in this area clearly needs to be promoted.

 
· The availability of reliable statistics is extremely important, in particular for monitoring the

achievement of recycling targets. As recognized in the strategy on waste, a serious effort is
needed in this direction and could give a boost to the current attempts by international
organisations (Eurostat , the EEA, CEN and the OECD) and various industry associations to
harmonize definitions and establish an international classification system.

 
· R&D is an issue insufficiently highlighted by the strategy on waste, but very

important for both recycling and waste management in general. As we are pushing for ever
higher recycling targets, material streams of decreasing quality must be recycled as cheaply
as possible and more markets must be found for recycled products. R&D is indeed
becoming a priority with a few main areas of interest: improving the quality of recycled
products, adapting recycling processes to handle raw materials of lower quality, and
optimizing pre-treatment (automatic sorting, separation, cleaning, etc...). The case of plastics
is very illustrative of this trend, with an increasing level of operational and technical
complexity. Upstream, innovation at product design should help recyclability. This requires
investments in R&D in order to achieve high levels of innovation in the whole recycling chain,
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not least in the collection and sorting systems since this is where a large part of the costs of
recycling come from. Such R&D should be coordinated with the rest of the European R&D
Framework Programme so that the general R&D strategy be consistent with the general
waste management strategy and other policies.

 
· The strategy on waste proposes that the Priority Waste Streams concept be

abandoned. The exercise provided some useful lessons but failed to deliver a workable (and
necessary) institutional approach to optimize waste management practice on a permanent
basis by integrating scientific and technical progress. In this context, the strategy on waste
mentions the existence of committees in charge of adapting the regulatory framework
to scientific and technical progress. However, it does not deliver any operational
solution to support technically the work of the committees: there is a strong need t o
establish transparent procedures for designating ÒBest Recycling PracticesÓ
and ÒBest Waste Management PracticesÓ and set realistic recycling targets at
EU level. A transparent and detailed technical evaluation procedure must be developed to
set the ground for building the political consensus every time alternative waste management
and recycling options are debated. This technical procedure would present the technical
performance and economic data of the alternative options in a standard format, under the
form of a Òreference technical noteÓ for each alternative option. Agreed ÒcriteriaÓ would then
be needed for the screening of the ÒbestÓ practices and the identification of ÒappropriateÓ
targets. This can improve the adaptability of institutional and legal structures and contribute to
optimize recycling and waste management in general.

 
· The strategy on waste rightly deals cautiously with the economic instruments which can

be put in place to internalize the external costs and help optimize recycling and waste
management. These instruments appear to have the potential to work satisfactorily but each
must be targeted to specific problems, sized accordingly and adapted to the peculiarities of
the European market. Beyond, they must also be seen in the context of emerging
developments in the World Trade Organization (WTO) at global scale.

 
· The strategy on waste recognizes the importance of the free movement of recyclable

materials as part of the free circulation of goods in the European internal market. This free
movement is too often not respected and must be preserved in order to remove
unnecessary barriers to trade, optimize logistics and facilitate the installation of large recycling
centers where economies of scale can be fully developed. Again, this is relevant in the
context of the Basel Convention and of Regulation EEC 259/93. Existing recycling activities
are strongly linked to global trade and to the world prices for raw materials. The lack o f
harmonization of the legislations of the various European countries in the area of
recycling and waste management is a barrier to the free circulation of goods and to the
optimization of recycling on a European basis. The complexity of this issue (problems of
definitions, statistics, lack of recycling facilities, ...etc.) calls for a long term action plan and a
better integration of policies. The implementation of the European Packaging Directive in the
Member States is a step in the right direction.

In the light of the analysis performed in Chapter 2, a number of additional points, not covered by
the strategy on waste, need to be mentioned.

In order to build a sound and lasting strategy and take the best advantage of recycling,
relevant trends need to be analyzed. For example, the impact of future legislation and
taxes concerning landfills on recycling and other waste management options should be
assessed in order to optimize waste management as a whole. As another illustration, the trend
towards the increasing complexity of products, markets and business systems, coupled with the
need of participation from the public, turn the setting up of efficient recycling programmes into
time consuming projects.

With regard to the economics of recycling, national administrations need to prepare, within the
European strategy, the framework for profitable private initiative in the area of recycling. Society
has been slow to recognize that the investments needed are often too large to b e
provided solely by the private sector and must ensure that the sharing of the costs and
benefits is equitable.
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The profitability of recycling is a complex and changing issue but the cost of collection and
sorting is clearly the most important factor that determines the overall profitability of recycling
operations. The economics of recycling should also be viewed in relation to the cost of
alternative waste management options.

Finally, but by no means least, the need for a better integration of policies, be it between
various areas of environmental policy, covered by the Integrated Pollution Prevention and
Control directive (IPPC), or between environmental, industrial and R&D policies, is patent. The
drawing of a sound European strategy on waste can be a valid bottom-up approach towards this
better integration.
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5. Conclusions and recommendations

Recycling is not always necessarily the preferable waste management solution
since it is limited by the Second Law of Thermodynamics and obeys the law of diminishing
returns. Other options such as prevention, reuse, and recovery of energy can offer ecological or
economic advantages over recycling according to the application area. In this light, the growth of
the recycling industry is     not   a necessarily desirable policy target. The point is to perform
recycling at its optimum rate both on an economic and environmental point of view. This
optimum can vary widely according to material, location, available infrastructure, application,
scientific and technological state of the art, etc.

Ideally, the best way to remove all the unfair barriers to the development of recycling would be to
set up a coherent, comprehensive, integrated and flexible European legal framework associated
with a transparent procedure to generate realistic recycling targets. The scope of such a system
would be to harmonize the various national legislations affecting recycling.

The most important issues to be addressed are to attribute clearly the responsibility for recycling
and to select the most suitable waste management options clearly and fairly.

The suitable framework for building a European strategy for recycling should include:

· The establishment of operational definitions and statistics. This is a crucial point
to ensure a proper functioning of the European single market in the area of recycling. This can
provide the basis for a systematic harmonization the national legislations affecting recycling.
The issue of statistics is important with regard to monitoring the European waste management
system in general and developing it in line with the European policy.

· A clear coordination with R&D funding and decision-making. R&D is essential for,
on the one hand, improving the achievements of recycling technologies and, on the other
hand, for facilitating recycling by applying the Òdesign for recyclingÓ approach. Decision-
making, by the way of clear and coherent strategies at European, national and enterprise
levels, helps set the R&D efforts in the right direction.

· The designation of best practices at local and EU levels. This allows a certain
amount of Òbench-markingÓ to take place and to progressively eliminate low performance
operations. it is also an opportunity for applying ever cleaner technologies on the road towards
sustainable development

· The establishment and maintenance of databases. In line with the issue of
definitions and statistics, databases are necessary management tools for checking targets and
monitoring problems and progress. They can provide a sort of ÒdashboardÓ to the people in
charge of implementing the general waste management strategy.

· A strategy of integration with other policies (industrial, R&D, employment,
environmental,...). This is necessary in order to exploit the potential synergies between
various policy areas, avoiding redundancies and antagonistic developments. This is part of the
general optimization process our societies will have to undergo to reach sustainability.
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Annex i
Recent studies and references

1. Recent studies:

*  Frost &Sullivan: European Market for the Collection of Material for
Recycling, 1995. Particular focus on packaging waste; country reports and a European
synthesis are given. Yearly data for the period 1991-2001 are developed referring to Units of
Shipment (tonnes), Revenues ($), Revenue growth rate (%), Percent of revenues by product
type (%), Percent of Shipment by Geographic Region (%), recovery rates (%), company market
share, etc. Material categories covered are the following: paper, plastics, glass and metal cans.

*  Bipe Conseil: Analysis of the Economic Impact of National Legislations
in the Field of Recycling of Packaging Materials on the Market of the E U ,
September 1995. Particular focus on packaging waste. Country reports based on availabity
of data at national levels.

*  Coopers & Lybrand: An Analysis of the Current Situation and
Prospects for the Development of Recycling; a report for the EC, DGIII,
November 1994 . The focus is on quantifying the total recyclable amount per material
category without distinguishing the share of packaging. For the material categories Ònon-ferrous
metals, ferrous metals, paper, plastics, chemicals-chlorinated solvents, glass, composites,
textiles and rubber the following type of data are developed : levels of arisings of recyclables
(tonnes)

*  UK Department of the Environment and the Welsh Office: Making Waste
Work is a strategy for waste management, material recovery and recycling in England and Wales
at the horizon 2000 - 2005. It is a detailed document with the description of a philosophy and
concrete targets to be achieved.

*  International Council on Metals and the Environment: A statistical Review
of International trade in Metal Scrap and Residues provides an overview of the sector with global
statistics between 1980 and 1993.

* APME/SOFRES , Information system on plastic waste management in Western
Europe, regularly updated since 1990

* APME/SOFRES, Plastic packaging consumption, waste and recycling (1994 data),
Edition 1996. These two documents provide comprehensive statistics on plastics.
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2. Other references

* A superficial attraction, the voluntary approach and sustainable development, Friends of the Earth,
December 1995

* Aluminium Industry, in Can Making Vol.9 n.4 August-September 1990
* Analysis of priority waste streams healthcare waste, EC DG XI, Rust Environmental, August 1994
* APME's comments on the Commission's White Paper "An Energy Policy for the European Union"

(COM(95) 682), APME, May 1996
* Belgium further amends ecotaxes on packaging, products, Environment Watch: Western Europe, 19

January 1996, p.3-4
* Clarifying the Concepts, Workshop on Sustainable Consumption and Production, Final Report,

OECD, Rosendal, Norway, 2-4 July 1995
* Comments of the Commission on the report of the independent experts group on legislative and

administrative simplification, SEC (95) 2121 final
* Comments on community strategy on waste, proximity principle, directive 94/67, hierarchy,

secondary fuels, secondary raw materials, The European Cement Association, 1996
* Commission says Governments must comply with EU waste lists, Environment Watch: Western

Europe, 2 February 1996, p.1-2
* Common position C4-0067/96 - 00/335 (SYN) with a view to adopting Council Directive 96/../EC on

the landfill of waste, 96/C 59/01, Council of the European Union, 1996
* Communication from the Commission on the review of the Community Strategy for Waste

Management, COM(96) 399 final, 30.07.1996
* Communication from the Commission to the Council and the European Parliament on trade and the

environment, COM(96) 54 final, February 1996
* Community Strategy on Waste - Review 1996: Comment on Co-combustion (Paragraph 8), Final

Report, ERM, London, March 1996
* Cost-benefit analysis of the different Municipal Solid Waste Management Systems: Objectives and

Instruments for the year 2000, European Commission DG XI, March 1996
* Cost-benefit analysis of the different Municipal Solid Waste Management Systems: Objectives and

Instruments for the year 2000, European Commission DG XI, March 1996
* Council Directives 91/156/EEC, 75/442/EEC, 91/689/EEC, 78/319/EEC, 84/631/EEC,

91/689/EEC, 91/157/EEC, 76/403/EEC, 78/176/EEC, 86/278/EEC, 85/339/EE, C94/62
EEC, Council Regulation 259/93

* Council Resolution on a Community programme of policy and action in relation to the environment
and sustainable development, C 138/1, February 1993

* Databases: What will be expected of industry?, Jacques Fonteyne, ERRA, Conference "Packaging
law in Europe", Brussels, 14 March 1996

* Deposits as a recovery system, Tetra Pak Europe - J.M. Moriggia, December 1995
* Directory of the most important community legislative measures in environmental policy, European

parliament working document, April 1996
* Draft amendments to the packaging waste ordinance, Federal Ministry for the Environment Germany,

December 1995
* Draft Council Proposal on End of Life Vehicle, February 1996
* Draft revision of German packaging decree drops deposits, Environment Watch: Western Europe, 2

February 1996, p.3-4
* Economic Growth and the Environment: Some implications for Economic Policy Making, Report on

the communication from the Commission to the European Parliament and the Council,
European Parliament (EP) - Committee on the Environment, Public, Health and Consumer
Protection, September 1995

* Economic Instruments and Packaging, D. Perchard, Conference "Packaging law in Europe",
Brussels, 14 March 1996

* Electronic and Electric Equipment: the Basis for Producer Responsibility, Report n¼4406 to the
Government, Natur V�rds Verket (Swedish Environmental Protection Agency), 1995

* ENDS Report, Monthly publication of Environmental Data Service, London, UK, 1996
* Environment in the EU 1995, review of the 5th Environmental Action Programme, EEA 1995
* Eurobit position on used information technology equipment, EUROBIT March 1996
* Europe's environment, the Dobris assessment, European Environment Agency (EEA), 1995
* European Cities and Recycling, Draft, The Association of Cities for Recycling, Brussels, 1996
* Evaluation of R&D needs and determination of priorities in financing R&D programs within the

industry, Mineral and metallurgical industries of Europe, IXAS Conseil July 1994
* Existing taxes on non-refillable beverage packaging in Norway, Ministry of Environment, Norway,

March 1996
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* Extended Producer Responsibility in the OECD Area. Phase 1 report. Legal and administrative
approaches in Member Countries and policy options for EPR programmes, OECD,
Environment Monograph N. 114, Paris, 1996

* For a community non-ferrous metals recovery and recycling policy in the EC, Eurometaux-
Eurometrec, December 1991

* Fuel Substitution in Cement Kilns: An Overview of the Context of the Proposed EU Directive on the
Incineration of Hazardous Waste, Final Report, ERM, October 1994

* German Governments, Carmakers finalize takeback agreement, Environment Watch: Western
Europe, 1 March 1996, p.1-2

* German Official Defends refill quotas for packaging, Environment Watch: Western Europe, 5 April
1996 p.5-6

* Good Reasons for Producer Responsibility, Fact Sheet, Natur V�rds Verket (Swedish Environmental
Protection Agency), 1996

* Handbook of Recycling Techniques, Alfred A. Nijkerk, The Hague, NL, January 1996
* Important Material Flows: Premises for Action Plans, Report n¼4439 to the Government, Natur V�rds

Verket (Swedish Environmental Protection Agency), 1994
* Iron and Steel scrap, ECE Steel series, UN Economic Commission, 1995
* L'utilisation des capacit�s reste inchang�e en Europe, European Aluminium Association, 2�me

trimestre 1995
* Le recyclage du zinc, EUROZINC, 1995
* Life-cycle Analysis of Recycling and Recovery of Household Plastics Waste Packaging Materials, A

study by T.U Berlin, U. Kaiserslautern and Fraunhofer Institut ILV Munich, under the
coordination of T�V Rheinland, 1995

* Making waste work, Department of the Environment, UK, 1996
* Material Flows in Society, Report n¼4578 to the Government, Part 2, Natur V�rds Verket (Swedish

Environmental Protection Agency), 1996
* Materials recycling, turning waste into valuable raw materials, Financial Times management report,

1995
* Materials-optimisation in the production of major finished materials, INSEAD-CMER, January 1995
* Non ferrous metals recycling: a complement to primary metals production, M. Campbell, International

Council on Metals and the Environment (ICME), Ottawa, Ontario, Canada, March 1996
* OECD Environmental Data Compendium, Paris 1995
* OECD Transfrontier Movements of Hazardous Waste 1991 Statistics.  Paris

(1992/93 Statistics are forthcoming)
* OECD Workshop on Sustainable Consumption and Prodution, Clarifying the Concepts (Rosendal,

Norway 1-4 July 1995), OECD, Final  report, Paris 1995
* Outlook for European action on electronics, auto and battery take backs, Take it back! , D E Perchard

Conference, Columbia, Maryland, USA, May 1996
* Packaging and packaging waste regulations in Sweden, Judith Melin, Ministry of the Environment,

Sweden, Conference "Packaging law in Europe", Brussels, 14 March 1996
* Packaging Europe, a directive standing up to transposition into 15 National Law, Brussels Institute for

management of the environment, May 1996
* Packaging recovery, the UK situation, UNILEVER, Conference "Packaging law in Europe", Brussels,

14 March 1996
* Packaging waste management - learning from the German experience, D E Perchard and G M

Bevington, Pechards, 1994
* Plastics in the Eco Cycle, Swedish Environmental Protection Agency, Report 4598, May 1996
* Plastics recovery, position paper, APME April 1996
* Portugal proposes non reusable bottle ban, Environment Watch: Western Europe, 17 May 1996, p.3
* Position on the draft Community Strategy on Waste, review 1996, ERRA, 1996
* Preliminary survey on the application of economic instruments in plastic waste recycling, EC JRC,

IPTS, Fabio Leone Interim Report, February 1996
* Priority Waste Stream construction and demolition waste, draft final information document

Construction and demolition waste project group, Symonds Travers Morgan/ARGUS, April
1995

* Priority waste streams, waste from electrical and electronic equipment, EC Project Group on waste
from EEE, ENEA Rome, June 1995

* Progress Update on Pro-Europe, Wolfgang Ringel, DSD, Conference "Packaging law in EuropeÓ,
Brussels, 14 March 1996

* Proposal for organising the collection and valorisation circuits for end-of-life electrical and electronic
products, Jean-Pierre DESGEORGES, France, 1995

* Proposal from the working group to the European Commission for a recommendation on the
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prevention, recovery and disposal of used pneumatic tyres, Priority Waste Streams Project,
EC DG XI, January 1994

* Proposed new law in The Netherlands, Kees Clement, Dutch Ministry for the Environment,
Conference "Packaging law in EuropeÓ, Brussels, 14 March 1996

* Proposed strategy of ELV project group for the treatment of end of life vehicles, Priority Waste
Streams Project, DG XI, February 1994

* Proposition d'une action cibl�e "Minimisation des d�chets et recyclage", EC DGXII, March 1996
* Rapport de mission sur la valorisation des produits electriques et electroniques, Jean-Pierre

DESGEORGES, France 1993
* Recommendation for second reading on the Common position C4-0067/96 - 00/335 (SYN) with a

view to adopting Council Directive 96/../EC on the landfill of waste, 96/C 59/01, Council of
the European Union, 1996

* Recycling of Copper, Lead and Zinc Bearing Wastes, OECD, Environment Monograph N. 109, Paris,
1995

* Recycling of metalliferous materials, The Institution of mining and metallurgy, April 1990
* Report form the Commission to the Council and the European Parliament on waste management

policy, EC COM(95) 522 final, 1995
* Report of the independent experts group on legislative and administrative simplification, COM (95)

288 final/2 (ÒRapport MolitorÓ), 1995
* Report of the workshop JEPs on waste, Institute of Environmental Sciences, Energy research and

Process Innovation, TNO, October 1995
* Report on the need for further development of the community strategy on waste management,

European Parliament (EP) - Committee on the Environment, Public, Health and Consumer
Protection, April 1994

* Sc�nario d'�quilibre du march� del la ferraille � moyen terme, La chambre des cartes, Rapport pour la
Commission Europ�enne

* Swedish Ordinance (1994:1205) on producers responsiibility for waste paper
* Swedish Ordinance (1994:1236) on producers responsiibility for tyres
* The environmental packaging initiatives of Germany and France: are either succesful? Institute of

packaging professional Conference, Reston, Virginia, USA,  D E Perchard, July 1994
* The Italian Situation, DOLMA S.p.A., Conference "Packaging law in Europe", Brussels, 14 March

1996
* The new law in Portugal, Portuguese Ministry for the Environment, Conference "Packaging law in

Europe", Brussels, 14 March 1996
* The new law in Spain and the response of producers, ASODECO, Conference "Packaging law in

Europe", Brussels, 14 March 1996
* The Recycling of Non-Ferrous Metals, M. E. Henstock, International Council on Metals and the

Environment (ICME), Ottawa, Ontario, Canada, May 1996
* The reform of the German Packaging Ordinance, Thomas Rummler, Germany Ministry for the

environment, Conference "Packaging law in Europe", Brussels, 14 March 1996
* The work of the CEN Committee, Frank Grilli, Belgian Food & Drink Federation (FIA), Conference

"Packaging law in Europe", Brussels, 14 March 1996
* Towards Sustainability, EC Progress report from the Commission on the implementation of the

European community programme of policy and action in relation to the environment and
sustainable development, COM(95) 624 Final, January 1996

* Towards sustainable Europe, Friends of the Earth Europe, February 1995
* Transboundary Movemements of Hazardous Waste at the Interface of Environmental and Trade, UN

Environment Programme, 1994
* Transport packaging: the Austrian Experience, Chritoph Scharff, ARGEV, Conference "Packaging

law in Europe", Brussels, 14 March 1996
* UK Government, Industry to work on legislation, Environment Watch: Western Europe, 16 February

1996, p.3-4
* UNICE contribution to the revision of the EU waste management strategy, UNICE October 1995
* Waste chief says EU packaging directive does not allow Danish beverage can ban, Environment

Watch: Western Europe, 15 March 1996, p.4-5
* Waste Minimisation, a cross-industry review of current practices and trends, Financial Times

management report, 1995
* What future lies ahead for Auto Shredder Residue?, European Zinc Institute - Bruxelles, Jan. 1996
* World Waste Paper, Finacial Times Businness Information, 1992
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Annex ii
Packaging Waste: national measures and recycling - 1

Country Legislation Material Covered Objectives Economic operators and Instruments
Austria Packaging waste Ordinance into force

October 1993, amended in 1995
Transport packaging86, sales and secondary
packaging87

Recovery rate of 80% of the collected
quantity by the year 2000 à "ARA"  system for collection and recovery of

packaging waste financed by a fee per Kg. of
packaging material (average amount of ECU
1.4/Kg plastic packaging.)

à Mandatory deposit on refillable plastic
container

Belgium Draft Eco-tax law 16/07/93 modified
09/02/95 à Beverage container (Draft Eco-tax law)

à Packaging waste (Fost-Plus)

à By the 2000 (draft law):

 glass 80% recycling, plastic 70%
recycling and metals 80% recycling.

à 50% of packaging recycled by the
year 2001 (Fost-plus)

à Ecotax on beverage container of about FB 15
(+20.5% VAT)

à "Fost-plus" system coordinates, promote and
finance the selective collection of household
waste financed by a fee per Kg. of
approximately ECU 0.022/Kg.

Denmark à Law LB 623 1994 on beverage
container

à Law LB 620 1994 on disposable
plates, cups, etc.

à Action Plan for waste and recycling
1993/1997

Household, Bulky, Garden, Park, Commercial,
Industrial, Demolition and sewage sludge waste. à Overall objective of 50% recycling.

 
 

à Charges on waste disposal, waste incineration,
Nickel-cadmium batteries, beverage container.

à Ban on metal beverage metal cans.

à Deposit refund system on returnable
beverage container (industrially governed)

Finland à Law on non-refillable containers
(1975)

à Law on waste (1994)

à Agreement Environment Ministry /
packaging companies (03.1995)

All packaging waste By the year 2001 reach a recycling rate
of 70%-85% of packaging waste à Charges on non-refillable container;

à Voluntary deposit-refund system on plastic
bottles,

à Shared Producer Responsibility

France à Decree 92-337 (April 1992)

à Law 13/07/92

à Decree n¼94-609 13/07/94

à Sales and secondary packaging87 Household
and industry packaging

 

ECO-Emballages targets:

à 75% waste recovery by the year
2003

à not less than 60% recovery of each
of the material considered.

à "ECO-Emballages" scheme responsible of
industry waste packaging, financed by a fee per
packaging (average amount of ECU 0.0053 per
packaging)

                                                
86 Packaging facilitate handling and trasport of sales packaging, Council Directive 94/62/EEC Art.3
87 Packaging grouping of a certain number of sales packaging, Council Directive 94/62/EEC Art.3
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Packaging Waste: national measures and recycling - 2

Germany à Packaging Ordinance 1991

à Packaging Ordinance 1996 draft
amendment

à Transport packaging86, sales and secondary
packaging87

à Packaging with dangerous goods (Draft)

From January 1998:

à 72% recycling quotas for glass,
aluminium and paper, 64% for
plastic and compounds.

à 60% recycling quotas for
aluminium, paper, plastic and
compounds (draft amendment)

à Mandatory deposit refund system if
recycling targets are not achieved and market
share of refillable containers falls below 72%

à "DSD" system responsible for collection,
sorting and recovery of used sales packaging,
is financed by a fee per packaging (weight and
volume dependent)

Greece Recycling decree in preparation. - - -
Ireland à Strategy document "Recycling for

Ireland"

à Waste Bill 1995

All packaging waste à Government strategy targets:

 Recovery rate of 30% of packaging
waste by the year 1999, 55%
recycling of glass, 25% recycling of
the other materials.

à Industry proposal:

 Overall 25% recycling rate of
packaging waste, Increase glass
recycling of 50% and aluminium can
recycling of 25%.

à "REPAK" scheme responsible for the planning
and implementing of the recovery of the
packaging waste. REPAK will be financed by
initial flat-rate  fee followed by a per material
base charge.

à Proposed deposit refund system for products
and packaging

à Proposed charges on bags at retail outlets.

Italy à Decree n.475/1988

à Decree n.427/1993

à Draft decree November 1995, for the
implementation of Directive 91/156,
91/689, 94/62

à Draft proposal 09/05/96 "Legge
Quadro in materia di rifiuti"

à Beverage container

à Waste, hazardous waste, packaging waste
(draft decree 11/95)

à Recycling rate of

 glass 50%, aluminium 50%, Plastic
40%

à Packaging waste recovery rate of
45%, 15% recycling for each of
the material (Draft decree 11/95)

à Mandatory consortium

à Raw material charge of 10% on virgin PE sold
for film production

à Waste disposal charges

à "ECOIMBALLAGGIO" system, responsible
for the coordination, promotion, financing of the
recovery of packaging waste financed by a fee
equal to the 5% of the net amount of the
invoices delivered from producers and
importers of material for packaging (draft
decree 11/95)

à Deposit refund system if recovery rates are
not achieved (Draft decree 11/95)
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Packaging Waste: national measures and recycling - 3

Luxembourg Decree in preparation - - -
Netherlands à Packaging covenant 1991

à Environmental Management Act 1993

All packaging placed in the market à Packaging recycling from 25% to
60% by the year 2000, take back
system to 90% of packaging by 2000

à Reduce to nil the packaging waste
going to landfill by the year 2000

à Voluntary agreements

à Producer responsibility (draft decree)

à Mandatory deposit refund system for plastic
and glass bottles

Portugal à Decree n. 322/95 and Portaria 313/96
for the implementation of the
Directive 94/62/EEC

All packaging placed in the market à Recovery of 25% of packaging
waste by recycling, composting and
incineration with energy recovery by
mid 2001

à 50% recovery with 25% recycling
and at least 15% recycling for each
material by the end of 2005

à Shared responsibility

à Voluntary agreements

Spain Decree in preparation - - -
Sweden à Decree 349/1982 on beverage

container

à Decree 336/91 on PET bottles

à Decree 180 92/93 on  eco-cycle

à Producer responsibility Law October
94

All packaging waste By the year 1997 should recycled or re-
use:

à 50% of Aluminium and steel, 30%
paper and plastic (except PET),
65% cardboard, 95% of glass
bottles, 90% of wine and spirits
bottles, 70% of different glass
packaging

à Producer responsibility

à Mandatory deposit refund system on
refillable PET bottles (amount of ECU 0.42)
and on one way PET bottles (average amount
of ECU 0.15)

à Product charge on plastic packaging fillers
and importers (ECU 0.158/Kg.)

United Kingdom à White Paper on the Environment

à Industry proposal

All packaging waste à 25% of  all household waste to be
recycled by the year 2000 (white
paper)

à 58% of packaging recovery by the
year 2000:

 paper 66%, glass 57%, Aluminum
52%, Steel 37%, plastic 16%
(Industry proposal)

à Shared responsibility

à Shared "first-use" (responsibility to the
organisation that makes first use of packaging
products)

à Landfill tax (average amount of ECU
5.3/tonne)
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Annex iii
Potential effects of economic instruments on recycling

Instrument General Statements Potential effects on recycling Critical points/applicability
Waste collection

Charges
A charge levied on consumers (households) or producers
(company) of waste, covering the marginal cost of the collection, in
order to increase incentives for recycling and waste reduction.
1) Variable amount (weight or volume based)
2) Fixed amount

à Increase incentives for alternative waste
management options, encourage reduction

à May increase incentives for recycling

à May promote innovation in recycling and
recyclable materials

à Cost of collection system (Kerbside or  Bring system)

à Illegal dumping (possible unauthorised tipping and illegal
incineration)

à Difficult to administer and monitor (variable charge amount)

Waste Disposal
Charges

Charge levied on waste disposal companies providing services for
the waste disposal authorities and industry at the point of final
disposal.
Types of Disposal charges: 1) based on waste weight;             2)
based on waste volume; 3) based on waste value.
    Objectives   : cover external costs of waste disposal, minimise
disposal and increase recycling, use as source of revenue.

à Stimulate alternative disposal options but not
necessarily recycling

à Stimulate innovation in waste separation and
disposal technology

à Difficult to administer (variable charge)

à Difficult to monitor (variable charge)

à Demand Inelasticity (low effectiveness in the short-terms if
there are not already established alternative disposal options)

Waste product
charges

Charges levied on products that will determine in the production or in
the consumption processes the creation of residual, residual that can
be harmful or dangerous for the environment.
    Objectives:   reduce the amount of waste, encouraging use of reusable
packaging, encouraging use of recyclable material, encouraging the
producer to build new recycling system, source of revenue.

à Encouraging use of recyclable material

à Encouraging the producer to build new recycling
system

à Encouraging the substitution between products.

à Demand-price inelasticity (substitutes products not available)

à Product produced on large scale

à Easy identification of the product

à Market distortion and products discrimination
Raw material

charges
Charges on raw material going to landfill or charge on virgin
material.
    Objectives:   reduce the consumption of virgin materials, favour
recycled materials, stimulate materials substitution in the production
and design phases.

à Incentive on recycling may have a low effect on
Municipal solid waste or packaging waste
managed directly by householders or
municipalities.

à More effective at company production level than single
household level.

à Difficult to administer and monitor

à Market distortion and material discrimination
Deposit-refund

system
A surcharge is added to the price of products, is refunded to the
customer bringing the packaging back to the distributor.
    Objectives:   Encourage the return of waste and ensure that non-
reusable waste do not have a competitive advantage through more
convenient disposal after use.
   Advantages:   high return rates (70-90%), low illegal dumping.

à Stimulate alternative disposal options but not
necessarily recycling.

 

à Higher cost for the producer (organising refund system)

à Higher cost for the consumer (returning used container).

à Market distortion and material discrimination

à Recycling/reuse of the material in return should be practicable
and economically efficient..

à Limited application range considering all waste streams


