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ABSTRACT

Society is faced with the growing problem of waste associated with mass
consumption. The treatment and final disposal of waste is linked to a wide range of
environmental problems, including loss and wastage of resources, atmospheric,
aquatic and land pollution, as well as public health concerns. For these reasons, since

the early 1990s there has been an emphasis on waste minimisation and recycling
initiatives. The European Commission decided that packaging waste would be its first
target in an aim to reduce waste in general - to be followed by several other producer
responsibility type legislations. The landfill Directive came into force in 2002 - it
reduces the amount of bio-degradable waste that can be landfilled and bans
hazardous waste from most landfill sites. The End of Life Vehicle Directive came into
force in 2003 and put the responsibility on the producer to organize recovery and
recycling of vehicles. The Waste Electrical and Electronic Equipment (WEEE) came

into force in 2004 and requires manufacturers of such products to finance their
recovery and recycling.

This study looks at the UK Producer Responsibility Obligations (Packaging Waste)
Regulations 1997 and the targets that have been chosen to enable the UK to fulfil the

requirements of the European Directive (94/62/EC) on Packaging and Packaging
Waste.

The aim of the research focuses on establishing target levels with maximum
environmental benefits, specifically for recovering and recycling cardboard packaging
waste in the UK. The methodology used is Life Cycle Assessment (LCA), which
considers the whole life cycle of cardboard packaging, including the manufacture of

packaging from raw (or recycled) fibres, its transport and use and waste management
options.

A range of scenarios have been modelled to reflect present day achievements, the

levels of recycling expected of Member States through the revised Directive targets,
as well as extreme scenarios. The scenarios are:

- Base scenario: 53% recycling, 4.23% incineration and 42.77% landfill
- Scenario 2: 60% recycling with 37.2% landfill and 2.8% incineration
- Scenario 3: 70% recycling with 27.9% landfill and 2.1% incineration
- Scenario 4: 80% recycling with 18.6% landfill and 1.4% incineration

- Scenario 5: 35% recycling with 60.45% landfill and 4.55% incineration
- Scenario 6: 100% landfill

- Scenario 8: 100% incineration



It was found that significant reductions in global warming and carcinogens are
associated with increasing levels of recycling (the highest level assessed was 80%
recycling), but this comes at a cost of a slight increase in energy usage impacts.
Global warming impacts fall by 20% with an increase in recycling from 53% to 80%.

However, some of these potential benefits are compromised if waste cardboard needs
to be exported to Europe for recycling.

This particular project is looking at waste related policy issues. However it needs to be
acknowledged that the manufacturing of cardboard packaging accounts for a
significant proportion of the total burdens associated with the cardboard-packaging life
cycle. These burdens are not affected by waste management policies; instead they
would require improvements in the manufacturing processes to be made.
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GLOSSARY - DEFINITIONS ABBREVIATIONS

CML: Center for Environmental Studies, at Leiden University, the Netherlands
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EA: Environment Agency (England and Wales)

IPCC: Intergovernmental Panel on Climate Change

MSW: Municipal Solid Waste
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SETAC: Society of Environmental Toxicology and Chemistry

Definitions

Category endpoint: Variables which are of direct societal concern, such as human life
span or incidence of illness, natural resources, valuable ecosystems or
species, fossil fuels and mineral ores, monuments and landscapes, man-

made materials.

Category midpoint: Variables in the environmental mechanism of an impact category
between the environmental interventions and the category endpoints, such as
the concentration of toxic substances, the deposition of acidifying substances,

global temperature or sea level.

Characterisation: The step of life cycle impact assessment (LCIA) in which the
contributions made by the environmental interventions to each Impact

category are assessed by quantitative or qualitative methods.
Eco Indicator 99: weighting methodology
Environmental effect: A consequence of an intervention in the environmental system.

Environmental impact: any adverse change to the environment including one or more
environmental effects.

The Directive: The Packaging and Packaging Waste Directive (94/62/EC)

Recyclate: Secondary materials resulting from recycling processes
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The Official Journal of the European Communities defines recovery and
recycling as follow:

= Recovery means any activity that recovers either materials or energy

from waste and includes recycling, composting and incineration with
energy recovery.

= Recycling means the reprocessing in a production process of the waste
materials for the original or other purposes, including organic recycling:

o Open-loop recycling is when a product is recycled and

undergoes a change of inherent properties, i.e. it is recycled into
something completely different

o Closed-loop recycling is when a product is recycled without

altering its inherent properties. (The Official Journal of the
European Communities, 1994)

The European Commission has suggested that the definition of recycling could be
divided into two further categories in the future:

» Mechanical recycling is the reprocessing of materials for any purpose
without changing the chemical structure of the processed materials.

* Feedstock (chemical) recycling is the reprocessing of materials for any
purpose by changing the chemical structure of the processed materials. It

involves the potential use of plastics as energy (as oil, energy is the main
use). (European Commission 2000)

For the purpose of this thesis, recycling is defined as the reprocessing of waste
materials for the original or other purposes, but without altering its inherent properties,

I.e. the waste cardboard is recycled into pulp that can be used for packaging or other
applications.
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1 INTRODUCTION

11 Background

This research focuses on the issue of waste management. Society is faced with
growing quantities of waste arising from mass consumption. The treatment and final

disposal of waste through conventional means is associated with pollution and other
environmental impacts; hence the present emphasis in improving measures to
minimise and recycle waste materials. Waste management needs to become more

sustainable: that is to be environmentally effective, economically affordable and
socially acceptable (Warner Bulletin, 2000).

A waste hierarchy has been defined in which waste prevention is seen as being
preferable to re-use, which is preferable to recycling, followed by energy recovery,
incineration without energy recovery and finally landfill. The waste hierarchy was first
introduced into European waste policy in the European Union's Waste Framework
Directive of 1975. In 1989, it was formalised into a hierarchy of management options

in the European Commission’s Community Strategy for Waste Management
(European Commission, 1989).

Waste minimisation at source is seen as the most important goal. If waste is reduced
at source then less of it needs to be dealt with at the final stage of a product life cycle.
However in term of legislation, only the Landfill Directive has so far set mandatory

targets to reduce waste - the first target is to reduce biodegradable waste going to
landfill to 76% of 1995 figures by 2010.

However, as technologies and understanding of pollution are getting better, there are
increasing attempts to quantify the environmental, economics and social benefits and

costs/impacts of all waste management options, regardless of their assumed place in
the hierarchy (House of Lords, 1992-1993).

The European Commission decided that packaging waste would be its first target in
an aim to reduce waste in general, as public perception towards that specific waste
stream seems to be particularly significant. Several other producer responsibility type
legislations were to follow. The landfill Directive came into force in 2002 - It reduces
the amount of bio-degradable waste that can be landfilled and bans hazardous waste
from most landfill sites. The End of Life Vehicle Directive came into force in 2003 and
put the responsibility on the producer to organise recovery and recycling of vehicles.
The Waste Electrical and Electronic Equipment (WEEE) came into force in 2004 and
requires manufacturers of such products to finance their recovery and recycling.



The European Directive on Packaging and Packaging Waste (94/62/EC) set targets to
recover 50%-65%, and recycle 25%-45% of all packaging waste, with a minimum of

15% for each material (paper/board, metals, plastics, and glass) category. Within the
framework of the packaging directive recovery means any activity that recovers either
materials or energy from waste and includes recycling, composting and incineration
with energy recovery. Recycling means the reprocessing in a production process of
the waste materials for the original or other purposes, including organic recycling.

The 15% minimum for each material was introduced to ensure that Member States
would not recycle just a few materials to reach the targets such as glass or paper, but
instead would have to deal with all materials. The low level of 15% was to
acknowledge that some materials were better suited to recycling than others and that
there are still some technological barriers for recycling others in large quantity (plastics
for example). The targets were to be achieved by Member States by June 2001.
However these targets, when decided in 1994, were the outcome of concessions on
political grounds between the then twelve Members States, rather than being
scientifically based, this is further discussed in section 2.1.2.2. The Directive's targets
are to be reviewed every five years and the first review was in 2002. The present

study is sponsored by the UK Department of Trade and Industry with the aim to
develop new targets on a more scientific basis.

Several techniques exist for quantifying the environmental impacts of policy
implementation. Life Cycle Assessment (LCA) is the most common, and it may be
combined with Cost Benefit Analysis or Economic Valuation to present a fuller picture
to decision-makers as discussed by (Pearce, 1999) and (Beukering, 1998). Although
LCA is not a new method, interest in its use has increased since the early 1990s,
resulting in both the development and the growing harmonisation of methodology. The
first guidance on how to compile an LCA was published by the Society of
Environmental Toxicology and Chemistry in 1991, and several guidelines were
published afterwards. The International Standards Organisation (ISO) published a
standard in 1997 and this is further discussed in section 2.2. LCA is largely being used

as a supportive tool by governments for policy development and by Non
Governmental Organisations (NGOs) and companies either to compare competitors'

products or identify possible environmental improvements. Much is expected from the

method, but at the same time its results are often criticised (Finnveden and Ekvall,
1998).



1.1.1 Sustainability and waste management

In order for waste management to become sustainable it needs to be environmentally
efficient, economically affordable, and socially acceptable.

Environmental efficiency requires that the overall environmental burdens of managing

waste be reduced, both in terms of consumption of resources (including energy) and
the production of harmful emissions to air, water and land.

Economic affordability requires that the costs of the waste management system are

acceptable to all sectors of the community served, including householders, commerce,
industry, institutions and government.

Social acceptability requires that the waste management system meets the needs of
the local community, and reflects the values and priorities of the society (White, 1998).

1.1.2 The need for a packaging targets optimisation model

Optimum targets can be defined as targets that would achieve the highest

environmental improvements for a minimum economic cost and with the highest social
benefits.

Optimising packaging waste recycling to balance environmental and social impacts, as
well as economic costs, requires that these impacts and costs be predicted, hence the
need to analyse packaging waste recycling systems. Indeed, very high levels of
recycling are likely to prove unsustainable due to high transport distances, higher
energy requirements as well as the economic costs of running separated waste
collection. Hence the optimum level, in terms of sustainability, is likely to lie below

100%. A typical model to analyse a recycling system would have the following
additional benéefits:

* The process of building a model focuses attention on missing data.

* Once completed, the model will define the status quo of packaging waste

recycling, both by describing the system, and by using life cycle assessment
to calculate the overall environmental costs.

* Modelling allows ‘what if...?' calculations to be made, which can then be used
to define the points of greatest sensitivity in the system. This will show which

changes will have the greatest effects in reducing environmental impacts and
at what costs.



e The model can predict the likely environmental impacts and economic costs in
the future. These are useful especially in such long-term processes as the
development of markets for secondary materials. Market development is vital
to ensure that higher levels of recycling can be sustained. Modelling

packaging waste recycling will allow prediction of the likely amounts of
reclaimed material available, which will in turn allow investment in the
necessary equipment.



1.2 Aims and objectives

The research focuses on the targets set by the Producer Responsibility Obligations

(Packaging Waste) Regulations 1997, which is the UK legislation to implement the
European Directive (94/62/EC) on Packaging and Packaging Waste.

1.2.1 Original Aims and objectives

The original aim of the study was to establish sustainable target levels for recovering
and recycling packaging waste in the UK. The following steps had been envisaged:

Use Life Cycle Analysis (LCA) techniques as part of a model to establish:

* The environmental benefits and environmental impacts associated with
different levels of recycling targets for all type of materials;

* The level at which increased recycling ceases to make a noticeable difference
to the overall environmental benefit of the process;

» The environmental benefits and environmental impacts associated with
recycling of packaging waste compared with landfill and incineration.

It was originally intended to use Cost Benefit Analysis (CBA) techniques to:

» Establish a level at which the targets would be sustainable: maximise
environmental benefits, minimise economic costs and impacts to society.

However, after presenting the project at the transfer viva, the examiners argued that
the original aims of the projects were over ambitious and that concentrating first on

establishing environmental impacts might be a more realistic goal. This was taken into
consideration in addition to time limitations and access to relevant data. Furthermore,

each type of packaging material has specific associated issues and data requirements
associated with it. For this reason the decision was made to focus on cardboard

waste. Cardboard was selected from amongst other relevant material types (plastics,
metals, glass, etc) for the following reasons:

* High level of paper and board recycling is already taking place across Europe
(up to 85%) and the UK (53% in 2001) (Commission, 2002)

» There is no scientific evidence of what environmental benefits are achieved
(or not) at 53% recycling of cardboard packaging waste in the UK



» Cardboard packaging represents almost 60% of all paper and board
packaging on the market (CEPI, 2005)

1.2.2 Revised aims and objectives

This study aims to assess the environmental benefits and environmental costs
associated with different levels of recycling targets, specifically for cardboard

packaging waste within the context of the UK. It will also seek to establish the level at
which increased recycling ceases to make a noticeable difference to the overall
environmental benefit of the process. Environmental benefits and environmental costs

associated with cardboard packaging waste recycling will also be compared with
100% landfill and 100% incineration.




1.3 Structure of the thesis

The thesis is divided into six chapters, and the following is a brief outline of their
contents.

Chapter one introduces the research, presents its aims and objectives. Chapter two is
the literature review; the focus is on first presenting the political and regulatory context

for this research, with an overview of environmental concerns and the general political
agenda. It then presents the development of the European Directive (94/62/EC) and
how it was implemented in the UK. The second part of the literature review
concentrates on available methodologies to conduct the study, with first a detailed
presentation of LCA principles and methodological issues, how it is being used in
waste management as well as in other relevant political contexts. It then presents
alternatives techniques that could have been used or are used in conjunction with
LCA. The last part of the chapter presents the case of cardboard packaging waste.

Chapter three describes the paper and board manufacturing processes highlighting
environmental impacts rising from specific steps.

Chapter four introduces the methodology and models developed for the study. LCA is
used to assess the environmental impacts of several scenarios with different waste
management options For the scenarios that include recycling, of the portion of waste
not being recycling, 93% is landfilled and 7% incinerated, which represent the national
average of final waste disposal. The selected scenarios are:

» Base scenario: 53% recycling, 4.23% incineration and 42.77% landfill
» Scenario 2: 60% recycling with 37.2% landfill and 2.8% incineration
* Scenario 3: 70% recycling with 27.9% landfill and 2.1% incineration
= Scenario 4: 80% recycling with 18.6% landfill and 1.4% incineration

* Scenario 5: 35% recycling with 60.45% landfill and 4.55% incineration
= Scenario 6: 100% landfill
» Scenario 8: 100% incineration

Chapter five presents the results for the modelled scenarios, and three sensitivity
analyses. The first sensitivity analysis tests the assumption of all return transport
made empty, the second one focuses on the assumption made for final disposal of
waste, and lastly energy efficiency within cardboard manufacturing is tested. Chapter
six discusses the findings of this project and looks at what other parameters should be
taken into consideration when setting packaging waste recycling and recovery targets.

Chapters seven and eight present the conclusion and suggestion for further work in
the field of packaging waste recycling targets.



2 LITERATURE REVIEW

This chapter presents the findings of an extensive literature review. Section 2.1
concentrates on the background of the environment in politics, and how it came to be

such an important issue. It looks at how the European Packaging and Packaging
Waste Directive (94/62/EC) was developed and the lengthy process for it to be
implemented in the UK law. It finishes with an overview of the Directive revision

consultation and proposal, and the actual new targets. Section 2.2 focuses on
environmental assessment methodologies. It outlines Life Cycle Assessment (LCA)
principles, methodological issues are discussed, and other techniques such as multi-

criteria approach and ecological footprint are also presented. Section 2.3 is an
overview of economic tools available to combine with LCA.

2.1 Packaging waste legislation
2.1.1 European environmental policy

The introduction of environmental considerations into European policy happened
progressively. The first reference to waste policy at a European level was made in
1971, when the European Commission declared prevention and recovery of persistent

waste as a policy target. In 1972, at the Paris Summit the idea of an Environmental
Action Plan was launched, and this was put into action in October 1972 for the period

1973-1976. Since 1976 more and more actions have been taken through policy to
safeguard our environment.

L.ooking back at the last three decades the political, industry and legislative attitude
has greatly evolved. Indeed in the 1970’s the approach to protect the environment was
one of a ‘command and control’, actions were only taken after pollution occurred, i.e.
clean up, liability actions and introducing adequate protective regulations. In the
1980's, the approach was to develop environmental prevention, through the use of
market instruments such as environmental taxes and regulations. In the 1990’s the
approach was a hybrid one, integrating the 1970's and 1980’s approaches,
sustainable development with long term planning, regulatory and economic tools, as

well as using life cycle analysis to evaluate the environmental impact of products
(Allemby, 1999).

‘One of the EU's main principles is subsidiarity’. European regulations have to have
added value; policy that is best made at national level should be made at this level.

' Subsidiarity is the principle that decisions should always be taken at the lowest possible level or closest to

where they will have their effect, for example in a local area rather than nationally, in the context of Europe

that means some decisions are best made by individual Member States rather than by European
Commission/ Parliament



Every European decision has to be based on the Treaties that form the European
Union, however when is an issue of Community interest and when is it not?
(Environmental News from Netherlands, 1996) Regarding the environment issue, and
especially the waste issue, it has been criticised that the latter vary greatly between

Member States and within each country, so that Europe should only formulate
guidance and not legislate on these matters. Table 2.1 summarises key events and

policy changes in the historical development of environmental issues in Europe.
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2.1.2 Packaging waste legislation

2.1.2.1 Development of waste policy in the EU

The principal Directive controlling waste management throughout the EU is the
Framework Directive on Waste (75/442/EEC), as amended by 91/156/EEC and

adapted by 96/350/EC. The provisions contained in the Framework Directive of 1975
were transposed into UK law mainly by the 1990 Environmental Protection Act and the
amendment of 1991, by the 1995 Environment Act, together with a number of

regulations on various aspects of waste management (DETR, 1999). The aims of the
Directive (76/442/EEC) are:

- The requirement for Member States to implement national waste regulation,

- The obligation for the licensing of waste treatment plants,

- Waste management is defined as prevention of waste arising, re-use,
recycling and safe disposal,

- Establish the polluter pays principle.
(The Official Journal of the European Communities, 1975)

In 1985 the Council Directive (85/339/EEC) covered beverage container waste as part
of the European Community strategy for waste management. The Council Directive's

success was deemed due to the variety of different approaches adopted by Member
States.

In November 1989 targets for waste reduction were first mentioned by an official of the
Commission’s Environment Directorate during a conference in London. The aim was
for the Community to become self-sufficient in the management and disposal of all

types of wastes. Waste minimisation in turn would have to become a central element.
The aim would be to eventually set targets for waste prevention, recycling or reuse

and treatment where appropriate to diminish the amount of waste going to landfill
(ENDS, 1989).
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2.1.2.2 Development of the European Packaging and Packaging Waste Directive

In 1992 it was highlighted that beverage packaging only accounted for around 5% of
household wastes and that there was a worldwide solid waste disposal crisis. A

sector-by-sector or one-sided approach was no longer appropriate and a

comprehensive approach for dealing with packaging and packaging waste was
needed (Bulletin EC, 1992). It was at that time estimated that 50 million tonnes of

packaging wastes were produced in the Community every year, of which only 9 million
tonnes (18%) were recycled, with the proportion varying widely from one Member
State to another and between materials. Thus, for example Germany implemented its
“Ordinance on the minimisation of packaging waste” in 1991, setting targets of 60%
increasing to 80% recycling of packaging waste (Michaelis, 1995). France, the
Netherlands and Denmark were also in the process to implement packaging waste

regulations. In contrast England, Spain, Portugal and Greece had no national
regulations or recycling/recovery targets specific to packaging waste.

It was in that context that in July 1992 the Commission adopted a proposal for a
Council Directive on Packaging and Packaging Waste (COM (92) 278). The proposal
defined criteria to be met by packaging in terms of composition and suitability for
reuse and recovery. The aim of the proposal was to reduce the adverse impact of
packaging on the environment (by recovering or recycling packaging), and applied to
all types of packaging waste whether from household or industrial sources. This was
later amended (in 1993) to include minimisation, re use and then recycling as the

preferred options Targets were set for the Members States to be met within 10 years
of adopting the proposal.

- Recovery (recycling, composting, regeneration, energy recovery) of 90% of
packaging waste;

- Recycling (including composting and regeneration) of 60% of each material in
packaging waste.

(The Official Journal of The European Communities, 1992)

The proposal also planned for the development of a harmonised system of databases
concerning packaging waste. Provision of measures relating to the provision of
information for consumers were also outlined, to instruct them how to dispose of their

used packaging, and for collectors of waste to tell them which materials have been
used and thereby facilitate segregation, collection, sorting, and recycling.

An Advisory Committee of Representatives of the Member States (later known as
Committee 21) was established to assist the Commission in adapting the provision of
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the future Directive to scientific and technical progress, and to formulate a waste
hierarchy.

The UK government agreed with the view expressed by the UK Packaging Chain
Forum ‘that ‘identical recycling targets for each packaging material are not only
arbitrary they also ignore the different contribution that different packaging materials
can make to achieve the overall targets. Some materials are better suited to recycling,
others to energy recovery and some to reducing overall quantity of packaging waste’

(ENDS, 1992). It was later decided by different countries to set different targets to
match their own national situation.

Thus the targets were the results of a lengthy consultation process between the
Member States (twelve at the time). As mentioned earlier the first proposal of recovery

and recycling targets of packaging waste was in 1992. Table 2.2 highlights most of the
different targets and time frames proposed between 1992 and the final Directive in
1994. The final targets might appear weak compared to the initial ones, however
different levels of recycling and reprocessing capacity in Member States had to be
taken into consideration. By setting maximum recycling targets the European
Commission wanted to prevent Member States already able to collect large quantities

of packaging waste but with limited reprocessing capacities flooding other Member

States reprocessing market. Thus these rates were the outcome of political debate
rather than being scientifically based.

Table 2.2 Summary of EU packaging targets development

: Time
Recovery Recycling requirement

October 1992 90% (min.) 60% (min.) 10 years

June 1993 60% (min.) 40% (mi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>