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Preface

Life is often considered to be a journey. The lifecycle of waste can similarly
be considered to be a journey from the cradle (when an item becomes
valueless and, usually, is placed in the dustbin) to the grave (when value
is restored by creating usable material or energy; or the waste is transformed
into emissions to water or air, or into inert material placed in a landfill).
This preface provides a route map for the journey the reader of this book
will undertake.

Who?

Who are the intended readers of this book?

Waste managers (whether in public service or private companies) will find
a holistic approach for improving the environmental quality and the
economic cost of managing waste. The book contains general principles
based on cutting edge experience being developed across Europe. Detailed
data and a computer model will enable operations managers to develop
data-based improvements to their systems.

Producers of waste will be better able to understand how their actions can
influence the operation of environmentally improved waste management
systems.

Designers of products and packages will be better able to understand how
their design criteria can improve the compatibility of their product or
package with developing, environmentally improved waste management
systems.

Waste data specialists (whether in laboratories, consultancies or environ-
mental managers of waste facilities) will see how the scope, quantity and
quality of their data can be improved to help their colleagues design more
effective waste management systems.

Policy makers will gain an overview of the considerations that must be
given to the development of environmentally improved waste management

systems that are considered affordable by voters and businesses.

Regulators will see the impact of existing regulations on the development
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of waste management systems and the future challenges they face to help
the rapid development of improved systems.

Politicians (whether European, national or local) will see how specialists in
many areas are combining their expertise to seek better ways of handling
society’s waste. They will find data and management approaches that they
can use and support as they seek to provide direction to the societal debate
on the emotive issue of solid waste.

Lifecycle inventory specialists will see how their emerging science can
be used for practical purposes to help the development of environmental
improvements in the area of waste management.

Total quality specialists will see how the principles of this manage-
ment approach can underpin a systematic approach to environmental
improvements.

Environmentalists (whether or not in environmental organisations) will see
how the application of science, financial management and total quality
systems management can be combined in the search for solid waste manage-
ment systems that do not cost the earth.

Concerned citizens will gain an overview of the efforts being made to
improve waste management systems in order to reduce environmental
impacts in ways that are considered to be affordable. They will see a
recognition that science and management combined do not have all of the
answers. There is a role, within the democratic process, for the concerned
citizen to influence developments and to ensure that reasoned decisions are
made.

Why?

Why has this book been written? Why should anyone undertake the journey
it describes? Why has a company that manufactures and markets a broad
range of laundry, cleaning, paper, beauty care, health care, food and
beverage products in more than 140 countries around the world encouraged
three of its employees to research and publish this book?

The book has been written because there is a clear need to pull together
the existing data on the environmental effects of solid waste management
techniques and the associated costs. In doing this the authors recognised
that there was a need for a systematic approach in dealing with the data
and using it to develop improved solid waste management systems. From
our work on lifecycle inventories (and especially on our computer spread-
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sheet programme for performing lifecycle inventories on packaging
systems), we realised that this developing technique provided the basis for
such a systematic approach.

People should undertake the journey because solid waste management is
changing and evolving rapidly and decisions need to be taken about the
future directions to take. Society needs to strive towards the total quality
goal of sustainable development. Industry has a role to play in this by
developing products that meet the needs of the world’s population whilst
using less of the earth’s resources, including energy, and creating less waste
emissions. One aspect of this ‘more with less’ approach is to manage solid
waste more efficiently so that there is less of it, and so that the waste that
is inevitably created has usefulness (value) restored to it where possible. The
inevitable emissions to air, water and land must be reduced as far as
possible. This book provides a logical approach to this challenge that can
ensure all possible efforts are also taken to manage the economic costs.

Procter & Gamble is concerned with solid waste because some of our pro-
ducts and most of our packages enter the solid waste stream. Our products
are found in almost every household in countries where we have an
established business. Our consumers want us to do everything we can to
make sure that our products and packages are environmentally responsible.
This responsibility, which we readily accept, involves us in constantly seek-
ing improvements in the design and manufacture of our products. All
of our packages and some of our products enter the solid waste stream.
We have been working with others in various countries to help develop
environmentally improved solid waste management systems that are afford-
able. The creation of such systems will help to satisfy the needs of our con-
sumers and, because we understand the emerging systems, we will be able
to develop products and packages that provide better value (including
reduced environmental impact) for our future consumers.

To be sure that the approaches we are espousing for the development of
these improved solid waste management systems are soundly based, we
sought for an analysis of the environmental impact of waste management
systems and for methods that could be used to evaluate possible improve-
ments. We found lots of data in all sorts of places. We found no adequate
compilation; no detailed critical review; no logical framework within which
to study and perform operations on the data. We determined that we
needed to undertake this work to ensure that we were basing our views on
the best available information. This work will be of most value to us if
others review it and build upon it. To achieve this we are making it publicly
available.
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Where to?

What is the aim of this book?

By the final page, the reader will be ready to consider how solid waste
management systems can be designed to be environmentally and economic-
ally sustainable. These terms are defined as follows:

- Environmentally sustainable solid waste management systems must
reduce as much as possible the environmental impacts of waste
disposal, including energy consumption, pollution of land, air and
water and loss of amenity.

- Economically sustainable solid waste management systems must
operate at a cost acceptable to the community, which includes private
citizens, businesses and government. The costs of operating an effec-
tive solid waste system will depend on existing local infrastructure, but
ideally should be little or no more than current waste management
costs.

The need for safety in waste management operations is paramount.
Beyond that, however, there will always be the need to balance the environ-
mental quality of a waste management system and its economic cost. The
precise balance struck by communities will vary with geography, and over
time, so there will never be one unique and universal solution as to what
is ‘the best waste management system’. This book argues that a waste
management system that reduces the overall environmental impact com-
pared to the current situation, at little or no extra cost, represents a
reasonable balance.

We believe that the reader will be convinced that the best way of achiev-
ing this goal is to use an integrated approach to solid waste management.
An integrated approach deals with all types and sources of non-hazardous
solid waste, using a range of treatment options, in line with local needs.
This approach contrasts with approaches requiring special systems for
specific elements of waste.

Those readers who so wish will be in a position to use and interpret results
from the lifecycle inventory spreadsheet that is provided for use with
Excel™ and Lotus 1-2-3™ software.

The route?

How is the book organised?

Chapters 1-4 set out the principles of the book. They cover the key con-
cepts of environmental and economic sustainability, integrated waste
management, total quality management, system modelling and lifecycle
inventory techniques in sufficient detail for a full understanding of the rest
of the book.
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Chapters 5-11 provide a compilation and critical review of existing data
on waste management processes. This is drawn from many European
sources and also from North America. Some of these data are previously
unpublished.

Chapter 12 shows how the lifecycle inventory (LCI) system can be used
to study solid waste management systems. This chapter takes the form
of case studies. They are not published elsewhere. It also shows how the
systematic approach advocated by the book is the best way of seeking
answers to the challenge of dealing with solid waste in environmentally
improved ways that are affordable.

The Appendices provide detailed information that will be of use to waste
management specialists.

Signposts?

What techniques are used in the book to make it easy to read?

The text of the book is mainly descriptive. There is little detailed use of
data within the text. The sections of each chapter are headlined and
numbered. The headlines and numbers are included in the contents list.
Data are found in Tables and Figures. Summaries of key points in the form
of diagrams or bullet points are contained in each chapter as Boxes. These
can provide an easy way for refreshing key points and concepts.

Chapters 5-11 contain an LCI Box and an LCI Data Box at the end of
the chapter. The LCI Box shows the questions that must be answered in
the IWM-1 computer spreadsheet dealing with that part of the system. The
LCI Data Box summarises how the data in the chapter are used in the com-
puter model. These Data Boxes can be ignored by those not wishing to use
the computer model; they are an easy reference for those using the model.

The book and the computer model are built upon the system represented
schematically in the frontispiece of the book. This Scheme is explained in
detail in Chapter 4. Chapters 5-11 deal with specific parts of the Scheme.
The appropriate part is depicted at the start of each chapter.

Warnings?

What should the reader be careful about?

We do not claim that this book is the final word on how to develop
improved solid waste management systems. It seems to us, however, to be
the right moment to set out a logical, holistic approach to waste manage-
ment, together with a critical review of the available environmental and
economic data. We expect and hope that knowledge will rapidly accumulate
that allows us all to do an even better job of cooperating to develop
improved systems.

The learnings developed in this book challenge perceived wisdom in some
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quarters. With data on the table, it is difficult to maintain dogmatic posi-
tions. We all have to be prepared to challenge our own wisdom. This can
be uncomfortable. It can also be uncomfortable trying to use data in discus-
sions when others want to rely on the telling phrase ‘No, it is obvious that
.... We make no apology for placing the data on the table and trying to
use them to do things in a better way.

The fascination of the data and the model must not become a cause of
inaction. We do not want ‘paralysis by analysis’. It can be argued that more
sophisticated models and more comprehensive data are needed and will lead
to even better waste management systems. We agree. We hope that this
book will stimulate such improvements. In the meantime there is a need
to take some hard decisions about improvements in waste management
systems that can be put into place today. These improvements must be
made. Total quality teaches us that there is a need for continuous improve-
ment. As we make today’s improvements, we must measure the effects that
they have and use those data to stimulate us into further improvements.

The book contains the usual disclaimers of responsibility for actions
taken as a result of information in this book and, especially, in the com-
puter model.
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1 Introduction

Summary

The concept of waste as a by-product of human activity and the current
environmental concerns over waste disposal are discussed. From these,
environmental objectives for waste management are formulated. Current
approaches to reaching these objectives rely on legislation, both end-of-pipe
and strategic. The principles of, and difficulties with, present legislation are
discussed. An alternative approach, integrated management, is introduced
as the basic theme of this book.

1.1 What is waste?

Definitions of ‘waste’ invariably refer to lack of use or value, or ‘useless
remains’ (Concise Oxford Dictionary). Waste is a by-product of human
activity. Physically, it contains the same materials as are found in useful
products; it only differs from useful production by its lack of value. A basic
way to deal with waste, therefore, is to restore value to it, at which point
it will cease to be ‘waste’. The lack of value in many cases can be related
to the mixed and, in many cases, unknown composition of the waste.
Separating the materials in waste will generally increase their value if uses
are available for these secondary materials. This inverse relationship bet-
ween degree of mixing and value is an important property of waste, and
is a recurring theme in this book (Box 1.1). Defining exactly what is a ‘waste’
and what is not is not merely of academic interest. It will determine which
materials are subject to the increasing amount of legislation on waste hand-
ling and which are not.

Waste can be classified by a multitude of schemes (Box 1.1): by physical
state (solid, liquid, gaseous) and then within solid waste by original use
(packaging waste, food waste, etc.); by material (glass, paper, etc.); by
physical properties (combustible, compostable, recyclable); by origin
(domestic, commercial, agricultural, industrial, etc.) or by safety level
(hazardous, non-hazardous). While there is benefit in addressing the whole
issue of waste, it is not possible to deal with all of these different areas of
solid waste management within a single volume. This book therefore con-
centrates on management of household and commercial waste (referred to
together as municipal solid waste or MSW). This only accounts for a

P. White et al., Integrated Solid Waste Management: A Lifecycle Inventory
© Chapman & Hall 1995
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Box 1.1 WASTE: SOME KEY CONCEPTS.

1. The relationship between waste and value

Consumption or Use

PROD WASTE

Restore Value

2. The relationship between value and mixing

1

Value = f———
degree of mixing

3. Possible classifications of waste

by - physical state
- original use
- material type
- physical properties
- origin
- safety level

relatively small part of the total solid waste stream; every year the countries
of the developed world produce over 5 billion tonnes of municipal and
industrial solid waste (OECD, 1993).

There are good reasons for addressing MSW. As the waste that the
general public (and therefore voters) have contact with, management of
MSW has a high political profile. Additionally, household waste is, by
nature, one of the hardest sources of waste to manage effectively. It consists
of a diverse range of materials (glass, metal, paper, plastic, organics) totally
mixed together, with relatively small amounts of each. MSW composition
is also variable, both seasonally and geographically from country to coun-
try, and from city to country areas. In contrast, commercial, industrial and
other solid wastes tend to be more homogeneous, with larger quantities of
each material. Thus, if a system can be devised to deal effectively with the
materials in household waste, it should be possible to apply such lessons
to the management of other sources of solid waste. In more concrete terms,
as will be seen in later chapters, a system set up to collect, separate and
deal with household waste can accept other large sources of similar wastes,
and benefit from this addition.



FOR REFERENCE PURPOSES ONLY

INTRODUCTION 3

Thus, although this book principally addresses municipal solid waste,
the approach should be applicable to all areas of solid waste management.

1.2 Environmental concerns

Historically, health and safety have been the major concerns in waste
management. These still apply; wastes must be managed in a way that
minimises risk to human health. Today, society demands more than this;
as well as being safe, waste management also needs to look at its wider
effects on the environment. Environmental concerns about the management
and disposal of waste can be divided into two major areas: conservation
of resources and pollution of the environment.

1.2,1 Conservation of resources

In 1972, the best-selling book Limits to Growth (Meadows et al., 1972 ) was
published. It argued that the usage rates (in 1972) of the earth’s finite
material and energy resources could not continue indefinitely. Now, 20
years on, the sequel, Beyond the Limits (Meadows et al., 1992), tells the
same story, but with increased urgency; raw materials are being used at a
faster rate than they are being replaced, or alternatives are being found.
As the result of such reports, it is now becoming clear that the future of the
planet lies in the concept of sustainable development. This is defined in
the Brundtland Report ‘Our Common Future’ (WCED, 1987) as ‘develop-
ment that meets the needs of the present without compromising the ability
of future generations to meet their own needs.” (Figure 1.1a). Sustainability
requires that natural resources be efficiently managed, and where possible
conserved.

Against this backdrop, the production and disposal of large amounts of
waste is seen by many to represent squandering of the earth’s resources.
Putting the waste into holes in the ground certainly smacks of inefficient
management of materials. It needs to be remembered, however, that
although the earth is an open system regarding energy, it is essentially a
closed system for materials. Whilst they may be moved around, used,
dispersed or concentrated, the total amount of the earth’s elements stays
constant (with the exception of unstable radioactive elements). Thus,
although resources of ‘raw materials’ may be depleted, the total amount of
each element present on Earth remains constant. In fact, the concentration
of some useful materials is higher in landfills than in their original raw
material ores. Such materials could be dug up at a later date, and ‘mining
of landfills’ has already begun in some countries.

Putting waste in holes in the ground, i.e. landfilling, could there-
fore be considered as long-term storage of materials rather than actual
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Figure 1.1 ‘More with less’ and sustainability.
(a) Sustainable development. The Brundtland Report on Sustainable Development (WCED,
1987) introduced the concept of ‘more with less’, i.e. the need to produce more value from
goods and services with less raw material and energy consumption, and less waste and emission
production.
(b) Sustainable waste management. This also calls for ‘more with less’, i.e. more valuable
products recovered from the waste with less energy and space consumption and less emissions.
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disposal. Is this the most efficient way to manage such materials,
however?

Concerns over conservation of resources have led to calls for, firstly,
general reductions in the amount of waste generated, i.e. waste minimisation
or waste reduction, and secondly, for ways to recover the materials and/or
energy in the waste, so that they can be used again. Raw materials and energy
carriers used by society can be divided into renewable and non-renewable
resources. Recovery of resources from waste should slow down the exhaus-
tion of non-renewable resources, and help to lower the use of renewable
resources to the rate of replenishment.

1.2.2 Pollution

Potential or actual pollution is the basis for most current environmental con-
cern over waste management. Historically, the environment has been con-
sidered as a sink for all wastes produced by human activities. Materials have
been released into the atmosphere or watercourses, or dumped into landfills
and allowed to ‘dilute and disperse’. At low levels of emissions, natural
biological and geochemical processes are able to deal with such flows
without resulting changes in environmental conditions. However, as the
levels of emissions have increased with exponential rises in human popula-
tion and activity, natural processes do not have sufficient turnover to pre-
vent changes in environmental conditions (such as the level of atmospheric
CO,). In extreme cases of overloading (such as gross sewage pollution in
rivers), natural processes may break down completely, leading to drastic
changes in environmental quality.

Just as raw materials are not in infinite supply, the environment is not an
infinite sink for emissions. Environmental pollution produced by human
activity will come back to haunt society, by causing deterioration in
environmental quality. Consequently there is growing awareness that the
environment should not be considered as an external sink for wastes from
society, but as part of the global system that needs careful and efficient
management.

As well as such broad concerns over environmental pollution, specific con-
cerns emerge at the local level whenever new facilities for waste treatment are
proposed. Planned incinerators raise concerns over likely emission levels in
general, and recently, of dioxin levels in particular. Similarly, landfill sites
are known to generate landfill gas. At the global level, this has a high global
warming potential (GWP), but more immediately at a local level it can
seep into properties, with explosive consequences. There is also increasing
concern of the risk of groundwater pollution from the leachate generated in
landfill sites. Such local environmental concerns (plus, no doubt, concern
over the effects on property prices) have given rise to several acronyms
describing the attitudes facing waste management planners (Box 1.2).
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Box 1.2

THE CHALLENGE OF WASTE MANAGEMENT

Human .
—_—
Activity Solid Waste

BUT

Common Attitudes:-

NIMBY - Not In My Back Yard

NIMET - Not In My Elected Term

BANANA - Build Absolutely Nothing
Anytime, Near Anybody

THE RESPONSE

AN OVERALL STRATEGY THAT REDUCES
ENVIRONMENTAL IMPACT

Reduce the amount of waste generated
Manage the inevitable waste produced

Whilst such attitudes are understandable, they ignore our common
responsibility for waste management. All human activities generate waste.
Each person in Western Europe generates an average of 318 kg of municipal
solid waste each year (Elsevier, 1992). This waste has to be dealt with
somehow, somewhere. Whilst all the methods for treating and disposing of
waste are known to have environmental impacts, the waste must still be
dealt with. Waste cannot be moved to ‘other people’s back yards’
indefinitely. What is needed is an overall strategy to manage waste with
reduced environmental impact, at an affordable cost.

1.3 Environmental objectives
Clearly, the first objective is to reduce the amount of waste generated.

However, even after this has been done, waste will still be produced.
The second objective, therefore, is to manage the waste in an environmen-
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tally sustainable way, by minimising the overall environmental impacts
associated with the waste management system (Figure 1.1b). Environmental
sustainability addresses both resource conservation and pollution concerns,
but can it be assessed, and if so how?

Lifecycle assessment (LCA) is an emerging environmental management
tool that attempts to predict the overall environmental impact of a product,
service or function, and so can be applied to waste management systems
(White et al., 1993). In this book, the technique of lifecycle inventory (LCI),
part of LCA (see Chapters 3 and 4), is used to look at whole waste manage-
ment systems, to predict their likely environmental impacts. Then, by selec-
ting appropriate options for dealing with the various fractions of solid
waste, the environmental impacts of the whole waste management system
can be reduced.

1.4 Current approaches: legislation

Waste management in developed countries is governed by legislation, the
details of which could fill this volume several times over. Looking at the
basic approach of legislative tools, they fall into two main categories: end-
of-pipe regulations and strategic targets.

1.4.1 End-of-pipe regulations

These are technical regulations and relate to the individual processes in
waste treatment and disposal. Emission controls for incinerators are a
prime example. Such regulations may be set nationally (e.g. the T.A. Luft
(1986) emission limit for Germany) or, increasingly, internationally by the
European Commission. Municipal waste incinerator emissions are the sub-
ject of two EC Directives (89/369/EEC for new incinerator plants and
89/429/EEC for existing plants), and there is currently a draft EC Directive
on Landfill. Such regulations are important to ensure safe operation of
waste disposal processes. They operate as ‘fine tuning’ of the system, by
promoting best available technology and practices, but as with other end-
of-pipe solutions, they are not tools that will lead to major changes in the
way the waste management system operates. These will be produced by
strategic decisions between different waste management options rather than
by refining the options themselves.

1.4.2 Strategic targets

Strategic legislation is becoming increasingly used to define the way in
which solid waste will be dealt with in the future. At national levels,
the German Topfer Ordinance, Dutch Packaging ‘Covenant’ and UK
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Environmental Protection Act (1990) all lay down either rules or guidelines
on the waste management options (mainly recycling) that will be used for
at least part of municipal solid waste. At the European level, the Draft
Packaging and Packaging Waste Directive, if agreed, will require member
states to set deadlines for meeting value recovery and recycling targets for
packaging materials.

This legislation has several common threads: it builds (either explicitly
or implicitly) on the ‘hierarchy of solid waste management’ and within this,
it sets targets for recovery and recyclirfg of materials. Much current legisla-
tion is also directed at specific parts, rather than the whole, of the municipal
waste stream. Packaging, in particular, has been targeted.

The hierarchy of waste management options is headed by source reduc-
tion, or waste minimisation. This is the essential prerequisite for any waste
management strategy - less waste to deal with. Next in the hierarchy come
a series of options: re-use, recycling, composting, waste to energy, incinera-
tion without energy recovery and landfill, in some order of preference. It
will be argued in this book that, although useful as a set of default
guidelines, using this hierarchy to determine which options are preferable
does not necessarily result in the lowest environmental impacts, nor an
economically sustainable system. Different materials in the waste are best
dealt with by different processes, so to deal effectively with the whole waste
stream, a range of waste management options is desirable. Thus, there are
no overall ‘best’ or ‘worst’ options; different options are appropriate to dif-
ferent fractions of the waste. Instead of relying on the waste management
hierarchy, this book looks at the whole waste management system, and
attempts to assess its overall environmental impacts and economic costs on
a lifecycle basis.

Recycling targets, similarly, are useful ways to measure progress towards
recycling goals, but they may not always measure progress towards
environmental objectives. Typically recycling is used to reduce raw material
consumption, and in many cases also energy consumption. It must be borne
in mind, however, that it is a means to an end, not an end in itself. Rigidly
set recycling targets may not produce the greatest environmental benefits.
Environmental benefit (e.g. reduction in energy consumption) does not
increase linearly with recycling rates (Boustead, 1992). At high levels of
recovery, proportionately more energy is needed to collect used materials
from diffuse sources, so there is little, if any, environmental gain. In such
cases, lifecycle assessment could be used to determine the optimal recycling
rate to meet defined environmental objectives. A sign that this more flexible
approach may be gaining ground is the inclusion in the EU Draft Packaging
Waste Directive (Article 4) of the provision that ‘if scientific research
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(such as ecobalances) proves that other recovery processes show greater
environmental advantages, the targets for recycling can be modified .. .".

Packaging waste has been the focus of much recent strategic legislation
which has concentrated attention on a specific part of the municipal waste
stream. Consequently attention has been diverted away from the overall
problem of dealing with all of the waste stream in an environmentally and
economically sustainable way. Estimates of the contribution of packaging
to household waste vary from around 27% (by weight) of the dustbin con-
tents in the UK (WSL, 1992) to around 35% (by weight) for Germany. Set-
ting targets for recycling of packaging alone, therefore, only deals, at
maximum, with this 27-35% of the household waste. For example, a 50%
reduction in packaging waste would only result in approximately, a 15%
reduction in total household waste. Given that household waste represents
less than 5% of total solid waste production (see Chapter 5), this means
that special measures directed at packaging will have little impact on the
overall solid waste management scenario.

At a more fundamental level, how waste is best recovered, treated, or
disposed of depends on the nature of the materials in the waste, not on the
original use of the discarded object. Whatever legislative instruments (e.g.
recycling targets) are used, they should relate to the whole municipal waste
stream. Otherwise, as has been seen in Germany, packaging-specific legisla-
tion can lead to the development of separate and parallel waste management
systems for such packaging waste. Duplication of systems on the basis of
original use of the material, or for any other reason, will give rise to
increased environmental impacts and economic costs.

This book proposes that if real and sustainable environmental improve-
ments are the objective, a single, integrated collection and sorting system,
followed by material-specific recovery/treatment/disposal represents the
most promising approach. It shows that a scheme designed to deal with all
fractions of household waste can also deal with other sources such as
commercial and some industrial waste. Fragmenting the household waste
between different waste management systems rules out an integrated
approach, and any economies and efficiencies of scale.

1.5 Economic costs of environmental improvements

Environmental improvements to waste disposal methods should be
welcomed, where they are scientifically justifiable. Improvements, how-
ever, usually have economic costs associated with them. This is invariably
the case with such end-of-pipe solutions as installing new technology to
clean up emissions following tighter regulatory control. It can also be the



FOR REFERENCE PURPOSES ONLY

10 INTEGRATED SOLID WASTE MANAGEMENT

case with introducing strategic solutions aimed at reducing the environmen-
tal impact of waste management, such as recycling. Take, for example, the
‘Blue Box’ schemes that have been introduced for kerbside collection
of recyclable materials in many parts of North America, and recently in
Sheffield and Adur, UK, or the Dual System operating in Germany for
packaging materials. Whilst these systems can collect large quantities of
high quality materials, the collection schemes operate in parallel with
existing household waste collections. Two vehicles call at each property,
where only one did before. These systems, as additions to residual waste
collection, inevitably involve additional cost. Any other similar ‘bolt-on’
systems, whether for recovery of materials or collection of compostables
will suffer from the same economic problems. This trade-off between
economic cost and environmental impact has been seen as a major hurdle
to environmental improvements in waste management. However, two con-
cepts that are becoming established can help to overcome this obstacle.

Internalising external environmental costs. Environmental and social
costs of waste disposal have historically been seen as external costs. For
example, the effects of emissions from burning waste, or the leachate
and gas released from landfill sites were not considered as part of the
cost of these disposal methods. More recently, however, as emission
regulations have become tighter, the costs of emission controls have been
internalised in the cost of disposal. Similarly, as legislation (e.g. UK
Environmental Protection Act, 1990) requires monitoring of waste disposal
sites after closure, and the provision of insurance bonds to remediate
environmental problems that may arise in the future, the real (i.e. full and
inclusive) cost of each waste management option becomes apparent. Under
such conditions, waste management options with lower environmental
impacts that may have appeared more expensive can become economically
viable.

Building environmental objectives into the waste management system. An
additional ‘bolt-on’ system or an end-of-pipe solution will entail additional
costs (Box 1.3). If, however, a waste management system is designed from
scratch to achieve environmental objectives, it may include such features
at little or no extra cost compared to existing practices. An integrated
system that can deal with all the materials in the solid waste stream
represents the total quality approach to waste management. Such a system
would benefit from economies of scale; an integrated material-based system
allows for efficient collection and management of waste from different
sources. The total quality objective would be to minimise the environmental
impacts of the whole waste management system, whilst keeping the
economic costs to an acceptable level. The definition of acceptable will vary
according to the group concerned, and with geography, but if the cost is
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Box 1.3 ACHIEVING ENVIRONMENTAL IMPROVEMENTS IN SOLID
WASTE MANAGEMENT.

1. The ‘Bolt-on’ Approach

\,

.

Waste \  Becomes / | \
Dealt : - —— | A :. ".!
With / ) ;
M, J \
P ; o
Today’s system System 1 System 2

(bolted-on)

Likely to result in: higher costs

higher lifecycle impact even if material is recycled or
composted

2. The Total Quality Approach

Take today’s resources
of money, people &

equipment and apply
to achieve new
objectives

Today’s system New system

Will result in: a lifecycle impact improvement by definition
lowest additional costs

little or no more than present costs, it should be acceptable to most
(Box 1.3).

1.6 An integrated approach to solid waste management

The aim of this book, then, is to propose an integrated approach to solid
waste management which can deliver both environmental and economic
sustainability. It is clear that no one single method of waste disposal can
deal with all materials in waste in an environmentally sustainable way.
Ideally, a range of management options is required. The use of different
options such as composting or materials recovery will also depend on the
collection and subsequent sorting system employed. Hence, any waste
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management system is built up of many inter-related processes, integrated
together. Instead of focusing on and comparing individual options (e.g.
‘incineration versus landfill’), an attempt will be made to synthesize waste
management systems that can deal with the whole waste stream, and then
compare their overall performances in environmental and economic terms.

This approach looks at the overall waste management system, and
develops ways of assessing overall environmental impacts and economic
costs. As part of this, the various individual techniques for collection, treat-
ment and disposal of waste are discussed. It is not intended, however, to
be a technical manual for these processes. Techniques such as composting
or thermal waste-to-energy can, and do, fill many volumes of their own.
This book, in contrast, gives an overall vision of waste management, with
a view to achieving environmental objectives using an economically sus-
tainable system.
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2 Integrated waste management

Summary

This chapter discusses the needs of society: less waste, and then an effective
way to manage the inevitable waste still produced. Such a waste manage-
ment system needs to be both environmentally and economically sustainable
and is likely to be integrated, market-oriented, flexible and operated on a
regional scale. The current hierarchy of waste management options is
critically discussed, and in its place is suggested a holistic approach that
assesses the overall environmental impacts and economic costs of the whole
system. Lifecycle techniques are introduced for comparing the overall
environmental impacts and economic costs.

2.1 Basic requirements

Waste is an inevitable product of society; managing this waste more effec-
tively is a need that society has to address. In dealing with the waste, there
are two fundamental requirements: less waste, and then an effective system
for managing the waste still produced.

2.1.1 Less waste

The Brundtland report of the United Nations ‘Our Common Future’
(WCED, 1987) clearly spelled out that sustainable development would only
be achieved if society in general, and industry in particular, learned to pro-
duce ‘more with less’; more goods and services with less use of the world’s
resources (including energy) and less pollution and waste.

In this era of ‘green consumerism’ (Elkington and Hailes, 1988), this con-
cept of ‘more with less’ has been taken up by industry which has, in turn,
spawned a range of concentrated products, light-weight and refillable
packaging and other innovations (Hindle et al., 1993; IGD, 1994). Produc-
tion as well as product changes have been introduced, with many companies
using internal recycling of materials, or on-site energy recovery, as part of
solid waste minimisation schemes.

All of these measures help to reduce the amount of solid waste pro-
duced, either as industrial, commercial or domestic waste. In essence, they
are improvements in efficiency, whether in terms of materials or energy

P. White et al., Integrated Solid Waste Management: A Lifecycle Inventory
© Chapman & Hall 1995
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consumption. The costs of raw materials and energy, and rising disposal
costs for commercial and industrial waste, will ensure that waste reduction
continues to be pursued by industry for economic as well as environmental
reasons.

There has been recent interest in promoting further waste reduction by
the use of fiscal instruments. Pearce and Turner (1992) for example, suggest
ways to reduce the amount of packaging used (and hence appearing as
waste) by internalising the costs of waste disposal within packaging
manufacture, by means of a packaging levy. It is not clear how effective
such taxes would be, however, since they only affect a small section of the
waste stream. (Packaging materials constitute approximately 1.5% by
weight of the total European waste stream (Warmer, 1990).) Furthermore,
economic incentives for waste reduction already exist.

Interestingly, there is one area where there are often no economic incen-
tives for waste reduction, i.e. household waste generation. In some com-
munities, notably in the USA (Schmidt and Krivit, 1992), and also in
Germany, waste collection charges are on a scale according to the volume
of waste generated, but in most communities, a flat rate collection fee
applies. ‘Charging according to waste generation could lead to a reduction
in household waste, provided that unauthorised dumping or other alter-
native routes could be prevented. The issues to be resolved are the level of
the charge, and an effective way of managing the system. Introducing such
charging structures to societies not used to them can be politically unpopular.

‘Waste minimisation’, ‘waste reduction’ or ‘source reduction’ are usually
placed at the top of the conventional waste management hierarchy. In
reality, however, source reduction is a necessary precursor to effective waste
management, rather than part of it. Source reduction will affect the
volume, and to some extent, the nature of the waste, but there will still be
waste for disposal (Figure 2.1). What is needed, beyond source reduction,
is an effective system to manage this waste.

2.1.2 Effective solid waste management

Solid waste management systems need to ensure human health and safety.
They must be safe for workers and safeguard public health by prevent-
ing the spread of disease. In addition to these prerequisites, an effective
system for solid waste management must be both environmentally and
economically sustainable.

- Environmentally sustainable. It must reduce as much as possible the
environmental impacts of waste management, including energy con-
sumption, pollution of land, air and water, and loss of amenity.

- Economically sustainable. It must operate at a cost acceptable to the
community, which includes private citizens, businesses and govern-
ment. The costs of operating an effective solid waste system will
depend on existing local infrastructure, but ideally should be little or
no more than existing waste management costs.
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Figure 2.1 The respective roles of waste prevention and integrated waste management.
In life-cycle studies, a ‘system’ is defined (with boundaries indicated by lines). Energy and raw
materials from the ‘environment’ are used in the system. Emissions, including solid waste, leave
the system and enter the environment. (See Chapters 3 and 4 for more detailed discussion.)

Clearly it is difficult to minimise two variables, cost and environmental
impact, simultaneously. There will always be a trade-off. The balance that
needs to be struck is to reduce the overall environmental impacts of the
waste management system as far as possible, within an acceptable level of
cost. Deciding the point of balance between environmental impact and cost
will always generate debate. Better decisions will be made if data on impacts
and costs are available; such data will often prompt ideas for further

improvements.
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2.2 Waste management systems

2.2.1 Characteristics of an effective system

An economically and environmentally sustainable solid waste management
system is likely to be integrated, market-oriented and flexible. The execu-
tion of these principles will vary on a regional basis. A key require-
ment, in total quality language, is to understand the ‘customer-supplier
relationships’.

An integrated system. ‘Integrated waste management’ is a term that has
been frequently applied but rarely defined. Here it is defined as a system
for waste management that deals with:

o All types of solid waste materials. The alternative of focusing on
specific materials, either because of their ready recyclability (e.g.
aluminium) or their public profile (e.g. plastics) is likely to be less
effective, in both environmental and economic terms, than taking a
multi-material approach.

e All sources of solid waste. Domestic, commercial, industrial, institu-
tional, construction and agricultural. (Hazardous waste needs to be
dealt with within the system, but in a separate stream.) Focusing on
the source of a material (on packaging or domestic waste or industrial
waste) is likely to be less productive than focusing on the nature of the
material, regardless of its source.

An integrated system would include waste collection and sorting,
followed by one or more of the following options:

¢ Recovery of secondary materials (recycling): this will require adequate
sorting and access to reprocessing facilities.

¢ Biological treatment of organic materials: this will produce marketable
compost or reduce volume for disposal. Anaerobic digestion produces
methane that can be burned to release energy.

e Thermal treatment: this will reduce volume, render residues inert and
may recover energy.

¢ Landfill: this can increase amenity via land reclamation but will at least
minimise pollution and loss of amenity.

To handle all waste in an environmentally sustainable way requires a
range of the above treatment options. Landfill is the only method that can
handle all waste alone, since recycling, composting and incineration all
leave some residual material that needs to be landfilled. Landfill, however,
does not valorise any part of the waste. It can be used to reclaim land, but
it can also cause methane emissions and groundwater pollution and con-
sume space. Use of the other options prior to landfilling can both valorise
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significant parts of the waste stream, reduce the volume and improve the
physical and chemical stability of the residue. This will reduce both the
space requirement and the potential environmental impacts of the landfill.

Market-oriented. Any scheme that incorporates recycling, composting or
waste-to-energy technologies must recognise that effective recycling of
materials and production of compost and energy depends on markets for
these outputs. These markets are likely to be sensitive to price and to con-
sistency in quality and quantity of supply. Managers of such schemes will
need to play their part in building markets for their outputs, working with
secondary material processors, and helping to set material quality stan-
dards. They must also recognise that such markets and needs will change
over time, so such standards should not be rigid and based on legislation,
but be set as part of a total quality customer-supplier relationship.

Flexibility. An effective scheme will need the flexibility to design, adapt
and operate its systems in ways which best meet current social, economic
and environmental conditions. These will likely change over time and vary
by geography. Using a range of waste management options in an integrated
system gives the flexibility to channel waste via different treatments as
economic or environmental conditions change. For example, paper can
either be recycled, composted or incinerated with energy recovery. The
option used can be varied according to the economics of paper recycling,
compost production or energy supply pertaining at the time.

Scale. The need for consistency in quality and quantity of recycled
materials, compost or energy, the need to support a range of disposal
options, and the benefit of economies of scale, all suggest that integrated
waste management should be organised on a large-scale, regional basis. The
optimal size for such a scheme is considered in later chapters, but experience
is beginning to suggest that an area containing upwards of 500000
households is a viable unit (White, 1993). This may not correspond to the
scale on which waste disposal is currently administered. In many cases,
therefore, implementation of such schemes will require local authorities to
work together.

2.2.2 The importance of an holistic approach

The operations within any waste management system are clearly intercon-
nected. The collection and sorting method employed, for example, will
affect the ability to recover materials or produce marketable compost.
Similarly, recovery of materials from the waste stream may affect the
viability of energy recovery schemes. It is necessary, therefore, to consider
the whole waste management system in an holistic way. What is required is
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BOX 2.1

DESIGNING AN EFFECTIVE SOLID WASTE
MANAGEMENT SYSTEM

1. Strive for both of the following:-
Environmental Sustainability: Reduce Environment Impact
Economic Sustainability: Drive costs out

2. To achieve these the system should be:-
Integrated:  in waste materials
in sources of waste
in treatment methods

anaerobic digestion
composting

energy recovery

landfill

recycling
Market Oriented: materials and energy have end uses
Flexible: for constant improvement

3. Take care to:-
Define clear objectives
Design a total system against those objectives
Operate on a large enough scale

4. Never stop looking for improvements in environmental impacts
and costs. There is no perfect system.

an overall system that is both economically and environmentally sustainable
(Box 2.1). A lot of recent effort has been put into schemes concentrating
on individual technologies, e.g. recycling, or on materials from one source
only (e.g. the German DSD system to collect packaging). From the per-
spective of the whole waste management system, such schemes may well
involve duplication of efforts or other inefficiencies, making them both
environmentally and economically ineffective.
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The relevance of looking at the whole system could be challenged, since
waste management is split up into so many different compartments. Collec-
tion is the duty of local authorities, although it may be contracted out to
private waste management companies. Disposal often comes under the
jurisdiction of another authority, and perhaps another private company.
Different operators may contribute to recycling activities; in the case of
material collection banks, these may be the material producers. Similarly,
incineration, composting and landfill operations may all be under the con-
trol of different operating companies. Each company or authority only has
control of the waste handling within its operation, so what is the feasibility
of taking an overall systems approach when no-one has control over the
whole system?

The holistic approach has several advantages:

1. It gives an overall picture of the waste management process. Such a
view is essential for strategic planning. Handling of each waste stream
separately is inefficient.

2. Environmentally, all waste management systems are part of the same
system, the global ecosystem. Looking at the overall environmental
burden of the system is the only rational approach, otherwise reduc-
tions in the environmental impacts of one part of the process may
result in greater environmental impacts elsewhere.

3. Economically, each individual unit in the waste management chain
should run at a profit, or at least break even. Therefore, within the
boundaries controlled by each operator, the financial incomes must
at least match the outgoings. By looking at the wider boundaries of
the whole system, however, it is possible to determine whether the
whole system operates efficiently and whether it could run at break-
even, or even at a profit. Only then can all the constituent parts be
viable, provided that income is divided up appropriately in relation
to costs.

2.2.3 A total quality system

To achieve fully integrated waste management will require major system
changes from the present situation. The objective of an integrated system
is to be both environmentally and economically sustainable. This is a total
quality objective (Oakland, 1989); it can never be reached, since it will
always be possible to reduce environmental impacts further, but it will lead
to continual improvements.

Application of total quality thinking can be of further use in waste
management. To reach a total quality objective one builds a system to
achieve this objective. To deliver environmentally and economically sus-
tainable waste management requires putting together a system designed for
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Waste Minimisation
Re-Use
Materials Recycling including Composting

Energy Recovery

Incineration
(without energy recovery)

Landfill

Figure 2.2 A hierarchy of solid waste management.

this purpose. This is a key point. Trying to improve present systems by
using recycling or composting as ‘bolt-on extras’ is unlikely to work. Dif-
ferent components of the system are inter-connected so it is necessary to
design a whole new system rather than tinker with the old one. Radical
system changes may also allow previous economic inefficiencies to come to
light, which can be used to offset any increased costs.

2.3 A hierarchy of waste management options?

Current thinking on the best methods to deal with waste is centred on a
broadly accepted ‘hierarchy of waste management’ (Figure 2.2) which gives
a priority listing of the waste management options available. Several varia-
tions of the hierarchy are currently in circulation, but they are essentially
similar. The hierarchy gives important general guidelines on the relative
desirability of the different management options, but it has limitations:

(a) Using the hierarchy rigidly will not always lead to the greatest reduc-
tion in the overall environmental impacts of a given system. Equally,
its use will not necessarily lead to economically sustainable systems.
The hierarchy itself makes no attempt to measure the impacts of
individual options, nor of the overall system. Planning an integrated
waste system for a given region should involve comparing the
environmental impacts and economic costs of different schemes to
determine which are environmentally and economically sustainable in
that region. Only if data are not available for a case-by-case systems
analysis should the guidelines of the hierarchy be used.

(b) A danger exists that the hierarchy will become accepted as dogma;
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Figure 2.3 The elements of integrated waste management. Shaded area represents
waste-to-energy.

that re-use will always be seen to be better than recycling, for exam-
ple. Yet, if heavy bottles have to be transported long distances to be
refilled, re-use may not be preferable over recycling on either
environmental or economic grounds. The only way to ensure that
environmental impacts and economic costs are kept to a minimum
is to measure them throughout the lifecycle of the waste.

Rather than a hierarchy of preferred waste management options (Figure
2.2), an holistic approach is proposed which recognises that all disposal
options can have a role to play in integrated waste management (Figure
2.3). This would include materials recycling, biological treatment (com-
posting, anaerobic digestion/biogasification), thermal treatment (incinera-
tion with/without energy recovery, RDF burning) and landfill. The model
stresses the inter-relationships of the parts of the system. Each option
should be assessed using the most recent data available, but the overriding
objective is to optimise the whole system, rather than its parts, to make it
environmentally and economically sustainable.

Unlike the hierarchy, this approach does not predict what would be the
‘best’ system. There is no universal best system. There will be geographic
differences in both the composition and the quantities of waste generated.
Similarly there will be geographic differences in the availability of some
disposal options (such as landfill), and in the size of markets for products
derived from waste management (such as reclaimed materials, compost and
energy). The economic costs of using different treatment methods will
reflect the existing infrastructure (i.e. whether the plant already exists or
needs to be built from scratch). This approach allows comparisons to be
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made between different waste management systems for dealing with the
solid waste of the local regions. The best system for any given region will
be determined locally to reduce overall environmental impact for an accep-
table cost.

2.4 Modelling waste management

2.4.1 Why model?

Optimising the waste system to reduce environmental impacts or economic
costs requires that these impacts and costs be predicted. Hence the need to
model waste management systems. Modelling may at first glance appear to
be a purely academic exercise, but delving further reveals that it has very
practical uses:

1. The process of building a model focuses attention on missing data.
Often the real costs, in either environmental or economic terms, for
parts of the waste chain are not widely known. Once identified, miss-
ing data can either be sought out, or if not in existence, experiments
can be run to obtain it.

2. Once completed, the model will define the status quo of waste
management, both by describing the system, and by calculating the
overall economic and environmental costs.

3. 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
costs or environmental impacts.

4. Last but not least, the model can be used to predict likely environmen-
tal impacts and economic costs in the future. Such forecasts will not
be 100% accurate, but will give ball-park estimates valuable for plan-
ning future strategy. These are useful especially in such long-term pro-
cesses as the development of markets for secondary materials. Market
development is vital to ensure that higher levels of recycling can be sus-
tained. Modelling the waste system will allow prediction of the likely
amounts of reclaimed material available, which will in turn allow
investment in the necessary equipment to proceed with confidence.

2.4.2 Previous modelling of waste management

Modelling of waste management is not a new idea. Clark (1978) reviewed
the use of modelling techniques then available to optimise collection
methods, predict the most efficient collection routes and define the optimal
locations for waste disposal facilities. Such models concentrated on the
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detailed mechanics of individual processes within the waste system. Other
models have attempted to take a broader view and have compared alter-
native waste disposal strategies from an economic perspective (e.g.
Greenberg et al., 1976).

More recently, detailed models have been developed to model the
economics of materials recovery for recycling, and some of its environmen-
tal impacts (Boustead, 1992), as well as broader models including cost,
public acceptance, environmental impact and ease of operation and
maintenance of waste disposal alternatives (Sushil, 1990). The model con-
structed here attempts to predict both the overall environmental impacts
and economic cost, since both are crucial, for an integrated waste manage-
ment system.

2.4.3 Using lifecycle assessment for waste

Modelling may be divided into two areas: model structure (which will deter-
mine how the model will work) and data acquisition (for insertion into the
model). Recent developments in each of these two key areas have made this
work both possible and timely.

Models. Several models for predicting environmental impacts have been
produced within the discipline of lifecycle assessment (LCA). This is a
relatively new branch of applied science that has considerable potential as
an environmental management tool. The modelling technique used here is
essentially a lifecycle inventory of waste. The methodology of a lifecycle
inventory and its part in lifecycle assessment is discussed in the following
two chapters.

Data. Even the best models are useless without accurate, relevant and
accessible data to plug into them. Whilst data have been available for many
of the technical processes in waste disposal, such as incinerator emissions,
information on the costs and impacts of collection and sorting systems has
not been readily available. Until very recently, many source separated col-
lection and sorting systems existed only on the planning table; operational
data could not be obtained because in many cases the schemes did not exist
on the ground. Fortunately, through the efforts of a range of bodies, many
different pilot schemes, both on small and large scales, have been set up,
and data are becoming available. The European Recovery and Recycling
Association (ERRA) has assisted in the setting up of eight kerbside collec-
tion schemes in seven European countries (ERRA, 1991). Data from these
schemes, and others, are being collated in the ERRA database, and are cited
in this book. The DSD (Dual System Deutschland) has been set up to collect
packaging materials across Germany, and there too, data are beginning
to emerge on collection rates. Many cities and towns have independently
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set up recycling, composting or, in some cases, such as Leeds (UK) and
Bonn, Coburg, Rhein-Sieg county and Lahn-Dill county (Germany), fully
integrated schemes. For the first time, it is now possible to model integrated
waste management schemes based on actual data.

The model developed in this book therefore attempts to combine recent
developments in lifecycle inventory methodology with the stream of hard
data beginning to emerge. This fusion should allow prediction of the overall
environmental impacts and economic costs of different executions of
integrated waste management.
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3 Lifecycle inventory: a part of lifecycle
assessment

Summary

Lifecycle assessment (LCA) is introduced. It is a tool to predict the overall
environmental impact of a product or service. It consists of four stages:
goal definition, inventory, impact analysis and valuation, of which the first
two are well developed and the latter two in need of further work. In view
of this, the analysis of solid waste management will be limited to a lifecycle
inventory (LCI) (comprising goal definition and inventory stages) and
not involve a detailed impact analysis or valuation. Economic lifecycle
assessment is an equally important, although separate, part of an overall
assessment.

3.1 What is lifecycle assessment?

Lifecycle assessment (LCA) is an environmental management tool increas-
ingly used to predict and compare the environmental impacts of a product
or service, ‘from cradle to grave’ (for recent reviews see White ef al., 1993
and Elkington et al., 1993). The technique examines every stage of the
lifecycle, from the winning of raw materials, through manufacture, distri-
bution, use, possible re-use/recycling and then final disposal. For each stage,
the inputs (in terms of raw materials and energy) and outputs (in terms of
emissions to air, water and as solid waste) are calculated, and these are
aggregated over the lifecycle. These inputs and outputs are then converted
into their effects on the environment, i.e. their environmental impacts. The
sum of these environmental impacts then represents the overall environmen-
tal effect of the lifecycle of the product or service. Conducting LCAs for
alternative products or services thus allows comparison of their overall
environmental impacts. This will not necessarily determine that one option
is ‘environmentally superior’ to another, but it will allow the trade-offs
associated with each option to be assessed.

Similar assessments have been conducted for some time under a range
of different titles, including Ecobalances, Ecoprofiles, Resource and
Environmental Profile Analysis (REPA), and Produktlinienanalyse (PLA).
An explanation of these and other terms and their important differences
is given in Table3.1.

P. White et al., Integrated Solid Waste Management: A Lifecycle Inventory
© Chapman & Hall 1995
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To date, lifecycle assessments have been mainly used by companies to
predict and compare the environmental performance of their products and
packages. Whilst mainly used as an internal tool to guide development and
identify areas for environmental improvement, results of lifecycle assess-
ments have been communicated to the general public or published in
environmental journals (e.g. ENDS, 1991). Because of its perceived high
profile, packaging has received considerable attention. Major studies have
been published on the comparison of different packaging alternatives for
beverages (Franke, 1983; Thomé-Kozmiensky and Franke, 1988; Boustead
and Hancock, 1989; Boustead, 1993), and of the environmental impacts of
different packaging materials (Tillman et al., 1991).

Several LCA computer models and spreadsheets for packaging are
available commercially. Procter and Gamble (1992) has made its own life-
cycle inventory spreadsheet (LCI1) freely available in order to stimulate
widespread usage and improvements of lifecycle techniques.

Recently, lifecycle assessment requirements have also been included in
legislation. The EC Ecolabelling Regulation (1992) requires that the whole
lifecycle be considered when setting labelling criteria, and provision for life-
cycle assessment (or Ecobalance) is also included in the latest draft of the EC
Packaging and Packaging Waste Directive (1993). As it is developed further,
it is likely that lifecycle assessment will find many additional applications.

3.2 Benefits of the lifecycle approach

Lifecycle assessment is an inclusive tool. The inventory portion is essen-
tially an accounting process, by which all necessary inputs and emissions
in the lifecycle are considered. This includes not only direct inputs and emis-
sions for production, distribution, use and disposal, but also indirect inputs
and emissions, such as from the initial production of the energy used. It
is essential that all of the processes are included to assess the overall
environmental impact. Similarly, the analysis integrates over time, i.e. all
inputs and emissions over the whole lifecycle, and includes all of the sites
involved. If real environmental improvements are to be made, it is impor-
tant that any changes do not cause greater environmental deteriorations at
another time or another location in the lifecycle.

LCA offers the prospect of assessing the environmental impact of the
total system, i.e. it is an holistic approach to environmental assessment.
Comparing such impacts for different options, whether for different pro-
ducts or waste management systems, allows real environmental improve-
ments to be identified.

LCA goes beyond single environmental issues. Concern over the environ-
ment is sometimes expressed in terms of single issues. With regard to waste
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management, criteria such as compostability, recyclability or level of
recycled content of products come to mind. Concentrating on one issue
alone, however, ignores and may even worsen other environmental impacts.
The power of LCA is that it allows us to expand the debate on environmen-
tal concerns beyond the single issue, and address the overall environmental
effects. By using a quantitative methodology, it also gives an objective basis
for decision-making, and so can take some of the emotional element out
of environmental debates.

3.3 Structure of a lifecycle assessment

As a result of intensive recent efforts to define LCA structure and har-
monise the various methodologies used (notably by the Society of
Environmental Toxicology and Chemistry, SETAC), LCA is now con-
sidered to have four distinct stages: goal definition, inventory, impact
analysis (or classification) and valuation (SETAC, 1992) (see Figure 3.1 and
Box 3.1).

3.3.1 Goal definition

This first stage sets the goals for the LCA study, defines the options that
will be compared and the intended use of the results. As will be made
apparent, the intended use for the LCA will influence the type of study car-
ried out, and the type of data required.

A fundamental part of this stage is the definition of the ‘functional unit’.
This is the unit of the product or service whose environmental impacts will
be compared. The importance of defining the most appropriate functional
unit cannot be over-emphasised. It is often expressed in terms of amount
of product (e.g. per kilogram or litre), but should really be related to the
amount of product needed to perform a given function, i.e. per equivalent
use. For a car, for example, the functional unit could be per kilometre
travelled. As all of the impacts are calculated per functional unit, any
alteration in the size of the functional unit, e.g. to allow for higher perfor-
mance of one of the products compared, will have a major effect on the
outcome of the assessment.

Another essential requirement is the definition of system boundaries, i.e.
what is included within the assessment, and what is omitted. Both the
‘length’ and ‘breadth’ of the study need to be defined.

The ‘length’ involves defining exactly where the cradle and the grave of
the lifecycle lie. Should the mining of the raw materials be included?
Similarly should the grave include the emissions from used materials after
they have been buried in the ground, i.e. landfilled? The ‘breadth’ of the
study will determine how much detail will be included at each stage of the
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BOX 3.1
THE STAGES OF A LIFECYCLE ASSESSMENT

1. Goal Definition (now a routine procedure)
Define:-
Options to be compared
Intended use of results
The functional unit
The system boundaries

2. Inventory (now a routine procedure)
Account for:-
All materials and energy
Inputs
Outputs
across the whole lifecycle.

3. Impact Analysis (undergoing active development)
converts the LCI into environmental effects
methodology to aggregate according to effects being
developed

4,  Valuation (currently little agreement on how to perform)
The process of balancing the importance of different
effects
No agreed scientific method
Requires public debate

Note: A lifecycle inventory (LCI) - the basis of this book - includes the goal
definition and inventory stages

lifecycle. For example, the impacts of the manufacturing process for
the product itself will be included in the assessment. Should the impacts
of making the factory and equipment that make the product also be
included? In this instance, previous studies have shown that such ‘second
level’ impacts, when divided between the number of units that the factory
produces, are insignificant, so can be omitted from most analyses.

It should be stressed that a lifecycle assessment can be done on any
system, whatever the boundaries defined. There are no right or wrong
boundaries to choose, but some are more appropriate to the defined goal
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Lifecycle Assessment

Goal Definition

Input/Output Inventory
Data
Site Specific \ggregated
Data Inventory Data
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Overall
Environmental
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Figure 3.1 Structure of a full lifecycle assessment (from Hindle ez al., 1993).

than others. Where valid comparisons are required, then the same boun-
daries must be used in each case.

In any lifecycle assessment, defining the functional unit and the boun-
daries of the system assessed are both important steps. Reporting the func-
tional unit and the boundaries used are as important as giving the actual
results.

3.3.2 Inventory

This stage, formerly referred to as lifecycle analysis (White ef al., 1993),
consists of accounting for all of the material and energy inputs and outputs
over the whole lifecycle of the product or service. This entails describing
the lifecycle as a series of steps, and then calculating the inputs and outputs
for each of these steps (Figure 3.2). This amounts to constructing a
materials and energy balance for each step in the lifecycle, a process that
will be familiar to chemical engineers. Inventories for each stage in the
lifecycle can then be combined to give the overall lifecycle inventory.
Such analyses have been conducted for many years, initially as energy
analyses and more recently including materials balances as well (Hunt
et al., 1974, 1992). Consequently, the methodology of this stage is well
established. A few areas of disagreement still remain, however, notably
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Figure 3.2 The stages of a product or package lifecycle.

around the problem of co-allocation of emissions and energy consumption.
Where two or more products arise from the same process, it is necessary
to divide the emissions and energy consumption associated with the process
between the products, but there are several ways in which this allocation
can be made (by relative mass, energy content or even economic value)
(Huppes, 1992). This is an area where clear conventions need to be agreed
to standardise future studies.

These fine details aside, the methodology for the inventory stage is
generally accepted and well used. A lifecycle inventory describes all of the
relevant material and energy flows. The large amount of data generated
makes decision-making challenging. There is a need to find methods of
aggregating data but this is full of dangers. There is also a need to translate
the material and energy flows (especially the outputs) into environmental
impacts.

Notwithstanding these limitations, an LCI provides enormous knowledge
about and insights into the environmental consequences of a given system.
A lifecycle inventory (L.CI), as used in this volume, involves both the goal
definition and inventory stages.

3.3.3 Impact analysis

Alternatively known as ‘classification’, this involves converting the lifecycle
inventory of materials and energy into their environmental effects. Past
attempts at impact analysis have often aggregated all emissions to each
environmental compartment, i.e. to air, to water, as solid waste. In some
cases, the emissions have simply been added together to give a total mass
of emissions (e.g. Hunt et al., 1974), regardless of the nature of the
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materials emitted. An improvement on this has been to weight the emis-
sions, according to their toxicity, before aggregating them. This system of
calculating ‘critical volumes’ of polluted air and water has been extensively
used (BUS, 1984; Habersatter, 1991), but this approach also has its limita-
tions. Emissions to air can contribute to a range of different environmental
problems, such as ozone depletion, global warming and acid-rain formation
in addition to toxic effects, as can emissions to water. Furthermore, one
emitted chemical can contribute to more than one problem (CFC-11 causes
ozone depletion and has a potent greenhouse effect). Indeed, the basic con-
cept of aggregating according to different physical media is in itself ques-
tionable, since some outputs can have effects in more than one medium.
Organic solid waste in landfills, for example, can produce methane and
leachate, so can affect soil, air and water.

It is now generally accepted that the most meaningful aggregation of
impacts will be according to their effects on the environment (SETAC,
1992). Thus, all releases that contribute to ozone depletion, for example,
will be aggregated together, each weighted by their relative contribution to
the problem. Impact analysis can then be considered to consist of four steps
(Guinée, 1992):

- a classification of all effects into a surveyable number of environmen-
tal problems, e.g. contribution to global warming;

- the definition of units to measure these classes of problems, e.g. units
of global warming potential;

- a conversion of the inventory inputs and outputs into these units, e.g.
amounts of CO, and methane into their global warming potential;

- an aggregation of the units within each effect, e.g. adding up the total
global warming potential of all the emissions.

The result of the impact analysis will be the contribution of the lifecycle
to a surveyable number of environmental problems. The details of different
impact analysis schemes differ slightly (Finnveden efal., 1992; Guinée,
1992) but are in general agreement on the main effects to be considered
(Table 3.2).

3.3.4 Valuation

Whilst there are significantly fewer impact categories than inventory
categories, there are still many environmental issues to be considered. Com-
paring one lifecycle option with another will not normally show which is
‘environmentally superior’ (except in the case where one has a lower impact
in all categories), but will demonstrate the trade-offs between the two
options.

To facilitate decision-making between options, attempts have been made
to aggregate the outputs of a lifecycle assessment further, ultimately to a



FOR REFERENCE PURPOSES ONLY

LIFECYCLE INVENTORY 33

Table 3.2 Classification of lifecycle impacts

Heading Scale of effect
Depletion
- Non-renewable resources Global

- Energy carriers
- Others (minerals)

- Scarce renewable resources Global/local

- Space consumption Regional/local
Pollution

- Global warming Global

- Ozone depletion Global

- Human toxicity Continental/regional

- Ecotoxicity Continental/regional

~ Acidification Continental/regional

- Photo oxidant formation Regional

- Nutrification/eutrophication Regional

~ Final solid waste Regional/local

- Radiation Regional/local

- Dispersion of heat Local

- Occupational health Local

- Noise Local

- Smell Local
Disturbances

- Desiccation Regional/local

- Landscape degradation Regional/local

- Ecosystem degradation Regional/local

From: Udo de Haes (1992) with amendments.

single environmental score. This requires some form of weighting of the
importance of the different environmental problems in Table 3.2. This is
very difficult at present, since there are no generally accepted environmental
objectives against which to make such weightings. As a result, attempts so
far have relied on scoring systems from ‘expert panels’ (which are subjec-
tive) (e.g. Landbank, 1991), comparing emissions against Government
targets (which are political and not global) (e.g. the Ecopoints approach,
Ahbe et al., 1990), or by converting all impacts into monetary units. None
of these schemes has been widely accepted. For the foreseeable future,
decision-making on the basis of the impact analysis results should be done
by open public debate as part of the democratic process. Any scheme that
aggregates the impact categories to a single score may appear to make
decision-making easier, but in the process obscures the assumptions and
priorities upon which the decision will be based. Thus, broad acceptance
of the outcome of the decision is uncertain. That verdict will only be passed
when the results become evident to those affected.
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Overall Goal Definition
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Figure 3.3 The relationship of different types of lifecycle assessment.
The whole process, consisting of environmental, social and economic analyses, is known as
product line analysis (PLA) (from Assies, 1992).

3.4 Current state of development

As discussed above, the first two stages of a lifecycle assessment are now
established and can be performed routinely. Impact analysis is still undergo-
ing active development, whilst there is little agreement about the form, or
even the need, for a formal valuation stage. Consequently, at present, many
studies concentrate on producing a lifecycle inventory (LCI), and this is the
approach taken in this book. Where methods for converting the inventory
into actual effects are available, they will be applied, but this will not be
possible in all cases. Methods for aggregating global effects, such as ozone
depletion, are already available; methods for aggregating local effects such
as toxic releases to aquatic systems, noise and smell (many of which are
especially relevant to waste management) have yet to be agreed.

3.5 Environmental and economic lifecycle assessments

This discussion has been limited to environmental lifecycle assessment,
sometimes abbreviated to LCA,,,. Other lifecycle considerations need to
be addressed in any overall assessment, in particular, economic and social
factors. Some schemes have tried to include these within an environmental
lifecycle assessment, but they make the whole procedure complex and
unwieldy, and may limit the application of LCA.

In waste management, as in other activities, an economic lifecycle assess-
ment is an essential part of any overall assessment. It should be done in
parallel with an environmental LCA, and the outcomes of the two assess-
ments evaluated together (see Figure 3.3).
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3.6 Lifecycle inventory in reverse

A lifecycle inventory (and assessment) may be used to improve the
environmental performance of a product or service. Given that the product
will be used and disposed of in a fixed disposal system (i.e. relative levels
of recycling/incineration/landfill), it is possible to determine how changes
in the product affect its overall environmental impact. However, it is possi-
ble to conduct ‘lifecycle (inventory) in reverse’ (White et al., 1993), by keep-
ing the product constant and changing the disposal conditions to see how
this affects the overall environmental impact.

This is essentially what is involved in a lifecycle inventory of waste.
Assuming that the composition of waste produced is fixed, and details
of its composition are known, at least for household waste, it is possible
to determine how the use of different options for waste management affect
the overall environmental impact. This technique is used throughout
this book, and the general format of an LCI for waste is explored in
Chapter 4.
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4 A lifecycle inventory of solid waste

Summary

The lifecycle inventory technique described in Chapter 3 is applied to waste
management. The possible uses for an inventory of different waste manage-
ment options are discussed. The functional unit for the comparison is
defined, as are the system boundaries. This includes defining the ‘cradle’
and ‘grave’ for waste. The general structure of waste management systems,
which forms the basis of the LCI model, is mapped out, and the computer
spreadsheet developed to conduct the LCI is introduced.

4.1 Integrated waste management and lifecycle inventory

The objective of integrated waste management is to deal with society’s waste
in an environmentally and economically sustainable way (Chapter 2). To
assess such sustainability, we need tools that can predict the likely overall
cost and environmental impacts of any system. Lifecycle assessment is an
emerging environmental management tool that allows prediction of the
likely environmental impacts associated with a product or service over the
whole lifecycle, from ‘cradle to grave’. This technique can be usefully
applied to waste management to assess environmental sustainability. At the
same time, a parallel economic lifecycle assessment can determine the
economic sustainability of waste management systems, a criterion equally
crucial to their successful implementation.

As described in Chapter 3, a lifecycle assessment is comprised of four
stages: goal definition, inventory, impact analysis and valuation (Box. 3.1).
Currently the goal definition and inventory stages (which together comprise
a lifecycle inventory study) are routinely carried out in various applications;
impact analysis and valuation present significant challenges. This book and
the associated computer spreadsheet are based on a lifecycle inventory of
solid waste. This chapter addresses the concept and practicalities of using
lifecycle assessment to compare waste management systems.

Whilst the lifecycle technique has been used to compare specific options
for waste disposal (e.g. Kirkpatrick, 1992), it has not previously been used
to assess complete integrated waste systems. Consequently, it is necessary
first to address such basic questions as where is the cradle of waste, and
where is its grave?

P. White et al., Integrated Solid Waste Management: A Lifecycle Inventory
© Chapman & Hall 1995
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4.2 A lifecycle inventory of waste

4.2.1 Goal definition

The first stage of a lifecycle inventory, the ‘goal definition stage’, addresses
three major questions, namely, What is the purpose of the study?, What
will be compared, i.e. what is the functional unit for comparison? and What
are the boundaries of the system? (Box 4.1) This last question defines what
will be included in the study and what will be omitted, and specifies the
‘length’ and ‘breadth’ of the study.

What are the purposes of the lifecycle inventory?

- To predict both environmental performance (in terms of emissions and
energy consumption) and economic costs of an integrated waste
management system. Because specific data for all parts of the lifecycle
are not available, and thus generic (typically averaged) data will be fre-
quently used, the result of the inventory will not be 100% accurate.
However, it will provide a ‘first cut’ and will provide rough com-
parisons between different system options. The objective of predicting
environmental performance of waste management systems can be met
in two ways. Detailed lifecycle inventory studies can be run for several
individual waste management systems, and general conclusions
extrapolated from the results. The alternative is to construct a generic,
flexible tool that can be applied to any waste management system to
assess the overall environmental performance. Constructing a model
that is flexible enough to describe all possible waste management
scenarios is a very challenging task, but is the option attempted in this
book. A general model such as this will rely on generic data, so will
not give such accurate results as specific studies that describe particular
waste management systems. However, the flexibility to apply the same
model to most waste management systems, both existing or planned,
is considered to outweigh this.

- To demonstrate the interactions that occur within waste management.
As it attempts to model the whole waste system, a lifecycle model will
show how different parts of the system are inter-connected and will
aid understanding of the system’s behaviour.

- To clarify the objectives of the waste management system. Above, it
has been argued that the objective of waste management is environ-
mental and economic sustainability, i.e. minimising the environmental
impacts for an acceptable cost. Because it specifically calculates both
the cost and individual environmental impacts (i.e. energy consump-
tion, air emissions, water emissions, landfill requirements, etc.) it
focuses attention on which parameters need to be maximised or
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Box 4.1

A LIFECYCLE INVENTORY OF WASTE: GOAL DEFINITION.

1. Options to be compared:
- Different systems for managing solid waste

2. Purposes:
- To predict environmental performance (emissions and energy consumption)
- To predict economics costs
- To allow “What if..?” calculations
- To support achieving environmental and economic sustainability
- To demonstrate interactions within integrated waste management
- To supply waste management data for use in individual product LCIs

3. Functional unit:
- To manage the household and similar commercial waste from a given
geographical area.

4. System boundaries (environmental LCI):
- Cradle (for waste): when material ceases to have value and becomes
waste (e.g. the household dustbin)
- Grave: when waste becomes inert landfill material or is converted to air
and/or water emissions or assumes a value (intrinsic if not economic)
- Breadth: “second level” effects such as building of capital equipment
ignored. Indirect effects of energy consumption included.

5. System boundaries (economic LCI):
- Cradle: as for environmental LCI
- Grave: as for environmental LCI
- Breadth: capital equipment costs included

minimised. N.B. A lifecycle assessment will not in itself decide this,
but will provide the data on which these societal/political decisions can

be based.

To allow for ‘What if . . .?’ calculations. The use of a simple computer
spreadsheet for the lifecycle inventory allows any user to compare a

number of hypothetical waste management systems and find their

relative economic costs and environmental impacts.

LCI studies of individual products and packages.

To provide data on waste management methods that can be used in
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Defining the functional unit: what will be compared? The functional unit
is the unit of comparison in a lifecycle inventory. Most LCI studies con-
ducted to date have been related to products, such as washing machines
(DoE/DTI, 1991) or detergents (Stalmans, 1992), or packages (White et al.,
1993). The functional unit in such cases relates to the product/package
made, and the comparisons are made on the basis of per amount or per
equivalent use of the product. The functional unit is therefore expressed
in terms of the system’s output (Box 4.2). Such studies are usually run to
see how changes to the product will affect their overall environmental
impacts.

The function of a waste management system, in contrast, is not to pro-
duce anything, but to deal with the waste of a given area. Therefore, the
functional unit in an LCI of waste is the waste of the geographical area
under study. In this study, this functional unit is refined further into the
household and similar commercial waste of the specified geographical area.
This is a key difference in approach: in a product LCI, the functional unit
is defined by the output (product) of the system; in an LCI of waste, the
functional unit is defined in terms of the system’s input, i.e. the waste.

Using this LCI method, different systems for dealing with the solid waste
of a given area can be compared. The geographical area under study, and
the waste produced by this area, are defined by the user, and the LCI model
will calculate the overall cost and environmental impacts of different
options chosen for dealing with this waste. The waste input from any given
area will be constant, and the LCI can be used to assess the overall perfor-
mance, both environmental and economic, of different waste handling
systems.

The impacts and costs for the whole system can be broken down further,
however. For economic costs, it is useful to have the cost attributed per
household, since revenue is usually collected in this way for domestic solid
waste. Alternatively, costs can be attributed per tonne of waste collected,
which is especially relevant to commercial/industrial waste where charges
are levied on such a basis. As well as overall system costs and impacts, costs
and impacts per tonne and per household will also be calculated, but neither
alone is satisfactory.

A figure that is often quoted in reports of recycling schemes is the cost
per tonne of recovered or recycled material (usually high!). This will not
be used as the functional unit in this assessment, since it is not the function
of an integrated waste management scheme to produce recycled material.
The objective is to deal with waste in an economically and environmentally
sustainable way; recovering and recycling materials is a means to this end
but not the end in itself.

System boundaries: where is the cradle of waste and where is the grave?
All lifecycles run from cradle to grave, hence the often interchanged terms



FOR REFERENCE PURPOSES ONLY

SOLID WASTE INVENTORY 41

BOX 4.2

KEY DIFFERENCES between LCI STUDIES FOR PRODUCTS and an
LCI STUDY OF WASTE.

1. Functional Unit

U

System System

PRODUCT

In a product LCI the functional unit is defined in terms of the system's output i.e. the

product. For example, per kg of product made, or per number of laundry loads washed.

In the LCI of waste the functional unit is defined in terms of the system's input, i.e. the
waste. The functional unit could be the management of the waste of one household or
the total waste of a defined geographical region.

2. Boundaries - Definition of Cradle and Grave.

Product LCI studies consider the whole lifecycle of one particular product, from raw
material extraction, through manufacture, distribution and use, to final disposal. The
last part of the lifecycle will be spent as waste in a waste management system (Fig. 4.1).
This book considers the lifecycle of waste, from the moment it becomes waste by losing
value, to the moment it regains value or leaves the waste management system as an
emission.

A Product LCI considers the whole lifecycle of a single product; an LCI of waste
includes part of the lifecycles of all products.

3. Using What if...? Scenarios.

Product LCIs are normally used to determine the environmental effect of changes to the
product. This LCI of waste can be used to determine the environmental effect of
changes to the waste management system.

‘lifecycle inventory’ and ‘cradle to grave inventory’. When considering the
lifecycle of products, inventories usually go back to the source of the raw
materials, by mining for example, to define the product’s ‘cradle’. The
‘grave’ is the final disposal of the product, often back into the earth as land-
fill. Whilst it shares the same grave as individual products, the lifecycle of
‘waste’ does not share the same cradle (Figure 4.1). Waste only becomes
waste at the point at which it is thrown away, i.e. ceases to have any value



FOR REFERENCE PURPOSES ONLY

42 INTEGRATED SOLID WASTE MANAGEMENT

(a)

Raw Material extraction I
Manufacture
Distribution I

LCl Boundary for
Use product/package

Waste management

(b)

PRODUCTS

Raw Material extraction

Manufacture
Distribution
Use

Waste management

LCI Boundary for WASTE

Figure 4.1 The lifecycle of a product (a) versus the lifecycle of waste (b). The LCI for solid
waste considers part of the lifecycle of all products and packages.

to the owner. Thus, the ‘cradle’ of waste, in households at least, is usually
the dustbin. This is another key difference between an LCI for a product
and an LCI for waste. Every product spends part of its lifecycle as waste.
Conversely a lifecycle study of waste includes part (but only part) of the
lifecycle of every product or package.

Household and similar commercial waste can be either collected or
delivered (e.g. to bottle banks) in a variety of ways, so for a practical boun-
dary, the cradle of such waste in this study is taken as the point at which
it leaves the household or commercial property.

Prior to this stage, individual items in the waste stream will be affected
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by source reduction, waste minimisation and other processes for environ-
mental improvement. Whilst these are valuable contributions, they occur
during product manufacture, distribution or use and are thus upstream of
waste management. As a result, they are not included here. Other waste
treatment methods can also be used to reduce the amount of solid waste
within households, prior to collection. Home composting of organic
material or the burning of waste on domestic fires would be two such
examples. Such treatment methods will similarly not be considered within
the boundaries of this LCI, since they occur on-site, and prior to the
materials leaving the household or commercial property.

The ‘grave’ of the waste lifecycle is its final disposal back into the environ-
ment. Incineration and landfilling are often described as ‘final disposal’
options, but neither represents the true end of the lifecycle for the materials
involved. Incineration produces ash, for example, which then needs
disposal, often by landfilling. Similarly, landfills are not the final resting
place for some of the materials contained, since they can in turn release
gas emissions and leachate. It has been suggested that landfills should not
be considered as environmental impacts that should be measured, but as
waste management processes that in turn produce gas and water emissions
with measurable impacts (Finnveden, 1992).

The ‘grave’, or end of the waste lifecycle used here, is considered to be
when it becomes inert landfill material, or is converted into air or water
emissions. Alternatively, the waste can regain some value (as compost,
secondary material or fuel) and thus ceases to be waste. ‘Value’ normally
implies positive economic value.

Defining this exact point when waste acquires value and ceases to be
waste has important practical consequences, as well as being essential in this
analysis. Different regulations generally apply to handling and transporting
raw materials rather than waste, and different emission levels are allowed
when burning fuels rather than burning waste. Thus, a clear definition of
exactly when waste becomes a secondary raw material or a fuel is essential.

One area where difficulties arise is the recovery of materials for recycling.
Once materials are collected and sorted, they regain value as a secondary
raw material. This value equates to positive economic value in many cases,
where sorted materials are sold from material collection banks or from
material recovery facilities (MRFs). Consequently, this has been chosen as
the boundary of the waste management system for such materials. In some
other schemes, however, where collected material supply greatly exceeds
recycling capacity, the collected material may still have a negative economic
value at this point. This describes the present situation in Germany, for
example, where plastic material is offered for recycling along with a subsidy
for the recycling process. Such material would not then regain value until
after it had been converted into recycled resin pellets. Choice of this point
as the boundary would mean including the whole recycling industry within
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Figure 4.2 System boundaries for the environmental lifecycle inventory of solid waste. Shaded
area represents waste-to-energy.

the waste management system. Since many recycling processes, e.g. for steel,
aluminium, paper, etc. are integrated within the virgin material industries,
this would necessitate taking most of industry into the waste management
system, which would make system modelling unwieldy, if not impossible.

Since all industries are inter-related, defining hard and fast boundaries
is not easy, but some boundaries must be chosen. For this study, recovered
materials are considered to leave the waste management system when they
leave the MRF or are collected from material banks. They then enter the
plastics/paper/metal/glass industry system. These reclaimed materials will
eventually replace other, virgin, materials in the manufacture of new pro-
ducts. In many cases this will lead to environmental improvements via
energy savings, and reduced raw material consumption. These potential
savings (or costs) are not included within the boundaries of this LCI study,
but are calculated in Chapter 8 so that their significance can be assessed.

The general system boundaries for an integrated waste management
system are shown diagrammatically in Figure 4.2. Along with the waste
itself, there are energy and other raw material inputs (e.g. petrol, diesel)
to the system. The outputs from the system are useful products in the form
of reclaimed materials and compost, emissions to air and to water and inert
landfill material. Energy will also be produced in waste to energy options
(which also includes use of recovered landfill gas); combining this with the
energy inputs to the system gives a net value for energy consumption/
generation. The exact boundaries at which materials and energy enter or
leave the waste management system studied here are defined in Box 4.3.
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Box 4.3 BOUNDARY DEFINITIONS FOR THE LCI OF WASTE.

System boundary Units
Inputs
Energy Extraction of fuel resources GJ thermal energy

Outputs
Energy Electric power cable leaving waste-to-
energy facility
(The electrical energy generated is
subtracted from the energy consumed,
so is effectively used within the
system, and not exported)

Recovered materials Material collection bank or tonnes
Exit of Material Recovery Facility or
Exit of RDF plant or
Exit of biological treatment plant

Compost Exit of biological treatment plant tonnes

Air emissions Exhaust of transport vehicles or kilograms
Stack of thermal treatment plant
i.e. after emission controls or
Stack of power station (for electricity
generation) or
Landfill lining/cap

Water emissions Outlet of biological treatment plant or kilograms
Outlet of thermal treatment plant or
Outlet of power station (electricity
production) or landfill lining

Final Solid Waste Content of landfill at end of tonnes or cu. metres
biologically active period of inert material

For the energy inputs into the systems (as fuels, petrol, diesel, gas or as
electricity), in addition to the energy content delivered, energy will have
been expended in drilling, mining, and/or production. These processes
would also have generated emissions to air and water, and solid waste.
Consequently these impacts associated with energy production will also be
included whenever energy is consumed within this lifecycle inventory.
Effectively, the energy production industries are included within the
system boundaries of this LCI study, although they are not depicted in
Figures 4.4-4.6.

For any energy recovered by the waste management system, it is assumed
that this is converted into electrical power only. Subtracting the amount of
electrical energy produced from that consumed gives the net amount of
electrical energy consumed by the waste management system.

The system boundaries for the parallel economic lifecycle assessment are
shown in Figure 4.3. Economic outputs of a waste management system
include costs for collection, sorting, various forms of treatment, transport
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Figure 4.3 System boundaries for an economic lifecycle inventory of solid waste.

and for final disposal to landfill. Revenues produced by the system come
from the sale of reclaimed materials, compost and energy. Subtracting the
revenues from the costs will give the net cost of operating the system.

As discussed above, reclaimed materials will displace virgin materials, so
if the reclaimed materials are produced for less than virgin materials,
further economic savings occur. As with the corresponding environmental
savings, these cost savings are not included within the boundaries of the
basic LCI system defined here (Figure 4.3), but they are calculated in
Chapter 8.

System boundaries: what is the ‘breadth’ of the present study? The
breadth of an LCI study determines the level of detail included. Should the
impacts of building the trucks that carry the waste be included in the overall
assessment? What about the impacts of constructing incinerators?

In most lifecycle inventories to date, such ‘second level’ impacts are
insignificant, when spread over the lifecycle of the truck/plant, and so are
normally omitted. This practice will be followed in this study for the
environmental impacts of waste management. It cannot be justified,
however, when considering the economic costs of waste management. The
capital cost of installing plant and vehicles is clearly significant in
comparison to running costs, since it must be financed and interest must
be paid. When considering the economic costs, therefore, the full inclusive
cost of waste management will be addressed, including purchase of capital
equipment, depreciated over a suitable time span.
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4.2.2 The inventory stage

The inventory stage looks at all of the inputs and outputs in the lifecycle
of waste. The first step, however, is to define the lifecycle. Since the
objective of the LCI is to be able to describe the majority of waste
management systems, existing or planned, all possible processes and
combinations of processes need to be possible. The main stages, and their
interconnections in the lifecycle of solid waste are shown diagrammatically
in Figure 4.4, comprising pre-sorting and collection, central sorting,
biological treatment, thermal treatment and landfilling. It is then necessary
to consider the processes within each stage (Figure 4.5), and list all materials
and energy entering and leaving each process. By linking up all processes
within each stage and then all stages in the lifecycle, it is possible to define
the overall waste management system. This is shown in Figure 4.6 and Box
4.4, which also define the boundaries of the system, and is the basis on
which the lifecycle inventory is performed. Materials enter the system
primarily as the waste, and leave the system when they are converted into
recovered materials or compost, emitted to air or water, or are deposited
as solid waste in landfills.

A lifecycle inventory for solid waste management consists of two main
steps. Firstly, the waste management system to be considered must be
described. This involves choosing between the different possible waste
treatment options. Such variable data are needed to show how the waste
is treated in any given system, and what route materials take through the
system, e.g. how much of the household waste is separated at the kerbside,
how many fractions it is sorted into, whether organic material is composted
separately or left with the residue, what proportion is burned as opposed
to landfilled directly and so on. Answers to these questions must be chosen
by the user, and can be altered freely to carry out ‘What if...?
calculations.

Secondly, the inputs and outputs of the chosen processes must be
calculated, using fixed data for each process. Such fixed data are dependent
on the performance of the equipment and technologies involved and are
expressed relative to the amount of material treated. For example, the
energy generation and emissions per tonne of waste treated in a waste-to-
energy plant.

Fixed data are generally lacking for most routine manufacturing
processes, let alone for waste management. The lack of quality data is a
serious problem in any LCI of waste, and has probably been one of the
reasons why this has not been attempted before. Suitable data sources are
now beginning to emerge, however, and will be used in this study.

For data on collection and sorting of waste, ERRA, the European
Recovery and Recycling Association, has helped set up eight multi-material
collection and sorting schemes across Europe, and another two are at an
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Figure 4.4 Components of an integrated waste management system.

advanced planning stage (ERRA, 1991). Details of the amounts of materials
collected and the costs of the schemes are systematically collected into the
ERRA database, along with details of other non-ERRA schemes. This
extensive database will be made available to interested parties for a signing-
on fee. Similarly, in Germany, the Dual System operated by DSD (Duales
System Deutschland), collects a wide range of packaging materials, and



FOR REFERENCE PURPOSES ONLY

SOLID WASTE INVENTORY 49

Household / Commercial’
, Solid Waste
Bring gystems j

» @ #1 Single material ban!|

Homelinitial [ p.CGarden Waste S b
sort - =¥ Central site

Collection

— | — Central site

Collection Systems

P> Dry recyclables .|
Biowaste

RDF

-]
[
]

|
|
|

F
'

MSW —

Compos t K Eutmsclbhs 2

Biogas-|| Compost
ification | -ing

Mass-
Bum

A

TCOmpost resldue>
Filter dust

/ Y

) Pretreat/ . Haz.
Landfilll Jpt o eer | Landfill Landfill
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useful data on the quality and quantities of different materials are
beginning to emerge.

Data on general processes such as transportation are available from other
LCI reports (e.g. Habersatter, 1991). Data on the performance of waste
treatment processes are available from the technical literature (e.g. Vogg,
1992; Clayton et al., 1991, for incineration/waste to energy; Coombs, 1990,
for anaerobic digestion; Ogilvie, 1992 for recycling processes). There is one
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Box 4.4 LIFECYCLE INVENTORY OF WASTE: INVENTORY STAGE.

1. System studied
See Frontispiece

2. Data inputs
a) Types of data - Variable data (inserted by user) which define the waste
management system considered.
- Fixed data (embedded in spreadsheet) which define
inputs and outputs for unit waste management
processes.

b) Sources of data: Waste composition and amounts: International agencies,
technical literature
Collection and sorting: ERRA and other local schemes
Treatment processes: technical literature, company
reports.

¢) Data quality: Overall poor quality, especially for waste quantity and
composition.
Data available for treatment of mixed waste stream
Little/no data on treatment of individual fractions of

waste.
3. Data outputs
System Inputs: Net Energy Consumption
System Outputs:
Products: Amounts of recovered materials

Amount of compost produced
Emissions:  Emissions to air
Emissions to water
Final solid waste
Performance Indicators:  Materials recovery rate
Overall recovery rate
Diversion rate from landfill

area in which current fixed data sources are particularly lacking, however:
the allocation of impacts to the different parts of the waste stream. Data
are available for most waste management treatment processes, such as com-
posting or incineration, in terms of inputs and outputs per tonne of waste
treated, but solid waste varies not only in quantity, but also in composition.
In an integrated waste management system, different materials within the
waste stream are separated and treated in different ways. Thus, the residual
waste that enters a mixed waste treatment method, e.g. incinerator or land-
fill, will vary in composition depending on what has been removed for other
treatment methods. Without data allocating the inputs and outputs to the
particular fractions of waste, it is not possible to reliably predict the inputs
and outputs of any mixed waste treatment method. Where process inputs
and outputs can be allocated to individual materials in this LCI, this will
be applied, otherwise average data for mixed waste streams will be used.

The important distinction between generic and specific data should also
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be borne in mind. Generic data are generally averages, and although use-
ful to give a rough ‘ball-park’ measure of the environmental impacts
associated with a system, can never be more specific than that. To assess
the actual impacts of a given system requires measurement of all the
processes in that actual system. Clearly this is costly both in terms of
money and time; lifecycle inventories collecting and using specific data
have taken several years to complete. Most of the data used in this
LCI model for waste will be generic data, but this is often the best available.
As more specific and appropriate data sources become available, they can
be incorporated.

4.2.3 Results of the model: system inputs and outputs

Net energy consumption. All energy inputs to the system and the energy
produced during certain treatment processes are considered. The inherent
energy of the waste is not included since it is common to all possible options
for dealing with the same amount of waste. The energy delivered by fuels
and electricity is included, plus the indirect energy consumption during fuel
and electricity production.

Air emissions, water emissions. These will be considered separately rather
than aggregating them (e.g. into ‘critical volumes’ (Habersatter, 1991)). This
will allow subsequent impact analysis methods to be applied as they are
developed. Since there are a large number of different emissions from many
single processes, let alone complete waste management systems, it is
necessary to define which emissions will be considered. Not surprisingly,
previous studies have varied in the categories that they have considered. The
list of emissions to air and water considered most important, and thus
included in this LCI study, are given in Box 4.5. This list of emissions is
used for each of the processes included within the waste system boundaries,
but since a range of data sources is used, not all data sets contain all the
required information, nor use the same categories. Therefore, it has some-
times been necessary to convert data from other sources into the categories
required.

Land(fill volume (inert). Since landfills fill up rather than get too heavy,
volume rather than weight is the key measure of concern. This volume needs
to reflect the level of compaction that occurs naturally in the landfill.

Recovered materials. Recovered materials are products, and therefore
outputs of the system. It is important to predict the types and amounts of
materials that are likely to be produced by any system, since industry will
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Box 4.5 AIR AND WATER EMISSION CATEGORIES USED IN THE LCI OF
SOLID WASTE.
Emissions to air Emissions to water
Particulates BOD/COD
CO Suspended solids
CO, Total organic compounds
CH, AOX (adsorbable organic halides)
NO, Chlorinated HCs
N,0 Dioxins/furans (TEQ)
SO, Phenol
HCl Ammonium
HF Total metals
H,S Arsenic
Total hydrocarbons (HC) Cadmium
Chlorinated hydrocarbons Chromium
Dioxins/furans (TEQ) Copper
Ammonia Iron
Arsenic Lead
Cadmium Mercury
Copper Zinc
Lead Chloride
Mercury Fluoride
Nickel Nitrate
Zinc Sulphide

need to help build both the re-processing capacity and markets to deal with
such amounts.

Compost. Again, it is essential to be able to predict the amount and
quality of compost that would be produced since large scale markets might
need to be developed.

Other statistics. Although descriptors of the system rather than inputs or
outputs, it is useful to generate certain statistics since Government targets
are usually set in these terms.

- Material recovery rate: the percentage of the waste stream that is
recovered as usable secondary materials.

Amount of recovered recyclable
materials leaving the system
Total amount of waste entering
waste management system

Material recovery rate = 100% X

- Qverall recovery rate. this would include both ‘dry recyclables’ and
compost.
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Total amount of recovered recyclable
materials and compost produced
Total amount of waste entering

waste management system

Overall recovery rate = 100% x

- Landfill diversion rate: the percentage of the waste stream that is
diverted away from final disposal in a landfill. This is not the same as
the material recycling rate, as diverted material may be released as emis-
sions, e.g. during compost production.

Amount of waste entering
landfill

Total amount of waste
entering system

Landfill diversion rate = 100% x |1 —

4.2.4 Fuel and electricity consumption in the lifecycle of solid waste

Wherever fuels or electricity are used within the waste management systems,
there will be resultant impacts not only due to their actual use, but also due
to the mining, drilling, transport and production of the fuels and electricity.
By using generic data throughout the lifecycle inventory, every time that
fuel or electricity are consumed, the relevant consumption of thermal
energy (including ‘pre-combustion’ energy consumption), emissions to air
and water and production of solid waste can be added to the overall inven-
tory totals. Different sources of data for energy production and use are
given in Table 4.1, and the data selected for use in this LCI spreadsheet
are given in LCI Data Box 0.

Electricity consumption. The overall thermal energy consumption, emis-
sions and solid waste generated by electricity production will vary according
to the method used, and its efficiency. Clearly, the environmental impact
of generating 1 kW-h of electricity from fossil fuels will differ markedly
from hydro-electric generation of the same amount. Since the mix of elec-
tricity generating methods varies from country to country, the impacts of
consuming 1 kW-h of electricity will also vary. To overcome this variability,
Habersatter (1991) uses an average European scenario with a mix of 42.9%
thermal power generation, 36.9% nuclear power and 20.2% hydro-
electricity (based on the UCPTE (Union for the Connection, Production
and Transport of Electricity) 1988 model). Ideally, the energy mix for the
country under study should be used to give the most accurate results. Table
4.1 gives the inputs and outputs for electricity generation for the overall
European model, and country specific data (Boustead, 1993) for com-
parison. Using country-specific mixtures of electricity generation methods
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would increase the complexity of the model, and so for this first version,
the European UCPTE 88 data will be used.

The amount of electrical power generated by waste-to-energy methods
within the waste management system is subtracted from the electrical energy
used, to give the overall net electrical energy consumption. This amount is
then used to calculate the thermal energy consumption, emissions and solid
waste that are due to electricity generation, using the UCPTE 88 data. If
the amount of electrical energy recovered from waste should exceed the
amount consumed by the system, there will be a net export of electrical
energy from the waste management system, and a net saving of the emis-
sions and solid waste that would have been associated with the production
of this amount of electricity using the conventional generation methods.

Petrol and diesel consumption. The delivered energy content of petrol and
diesel are around 36.0 and 37.7 MJ/I respectively (Boustead, 1993). Addi-
tional energy has been expended, however, to drill, transport and process
the crude oil to produce these fuels. Similarly, air and water emissions and
solid waste will have been generated. For example, the energy efficiency of
the diesel production industry in Europe is estimated as 91.6% (Habersat-
ter, 1991). Thus, to supply 1 MJ of energy as diesel requires a gross energy
input of 1.09 MJ. Such ‘pre-combustion’ impacts of petrol and diesel pro-
duction are given, per litre, in Table 4.1. (Litres are used as the unit since
this is how fuel consumption is totalled over the lifecycle). The use of petrol
and diesel will generate further emissions to air. The actual amounts
generated, per litre of fuel used, will vary according to the vehicle or
machine involved. Since most of the petrol and diesel consumption in the
waste management system will be by private cars and heavy goods vehicles,
respectively, data for these vehicles are used as the basis for calculating the
emissions per litre used. (Note: by calculating emissions in this way, the fuel
consumption of different vehicle types will be accounted for, since this will
determine the amount of fuel consumed). Air emission data for fuel usage
are given in Table 4.1 where they are added to the pre-combustion impacts
to give the total impacts due to fuel production and use. Boustead (1993)
has similarly calculated the total impacts (gross energy consumption, air
emissions, water emissions and solid waste) associated with consumption
of both petrol and diesel for the UK, and these data are also included in
Table 4.1 for comparison.

Natural gas consumption. Data for production and use of natural gas
are also presented in Table 4.1. Although the energy content of natural
gas will vary along with its composition, the data are given per cubic
metre.
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4.3 The economic LCI

The parallel economic LCI which assesses the overall costs of the waste
management system also requires both variable and fixed data. The variable
data will be the same as for the environmental LCI, but details for the cost
of each process in the lifecycle are required. These also need to be entered
by the user, since generic data on costs are of little use. Costs for waste
management processes are extremely variable, both between and even
within countries, and reflect availability of local facilities, salaries and land
prices. In each of the following chapters, examples of average costs for a
range of countries in Europe are given, but local cost estimates are needed
for any reliability in the result. For consistency, all costs in this book will
be quoted in European Currency Units (ecu), using the exchange rates cur-
rent at the time of writing (March 1994). These conversion rates are given
at the end of the book in Appendix 5.

The methods used for waste management costings vary. Collection costs
for domestic waste depend on the number of households visited, and so are
often calculated per household per year (IGD, 1992). Collection costs for
commercial and industrial waste, and processing costs for waste treatment
and disposal relate to the amount of waste handled, so are calculated per
tonne. As the aim of this model is to compare the costs of the whole waste
management system, the cost will be calculated as the overall cost per year.
For comparison with other literature, this can be converted into cost per
household per year and cost per tonne of throughput.

4.4 The computer spreadsheet

Both the environmental and economic LCIs are included in one computer
spreadsheet, which operates in Excel 4.0 and Lotus 1-2-3 v 2.01. Based on
Figure 4.5, the spreadsheet follows the waste stream through its lifecycle.
Each of the stages in the lifecycle of waste (large boxes in Figure 4.4) is
represented in the spreadsheet by a box containing input questions. The
answers to these questions define the waste management system considered.
The first box will define the amount and composition of waste as it enters
the waste management system from both household and commercial
sources. Since the effectiveness of any treatment process, €.g. composting,
thermal waste-to-energy, will depend on what is in the waste stream entering
the process, it is necessary to keep the different materials separate in the
spreadsheet, even though they may be physically commingled. By doing
this, it is possible to characterise the material composition of the waste, and
hence also its calorific value, at any point in the lifecycle.

The following boxes represent pre-sorting and collection, central sorting,
materials recycling, biological treatment, thermal treatment and landfilling,
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respectively. This structure mirrors the following chapters in this book: the
operation of the module for each stage and a copy of the input box are
presented early in the relevant chapter. Within each stage, as materials are
recovered, they are subtracted from the waste stream and entered into a
reclaimed materials stream. Other outputs from processes are entered into
the relevant columns for emissions or energy, where they accumulate. Total
costs for the system accumulate through the lifecycle to produce the
economic LCI.

By the end of the lifecycle, all of the materials will have left the waste
stream columns and have been entered into either the products or emissions
columns. This emulates the definition of the cradle and grave of solid waste
discussed above (Section 4.2.1); the cradle is the point at which the material
is thrown away (i.e. ceases to have value), the grave is the point at which
the material regains value (i.e. as secondary products) or is released as an
emission to land, air or water. The spreadsheet then totals the energy con-
sumption, energy production, recovered materials, compost, emissions to
air, emissions to water and final solid waste to produce the lifecycle inven-
tory for the waste of the chosen region.

4.5 The relationship between a lifecycle inventory for waste and
product or packaging lifecycle inventories

This chapter has emphasised the clear difference between the lifecycle of
a product (or package) and the lifecycle of solid waste (Figure 4.1).
Similarly, LCI studies of solid waste systems and LCIs of products or
packages fulfil different functions. An LCI of solid waste aims to optimise
the waste treatment system for a given input of waste. This will be of use
to waste managers, whether in local or national governments or private
waste management companies. It will not, however, predict whether one
form of a product or package is better or worse for the environment than
another. A product or package only spends a part of its lifecycle in the
waste management system, and its compatibility with waste management
processes may be offset by environmental burdens in raw material sourcing,
manufacture, distribution or use. Any comparison should be on a cradle
to grave basis for the product or package lifecycle, i.e a product specific
LCI. Similarly, this spreadsheet is not designed to answer questions such
as whether one-way packaging or returnable packaging is preferable from
an environmental point of view. An example often used is the comparison
between returnable bottles and single-use cartons for milk packaging. This
comparison needs to look at the packaging LCIs for the two options,
including the initial manufacture of the bottles and cartons, use, and subse-
quent refilling, recycling or disposal processes as appropriate.

Product LCIs and waste stream LCIs are complementary; the waste
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LCI Data Box 0 Input/output data attributed to fuel and electricity consumption
(including production and use) in the LCI of solid waste.

Electricity Petrol Diesel Natural gas
consumption consumption consumption consumption
(per kW-hr) (per litre) (per litre) (per m3)

Energy consumption (MJ) 9.5 42.0 44.1 42.1

Air emissions (mg)
Particulates 197 2446 2564 3220
CO 349 25323 26 548 39
CO, 441 657 2491318 3036 258 2061211
CH,
NO, 1236 32301 33901 29 604
N,0 70 41 43
SO, 2502 9640 10 106 660
HCl 36 38
HF 0.01 36 38
H,S
Total HC 2112 10 395 10 898 53932
Chlorinated HC
Dioxins/furans
Ammonia 0.49 0
Arsenic
Cadmium
Chromium
Copper
Lead 144
Mercury
Nickel
Zinc

Water emissions (mg)
BOD 0.15 36 38
COD 0.44 36 38
Suspended solids 0.15 36 38
Total organic compounds 4.7 396 415
AOX
Chlorinated HCs
Dioxins/furans (TEQ)
Phenol 0 36 38 0
Ammonium 0.62 0
Total metals 36 38
Arsenic
Cadmium
Chromium
Copper
Iron 0.003
Lead
Mercury
Nickel
Zinc
Chloride 0.02 36 38
Fluoride 1.335 36 38
Nitrate 1.32
Sulphide

Solid Waste (g) 49.1 5.3 5.7 3.0

W
OO0
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stream LCI can be used to optimise the overall waste management system
for all waste materials; product-specific LCIs can optimise the individual
items that end up within the waste stream. Although there is an area of
overlap in the processes, the two different objectives are distinct.
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5 Solid waste generation

Summary

This chapter starts the construction of the LCI model for solid waste. It
attempts to assess the amount and composition of solid waste likely to be
generated in a given area. The lack of comprehensive and standardised data
collection is one of the limiting factors in this process, and in the develop-
ment of effective solid waste management in general. This chapter presents
the data currently available on the generation and composition of solid
waste in general, and of municipal solid waste (MSW) in particular, for
Europe. These data are limited; they are incomplete and are based on
different definitions of waste categories. Definitions are given for the type
of waste that will be dealt with in this book, namely MSW comprising of
household (collected and delivered), commercial and institutional waste.
The limitations of present classification schemes are discussed and new
developments in waste analysis outlined. The first module of the computer
LCI spreadsheet (IWM-1), which defines the waste entering a solid waste
management system, is described.

5.1 Introduction

The functional unit of the LCI study of solid waste has been defined as
the amount of household and similar solid waste generated in the specified
geographical area. The first requirement, therefore, is to determine both
the amount and composition of the waste generated in the region con-
sidered. Ideally this should be data specific to this region, collected from
local waste analyses. There is increasing interest in collecting such informa-
tion, but at present, for most areas, it is not available. Assessment of waste
generation rates and composition must consequently be based on generic
data, presented in the form of country-specific averages. This information
suffers from being at best an overall average, at worst an estimate, but is
often all that is available.

Accurate definition of the waste stream is essential in an LCI study of
waste, since the waste itself represents the majority of material inputs into
the system. Whatever enters the system in the waste, whether energy or
contaminants, has to leave the system somewhere. Thus, most of the total
emissions from the system reflect what was in the incoming waste. This

P. White et al., Integrated Solid Waste Management: A Lifecycle Inventory
© Chapman & Hall 1995
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underlines the need to reduce the amount of solid waste produced in the
first place, and the need to eliminate any potentially harmful materials from
the waste. Alterations to the waste management system can change where
the waste materials leave the system (e.g. in compost or as air emissions),
or whether energy is harnessed for use or dissipated, but will not change
the total amount of waste materials or energy that arise from the waste.

5.2 Solid waste generation in Europe

Total solid waste generation in Europe is in the region of five billion (10%)
tonnes per year. Table 5.1 gives the amounts generated by each country,
broken down according to waste source. Statistics for waste generation
are notoriously unreliable, however. Although Table 5.1 represents one
of the most recent pan-European sets of data, it is clearly incomplete.
Furthermore, the figures it does contain in many cases represent only
estimates of the amounts of waste generated. National governments have
openly stated that many figures quoted for waste generation are based on
estimates (e.g. DoE, UK 1990).

Two key factors contribute to this paucity of reliable data: absence of
systematic data collection and the lack of a standard classification for
waste.

Historically, wastes have been measured in tonnages, on disposal, rather
than when and where they are generated. Thus, where wastes are produced
and dealt with in situ, as with many agricultural wastes, these are not
measured or included in statistics. Also, since waste disposal has not been
high on the political agenda in the past, efforts to maintain up-to-date
national statistics on waste disposal, let alone waste generation, have been
limited.

Waste classification has traditionally been by source rather than by
composition. Because of the different administrative methods used in the
countries of Europe, however, no universal classification has been adopted.
The category ‘Municipal Solid Waste’ typifies the confusion (Carra and
Cossu, 1990). In some countries, figures are collected for household waste
only (the MSW figure for the UK in Table 5.1 refers only to household
waste), whereas other countries include waste derived from commercial
and sometimes light industrial sources. Similarly, figures for solid waste
generated during energy production may be quoted separately, or, alter-
natively, included under the umbrella of industrial wastes. Clearly, ‘Solid
Waste’ is a very diverse category; it has been said that every consignment
of waste is unique. Although classification of waste types is difficult,
the lack of consistent categories renders comparisons across countries
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Table 5.2 Categories of solid waste

Category Description

Agricultural Waste arising from agricultural practices,
especially livestock production; often either
used (applied to land) or treated in situ

Mining and quarrying Mainly inert mineral wastes, from coal mining
and other mineral extraction industries

Dredging spoils Organic and mineral wastes from dredging
operations

Construction and demolition Building waste, mainly inert mineral or wood
wastes

Industrial Solid waste from industrial processes;
sometimes will include energy production
industries

Energy production Solid waste from the energy production

industries, including fly ash from coal burning

Sewage sludge Organic solid waste, disposed of by burning,
dumping at sea (soon to cease), application to
land or composting; may result from
industrial or domestic waste water treatment

Hazardous/special waste Solid waste which can contain substances that
are dangerous to life is termed ‘special waste’
in UK, or ‘hazardous waste’ in EC directives

Commercial Solid waste from offices, shops, restaurants,
etc. often included in MSW
Municipal solid waste (MSW) Solid waste collected and controlled by

municipality; typically comprised of:
household waste, commercial waste,
institutional waste

fraught with problems. The most commonly used categories are listed in
Table 5.2.

The lack of reliable statistics for waste generation has resulted in wide
variability in reported figures. Such variability is graphically shown in
Figure 5.2, which gives different data for UK waste generation over the
same time period. These figures vary by 300 million tonnes per year (some
75% of the lowest estimate). Most of this variability can be accounted for
by differences in the estimates for agricultural and mining wastes generated.
Both may be treated in situ, so their generation is hard to assess. There has
also been a re-evaluation of what constitutes a ‘waste’ in agriculture
(DoE, 1992).

Discussion of waste management is also hampered by uncertainty over
data sources. Lack of reliable data has resulted in the proliferation of
reports which, while quoting data, do not reveal their sources. In this work,
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Figure 5.2 Variability in waste generation data (UK waste, late 1980s).

data that can be traced back to their original source will be used wherever
possible.

Lack of consistent definitions and reliable statistics on a national scale
does not necessarily preclude the planning of local or regional integrated
waste management schemes, however, since these require accurate local
rather than national data. Most regional authorities will have weighbridge
data on the amount of selected wastes that are produced. They will often
have to rely on national averages for the composition of the waste,
however, as waste analyses are more expensive and labour-intensive to
conduct.

5.3 Solid wastes dealt with in this study

Although it is widely used in waste management, Municipal Solid Waste
(MSW) is not a naturally defined category. It is defined simply as the waste
collected and controlled by the local authority or municipality. Conse-
quently, there is no uniformity in material composition, merely in how it
has been collected, or more precisely, by whom. MSW is potentially the
most diverse category of waste, as it comprises waste from different
sources, each of which is heterogeneous. For the purposes of this study
these sources are defined as:
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Figure 5.3 Solid waste generation in Western Europe, by source.

® Household waste: generated by individual households. It will include
all solid wastes originating on the property, including garden waste.
It may also be termed domestic waste. This is further subdivided into:

- Collected household waste: household waste collected from the
property by the waste collection service. Essentially this is the
combined contents of the dustbin, bin bag, blue box, etc.

- Delivered household waste: household waste delivered to a collection
point by the householder. This may include bulky waste items
(e.g. cookers, refrigerators) and garden waste (in some areas), plus
recyclable materials deposited in bring systems (e.g. bottle banks,
waste paper collections). This category of waste would not be
included in analyses of dustbin contents, and may be overlooked in
some statistics.

e Commercial waste: waste generated by commercial properties, in
particular shops, restaurants and offices.

o Institutional waste: waste generated in schools, leisure facilities,
hospitals (excluding clinical waste), etc. This is often included within
the commercial waste category.

5.4 Quantities of municipal solid waste (MSW) generated

MSW represents a small but significant proportion of solid waste,
accounting for about 3-4% of total solid waste production in Europe
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Table 5.3 Generation of municipal solid waste by countries

Country MSW generation
(kg/person/per year)
Austria 325
Belgium 343
Czech Republic 251
Denmark 475
Finland 624
France 328
Germany 350
Greece 296
Hungary 463
Iceland 314
Ireland 312
Italy 348
Luxembourg 445
Netherlands 497
Norway 472
Poland 338
Portugal 257
Slovak Republic 359
Spain 322
Sweden 374
Switzerland 441
Turkey 353
United Kingdom 348
EC average 350
USA 720
Japan 410

Data for year 1990
Sources: EUROSTAT (1994a,b); OECD (1993)

(Table 5.1 and Figure 5.3). When broken down by country, it can be seen
that there are regional differences in the amounts generated per person
(Table 5.3 and Figure 5.4). Given possible discrepancies between countries
in what is included within MSW, Finland, Netherlands, Denmark and
Norway have the highest per capita generation of MSW in Europe,
although all Western European countries have lower generation rates than
Canada and the USA.

5.5 Composition of MSW

5.5.1 By source

Data on the generation of MSW are difficult to interpret because of the
different definitions used for MSW. National data breaking down MSW
according to the source of the material, i.e. into collected household waste,
delivered household waste, commercial waste and institutional waste are
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Figure 5.4 Generation of municipal solid waste. Source: EUROSTAT (1994a).

equally hard to obtain. Collected household wastes are normally the best
documented, with poorer records available for delivered household and
commercial wastes (Table 5.4).

Complete and up-to-date figures on this split into MSW sources are
essential when planning an integrated MSW management system, since the
source of the MSW will determine the collection strategy necessary. Such
data may be available in a geographical area, although not consolidated
into a national figure.

5.5.2 By materials

Just as data on the sources of MSW within a defined geographical area are
necessary to design effective collection systems, knowledge of the material
composition is essential for effective management and disposal. The com-
position of MSW by weight, compiled from various sources for European
countries is given in Table 5.5. Again, the data are not fully comparable,
since while most of the figures relate to MSW, some relate specifically to
household waste, which is only one part of MSW in most countries. There
are clear differences in the composition of collected household waste,
delivered household waste and commercial waste (see Figures 5.5 and 5.6)
so it is important to specify precisely the type of waste analysed for any
data quoted. As with the above data for amounts generated, household
waste (and in particular collected household waste) is the best documented
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Table 5.4 Breakdown of MSW by source for selected countries

Country Collected Delivered Commercial  Reference
household (%0)  household (%) (%)

Denmark 32 22° 46° Christensen (1990)

France 30 6° 644 Barres et al. (1990)

Germany (West) 62.5 8.5°¢ 294 Stegmann (1990)

Netherlands 66 8.5° 25.5° Beker (1990)

UK 65 20 15 DoE/DTI (1992)

2 Bulky waste plus garden/park waste.
Commercial plus industrial waste.
° Bulky household waste, plus car wrecks and tyres.
4 Industrial waste similar to household refuse.
° Bulky waste.
Shop/office/service waste.

part of MSW in terms of materials composition. Data for the commercial
part of MSW are harder to obtain, and are likely to vary more from area
to area. Commercial waste often forms a significant part of MSW, however
(see Table 5.4), and can have an important role to play in improving the
economics of recovery and recycling operations (IGD, 1992). There is thus
an equally urgent need to understand the amount and material composition
of this portion of MSW.

Despite these differences in the way data have been compiled, some
trends in MSW composition can be seen from Table 5.5. The two major
fractions in all countries are paper/board and food/garden waste. Plastics,
glass and metals occur at much lower levels. There is, however, evidence
of geographical variability. Southern European countries (e.g. Spain,
Portugal, Italy) generally have a higher level of food/garden waste than
northern countries (e.g. Finland, Denmark, France, UK), whereas paper
and board show the opposite trend (Figure 5.7). Patterns are less easy to
detect in the proportion of plastics, glass and metals in MSW, although
there are interesting individual points, such as the high proportion of
plastic waste in Ireland and Switzerland, high levels of glass in France and
Germany, and high levels of metals in Denmark.

5.5.3 By chemical composition

A third valid way to classify MSW is by its chemical composition. Since
the solid waste represents the largest input into the overall solid waste
system, the composition of the waste will determine the majority of the
emissions of the overall system. If the chemical composition of the
incoming waste, and of individual fractions, is known, some of the emis-
sions from waste treatment processes can be predicted. This is particularly
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Figure 5.5 Composition of different parts of MSW in the Netherlands. Source: Beker (1990).

true for inorganic trace contaminants such as heavy metals (Table 5.6)
which pass generally unchanged through the waste management process.
Consequently, the total amount released will reflect the total input in the
waste. Knowing how the heavy metals enter the waste stream allows efforts
to be made either to reduce the levels of these contaminants, or to ensure
that they are effectively handled. Two other useful characteristics of waste
fractions are their carbon content (which allows calculation of emissions
of carbon dioxide, methane, etc.), and their water content (which varies
markedly between different waste fractions and will affect their calorific
value) (see LCI Data Box 1).

5.6 Variability in MSW generation

When planning an MSW management system for any given region, it is
important to have relevant and recent data for that region, since waste
generation will vary geographically, both between and within countries. The
composition of commercial waste will clearly vary according to the nature
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Figure 5.6 Composition of different parts of MSW in Denmark. Source: Christensen (1990),
Carra and Cossu (1990).

of local commerce. Additionally, both the amount and composition of
household waste will vary with population density and housing standards.
Rural areas, for example, are likely to have a greater amount of vegetable,
fruit and garden waste than inner city areas (Table 5.7). Differences have
also been measured between areas depending on the type of domestic
heating installed. In former East Germany, for example, areas with
domestic open fires burning brown coal produced up to 190 kg of waste
per person per year, whereas areas with central heating produced up to
260 kg/person per year (Bund, 1992). Differences in waste composition also
occurred, as might be expected, with less paper waste in houses with open
fires, but more fine material, i.e. ash (Table 5.8).

Even within a given area, there will also be seasonal effects. The composi-
tion and amount of household waste generated will vary, especially over
holiday periods, and the amount of garden waste included will clearly vary
with the seasons. Thus, while the figures quoted here will give a guide
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Figure 5.7 Geographical trends in MSW composition. (a) Northern Europe. (b) Southern
Europe (see Table 5.5).

to both amounts and composition, they will not always reflect local
conditions, nor a particular time of the year.

5.7 Effects of source reduction

The amount and composition of solid waste generated by a region will
also be affected by any attempts to promote source reduction. The above
example of domestic burning of some parts of household waste is a form
of source reduction, since less waste remains to be collected and managed.
The practice is not allowed in some countries, however, because of concern
over the resulting gaseous emissions. Another form of source reduction
that is on the increase, however, is the promotion of home composting.
A variety of home composting units are commercially available which
are capable of dealing with both garden and kitchen wastes, and some
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Box 5.1 CLASSIFICATION OF SOLID WASTE USED IN THE TWM-1 LIFE-
CYCLE INVENTORY SPREADSHEET.

Category Description

MSW FRACTIONS

Paper (PA) Paper, board and corrugated board, paper products.
Glass (GL) Glass bottles (all colours), sheet glass.

Metal (ME) All metals including cans.

Further subdivided into:
Ferrous (ME-Fe) and Non-Ferrous (ME-nFe)

Plastic (PL) All plastic resin types, including bottles, films, laminates.
Further subdivided into rigid plastics (PL-R) and plastic film

(PL-F)

Textiles (TE) All cloth, rag etc., whether of synthetic or natural fibres

Organic (OR)* Putrescible kitchen and garden waste, food processing waste

Other (OT) All other materials, including fines material, leather, rubber,
wood.

WASTE TREATMENT RESIDUES

Compost (CO) Residues from biological treatment (composting or anaerobic

digestion, that cannot be marketed as products due to
contaminant levels or lack of suitable markets.

Ash (AS) Bottom ash, clinker or slag from incinerators, RDF or
alternate fuel boilers.
Filter dust (FD) Fly ash and residues from gas cleaning systems from

incinerators, RDF or alternate fuel boilers.

* Paper and plastic fractions are also strictly of organic origin, but to maintain
alignment with the ERRA classification system, the term ‘organic’ is used here to
describe putrescible kitchen and garden waste only.

municipalities have offered these to residents in an effort to reduce the
amount of such wastes that need collection and treatment. The Adur Home
Composting Scheme (in Adur District, West Sussex, UK) for example, has
a district wide participation rate of 22% (Adur District Council, personal
communication). An initial survey suggests that around 13% of household
waste (by volume) can be diverted from the normal collection system in
this way.

Since the LCI boundary used in this study is the waste leaving the
householder’s property, home composting is not considered within the
waste management system modelled in the spreadsheet. However, it is an
effective means of source reduction, and can reduce the amount of waste
requiring treatment.

5.8 MSW classification: need for standardisation

It is clear from the above sections that to approach waste management on
a European scale requires considerable standardisation of terminology.
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Table 5.7 Effect of population density on waste composition

Population density (persons/km?) Waste fractions (%)

Paper Glass Fruit/veg/garden
Inner city 2000 24 20 28
Suburban 1000 20 14 34
Urban 500 16 11 39
Rural 150 12 8 52

Source: Rheinland-Pfalz, Ministry of Environment (1989).

Table 5.8 Variation of household waste composition in former East Germany with domestic
heating type

Waste fraction Regions with central Regions with open coal
heating (%) fires (%)

Metal 3.2 3.2
Glass 12.3 10.2
Plastics 5.5 3.6
Textiles 3.5 2.8
Paper/board 24.5 10.9
Wood 0.5 0.2
Bread 6.4 3.4
Fine material (<16 mm) 11.7 41.0
Other 32.4 24.7
Total 100 100

Source: von Schoenberg (1990). Data for Dresden, 1988.

Whilst waste management practices will continue to vary from country to
country, it is important that lessons from one area can be disseminated
widely and implemented elsewhere. For this a common understanding of
what is included under the terms household waste (collected and delivered),
commercial waste and MSW is required.

Standardisation of waste material categories is similarly essential, but
more detailed classifications are also required. The most effective method
of dealing with any particular waste item will depend on what it is made
of, so detailed knowledge of the composition of waste is a prerequisite for
effective waste management. Whilst the classification scheme used in
Table 5.5 gives useful general trends, there is insufficient detail for waste
management purposes. Plastics, for example, may exist as thin films, rigid
bottles or as a multitude of other objects. Knowing that they are made of
plastic may give a guide to their suitability for waste-to-energy schemes, but
further knowledge of their form is necessary to determine their suitability
for material recycling.

To fill this need, more detailed waste classification schemes have been
devised. In the UK, Warren Spring Laboratory have analysed household
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Table 5.9 Household waste classification scheme developed by
Warren Spring Laboratory (UK)

Category % by weight?
Newspapers 12.29
Magazines 4.99
Other paper 10.08
Liquid containers .64
Card Packaging 3.81
Other Card 2.98
Refuse sacks 1.15
Other plastic film 4.27
Clear plastic beverage bottles .65
Coloured plastic beverage bottles 12
Other plastic bottles 1.15
Food packaging 1.96
Other dense plastic 2.04
Textiles 2.17
Disposable nappies 3.87
Other miscellaneous combustibles 3.56
Miscellaneous non-combustibles 1.66
Brown glass bottles .36
Green glass bottles 1.08
‘Clear glass bottles 1.32
Clear glass jars 1.55
Other glass 4.83
Garden waste 3.15
Other putrescible material 16.62
Steel beverage cans .50
Steel food cans 3.86
Batteries .05
Other steel cans .39
Other ferrous metal .99
Aluminium beverage cans .40
Foil .46
Other non-ferrous metal .64
<10 mm fines 6.39
Total 100.00

Source: Warren Spring Laboratory, personal communication.
2 Figures give average of UK waste analyses conducted using these
categories to date (January 1993).

waste using a 33 category classification (Table 5.9). This gives a much more
detailed picture of what items are in the waste, but it still does not define
the composition of all items (e.g. plastic resin type is not specified), To meet
this requirement, the European Recovery and Recycling Association
(ERRA) have proposed a hierarchical classification system which specifies
not only the form of waste items (films, bottles, cans, etc.) but also the
material (Figure 5.8; Appendix 1; ERRA, 1992a). If this proposal is
adopted as a standard, information flow on waste composition will be
significantly improved. A simplified version of this ERRA classification is
used as the basis for the LCI model in this book (see Box 5.1).
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Figure 5.8 Proposed classification of waste materials (ERRA, 1993).

5.9 MSW analysis methods

An integrated approach to waste management clearly requires better waste
statistics in the future. Use of a more detailed and standardised classifi-
cation scheme is only part of the solution. Standardised and appropriate
sampling and analysis techniques are also required.

Methods for household waste analysis have been developed from tech-
niques originally used to sample mineral cores (e.g. Poll, 1991). Such
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methods suffer from two major limitations. Firstly, MSW is much more
heterogeneous in particle size than mineral samples, so different techniques
need to be applied in the taking of samples. Secondly, many sampling
procedures require the use of specialised equipment. The need for wide-
spread sampling at many waste collection and treatment facilities precludes
the routine use of such equipment; simple but robust sampling techniques
are required. In line with this, ERRA have proposed a simplified waste
analysis procedure (ERRA, 1993; Appendix 2), that gives guidelines on
both the techniques to be used, and the number of samples required for
statistical analysis.

Sampling methods have been applied mainly to collected household waste
rather than the more bulky and heterogeneous delivered household waste.
There is little evidence of systematic sampling and analysis of commercial
waste, although this tends to be more homogeneous than household waste.

Information on waste composition also comes from various collection
and recovery schemes (bottle banks, kerbside collection schemes, material
recovery facilities). These are valuable sources of data, but here again
there are problems in the interpretation of data due to lack of standardisa-
tion in the terminology. The terms capture rate, recovery rate and recycling
rate can vary widely in their intended meaning. To overcome this, ERRA
has also published proposed definitions of such ‘programme ratios’
(Appendix 3; ERRA, 1992b) to clarify the confusion existing in many
reports in the literature.

5.10 Defining the waste input for the LCI computer spreadsheet

5.10.1 Data sources

The first step in carrying out an LCI for household and associated commer-
cial solid waste is to define the amount and composition of such waste
generated by the area in question. As discussed above, local weighbridge
data on amounts and waste analysis results are needed for an accurate
estimate. The quantity and quality of household waste will depend on fac-
tors such as population density, levels of affluence, housing types and
efforts at source reduction. Commercial waste will reflect both the types
and level of local commercial activity.

If locally sourced data are not available, generic average data can
be used, but with caution. It is important to know what the average
data used reflect. Does household waste include garden waste and bulky
waste, or does it only reflect ‘collected household waste’, i.e. the dustbin
contents? Most national waste composition figures are based on collected
household waste; data on delivered household waste often do not exist.
Similarly, few good data on commercial waste exist. Thus, while generic
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information can be used in the absence of local data, it is not a satisfactory
substitute.

5.10.2 Classification of solid waste used in the lifecycle inventory

The categories of waste used in this analysis, and their definitions, are given
in Box 5.1. It will be seen that only the most basic level of the proposed
ERRA classification (Figure 5.8; Appendix 1) has been used. For this first
attempt to model the waste management system, this level of detail is con-
sidered sufficient. Using more detailed categories will lead to a more
accurate prediction of the overall environmental impacts and economic
costs of a waste management system, but will considerably increase the
complexity of the model. It is hoped, however, that more sophisticated
models will be developed in the future.

Some basic parameters of these categories of waste, which will be used
throughout this analysis, are given in LCI Data Box 1.

5.10.3 Operation of the waste input module of the LCI spreadsheet

LCI Box 1 shows the data required on the amount and composition of solid
waste entering the system. The instructions given in the box are listed below,
with additional comments on the type of data needed, and how the spread-
sheet handles the input.

WASTE INPUTS

Country:

The user first enters the country in the first shaded box. This calls up generic
national data from the body of the spreadsheet on the average amounts and
composition of waste generated (from Tables 5.3 and 5.5 above).

System Area

Population:

Average number of persons/household: No. of households served:
Either the population or the number of households in the specified area
need to be entered, along with the average number of persons per house-
hold. This allows both per capita and per household data to be used.

Waste Composition
(a) Household
Average generated in system area (kg/person/yr):
Composition (% by weight):
Detailed composition %: Metals
Plastics
If region-specific data are available on the amounts of household waste
generated per capita, and its composition, these should be inserted. The
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1. WASTE INPFUTS

Country:

EEEER)

e

System Area
Population

Poverage number of personshouschald # of households served

Waste Composition

3) Household

Amount Generated in System area kg/person'yr

—

FILL IN SHADED BOXES USING LOCAL DATA IF NO DATA AVAILABLE, LEAVE BLANK AND DEFAULT VALUES WILL BE USED

Paper (PA) Glass (GL) Metal (ME) Prastic (PL) Tentiles (TE) Organits (OR) Other (OT)
Composion (% by wi){
National Average (default value) kgipersoniyr
Paper (PA)  Glass (GL) Metal (ME) Plastic (PL)  Teailes (TE) Organics (OR) Other (OT)
Natianal Average Composaion(% by wt)| I | I
Fenmous Non-Fe
Coscongostens  Mews [T
Fim Rigid
b} Commercial
lAverage generated in area 000 tonneslyr
Paper (PA)  Glass (GL) Metal (ME) Plastic (PL)  Testiles (TE) Organics (OR) Cther (OT)
iConsisting of (% by weight) - I I | 1 | !
Fertrous on Fe
Detaded composdion % Metals
Fam Rigd
Pamics [T

LCI Data Box 1 Physical parameters of the waste categories used in the Lifecycle

Inventory (LCI) analysis.

PA GL ME-Fe ME-nF PL-R PL-F TE OR OT Source

Moisture 30 10 15 10 15 25
content
(%) as

received

Calorific
value
MJ/kg)
(dry)

Calorific

value

MI/kg)
wet-as
received

12 30 27

105 -05 -05 -—05 28 25

Carbon 80
content
(%) of dry

weight

Ash content
(%) as
received

85

84 90 85 6.0 9.0

25 65 30

15

56 5.2

13.5 3.7

4 44 40

75 1.7 42

1

For definitions of categories, see Box 5.1.
Sources: 1. Barton (1986); 2. Calculated.
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spreadsheet will enter generic values taken from national averages, which
can be used as default values in the absence of specific local data.

(b) Commercial
Average generated in area (000 tonnes/yr):
Consisting of (% by weight):
Detailed composition %: Metals
Plastics
Estimates of amount generated and composition of commercial waste in the
region need to be entered in the shaded boxes. No reliable generic data on
commercial waste generation are available for use as default values.

The spreadsheet then calculates the amounts of each waste material
entering the system, using the categories in Box 5.1, and then adds these
totals to the waste stream columns of the LCI spreadsheet.
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6 Pre-sorting and waste collection

Summary

This chapter emphasises the importance of the collection operation in
integrated waste management. It looks at the processes of home sorting and
waste collection, from the creation of waste up to its delivery at a central
sorting or treatment site. The characteristics and effectiveness of different
collection methods are discussed, including both collection of separated
Jractions and the collection of commingled materials. The limitations of the
common division into ‘bring’ and ‘kerbside’ schemes when comparing
systems are emphasised, as is the need for effective communication between
waste collectors and waste generators. The main environmental impacts of
pre-sorting and collection processes (due to the vehicle transport involved)
are discussed, and available data presented to allow these to be calculated.
Limited information is also given on likely economic costs of collection
systems. Finally, the module of the computer spreadsheet which models
waste collection systems is presented and explained.

6.1 Introduction

There are good reasons why collection lies at the very hub of an integrated
waste management system (Figure 2.3). The way that waste materials are
collected (and subsequently sorted) determines which waste management
options can subsequently be used, and in particular whether valorisation
methods like materials recycling, biological treatment or fuel burning are
feasible in an economically and environmentally sustainable way. The
collection method will significantly influence the quality of recovered
materials, compost or fuel that can be produced, which will in turn deter-
mine whether markets can be found. This importance of markets for
valorised materials cannot be over-emphasised. In the absence of suitable
markets, useful products cannot be produced. Therefore, either the collec-
tion method defines the subsequent treatment options, or, taking the
reverse case, the existing or potential markets will define how materials
should be collected and sorted if they are to be valorised. In any event, there
must be a match between market need and material collected and sorted
(Figure 6.1).

Waste collection is also the contact point between the waste generators

P. White et al., Integrated Solid Waste Management: A Lifecycle Inventory
© Chapman & Hall 1995
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(in this case households and commercial establishments) and the waste
management system, and this relationship needs to be carefully managed
to have an effective system. This householder-waste-collector link needs to
be a customer-supplier relationship (in the total quality sense (Oakland,
1989)). The householder needs to have his/her solid waste collected with
a minimum of inconvenience, whilst the collector needs to receive the waste
in a form compatible with planned treatment methods. There is clearly
a balance to be struck between these competing needs; waste management
systems that fail to achieve balance in this relationship are unlikely to
succeed.

Collection operations are often not independent of sorting operations,
since the type of collection will determine the amount of subsequent sorting
needed, and some collection methods (e.g. ‘Blue Box’ recovery schemes)
themselves involve a level of sorting. This chapter focuses on the collection
process, including any household, kerbside or bank sorting, i.e. pre-sorting,
but leaves centralised sorting until Chapter 7.

6.2 Home sorting

From the householder’s viewpoint, commingled collection of all solid waste
probably represents the most convenient method, in terms of both time and
space taken up. This collection method will limit, however, the subsequent
options for valorisation. Most valorisation methods will require some form
of separation of the waste into different fractions at source, i.e. in the
home, prior to collection. At its simplest this might involve removing
recyclable materials, e.g. glass bottles for delivery to a bottle bank; more
extensive sorts involve separation of household waste into several differ-
ent material streams. The degree of home sorting achieved in any scheme
will be a function of both the ability and, especially, the motivation of
householders.

Sorting ability. Several schemes and pilot tests have demonstrated that,
given clear guidance, householders are able to accurately sort their solid
waste into different categories. A study carried out in Leeds, UK, for
example, showed that householders could sort their waste into six different
categories with a 96.5% success rate (Forrest efal., 1990). A US study
(Beyea et al., 1992) showed a similar result. Clear instructions to the house-
holder are essential for success, to which end many schemes run extensive
communications programmes and publish frequent newsletters.

Sorting motivation. The above sorting experiment in Leeds showed that
accurate sorting of household waste is possible, but participants in the trial
were volunteers, and therefore likely to be highly motivated. Is it realistic
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COLLECTION

Box 6.1 ATTRIBUTES OF ‘BRING’ AND ‘KERBSIDE’ COLLECTION SYSTEMS.

May or may not be

Bring Kerbside
Definition Materials taken from Materials collected
property to collection from property/home.
point by householder.
Sorting Sorted by householder. Sorted by householder.

May also be sorted at

centrally sorted. kerbside and/or

centrally.

Materials collected: Separated materials or

mixed materials

Separated materials or
mixed materials

Containers Communal Individual (may be
communal for
apartments)

Consumer

Transport needed: High < > None

Collection

Transport needed: Low < > High
Amount collected Low <------ > High High

(depends on bank density) (assuming effective

motivation)

Contamination level Low: (separate collection) Low: Kerbside sorted
to e.g. Blue Box) to

High: (mixed collection) High: (mixed collection)

to expect that the majority of householders will be similarly motivated?
Whilst the degree of sorting in the Leeds study may be excessive, participa-
tion rates in other schemes with more limited sorting demands suggests that
householders can be motivated (see Boxes 6.2-6.7). Participation rates are
very difficult to measure, since what people claim that they do, and what
they actually do, are not the same. ERRA define the participation rate by
the number of waste generators putting out their recyclable materials at
least once in a 4-week period (ERRA, 1992). A range of ERRA schemes
report participation rates in voluntary home sorting and collection schemes
between 60 and 90% (ERRA, 1993b); in one scheme (Adur, UK), the rate
was actually measured and found to be 75% (Papworth, 1993). Similar high
levels of voluntary participation are reported from North America; the Blue
Box scheme covering Quinte, Ontario, had a measured participation rate
of 85-91% in 1992 (Quinte, 1993). Where consumer research has been
carried out to seek the views of householders, the most frequent comments
voiced were that recycling was seen as a good idea, and that it ‘helps
the environment’ (IGD, 1992). Participation rates for voluntary schemes
will also depend on the economics. If householders have to pay for an
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Box 6.2 DRY RECYCLABLES COLLECTION SCHEME, BARCELONA, SPAIN.

Scheme outline: Collection of commingled packaging materials (dry
recyclables), paper/board and glass via ‘bring’ streetside
containers.

Date started: May 1991 (Phase 1). Relaunched (Phase 2) Dec. 1992.

Area covered: 78 000 inhabitants of Sagrada Familia District

A total of 27 956 generators (households and commercial
premises)

Participation rate: Not known

Housing type: High-rise apartment buildings, plus commercial premises

(restaurants, bars etc.)

Materials collected:  Paper/board
Glass
Plastic
Beverage cartons

Collection method:  Refuse in this area is collected in large (2200 litre)

(Phase 2) communal streetside containers (green bins). Mixed
packaging materials are similarly collected in large
streetside containers (blue bins). Both containers are
emptied daily. Paper and board are collected separately in
another large container and glass is collected in igloos.

Collected mixed recyclables are transported to a Materials
Recovery Facility (MRF) for sorting.

Quantities collected: 144 kg/generator/yr
Total waste stream: 982 kg/generator/yr

Source: ERRA, 1993b. Barcelona Waste Stream Analysis. (pers. comm); ERRA, pers.
comm. 1994

additional recylables container, participation rates will be lower; if house-
holds get a cost reduction for having less non-recoverable material in their
restwaste bin, participation rates are likely to be higher. Of course, in some
schemes such as Lemsterland (Box 6.6), participation is not voluntary, as
no alternative waste collection is provided, and separation of certain frac-
tions of the waste at source is required by law in some countries (e.g. separa-
tion of organic material in the Netherlands). In such cases, participation
rates are likely to be higher still. )

Overall recovery rates for waste materials depend not only on the number
of households participating, however, but also on the householder’s sorting
efficiency. The actual amount of any material recovered from household
waste by home sorting will be determined by:

amount of material in household waste stream X participation rate X separation efficiency
(ORCA, 1992)

Even if participation is compulsory, motivation is still required to ensure
a high level of sorting efficiency (Box 6.8).
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Box 6.3 DRY RECYCLABLES COLLECTION SCHEME, PRATO, ITALY.

Scheme outline:

Date started:

Area covered:
Participation rate:
Housing type:
Materials collected:

Collection method:

Quantities collected:

Total waste stream:

A dry recyclables collection scheme using large streetside
collection containers serving many households. Households
are provided with re-usable ‘Blue Bags’ to store recyclables
prior to transport to large blue containers located in the
street near existing refuse containers. Glass collected in
igloo containers.

November 1992

11 750 households. Total of 14 500 generators.
70% (initial estimate)

High rise urban housing

Newspaper and cardboard
Plastics

Metals

Glass

Streetside containers emptied twice per week using existing
collection vehicles, and materials taken to Materials
Recovery Facility (MRF) for sorting.

103 kg/generator/yr
917 kg/generator/yr

Source: ERRA, 1993b.; ERRA pers. comm. 1994

Box 6.4 DRY RECYCLABLES COLLECTION SCHEME, DUNKIRK, FRANCE.

Scheme outline:

Date started:

Area covered:
Participation rate:
Housing type:
Materials collected:

Collection method:

Quantities collected:

Total waste stream:

Collection of commingled recyclables from each household
in a separate blue wheeled bin. Residual refuse collected in
another wheeled bin.

December, 1989

40 000 generators

90% (estimated)

Suburban, horizontal housing

Paper
Plastic
Metal
Glass

Blue wheeled bins (120 litre) placed at kerbside, and emptied
once per week by existing refuse vehicles, using lower
compaction pressures than normal. Recyclables sorted at
Materials Recovery Facility (MRF).

234 kg/generator/yr.
870 kg/generator/yr

Source: ERRA, 1993b., ERRA pers. comm. 1994
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Scheme outline:

Date started:

Area covered:

Participation rate:
Housing type:
Materials collected:

Collection method:

Quantities collected:
Total waste stream:

Collection costs:

Box 6.5 DRY RECYCLABLES KERBSIDE COLLECTION SCHEME, ADUR
DISTRICT, WEST SUSSEX, U.K.

A typical ‘Blue Box’ scheme. Dry recyclables collected
weekly at the kerbside in a separate blue box container,
using a purpose built multi-compartment vehicle. Close-to-
home drop-off centres for households not covered by Blue
Box scheme. Residual waste collected weekly by normal
refuse collection vehicle.

May 1991

26 000 households (19 500 households covered by Blue Box
scheme, 6500 households using close-to-home drop-off
centres)

75% among Blue Box households (measured) (1)
Low-rise suburban housing

Blue Box: Glass, 3 colours
Metal cans (Fe and Al)
Newspapers and magazines
Plastic containers and film
Drop-off: As for Blue Box

Blue Boxes (volume 44 litres) containing recyclables are set
out by householder at kerbside when full. Boxes are
collected once a week by special Labrie multi-compartment
vehicle. Box contents are sorted by operator at vehicle into
5 categories (green glass, brown glass, clear glass, paper
and plastics/cans).

Residual waste collected weekly by normal refuse vehicle.

129 kg recyclables/generator/yr
460 kg/generator/yr

Collection of recyclables £17.60/hhld/yr (2)
Collection of residual  £35.00/hhld/yr (3)

Source: General - ERRA, 1993b; ERRA, pers. comm., 1994.
(1) Papworth, 1993. (2) IGD, 1992. (3) .Estimated, Aug, 1993.

Motivation, and hence both participation rates and separation efficiency,
will be influenced by factors such as the level of convenience or inconve-
nience to the householder. Schemes with extensive home sorting may
require too much time or too much space to store the separate waste streams
before collection. Any loss in comfort level, for example if odour becomes a
problem when organic material is not collected regularly, will lower motiva-
tion levels. Housing type also has an effect; data from the Netherlands
suggest that occupants of high-rise buildings are less likely to participate
in source separation programmes than those in suburban areas (Table 6.1).
This may reflect a lack of storage space, but is also likely to be due to lack
of social peer pressure in such buildings, as it is not possible for neighbours

to see who is participating, i.e. who is environmentally responsible.
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Box 6.6 DUAL
NETHERLANDS.

Scheme outline:

Date started:
Area covered:

Participation rate:

Housing type:
Materials collected:

Collection method:

Quantities collected:

Total waste stream:

BIN COLLECTION SCHEME, LEMSTERLAND, THE

All households in the area are supplied with 2 wheeled bins,
each divided into 2 compartments. Households sort their
waste to be collected into 4 streams. The contents of each
bin are collected every 2 weeks, on an alternating schedule.
Glass is collected separately in a drop-off system, using
glass igloos (bring system). There is one battery of 3 igloos
(for clear, brown and green glass) per 500 inhabitants.

May 1991
4526 households around town of Lemmer.

95% of households take part in recycling programme (no
other waste collection service exists)

Low rise.

Bin 1, compartment 1: Mixed recyclables (plastics, metals,
beverage cartons)

Bin 1, comp. 2: Mixed paper (newspaper, cardboard
etc)

Bin 2, comp. 1: Organic material

Bin 2, comp. 2: Restwaste

Glass - Colour separated in drop-off containers.

Bins emptied every 2 weeks using single vehicle with
horizontally split compartment. Vehicle visits each property
once per week, emptying bins alternately.

Glass: 54 kg/hhld/yr
Paper/board: 138 kg/hhld/yr
Plastic/metal/cartons 200 kg/hhld/yr

Organic material 288 kg/hhld/yr (estimated)
796 kg/generator/yr

Source: ERRA, 1993b; ERRA, pers. comm., 1994

Levels of environmental awareness vary geographically across Europe,
but, overall, there appears to be a willingness on the part of householders
to participate in some level of home sorting. Assessing the prevailing level
of motivation in any particular area and gearing the collection scheme to
this will achieve the best level of home sorting obtainable from a given area.

6.3 Bring versus kerbside collection systems

Collection methods are often divided into ‘bring’ and ‘kerbside’ collection
schemes. ERRA (1993a) define bring collection systems as those where
‘householders are required to take recoverables to one of a number of
(communal) collection points’. In kerbside collection schemes, the ‘house-
holder places recoverables in a container/bag which s/he positions, on a
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Box 6.7 DRY RECYCLABLES AND BIOWASTE COLLECTION SCHEME,
ISMANING (NR MUNICH) GERMANY.

Scheme outline: Collection of glass, paper and textiles by bring system.
Metals, garden waste and bulky waste delivered to central
drop-off containers. Biowaste and hazardous household
waste collected from kerbside.

Date started: Bring and drop-off systems 1987/88
Biowaste collection October 1990

Area covered: 12 900 inhabitants, area of around 40 km?.
(Within this area 2 specific test areas were analysed,
containing 1344 residents (599 hhlds) and 1150 residents
(592 hhlds) respectively.)

Participation rate: n/a
Housing type: Surburban (low rise) area. Approx. 323 inhabitants/km>

Materials collected: Glass
Paper
Textiles
Metals
Biowaste
Hazardous waste
Restwaste

Collection method:  Biowaste collected every 14 days. Households use 5 litre bins
inside the home and then transfer to larger containers (240
litres) for collection. Other materials (except restwaste and
hazardous waste) collected via bring systems.

Quantities collected: Glass 21 kg/person/yr (1988 data)
Paper 37 kg/person/yr (1988 data)
Metals 3.5 kg/person/yr (1988 data)
Restwaste 222 kg/person/yr (1988 data, so includes
biowaste)
Biowaste 47-54 kg/person/yr (1991 data)

Collection costs: n/a

Source: Tidden and Oetjen-Dehne, 1992.

specific day, in the immediate vicinity of the property for collection’. Note
that collection need not be, literally, from the kerbside. The key distin-
guishing point being that in bring systems, the householders transport the
materials from their home, whereas in kerbside collection they are collected
from the home. In reality, however, bring and kerbside are just the two
ends of a spectrum of collection methods (Figure 6.2). The extreme form
of bring system is the central collection site, variously called a civic amenity
site (UK), déchétterie (France), or recyclinghof (Germany), to which
householders transport materials such as bulky and garden waste. Such sites
often also have collection containers for recyclable materials such as glass
bottles and cans. Next in the spectrum of bring systems come material
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Box 6.8 INFLUENCES ON MATERIAL RECOVERY.

Amount of material recovered = Amount of material in waste stream X
Participation rate x Separation Efficiency

Amount of Material in Waste Stream:
See Chapter 5.

Participation Rate:
% of householders providing sorted material at least once per month

Separation Efficiency:
% of material correctly sorted and separated

Both Participation Rate and Separation Efficiency will be influenced by:

Level of convenience:
- Amount of sorting
- Difficulty of sorting
- Extra storage space required
- Distance of collection point
- Hygiene problems

Level of motivation:
- Quality and frequency of communications
- General environmental awareness/concern
- Peer pressure
- Legal requirements
- Availability of alternative disposal routes

Table 6.1 Participation in source-separation programmes in the Netherlands

Suburban housing High-rise apartment buildings

Location Participation rate (%) Location Participation rate (%)
Amsterdam 89 Amsterdam 65
Apeldoorn 91

Purmerend 90 Purmerend 62
Medenblik 97

Ede 87 Ede 72

Nuenen 90

Source: Kreuzberg and Reijenga (1989).

banks at low density (i.e. a high number of connected inhabitants), often
situated locally at supermarkets. As the density of bring material containers
increases, they become ‘close-to-home’ drop off containers (ERRA, 1993a),
to which householders can walk rather than drive. This applies particularly
to high rise housing, where residents of apartment blocks usually take their
refuse (and recyclables) to large communal containers positioned outside
the apartment blocks or at the side of the street (see details of Barcelona
scheme, Box 6.2). This is essentially having a refuse container in the
street, just outside, rather than inside, the householder’s property; the
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BRING SYSTEMS
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Figure 6.2 The spectrum of collection methods from ‘bring’ to ‘kerbside systems’. (Arrow
lengths indicate distances travelled by residents to collection points.)

only difference between this ‘bring’ system and a kerbside collection from
individual properties is that the containers are communal, rather than for
individual households.

The term ‘bring system’ clearly includes a range of different schemes.
Kerbside collection is more narrowly defined, but there too collection can
be of separated fractions or of commingled waste. As a result, blanket
comparisons of ‘bring’ versus ‘kerbside’ approaches must be made with
caution. Box 6.1 lists some of the common attributes of these categories.
It can be seen that some attributes, particularly contamination, depend
more on whether the material is collected separated or mixed, than on
whether a bring or kerbside approach is used. Collection systems will
therefore be discussed in the following section according to the materials
collected, rather than whether bring or kerbside systems are involved.

Household waste has traditionally been collected in a mixed state, but
where household sorting has occurred, the different waste streams are
collected separately, whether by the same or different collection vehicles.
The categories collected separately vary by geography. In Germany,
for example, the Duales System Deutchland (DSD) collects packaging
material as a separate stream, whereas in Japan householders separate out
combustible material for separate collection. In Europe, separate collec-
tions are most commonly used for dry recyclables (paper, metal, glass,
plastic), biowaste (kitchen and garden waste, with or without paper) and
in some countries, household hazardous waste (batteries, paint, etc.). A
collection for remaining residual waste is also needed. Garden waste and
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Table 6.2 Glass recycling in Europe
Country Collected volumes (tonnes) Recycled %
1992
1989 1990 1991 1992
Austria 115 000 135 000 156 000 175 000 64
Belgium 208 000 204 000 223 000 216 000 54
Denmark 58 000 61 000 60 000 75 000 48
Finland 18 000 24 000 15 000 23 000 44
France 760 000 906 000 987 000 1 100 000 44
Germany 1 538 000 1 791 000 2 295 000 2 459 000 65
Greece 4000 18 000 26 000 30 000 20
Ireland 11 000 13 000 16 000 20 000 27
Italy 670 000 732 000 763 000 786 000 53
Netherlands 279 000 310 000 360 000 378 000 73
Norway 11 000 13 000 10 000 24 000 44
Portugal 34 000 46 000 50 000 62 000 30
Spain 287 000 304 000 310 000 312 000 27
Sweden 42 000 50 000 57 000 76 000 58
Switzerland 164 000 189 000 199 000 212 000 72
Turkey 47 000 58 000 54 000 52 000 25
UK 310 000 372 000 385 000 459 000 26
Total 4 566 000 5226 000 5 966 000 6 459 000

Source: FEVE (Fédération Européenne du Verre d’Emballage, Brussels).

bulky waste may be handled as separate streams, or, alternatively, included
within the biowaste and residual waste streams, respectively.

6.4 Collection systems

6.4.1 Dry recyclable materials

This category currently employs the greatest range of collection methods,
from central or low density materials banks, to kerbside collection of
recyclable materials in specially designed trucks.

Single (mono) material banks. Materials banks (‘drop-off’) which collect
a single material per container, represent one of the best known forms of
material recovery, mainly due to the success of ‘bottle banks’ for glass.
High levels of glass recovery have been achieved across Europe using this
method, although there is considerable variation between countries (Table
6.2). Other industries (in particular steel and aluminium) have tried to
emulate this success.

The success of material banks at low density (high number of connected
inhabitants) for materials, recovery is hard to assess, however. At the
national level, the recovery rate can be calculated by dividing the total
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amount of material recovered by the national consumption of that material,
At the local level, in contrast, it is not clear what area a bring container
covers, and, therefore, the base amount of material from which the col-
lected material has been recovered. Keen recyclers, for example, may travel
some distance to a bring container, so importing waste from outside the
area considered to be covered by the bring scheme. The best estimates of
success rates will come from relatively isolated communities, which have
a saturation density of bring containers, and the data are best expressed
in terms of amounts collected per person, or per household, rather than
% recovery rates, since the latter depends on what figure is used for the
base amount of waste.

In a bring system, the amount collected will depend on the density
of banks or containers, since this will determine how far individuals will
have to transport their recyclables to the bank, and thus their motivation.
Differences in bank density probably account for a large amount of the
geographical variation in glass recovery rates in Table 6.2. Lemsterland has
one bank of three containers for every 500 inhabitants; the density for
the Netherlands as a whole is around one bank per 890 inhabitants
(ORCA, 1992), whilst in the UK it is around one bank site per 9600 people
(Landbank, 1992). Increasing bank density will increase the amount
collected, but with diminishing returns, i.e. the extra amount collected will
decrease with every extra bank added. At a certain point, the additional
economic cost and environmental impacts of emptying and servicing banks
will outweigh the environmental gains from the collection of material,
although at present there is insufficient evidence to identify this optimal
bank density.

A more immediate problem with increasing bank density is finding
suitable sites. At high densities, small containers on street corners may be
suitable, and inhabitants should be able to walk to these with their
recyclable materials. At lower densities with necessarily longer transport
distances, car transport is likely to be used. These banks need to be placed
in strategic sites that are already regularly visited (petrol stations, super-
markets, etc.) so that specific car journeys to bank sites are not necessary.
Unfortunately, consumer behaviour in using bring systems is another area
in which reliable data are lacking, although of prime importance. Given
that the energy saving possible from the process of recycling glass (transport
not included) is around 4 MJ/kg (Porter and Roberts, 1985; and see
Chapter 8), and the fuel consumption of a car is around 2.5MJ per
kilometre, the need to minimise specific car journeys to materials collection
banks is clear.

Mixed recyclables banks. Communal ‘bring’ systems have also been used
for collection of mixed (commingled) recyclables from high rise housing
areas, which present special collection problems. This represents the highest
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density of bring containers, with the density equalling that of the regular
refuse containers. The dry recyclables collection schemes set up in some
such areas (e.g. Prato (Italy) and Barcelona (Spain)) have tried to match
the normal refuse collection, with large wheeled bins located next to the
refuse containers.

Kerbside collection. A range of collection methods has been used to
collect recyclable material, varying in the degree of sorting involved,
and including boxes, bags and wheeled bins (see Boxes 6.2-6.7). In its
simplest form, recyclables are separated by the household and stored
together in a bag (e.g. DSD systems in Germany; Cardiff, UK) or wheeled
bin (e.g. Dunkirk, France; DSD systems and for paper and glass, Germany)
ready for collection. As with the collection of mixed recyclables from
streetside containers, collectors can use existing collection vehicles, in some
cases (e.g. Dunkirk) even with compaction. Commingled collection of
recyclables, whether from communal kerbside containers or household
bags or bins, requires extensive subsequent sorting at a materials recovery
facility (MRF).

The collection method involving the highest level of sorting is probably
the ‘Blue Box’ system, that has been imported into Europe from North
America. Blue Box schemes supported by the European Recovery and
Recycling Association (ERRA) have been operating in Sheffield and Adur,
UK, since 1989 and 1991, respectively. Householders sort out the targeted
materials and store them in the box, which is put out at the kerbside for
collection in a specially adapted vehicle. At the kerbside, the box contents
can be sorted by the vehicle operator into several different compartments
on the vehicle, and the empty box left at the kerbside. Since this is a positive
sort, any unwanted materials can be left in the box and subsequently
returned to the residual waste collection by the householder. The material
collected in this way has already been sorted, and therefore limited further
sorting is required at the central MRF.

Amount of material collected. Reliable data on the performance of single
material bank systems across Europe is not widely available. Lemsterland
(NL), using igloo containers, collects 54 kg of glass per household per year
(Box 6.6), whilst in Germany, banks at a density of 1 per 800-1000
individuals are reported to collect 18-25 kg of glass and 50-60 kg of paper
per inhabitant (ORCA, 1992). Plastics banks in Hamburg were reported to
collect 0.5-1.5 kg per person per year in 1986 (i.e. prior to the establishment
of the DSD system (Hérdtle et al., 1986)).

Amounts of recyclables collected in material banks and kerbside collec-
tion schemes in the UK and Germany are given in Tables 6.3 and 6.4, as
well as in the details of individual schemes (see Boxes 6.2-6.7).
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Table 6.3 Comparison of UK bring and kerbside collection systems

Area and type of Programme recovery” rates (%) Overall
scheme (kerbside diversion
unless otherwise Paper Glass Plastic® Cans Textiles rate®
stated)
Separate wheeled bins

Leeds (biweekly) 70-80 n/c 70-80 d 40-50 50
Blue box (weekly)

Stocksbridge,

Sheffield 28 45 21 17 n/a 6.6

SE Sheffield 52 66 28 14 32 15.3

Milton Keynes 57 44 57 24 n/c 18.7

Adur 67 71 60 54 n/c 27
No container (biweekly)

Chudleigh, Devon 36 55 n/c 21 3 6.9
Green bag (biweekly)

Cardiff 52 52 13 6 21 17.7
Bring systems

Ryedale 13 40 n/c n/c 3 4.1

Richmond-upon- 18 61 n/c 3 8 8.2

Thames

Source: Atkinson and New (1993a, b).
2 Recovery rate gives % of each material recovered after both collection and sorting,
compared to amount of that material in the household waste stream.

Programme recovery rates for plastics are for beverage bottles and food containers only.
¢ Diversion rates are calculated differently for bring and kerbside collection schemes and this
will tend to flatter kerbside collection schemes. Bring recovery rates are calculated as a
proportion of total household waste (collected and delivered). Kerbside recovery rates are
usually calculated as a proportion of collected household waste only.

930-40% for aluminium cans, 50-60% for steel cans.
n/c, not collected; n/a, not available.

Contamination levels. The contamination level can be defined as the
percentage of non-targeted material that is collected by a given method.
This non-targeted material may be:

(a) the wrong material type for that part of the system, e.g. paper in a
glass bank;

(b) the right material but in the wrong form, e.g. plastic film in a plastic
bottle bank;

(c) dirty material, e.g. containers with contents still inside;

(d) non-recyclable material.

The contents of a single material bank may be bulked and sorted, but
normally the collected material is shipped direct to the processors, and thus
effectively leaves the waste management system as defined in this book.
Any contaminants in the bring containers will also, therefore, leave the
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waste management system, although they may re-enter it when they are
screened out at a material reprocessing facility. Levels of contamination will
vary with the material collected. In the case of glass for example, it is
necessary in many cases to collect it colour-separated to achieve the highest
market prices (particularly in the case of clear glass); so any failure to
separate clear, brown and green glass where this is requested will constitute
contamination. Additional contamination is likely to come in the form
of organics (original container contents), ceramics and plastics (labels,
closures) and metals (caps). Typical levels of contamination in recovered
glass cullet that reaches the reprocessors (mainly via glass bank collection
schemes) is around 5-6% (Ogilvie, 1992). In the case of paper and plastic
collection, where it is likely that only certain types of the material (e.g.
newspapers only) are required, contamination may arise from the public
depositing materials not requested. Since the containers are left unattended
in the open, there is also the possibility of contamination by people using
the containers to dispose of litter or other refuse. As with other collection
schemes, clear instructions from the collectors, and a reasonable level of
motivation from the public are paramount.

Levels of contamination in mixed material banks and kerbside collection
schemes for dry recyclables show a clear pattern (Figure 6.3). Kerbside box
schemes generally have the lowest contamination levels (5-8%). The open
nature of the box, and in some cases a kerbside sort allows inspection of
the contents. Any unwanted materials can thus be left in the box, so do
not enter the recyclables stream. Kerbside inspection and sorting is not
possible where commingled recyclables are collected in a bin. Such schemes
generally have a higher contamination level (27-32%) due to the inclusion
of non-targeted materials. The highest contamination levels (35-56%) have
been recorded from commingled material banks (i.e. bring system). These
are communal bins; lack of ‘bin ownership’ and perhaps some contami-
nation from litter probably explain why contamination is higher than
in collection of mixed recyclables from kerbside bins serving individual
households. The composition of the contaminants in the packaging collec-
tion bins in the Barcelona scheme is shown in Table 6.5. The wide range
of possible contaminating materials is clearly shown, underlining the
need for effective communication with households as to what materials
are required in which container.

6.4.2 Biowaste and garden waste

Garden waste, if not dealt with at source (e.g. home composting), can be
handled by a bring system at a central collection site. If kept separate, this
material can be used as the feedstock for composting plants, to produce
so-called ‘greenwaste’ or ‘yardwaste’ compost. Alternatively, it may be
collected along with other biowaste, or restwaste, via a kerbside collection.
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Figure 6.3 Contamination levels for dry recyclables collection schemes (figures are for
packaging fraction only). These figures are for the residue left after collection and sorting,
so include both non-targeted contaminants and some targeted materials that are not selected.
See Section 7.2 for further discussion. Source: ERRA, personal communication (1993).

For biowaste, there is one main collection method available, kerbside or
close-to-home collection. There has been a strong trend recently in Europe
towards the separate collection of the organic fraction of waste for
biological treatment. This trend has been particularly strong in German
speaking countries, the Netherlands and in some parts of Scandinavia,
where schemes have been in operation since the late 1970s and early 1980s
(ORCA, 1991b). In the Netherlands, for example, legislation has already
been passed that requires municipalities to introduce source-separated
collection of biowaste. In the Flemish region of Belgium, plans have been
made to ban compostable material from entering landfills or incinerators,
and municipalities will be asked to implement separate collection of this
material by 1996 (Ovam, 1991). In Germany, by 1991, some 88 projects
were in operation for the collection of source-separated biowaste (Fricke
and Vogtmann, 1992).

Biowaste definition. Whilst there has been a clear trend towards the
separate collection of biowaste, there has been less agreement as to what
should be included in the biowaste definition. Narrow definitions include
only vegetable, fruit and garden waste (VFG). Collection of garden waste
only can occur, but this is usually done through a central bring system
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Table 6.5 Analysis of contaminants in Barcelona mixed
recyclables (packaging) bins

Contaminant % of bin contents
Clothes 5.66
Wood 1.47
Stones/sand 9.92
Miscellaneous 5.09
Plastic film 3.83
Tubs/cups 0.78
Other plastics 1.65
Other metals 3.26
Total contaminants 31.66

Source: ERRA, Barcelona Waste Stream Analysis Report
(1993) (personal communication).

(e.g. at a civic amenity site in the UK); collection schemes usually involve
at least some household organic waste. At the broader end of the spectrum,
the biowaste definition can encompass the VFG material, plus part or all
of the non-recyclable paper fraction. A range of biowaste definitions used
in different schemes is given in Table 6.6.

A survey of collection schemes in Germany showed that 40% involved
kitchen and garden waste only, 55% collected kitchen and garden waste,
plus soiled paper (e.g. tissues, etc.); the remaining 5% utilised kitchen and
garden waste plus the entire paper fraction (Fricke and Vogtmann, 1992).
The collection of paper along with the organic fraction as biowaste for
biological treatment has many advantages, including providing structure to
the biowaste, without which the wet biowaste tends to become anaerobic
with the production of offensive odours. Including paper in the biowaste
also reduces seepage water from the bin, seasonal variability in the
amounts of biowaste collected, production of leachate during composting
and improves the final compost quality (see Box 6.9). It will also ensure
that a larger proportion of the waste is valorised (if the paper would not
otherwise be valorised by materials recycling or burning as fuel), provided
that the inclusion of paper does not adversely affect the quality of the
final compost produced.

Amounts collected. The actual amount of biowaste collected in any
separate collection scheme will clearly depend on the amount of organic
waste generated (i.e. the potential maximum amount) and the definition of
biowaste applied. Organic waste generation rates vary both between urban
and rural areas (Table 6.7) and seasonally. In Germany, for example, about
three times more biowaste is collected in the spring and autumn, compared
to mid-winter (Selle et al., 1988). Given such variability, however, a recent
German Government Report (1993) suggests that, on average, separate
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Box 6.9a INCLUSION OF WASTE PAPER IN THE BIOWASTE DEFINITION.

Advantages
Collection:

~Reduction of seepage water during storage and transport.

Biowaste without paper has a high moisture content, especially in inner city
areas where garden waste is sparse. In the German inner city of Soln, for
example, the biowaste had a total solids content of only 23% (Doh, 1990).
The high water content leads to leakage during storage collection and
transport.

-Reduction of malodours.

Odours are linked to the high moisture content of biowaste. The biowaste
is highly putrescible, and with the high water content will rapidly become
anaerobic especially in summer months, producing offensive odours.
Addition of the paper fraction will absorb this moisture and so reduce
odour generation

-Reduction in seasonal variability in amounts collected.

Where only kitchen and garden waste are collected, large seasonal variation
will occur in the amount collected. In Germany, about three times more
biowaste is collected in the spring and fall when compared to the winter
(Selle et al., 1988). The quality also varies, being limited to very moist
kitchen waste in winter, but including drier garden waste at other times.
Inclusion of paper will dampen the variability in both quantity and quality
of biowaste collected.

Biological treatment (composting)
-Reduced production of leachate.
Biowaste including 20% or more paper can be composted in windrows
without production of leachate (Fricke, 1990; see Chapter 9).

-Reduced requirement for bulking agents.

Biowaste without paper, i.e. with a high moisture content, requires bulking
agents to absorb water and ensure free circulation of air. Otherwise,
anaerobic conditions will occur. Some composting processes require up to
250 kg of wood chips to be added to every tonne of biowaste (Haskoning,
1991)

-Improved Carbon/Nitrogen (C/N) ratio.

Addition of waste paper corrects the C/N ratio from about 15-20 for
biowaste, to 25 or more, which is optimal for biodegradation. At the lower
C/N ratio the composting process is slowed down (see Chapter 9), and
more odours such as ammonia are released (Jespersen, 1991).

-Increased organic content of final compost.

Biowaste compost in Germany has an organic content of around 26% (Selle
et al., 1988), whereas in some countries a minimum of 30-40% may be
required (ORCA, 1991b). Adding paper to the biowaste can increase the
organic content to this level.

-Reduced salt level of final compost

High salt levels (above 2 g of NaCl/litre) found in biowaste composts can
limit their potential usage. Due to a dilution effect, adding paper will
reduce the salt concentration below this critical level (Fricke, 1990).

Overall: -Increased valorisation rate.
Cities focusing on food waste alone in their biowaste will collect only
15-25% of their waste in this fraction. A broader definition of biowaste to
include paper, paper products and some garden waste can valorise 40-50%
of household solid waste in this way (ORCA, 1991b).
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Box 6.9b INCLUSION OF WASTE PAPER IN THE BIOWASTE DEFINITION.

Possible Disadvantages

Collection:
-Increased contamination level
A wider biowaste definition could cause confusion in households as to what
materials are required. This should be overcome by a well organised and
frequent education and communications programme.

Subsequent compost quality:

-Heavy metal levels from inks and other contaminants.

The general heavy metal content of waste paper and paper products is low,
but inks used in magazines and wrapping paper often use metallic
pigments (Rousseaux, 1988), which will contribute to the heavy metal
content of the finished compost.

Table 6.7 Quantity of biowaste

Town Area % of total household
waste
Amsterdam (NL) Inner city 23.5 m?
Amsterdam (NL) High-rise buildings 16 1)
Apeldoorn (NL) Suburban 43 (¢))
Apeldoorn (NL) High-rise buildings 27 n
Nuenen (NL) Suburban 40 )
Purmerend (NL) High-rise buildings 20 (€))
Frederikssund (DK) Suburban 40 )
Copenhagen (DK) Inner city 20 2)
Mainz-Bingen D) Suburban 50 3)
Witzenhausen (D) Suburban 29 A3)
Diepenbeek B) Suburban 60 ©)]

2 References: (1) Kreuzberg and Reijenga (1989); (2) Jespersen (1991); (3) Selle
et al. (1988); (4) Rutten (1991).

collection of biowaste is likely to recover 90 kg of organic material, per
inhabitant, per year. For the ERRA scheme in Lemsterland, an estimated
288 kg is collected per household per year (see Box 6.6). The wider the
definition of biowaste used, however, the greater the amount of biowaste
likely to be collected. The range of amounts collected for different biowaste
definitions and collection areas in Germany are presented in Table 6.8.
Similar overall recovery rates have been achieved in source separated collec-
tion schemes for organics in the United States. In a scheme run by the
Audubon Society in Fairfield and Greenwich, Connecticut, an average
of 6.4kg of organics and soiled paper waste was collected per household
per week (equivalent to 333 kg/household per year) (Beyea etal., 1992).
Given the higher household waste generation rate for the United States
(in this project 1110kg/household per year), this meant that biowaste
collection was able to divert 30% of the total household waste from landfill.
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Table 6.8 Comparison of collected biowaste in Germany

Quantity Rate of Level of
(kg/person/yr) recovery contamination

()* ()
Urban districts 73 69 2.24
Inner city areas 46 49 4.02
Rural districts 102 73 1.77
National average 92 70 2.02
Biowaste

including paper 184 85 7.50

Source: Fricke and Vogtmann (1992).
2 Recovery rate = amount collected/amount available in waste.

Excluding projects which include the entire waste paper fraction in the
biowaste definition.

Contamination levels. As with other separate collection systems, contami-
nation of the biowaste with unrequested materials will occur. The evidence
suggests, however, that the contamination level is low (Table 6.8). In
Germany, contamination levels are around 5% (Selle et al., 1988; Fricke,
1990), consisting mainly of plastic. Less has been reported elsewhere.
Results from the Netherlands show that the sum of glass, metal and plastic
contaminants account for less than 1% of the biowaste (Kreuzberg and
Reijenga, 1989), and a similar level has also been reported for the
Diepenbeek scheme in Belgium (Rutten, 1991). Much of the contamination
will consist of refuse bags, used to collect the waste and transport it to
the refuse container.

Like the overall amounts collected, the levels of contamination also vary
between city and rural areas and with biowaste definition. Contamina-
tion in inner city areas can rise to 10-15% (Fricke, 1990; ORCA, 1992),
apparently due to lack of household motivation and effective peer pressure
in high-rise accommodation. Similarly, with a broader definition for the
biowaste, there is scope for more confusion as to what should be included,
leading to an increased level of nuisance materials (Table 6.8). It should
be possible to counter this trend, however, by clear instructions and an
active communications programme to householders.

Along with such ‘nuisance materials’, biowaste will also be contaminated
with heavy metals. This is of particular importance if the biowaste is to be
processed into marketable compost, since heavy metal levels may determine
whether the resulting compost is of acceptable quality (see Chapter 9).
Typical heavy metal levels for German biowaste, and recommended
maximum levels, are given in Table 6.9.

Collection methods. Biowaste is generally collected in bins or bags.
Bins, either split into compartments or not, have the advantage that they
do not add to the level of plastic contamination that must be removed
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Table 6.9 Heavy metal levels in German biowaste (in mg/kg dry weight)

Parameter Range Average German (UBA)
recommended limits

Zinc 29.8-178.0 117.8 300
Lead 3.5-94.4 37.4 100
Copper 13.5-44.6 29.0 75
Chromium 13.0-20.8 17.1 100
Nickel 6.8-16.0 11.3 50
Cadmium 0.14-0.25 0.19 1
Mercury 0.07-0.18 0.11 1
Moisture content

(% of wet weight) 66.6-72.7 69.7
Organic content

(% of dry weight) 68.5-82.7 78.1

Source: Tidden and Oetjen-Dehne (1992).

at the biological treatment plant (unlike bags), but they may need washing
out, especially in hot weather. A possible disadvantage of using bins,
especially large wheeled bins, is that householders are tempted to add their
garden waste too, rather than composting it at home. This can result in
an increase in the waste entering the system (Selle efal., 1988). Another
method has been to use paper bags, with a moisture barrier, which are
then biodegradable in the subsequent composting process. The Audubon
scheme in Connecticut cited above successfully used such ‘wet bags’ (Beyea
etal., 1992), and there are also trials underway using bags made from
biodegradable polymers in other parts of the United States (Goldstein,
1993). A survey of biowaste collection schemes in Germany reports that
most schemes (81%) use 120- or 240-1 wheeled bins, with 2% using 35-1 bins
and 9% multi-chambered bins. Only 7% used bags, evenly split between
paper and plastic (Fricke and Vogtmann, 1992).

Collection of biowaste can also require specially modified vehicles,
involving rotating drums, pneumatic presses or multi-chambered bodies.
One of the major problems is the leachate leaking from the trucks, so in
many cases they need to be specially sealed to prevent this. Alternatively,
collection of some paper with the biowaste can reduce leachate production,
as discussed above.

6.4.3 Hazardous materials in household waste

Household waste contains hazardous materials such as used motor oil,
pesticides and solvent and paint residues in used cans and bottles. Con-
taminants such as heavy metals also occur; they are found in small quan-
tities in a range of household waste items but are mainly concentrated
into a few items such as used batteries, discarded light bulbs and tubes
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and mercury thermometers (see Chapter 5). Normally such materials are
included in the residual or restwaste collection, but their presence can limit
the options available for treating this waste stream. High heavy metals
levels, for example, may exclude the possibility of mixed MSW composting,
since the resulting compost would exceed the acceptable heavy metal
concentrations. Similarly, the presence of organic contaminants such as
persistent pesticides could result in groundwater contamination if the mixed
waste were landfilled.

One solution is to separate out the hazardous materials at source, and
deal with them separately. This approach has been taken in the Flanders
region of Belgium, where 2 million households have been supplied with
a ‘KVA box’ (Klein Gevaarlyk Afval: small, dangerous waste) for small
hazardous waste (ORCA, 1992). As the amount of hazardous waste
generated will be small (around 5-10 kg/household per year), this material
can be collected separately on an infrequent basis. Alternatively, it can be
taken to a central collection site (i.e. a bring system). In Germany, for
example, there is typically a small container for such waste at each multi-
material collection point.

Clearly there can be advantages to separate collection, so long as the extra
collection/bring system can be integrated into the normal collection system,
and provided that there are effective ways of dealing with the hazardous
waste once collected. Kerbside collection in various US cities, for example,
has collected 7-18% of the available batteries (Warmer, 1993). Many
current schemes collect small batteries which have been sorted out of the
waste by householders, but do not have access to appropriate recycling
or disposal technology to deal with them, so are forced to stockpile them.
Under existing legislation, at least in the UK, once these elements of waste
are concentrated in this way, they are classified as a special waste, which
limits the ways they can be stored, handled and treated.

6.4.4 Bulky waste

This solid waste can make a significant contribution, but is generally not
included in estimates of household waste generation (see Chapter 5). In
the UK, for example, bulky waste plus garden waste probably represents
around 30% (by weight) of household waste generation (Atkinson and
New, 1993a). Bulky wastes can either be delivered to a central collection
site (i.e. a bring system) or picked up from households using a separate
and infrequent collection. Once delivered to a central site, some bulky
objects such as furniture or appliances can be recovered intact for re-use.
Other bulky wastes can be recovered for metal recycling (appliances) and
the residue, if sorted appropriately can be either incinerated or landfilled.
There is also the possibility of recovering other materials (e¢.g. CFCs from
refrigerators).
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6.4.5 Restwaste

In most traditional systems, this category would contain all of the house-
hold waste, collected in a completely mixed state. Some restwaste can be
handled in a bring system in city centre or high rise areas, such as in the
Sagrada Familia area of Barcelona (Box 6.2), where large (2200-1) streetside
restwaste containers are used. This system is common in southern Europe,
since it allows daily removal of refuse. In most areas of northern Europe,
however, collection from each property or kerbside is the norm. Where
bring or kerbside collection schemes have been introduced for dry
recyclables, biowaste and/or hazardous household waste, both the amount
and composition of restwaste will be altered. Whatever methods are used
for separate collection of parts of the waste stream, however, there will
always be residual waste for collection.

Although the amount collected may be reduced in weight there may be
little saving in either environmental or economic terms compared to the
traditional collection of mixed waste. This is because the same number of
properties have to be visited, and so the same distances need to be driven.
The decreased amount collected per household can lead to longer collection
rounds before the collection vehicle needs to be emptied. Such efficiency
improvements may lead to some cost saving; a report in the UK suggested
marginal savings of around £9 per tonne in restwaste collection (about
25% of current costs) when recyclables are collected in a separate round
(DoE/DTI, 1992). An alternative is to reduce the frequency of collection,
for example to every other week where current collections are weekly.
This may not be possible, however, in regions where the frequency of
waste collection is fixed by legislation, or where odour problems from the
restwaste make regular collections necessary.

6.5 Integrated collection schemes

Collection is at the hub of an integrated waste management system. An
integrated approach is the key to an effective collection system. The pre-
sorting and collection stage needs to collect all of the waste, separated into
suitable streams for subsequent valorisation methods. To be efficient in both
economic and environmental terms, it must do this with the minimal use of
transport, including both collection trucks and householders’ private cars.

An integrated collection system could include any combination of bring
systems (materials banks, close-to-home drop-off centres, central collection
sites for garden/bulky waste) and/or kerbside collections (for recyclables,
biowaste and/or restwaste). The key is that all methods form part of one
system with the objective of collecting all the waste materials in suitable
streams with minimum environmental and economic impact.
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Key lessons on the importance of an integrated collection have come
from a variety of collection schemes. Collection of dry recyclables in
Blue Box schemes (e.g. Adur, Sheffield, UK; Ontario, Canada) in many
ways represents an additional, rather than integrated collection system. A
second truck travels the same route as the residual waste collection vehicle,
collecting a dry recyclables fraction. This additional truck is likely to result
in increased collection costs as well as increased environmental impacts due
to the vehicle’s emissions. In most cases, an improvement would be to
collect both the recyclables and the residual waste on the same visit. This
has been introduced in Worthing (a neighbouring district to Adur, UK)
using a specially designed truck that has two compartments for recycl-
ables, plus a normal compaction compartment for the restwaste. This
allows both recyclables and restwaste to be collected on a single visit to
each household. An alternative that has been developed in the United
States (Omaha, Nebraska) is to collect commingled recyclables in blue bags,
which are loaded along with the bagged rest waste into the same vehicle
compartment, for separation at the sorting facility (Biocycle, 1992). This
form of ‘co-collection’ has not been developed to any extent in Europe,
however.

With more than three waste fractions, it is difficult to collect all
fractions efficiently on a single visit, so an alternating collection schedule
is often employed. Lemsterland in the Netherlands (see Box 6.6) for
example, collects four different waste streams: mixed paper, mixed dry
recyclables (excluding glass), organics and restwaste. The materials are
stored in two separate wheeled bins, each with interior partitions (giving
four compartments) and then collected by split-compartment vehicles
on an alternating basis. Leeds (UK) similarly collects three different waste
fractions, with one split-compartment truck and one normal compactor
truck visiting properties in alternate weeks. A range of collection
methods and schedules is used for waste collection in Germany (Table
6.10).

Alternating collections can be effective in collecting several separate
fractions of household waste, without increasing the overall number of
visits to each property, so long as it does not affect the comfort level of the
participants. Biowaste collection is one area where this comfort level is
likely to be compromised, since it is necessary to retain frequent collection
to prevent severe odour nuisance during summer or year round in warmer
climates. This factor needs to be considered in the design of effective
collection systems. In the Netherlands, for example, source separation of
biowaste is mandatory and biowaste collection is often in alternate weeks
as a result. During hot weather, households are instructed to put their
organic waste into the residual waste, rather than into the biobin, if
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Table 6.10 Survey of biowaste collection methods in Germany

Schedule Proportion (%)
Weekly 18.8
Weekly with multiple-chamber bins 9.4
Every 2 weeks in addition to the weekly 20.0

collection of non-recyclables

Every 2 weeks, alternating with the 51.8
collection of non-recyclables

Source: Fricke and Vogtmann (1992).

this is the next bin due for collection. This results in a loss of organic
material from the biowaste stream (hence less compost produced), and
a corresponding increase in the organic material going to landfill or
incineration (hence a decreased diversion rate). Alternation of biowaste and
restwaste collection is also the most frequently used method in Germany
(Table 6.10). There are ways round this problem, however. Including paper
and paper products in the biowaste definition can result in less odour
nuisance from the bin (see Box 6.9), or alternatively the schedule can
be devised so that biowaste collection is kept at the previous frequency
(e.g. weekly) whilst the dry recyclable and the restwaste collections are
alternated.

There is a general conflict between the needs of sorting and the ease
of collection. Valorisation methods generally, and materials recycling in
particular, require effective separation of the waste into several streams. To
reduce any cross contamination, especially by organic material, it is best
to separate materials as early as possible in the waste management system,
i.e. at source. The number of categories for home sorting is limited,
however, by householder ability and motivation, available storage space
and the ability to collect many different waste streams without increasing
the number of collection visits to the property. To keep the total number
of fractions to a manageable level, therefore, fractions that can easily be
separated by subsequent sorting (e.g. steel cans, aluminium cans and
plastics) should be collected mixed.

The net result of the above conflicts is that there is no one best collection
system for all areas. The best and most integrated system for any area will
depend on the way the waste needs to be collected for the local treatment
and disposal methods, the composition of the waste, the type of housing
and population density, and the motivation of the residents. Bring and
kerbside collection systems can both be appropriate, for different materials
or fractions, within an integrated collection system.
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6.6 Environmental impacts

The major environmental impacts associated with collection systems will
be due to the transport used, which consumes energy and produces
atmospheric emissions. The function of the collection system, after all, is
to transport the waste from the household or commercial property to the
sorting or treatment site. There may be other impacts, however, such as
from the production of plastic bags used in the collection, or the cleaning
of bins.

6.6.1 Transport impacts

The transport involved in collection systems involves a mixture of house-
holders’ cars and municipal waste collection vehicles, the exact combination
varying with the collection method used (Box 6.1). At one extreme, in the
use of central collection sites, most if not all of the transport will involve
the use of householders’ vehicles. Low density materials banks will often
involve householders driving to the bank sites, and then special collection
vehicles emptying the banks and transporting the materials to bulking
depots, prior to sale and transport on to the materials processors. At the
other end of the spectrum, close-to-home bring schemes (within walking
distance of each property), and kerbside collections involve only municipal
(or contractors’) collection vehicles.

Calculation of the energy consumption and emissions resulting from each
type of transport requires data on the distances driven and the average fuel
consumption of the vehicles used. Whilst the latter information is available
(Table 6.11), details of distances driven will vary widely between different
areas, so cannot easily be generalised. As a result, these are included as
variable data in this analysis, and have to be inserted by the user for the
geographical area under study.

For bring systems (both central collection sites and low density materials
banks) the number of special journeys made by car, each year, to the collec-
tion points needs to be estimated, as well as the average distance. Note that
depositing recyclables in a material bank in a supermarket car park during
a shopping trip would not count, as the transport there could be allo-
cated to the shopping trip. (Theoretically, the impacts should be divided
between the two functions, but this is beyond the level of detail of the
present study. Data of this type are not readily available, but could be
acquired for any given region via a consumer survey.) Fuel consumption
levels for private cars (petrol and diesel) are given in Table 6.11. Both
urban and non-urban figures are given, but the urban figures are pro-
bably more typical for driving to bring systems so will be used in this
model.

For transport on from central collection sites to treatment plants, and
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Box 6.10
RECYCLABLES' COLLECTION, RECOVERY AND RECYCLING
- TERMS AND DEFINITIONS USED IN THIS BOOK

HOUSEHOLD WASTE (a)
Collection of dry recyclables
(Bring and/or ll(erbside)
COLLECTED RECYCLABLES (b
l Central sorting (if required) l
residue
RECOVERED MATERIAL (c)

Reprocessing l———> repll:;cessmg
residue

\

RECYCLED MATERIAL (d)

Definitions:
Overall recyclables collection rate =100 x b/a %
Material-specific collection rate =100 xb,,/a_,; % (where a_,; = amount of material m1 in a,

by,,; = amount of material m1 in b)

Overall recovery rate =100xc/a %

Material-specific recovery rate = 100 x ¢,,;/a,, % (where a,; = amount of material m1 in a,
Cqyy = amount of material m1 in ¢)

Overall recycling rate =100 x d/a %

Material-specific recycling rate = 100 x d,,,/a,,,; % (where a_,, = amount of material m1 in a,

d_, = amount of material m1 in d)

'ml

for general waste transport elsewhere in this model, Table 6.11 also gives
the fuel consumption figures from a heavy goods vehicle. Although the fuel
consumption (331/100 km) is for non-urban conditions, it agrees well with
the figure used by Boustead (1993) as average fuel (diesel) consumption for
a 20 tonne payload vehicle (32.11/100 km).

Calculation of the energy consumption and emissions from kerbside
collection is less straightforward. Clearly the stop-start nature of most
kerbside collection makes the use of standard heavy goods vehicle (HGV)
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Table 6.11 Fuel consumption data for different road vehicles

Fuel consumption (1/100 km)

Source EC (1992) Boustead (1993) Data used in
LCI of
waste
Private car
Petrol urban 11.6
non-urban 5.3
average® 14.6 11.6
Diesel urban 9.4
non-urban 5.8
average® 9.2 9.4
Heavy Goods vehicle
Diesel non-urban 33.0
average (10-tonne load) 26.7 26.7
average (20-tonne load) 32.1 32.1

2 Data for 1.05 tonne unladen weight vehicles.

data inappropriate. Data for stop-start collections of dry recyclables from
schemes in Adur and Milton Keynes (UK) report fuel consumption of
44 and 201/100 km, respectively (Adur District Council, personal communi-
cation; Porteous, 1992). What is needed for this LCI study, however, are
the impacts per household serviced, or per tonne of material collected.
Calculating this from fuel consumption data requires the average distance
travelled by the collection vehicle per household visited. Again this will vary
with housing density, and with the distance that the collection vehicle
travels from the collection area to the sorting or treatment plant for
emptying. This problem can be avoided by using data that should be
available to every collection system operator, the average fuel consumption
per round. Knowledge of the average number of households served then
allows calculation of the average fuel used per household visit. Data of
waste collected allows conversion into fuel used per tonne collected. The
above reported results from Adur give values of 321 per 1000 households
visited or 14.31/tonne collected (calculated from data in IGD, 1992), and
7.21/tonne for Milton Keynes (Porteous, 1992). Kerbside Dublin, a similar
scheme collecting dry recyclables, has reported a fuel consumption of
171 per 1000 households visited (5.81 per tonne collected) over the first
6 months of 1993 (ERRA, personal communication). Fuel consumption
per household visited is likely to be the more reliable measure, however,
since the same distance must be covered by the vehicle, no matter how much
waste is picked up from each property. Consumption of diesel fuel can
then be converted into primary (thermal) energy consumption, emissions
to air and water, and solid waste, using the generic data given earlier in
Chapter 4.
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6.6.2 Other impacts

The input boundary for this LCI study has been defined as waste at the
point that it leaves the waste generator, i.e. the household or commercial
property (Chapter 4). Any materials needed to get the waste from this point
to a collection site or vehicle (e.g. refuse bags, blue boxes, refuse bins)
will therefore fall within the defined boundaries, and the relevant lifecycle
inputs and outputs, from cradle to grave, should be included. It is impor-
tant to consider these additional impacts, since the range of collection
systems discussed above differs in the number and composition of different
waste fractions collected, and hence in the relative need for different bags
or bins for the collection process.

Collection bags. Although they are normally included in analyses of
household waste (Table 5.9), collection sacks are not strictly ‘waste’ during
the collection stage as they are performing a useful function, i.e. containing
the waste; they do become waste when the waste is subsequently delivered
to a treatment site (e.g. a materials recovery facility or composting plant).
Collection bags in common use are either paper or plastic, so the lifecycle
inputs and outputs in terms of energy, emissions and solid waste can be
calculated from generic production data for these materials, given the
average weight per bag and the average number of bags used per household
per year. The number of bags used will vary with the quantity of waste
generated, size of bags and the degree of waste sorting and separation
required in the home. Sorting the waste into many fractions could lead to
the collection of numerous half-filled collection bags. The generic data for
production of both paper and plastic bags used in this study are given in
Table 6.12.

Note that impacts due to small refuse bags that are used to convey waste
from the house to a dustbin or large refuse sack will not be included, since
these are part of the waste before it leaves the property. Similarly, some
schemes (e.g. Chudleigh, Devon, UK; Table 6.3) use ordinary carrier bags
for collecting materials such as dry recyclables. Since these would have been
included in the waste stream in any case, the upstream impacts of producing
these bags should not be included.

Collection bins. Inclusion of the production impacts for collection bins
in this LCI study is debatable, since they can be considered to represent
capital equipment, rather than operating consumables. (Under the goal
definition section in Chapter 4, capital equipment was excluded from the
study.) This would artificially bias any comparisons between collection
systems using different collection container types. There is fundamentally
little difference between the use of bins and bags in a lifecycle study. Bins
consume a large amount of material (most often plastic) initially, rather
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than on a weekly basis, but like bags, bins will also enter the solid waste
stream eventually at the end of their useful life. The impact of bin use
is therefore included; once calculated, it will be possible to determine
whether the impact of this ‘capital equipment’ is insignificant, as originally
predicted.

It is possible to calculate the relevant impacts from the use of bins given
generic data on the materials used (Table 6.12), the weight of material
per bin/container, and the expected useful life-span. For example, the Blue
Boxes used for dry recyclables used in the Adur scheme in the UK are made
from 1.6 kg of injection moulded polypropylene. After 3 years of opera-
tion, the boxes are starting to be replaced (D. Gaskell, ERRA, personal
communication). This gives a requirement of around 0.5 kg of material, per
household per year for this part of the collection. Wheeled bins (capacity
2401) have a weight of around 15 kg; a 10-year life expectancy would give
a material requirement of 1.5 kg of polypropylene per household per year.

Use of bins can lead to a further source of impacts, due to the need to
wash the bins. This is likely to be particularly relevant where unlined bins
are used to collect biowaste, since this can cause severe odour and/or fly
nuisance in hot weather. This source of impacts should also be included,
especially in comparison of bin versus bag collections for biowaste, but data
on the level of bin cleaning, and on the typical amounts of water, etc. used
are not readily available. Assuming that around 251 of warm water (heated
20°C above ambient) are used per bin, 2.14 MJ would be needed. For
simplicity, it will be assumed that water is heated by electricity with 100%
efficiency, so around 0.6 kW-h would be consumed per wash. Any impacts
due to the use of cleaning agents should also be included. A recent lifecycle
study by Procter & Gamble on hard surface cleaners has shown, however,
that the heating of the water represents the major source of both energy
consumption and solid waste generation from such cleaning operations
(P&G internal report, to be published), so the impacts of bin cleaning
included here will be restricted to this element.

Pretreatment of waste. There will also be some environmental impacts
due to waste sorting and treatment within the household. Some collection
schemes for dry recyclables request that food cans, for example, are rinsed
out prior to collection. These impacts occur prior to waste leaving the
property, so are not included in this study, but could be included in other
LCI studies with wider defined boundaries.

6.7 Economic costs

Care is needed when extracting data on the actual costs of individual collec-
tion systems. Although costs are often quoted for various collection and
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sorting schemes, it is important to understand exactly what is included in
these costs, and equally importantly, what is not. Often, quoted figures for
materials recovery schemes include not only the collection system, but also
the sorting system and the revenues from the subsequent sale of material.
Some costs also include disposal savings for any material that is diverted
from landfill. Another problem where the collection system is run by the
municipality is that the costs of waste collection are not separated from
other areas of expenditure, so the actual collection cost is not known. This
seems to be especially true of restwaste collection in some countries (notably
the UK).

As with materials recovery systems, comparisons between the costs of
different collection systems require that standard accounting methods
are used. In parallel with their work on standardising data collection and
terminology in materials recovery, the European Recovery and Recycling
Association is developing a standard cost reporting structure. This will
ensure comparable data evaluation, something which to date has been
impossible.

To calculate the economic costs of different collection systems, even
more so than with environmental impacts, it is necessary to have local data.
Salaries, a major component of collection costs, will vary geographically,
so no general figures are applicable. This section presents collected data
to demonstrate typical figures for different countries, and the ranges
thereof.

6.7.1 Material bank systems

Data for the collection costs of bring systems are often presented inclu-
sive of the sale of the collected material. This revenue is likely to be signifi-
cant compared to the collection cost. For example, Landbank (1992)
estimate a UK collection cost for glass (via bottle bank) at 39 ecu per tonne,
and an average sales price of 33 ecu per tonne, giving a net collection
cost of 6ecu per tonne. This inclusive figure will therefore vary with
market price fluctuations of the materials. For modelling purposes, it is
more useful to have the collection cost separated from any subsequent
revenue. Table 6.13 gives a range of collection costs for material banks
systems, indicating whether the costs are inclusive or exclusive of material
sales.

No reliable data were found for the cost of running a central collection
site for garden and bulky wastes.

6.7.2 Kerbside collection systems

Collection costs for kerbside collection systems are also quoted in a variety
of ways: collection only, collection plus sorting, collection plus sorting
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plus sale of recovered materials, collection plus disposal, etc. Where full
accounts have been published (e.g. IGD, 1992), it is possible to calculate
the contributions of these various components. In the Adur Blue Box
Scheme (W. Sussex, UK) for example, collection of dry recyclables alone
costs 23.16 ecu per household per year (equivalent to 166.51 ecu per tonne
collected and sold on). Including subsequent sorting of the material
increases this figure, but only slightly, to 26.45 ecu per household per year
(190.17 ecu per tonne). When the revenue from sale of materials is included,
this falls again to 22.37 ecu (160.83 ecu per tonne) (IGD, 1992). Therefore,
in contrast to the situation with bring systems, income from materials is
relatively insignificant in the inclusive cost; the key factor is the actual cost
of the collection.

Reported costs for a variety of kerbside collection schemes, for dry
recyclables, biowaste, restwaste or fully integrated integrated systems are
presented in Table 6.14.

6.8 Operation of the collection module of the LCI spreadsheet

Details of the inputs needed for the collection module of the computer
model are shown in LCI Boxes 2a and 2b. The module is divided into
collection of household and commercial waste, and the former is separated
into bring and kerbside systems.

At the outset, it is necessary to stress the need for compatibility between
the waste generation data (covered in Chapter 5 and inserted into the
model in LCI Box 1) and the waste collection data to be inserted
here. The collection module attempts to cover all of the possible ways
that waste can be collected, for all possible wastes, including bulky
household wastes, garden waste and commercial waste. Clearly all of
these must have been included in the waste generation data used. If, for
example, the waste generation data inserted does not include garden waste
or commercial waste, the collection system should not include their
collection.

2a COLLECTION OF HOUSEHOLD WASTE

Bring system

Residents’ vehicle distribution (%):
The split between petrol and diesel cars is required for calculation of fuel
impacts due to journeys to and from bring systems.

(a) Central collection sites for garden and bulky wastes
Residents’ transport to central site:
Average no. of special trips to site per household/year:
Average car journey length (each way):
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The model calculates the total consumption of petrol and diesel for the
whole area on a round trip distance basis and adds this to the fuel consump-
tion columns. When the total fuel consumption over the whole lifecycle has
been calculated, this is multiplied by the impacts of petrol or diesel use
respectively, as given in Chapter 4, to give the overall primary energy con-
sumption and emissions.

Garden waste delivered (kg/household per year):
The amount of garden waste (kg/household per year) inserted is converted
into the total amount of organic material collected for the area per year,
which is added to the biological treatment input stream.

Bulky waste delivered (kg/household per year):

Recovery of materials (as % of delivered):
For the amount of bulky waste delivered, the % recovered is subtracted
from the total and added to the recovered materials stream. This-allows for
the recovery, mainly of metals, which occurs at such sites due to removal
of used domestic appliances from the waste stream. The remaining bulky
waste will enter the streams for landfilling or thermal treatment by mass
incineration as defined in the following lines.

Transport distance to biological treatment plant (km):
Transport distances to the biological treatment plant, incinerator and
landfill are used to calculate overall fuel (diesel) consumption, using the
data in Table 6.11 for a 20 tonne truck load, based on a round-trip distance
(i.e. assuming no return load is carried).

Cost
Cost of central collection site and transport to treatment plants (net of
material income):
The cost of the central collection site, net of any revenues from the sale
of recovered materials (mainly metals), needs to be inserted in terms of cost
per tonne of material handled per year.

(b) Materials collection banks
Residents’ transport to materials bank sites:

Average no. of special trips to site per household/year:

Average car journey length (each way):
As above for central collection sites, numbers of journeys and average
distances allow total fuel consumption of petrol and diesel for the area to
be calculated. Again only special journeys to materials banks should be
included, visits to materials banks in supermarket car parks as part of
regular shopping trips should not be included. Similarly, where close-to-
home materials banks are used and transport to the bank is on foot, zero
special car journeys should be inserted.
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LCI BOX 2a
B COLLECTION OF HOUSEHOLD WASTE
Bring Systems Petrol Diesel
Residents' vehicle dstruton (%) G

a) Central Collection Sites for Garden and Bulky Waste
[N.B These waste streams must have been included in waste generation data used in Bax 1, f not leave section blank)

Residents’ Transport to Central Sde

Average 8 of special tnps 10 Site per householdlyr
Average car joumey length (each way) om
Organic
Garden Wasle delvered (kg/hhidiyr)
Glass Metal (Fe) Metal non Fe  Plastc film Plastc ngd  Other
Bulky Waste defvered (kg/hidyr) [ T | : )
Recovery of materials (as % of deivered) L T | | T | ]
Transpon distance o biciogcal treatment plant (kem) [ Jieachway
Incineration Landfill
Bulky Wasle Resdue Treatment %
Transpon dstance (km)) {each way)
Cost Cost of Central Coliection S4e and lranspot 1o reatment plants [ Jecu cer tonne handiea
(ret of matenal income)

b) Materials Collection Banks
Residents’ Transport 1o Matenals Bank Stes

Average # of special tnps 1o ste per housenoldiyr
Average car journey kengih (each way) fom
Amounts collected (kphhidlyr). Paper Guass Metal-Fe Metal non-Fe  Plash film Plastc-ngid  Texliles

In single material contamers |

In mixed materal contamners |

Market Prices (ecu)|

Collection and Transport to Bulng Depol or MRF

Average fuel (desel) consumption per tonne collected | e L
iCost Average coliection and ranspon cos? / lonne coliected mmu
Kerbside Collection Systems

Waste Fractions Collected
Biowasie bin/bag Paper Organc

coneos [T omomsnaey

Dry Recyclables Paper (PA]  Glass (GL) Metal (ME} Plastic (PL)  Textdes (TE}
Coterts | I I I I Jrommye
Kerbside sort of dry regyclables? [ Jimsent "0 tor NO. “1"for YES
RestWaste Colecton | — Y
Collection Containers: Type of bag used (%)
Bags Bagwt (g} Piastic[LDPE) Paper
Bapaaste
Ory Recyclables
Restwaste
Bins.

(tens assurmed 1o be polypropylens)
8 bin washeshhidyr

Total weight of bns used f:'whnu
Average Wespan of bing years [eaqunaient to

Cellection Vehicles
Total number of collection vehcle visds/property per yesr

Average coliection truci fuel consumption per 1000 property visits itres.

(includes transport on to MRF. RDF plant. Bological reatment plant. incineralor, o transier stabon/anofil sie)
Costs

Total Kerbs:de Collection cost per property per year E::jm

lEo to Box 20 ﬂqal collections included)
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LCI BOX 2b
|26 COLLECTION OF COMMERCIAL WASTE. T (matenal not collected by hoUSENoK] wasle COBRCION VENICIES)
||

|[Costs

Amounts collected (kg/household per year):
In single material containers:
This accounts for materials such as colour separated glass or aluminium
cans, which can be shipped on to material processors without further
sorting. This material is added directly to the secondary materials stream.

In mixed material containers:
This allows for collection of material that needs a subsequent sort, e.g. at
a MREF, prior to sale. This could apply to the collection of mixed plastics,
for example, or to a system such as Barcelona where mixed recyclables from
high-rise housing are collected in communal containers. This material is
added to the sorting stream, which forms the input to the MRF.

Market prices:
The market prices that need to be inserted are per tonne of this material,
ex-collection bank.

Collection and transport to bulking depot or MRF:

Average fuel (diesel) consumption per tonne collected:
This accounts for the transport from materials banks to either a central
bulking site (for separated materials prior to sale and onward shipment to
materials reprocessors) or to a regional MRF. Since a variety of transport
types is likely to be used, the best form of data to use here is the average
fuel (diesel) consumption, per tonne of material collected. This value should
be available to system operators.

Cost

Average collection and transport cost per tonne collected:
This needs to be exclusive of revenue from the sale of the recovered
materials, which has already been accounted for above. If only net data
inclusive of revenues are available, these can be used if zero sales values
are inserted for the collected materials.
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Kerbside collection systems

(a) Waste fractions collected

Biowaste bin/bag contents:
If biowaste is separated, the amount of organic material and paper
(if a broad biowaste definition is used) collected in this stream needs to
be inserted. The model will remove 5% of the total collected of both
paper and organic and add an equivalent weight of plastic as contamina-
tion. As discussed above in this chapter, even where biowaste is col-
lected in bins rather than bags, there is typically this level of plastic
contamination.

Dry recyclables bin/bag contents:
If separated, the amount of each material collected as dry recyclables is
inserted here in the form of amount per household per year.

Kerbside sort of dry recyclables?:

This asks whether kerbside sorting occurs, e.g. as in Blue Box schemes. A
‘1’ is inserted if it occurs, ‘0’ if it does not. Kerbside sorting helps prevent
contaminants in the form of non-requested materials (e.g. organic or other
waste) or non-targeted items of requested materials (e.g. films, foils) from
entering the recyclables collection system. In the absence of a kerbside sort,
a 5% level of contamination by other waste materials is added at this stage,
and a lower sorting efficiency is assumed in the subsequent MRF sorting
stage (LCI Box 3a; see Chapter 7).

Rest waste collection:
The model calculates the amount of household waste remaining to be
collected as restwaste, per household per year, and displays it here.

(b) Collection containers:
Bags:

This section accounts for the upstream impacts of the use of bags (i.e.
during raw material acquisition, processing, bag manufacture and trans-
port). The user is required to insert the average weight of the bags, the bag
material (paper or plastic), and the number of bags used per household per
year, for each fraction collected in this way. The model calculates the total
amount of paper and plastic required, and converts this to energy consump-
tion and emissions by multiplying by the generic data for production of
paper and plastic given in the materials impacts section of the spreadsheet.
These data are shown in Table 6.12. It is assumed that the paper bags are
made from unbleached paper, and that the plastic bags are made from low
density polyethylene (LDPE). The data used in Table 6.12 are for produc-
tion of virgin LDPE; although many refuse sacks are made at least partly
from recycled LDPE, reliable data for such processes are scarce.
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The amounts of paper and plastic used for bags are also added to
the biowaste, dry recyclables and restwaste streams, respectively, since
they will need to be dealt with in any subsequent treatment. Whilst
paper bags for biowaste could be used as feed stock in subsequent bio-
logical treatment, plastic bags would represent a contaminant and there-
fore would need to be removed. Adding the bag material to the waste
at this stage does, however, assume that the amounts of waste defined
previously in LCI Box 1 (Chapter 5) did not already include refuse
sacks. This will not always be the case. This modelling approach does
allow the operator to compare the effects of using bags versus bins;
if it is assumed that all bags were already in the waste stream, this would
not be possible.

Bins:

For comparison with bag systems, the effects of bin use are calculated. The
user inse<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>