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Abstract

This thesis examines the management of post-consumer plastics waste recycling in the
UK. It brings together information and approaches from a number of disciplines in order
to present a comprehensive view of the post-consumer plastics waste recycling industry
and provide 1nsight into participation issues. Two Scottish collection schemes are utilised
as case studies throughout.

The thesis summarises current practice in post-consumer plastics recycling and describes
the processes associated with it. It also presents a summary of legislation relevant to
plastics recycling 1n the UK, EC and US in particular.

The thesis includes a quantitative survey of 500 members of the public that analyses their
recycling behaviour and factors that affect motivation. It also looks at public perceptions
of plastics. This is complemented by a qualitative study of plastics recyclers that
examines recycling routines in more detail, and explores issues that affect the
participation, and quality of donation, of individuals.

The evaluation of post-consumer plastics recycling schemes is discussed, and models are
developed in order to assess their financial viability.

The lessons gained from this programme of research are then summarised in a policy
framework.
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Chapter 1: Introduction



1.1 Background

The aim of this thesis 1s to study the post-consumer plastics waste recycling industry and

develop a set of recommendations for its development. This thesis is one of a number
which have been carried out in the Management Science Department at the University of
Stirling which consider waste management practices. The first waste management thesis
was A Systems Study of Waste Paper Recovery and Recycling by TK Ho in 1982, followed
by PE Rushbrook's Costs of Collection and Disposal Operations run by Local Authorities

in 1984, and RB Matthews' Technological Economics of Glass Recycling in 1986.

1.2 Waste Management in the UK

Waste can be defined as material which has been discarded by industry, commerce or
members of the public. Waste management is concerned with the collection, handling and

disposal of these materials. In 1989, the UK produced 136 million tonnes (te) of waste.
Of this,

15 million te was commercial waste (11%)

20 million te was domestic waste (15%)

32 million te was building/construction waste (23%)

69 million te was industrial waste (51%).

(DOE, 1989)

Of the 20 million te of domestic waste currently produced in the UK, around 90% is
landfilled and around 10% is incinerated. Estimates for the amount of domestic waste

recycled range from 2% (Coopers & Lybrand, 1993) to 2.6% (Letham, 1993). The 1995
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Audit Commission Report on Local Authority Services and Spending in England and

Wales shows average recycling rates of 3%, 5% and 6% for Metropolitan Councils,

District Councils and London Boroughs respectively. The highest recycling rates are

listed below in Table 1.1.

Local Authority Percentage Recycled

Stockport 6%

Bury 3.5%

Table 1.1 Top nine recycling rates for local authorities in England and Wales (adapted
from Audit Commission, 1995)

They also reported that a number of District Councils still had a recycling rate of zero

(Audit Commission, 1995).
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In 1974, the Control of Pollution Act made the collection, disposal and regulation of
domestic waste in the UK the responsibility of local authorities. In England the Waste
Collection Authority (WCA) is the district council, whilst the Waste Disposal Authority
(WDA) is the County Council. In Scotland and Wales, both duties are the responsibility
of the district council. Until 1990, the WDAs in all three countries were responsible for
both the disposal and regulation of domestic waste. This dual role was considered to be
the source of a possible conflict of interests. In 1990, the EPA introduced legislation
directing local authorities in England and Wales to form Waste Disposal Companies
(LAWDC). The LAWDCs would be separate, private entities and would be responsible
for the disposal of domestic waste. The local authority continues to be responsible for the

regulation of waste disposal within its jurisdiction.

1.3 Waste Management Options

The following sections describe and evaluate some of the waste management approaches

and methods which can be taken.

1.3.1 Traditional Approaches

These approaches focus on strategies for disposing of waste. Two of the most common

routes for domestic waste, landfill and incineration, fall into this category. See Figure

1.1.
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Manufacture ——® Use —® Disposal

Figure 1.1 Traditional route from cradle to grave

1.3.1.1 Landfill

Landfill is, as its name implies, the practice of filling large holes in the ground with
waste. The holes are sometimes purpose built and sometimes left over from other
industrial uses such as quarrying or open cast mining. Waste 1s delivered to the site and

then compacted into the landfill. Once the landfill is full, it 1s sealed and covered over

with topsoil.

Obviously, this option requires a large amount of land and capital. Even where money
is available, it is becoming less easy to find suitable sites to build landfills close to the
centres of population they serve (Basta, 1990; Sudol & Zach, 1991). One estimate gives
the South East of England only 15 more years of landfill capacity for domestic waste
(Ghazi, 1995(a)). Another view is that of the 4000 landfills in the UK, about half will be
full in the next five years (Simmons, 1992). Problems with landfill as a method of
disposal include methane emission from the degrading waste and leachate (liquid

effluent from the waste) polluting underground springs (Lifset, 1992).
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The Environmental Protection Act (DOE, 1990(a)) introduced a set of new requirements

relating to landfill construction in order to combat these problems. This piece of
legislation requires new landfill sites to be lined to help prevent leachate and sets a

number of standards for their closure and long term maintenance, including monitoring
of methane levels. The Environmental Protection Act also lists a number of
requirements for the transportation of waste. The 'duty of care' legislation means that
only licensed carriers may transport waste and the waste must be accompanied by full

documentation (DOE, 1990(a)). These measures, which recognise some of the
problems that have been caused by landfill in the past, will make landfill in the future

more responsible and more expensive.

The experience of other countries shows that as the pressure increases on land use, the
price of landfill increases and landfill location is pushed further and further from
population centres, requiring the transport of waste over much longer distances (Kline,

1989). These increased transportation costs will also contribute to the expected increase

in the cost of landfill over the next decade.

In a bid to reduce the UK reliance on landfill, the Government has proposed a landfill
levy that will increase the current cost of using landfill by between 30 and 50 percent. It

hopes this increase in costs will encourage waste minimisation and recycling policies in

local authorities and waste producers (Brown, 1995).

Perhaps one of the most fundamental and least considered problems with landfill 1s 1ts

finality. Materials which are buried in the ground are not available for future use. Each
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item sent to landfill is lost to us forever. Many of the materials buried could have value
if they were reused or reprocessed. In our society, 'waste' has come to be associated
with 'worthless' rather than 'discarded', and this is reflected in our waste management

practices. Recognising the value of waste materials and reprocessing them would
reduce the amount of new materials required to fulfil our current needs and so prolong

the lifetime of a number of our resources.

Graph 1.1 below shows the annual increase in landfill prices as an index of 1985 prices:

Graph 1.1 Annual increase in landfill prices since 1985 (adapted from CBI, 1991)

1.3.1.2 Incineration

Incineration is the burning of waste in huge, specially designed furnaces. There are two

main types of input for incinerators: some are fuelled by raw waste, and others make use
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of Refuse Derived Fuel (RDF). In order to make RDF, the inert fractions of domestic
waste, such as glass and metal are extracted. This helps ensure total combustion and
reduce the residues. The material is then shredded or processed into bricks or pellets of
fuel. This refined fuel can then be burned in specialised incinerators as a fuel
supplement. In 1981, there were 6 operational RDF plants in the UK (Incpen, 1982).

Newcastle County Council runs an RDF plant which can process up to 300,000 te of

domestic waste each year (BPF, 1992).

Incineration is a much more common waste management practice in other parts of

Europe than it is in the UK (See Table 1.2).

Country Landfill Disposal Incineration

(o)

I e
I T
S R B

Table 1.2. Incineration levels in Europe (Russottoo, 1990)

The development of an incineration plant requires a high level of capital investment

(Incpen,1982). Many UK authorities do not produce a high enough level of waste to
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Justify the building of an incinerator. Co-operation between Waste Disposal Authorities

would be required to both utilise and finance an incinerator.

Another problem with incineration is the emissions that it produces in the form of toxic
gases. These can be 'scrubbed' effectively from the flues of incineration plants, but this
1s expensive, equipment is only available in modern plant, and only known pollutants
are targeted. It may be some years before the long term effects of incinerator gases are
known. Medical studies in the US have shown that high dioxin levels are linked with
cancer, damaged 1immune systems, reduced male fertility and are considered dangerous
to unborn babies (Ghazi, 1995(b)). Part of the problem is that many incinerators were
built 20-30 years ago before tighter pollution controls were instigated. Many of these
emit dioxins at rates many times higher than the UK Government currently deems safe
for humans, although US studies suggest that there may in fact be “no safe threshold to
protect against cancer”’ (Ghazi, 1995(a)). PVC is one of the materials which has been
associated with the production of toxic fumes where there is partial combustion. The
British Plastics Federation (BPF) claims that EC acid emission legislation has led to the
use of gas scrubbers which will entirely eliminate dioxins from incinerator emission
(BPF, 1992). Recent studies by Japan's PVC Association claim that there is o
environmental problem with regards to incineration of PVC waste' (Japanese Chemical
Week, 1990). The EC Directive on Incinerator Emission Control specifies tighter
controls for incinerators to be in place by December, 1996. Facilities failing to meet
these standards by this time will be required to be shut down. These measures will
increase the cost of incinerating waste, as new equipment will need to be installed in

most of the UK's incinerators in order to meet the new regulations.
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Incineration is not strictly a method of disposal as it only reduces the bulk of the waste it

treats, and the ashes must still be landfilled. This means that there would still be a need

for landfill.

1.3.2 Closing the Loop

This category of waste management policy attempts to re-route some of the waste out of

the chain before it reaches the disposal stage

Manufacture ——————————® Use ——— > Disposal

Reuse

Recycle

Figure 1.2 Routes to closing the loop

1.3.2.1 Reuse

This means that the package can be used a second time for the purpose for which 1t was
designed without it being reprocessed in any way. Perhaps the best known example of this

is the glass milk bottle. To make this option possible, products must be designed with

reuse in mind.
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1.3.2.2 Recycling

Recycling is not a new idea. Many materials, including plastics are recycled as part of the
industrial processes which manufacture them. Any scrap or defective products are simply
re-routed to re-enter the manufacturing cycle along with raw materials. For reasons that

are discussed 1n later chapters however, post use recycling is far less common.

There are four different levels of recycling:

Primary Recycling 1s where a product is recycled into the same product or a
product with similar characteristics. The production of drinks cans from

aluminium recycled from drinks cans is an example of this.

Secondary Recycling 1s where a product is recycled to make a product with

inferior characteristics. Recycling plastic bottles to make plastic timber

products is secondary recycling.

Tertiary Recycling is when basic chemicals or fuels are recovered from a

product. The production of RDF is an example of tertiary recycling.
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Quartenary Recycling is when the heat content of a product is recovered. Also
known as energy recycling, this is associated with incineration. The heat
produced by the burning of waste is used to drive steam turbines to make
electricity, or used a direct heat for industrial or domestic premises nearby.
Thus the original energy value used to manufacture much of the material is
recouped. If metals are removed from the domestic waste stream, but paper and
plastics left in, up to 100% of the energy used to manufacture the remainder of
the waste can be recovered. Many polymers have higher calorific values than
traditional feedstocks such as wood or coal (BPF, 1992). The incinerator at
Edmonton, London is an example of a incineration operation with energy

recovery. The electricity it generates is sold to the National Grid.

The higher the level of recycling, the more sustainable the process. Obviously, as

Donella Meadows (Meadows, 1990) points out, it is all very well to make old soda

bottles into new flowerpots, but there is a limited market for flowerpots. Taking a long

term view, for recycling to work, the aim must be to concentrate on primary recycling,

returning products to their original use. Also, many of the materials concerned are finite

resources and tertiary or quartenary recycling processes, although they recover

something from the original product, are not prolonging the lifetime of the resource.
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According to W H Bentley (Bentley, 1990), the main benefits from recycling are:

e areduction in the amount of land used for landfill and therefore landfill costs;

e cnergy savings (for example, 50% less energy is needed to recycle a tonne of
plastics waste than to make a tonne of plastics from virgin materials);

e environmental damage caused by obtaining raw materials 1s reduced;

e the public is made aware that resources are finite.

There is also the obvious benefit of extending the lifetime of the resource.

One of the main problems with the introduction of large scale recycling, particularly of
plastics, is that no infrastructure exists at present to support 1t. Recycling does not fit
into the current waste management patterns. It requires domestic waste to be segregated

and creates a flow of materials in the opposite direction to normal practice.

1.3.3 The Root of the Problem

The focus of this final category of measures is not on the disposal, but rather on the
manufacture and design of products. Source reduction involves taking the problem back
to its root and trying to minimise the production of waste in the first place, rather than
trying to find ways to treat it once it has been created. These measures include new design
practices which strive for minimum packaging and therefore waste. The problem with
source reduction is that it is an extremely long term goal. Its potential cannot be realised

quickly enough to avoid problems with declining landfill capacity.
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1.3.4 Summary

None of the waste management practices described above is mutually exclusive, nor
does any one of them hold the answer to every waste management problem. For
example, neither source reduction nor recycling can eliminate the need for disposal

entirely. What 1s clear 1s that the continuation of current waste management practices for

domestic waste 1in the UK 1s unsustainable (Wright, 1990).

Until recently, UK waste management has largely concerned itself with waste disposal.
There has been heavy reliance on landfill with some moves to increase the use of
incineration over the last two decades. In the past the Government has seen its role as one
of introducing standards which make the traditional options safer. The r6le of local
government has been one of optimising the operation of these disposal routes and
implementing cost effective and efficient disposal services. The promotion of recycling
has been confined to interested groups like green charities and industrial bodies. It is not

regarded as a central or essential waste management strategy.

In recognition of the problems with continuing the current waste management practices
into the future, the UK government has introduced a recycling target as an interim measure
to help gear the country up to meeting the pending deadlines of the EC Directive on
Packaging and Packaging Waste. The UK target requires local authorities to recycle 50%
of recyclables in the domestic waste stream by the year 2000 (DOE, 1990(b)). This
represents a commitment to achieve a recycling level of around 25% of domestic waste

over the next five years. In the UK domestic waste consists of the following fractions:
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Kitchen Waste 30%

Paper 25%
Textiles 10%
Glass 10%
Metal 8%
Plastics 7%
Miscellaneous 10%

(APME, 1991)

As reported earlier, the current rate of recycling for domestic waste is thought to be around
5%, although this may vary by material. For example, a report by Professor David Pearce
estimates that around a quarter of newspapers are recycled (CSERGE et al, 1995).

RECOUP forecast that 4200 te of plastics bottles will be recycled 1n 1995, based on their

figures for the first half of the year. This represents just over 1% of the plastics bottles in
the domestic waste stream. Even if the Audit Commission's more optimistic estimate of a

5% recycling rate is accurate, the recycling industry as a whole will still need to increase
its efforts by at least a factor of five over the next 5 years in order to meet the

government's recycling target for 2000.

Recycling is currently being taken more seriously as a waste management strategy both
because of the new practical and legal significance it begins to hold. Pressures on the
existing waste disposal facilities and increased regulation from the EC mean that
recycling cannot continue to be regarded as an ‘add-on’ service. It is no longer an
option but must be fully incorporated into the waste management services of the future.

‘Plastics waste recycling 1s perhaps the most interesting and challenging industry to
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study as it 1s the least established. Other materials, such as paper, glass and metals have
much longer standing systems and infrastructures in place in the UK. Interestingly the
EU legislation, which is discussed fully in Chapter 3, does not distinguish between the
more and less established industries, simply setting the same targets for each material
group regardless of the current level of activity. Post consumer plastics waste recycling
has then the furthest to go in terms of achieving a stable system capable of meeting
these targets. A feature of its relatively recent development in the UK is that there is
little work done to understand and alleviate the problems that it faces. This combination
of a new area for study and the possibility of making a significant contribution to an

important area makes it an attractive field for research.

1.4 Current Waste Management Practice: A Stakeholder Analysis

The various routes for domestic waste that were outlined in the preceding sections, and
depicted in Figures 1.1 and 1.2, are summarised in the more specific context of plastics
in Figure 1.3 below. This Figure shows how plastics start out as virgin polymers, made
from crude oil fractions by the Virgin Suppliers. They are sold to the Bottle
Manufacturers as a feedstock for their processes. The resulting bottles are then filled
with products by the product manufacturers themselves, or by a third party on their
behalf. The packaged products are then sold on to retailers (wholesalers and other such
intermediaries have been included in this group) who sell them directly to the Public.
Once they have consumed the contents of the bottle the Public may then direct the

packaging that is left in one of three ways.

Introduction, Page 15



Virgin Suppliers

¢ Government

Bottle Manufacturers ‘
N\
\
N\
b
\

Academic
Community

Ae

Industry
Bodies

e.g. RECOUP

Local Authority
Waste Services

Traditional

Reuse

— —— o —— o e o mmn T AR e WS TREE s e geem Ty m—— e A G TEE T S A e -

Second Life
Applications
Manufacturers

Recycling

Influence

Figure 1.3 The Packaging Chain

The traditional route for packaging waste is, as outlined above, to dispose of it through

the Local Authority Waste Services. The Public may also choose to reuse the
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packaging, either informally, by giving it an extended life within their own household,
or formally, as shown below, by returning it to the filling stage of the process. The
return of glass milk bottles is an example of this route. At the moment there is no such

formal system for plastics bottles. The third option that may be taken by the public is to
recycle their packaging. If they choose to recycle their packaging, it will be gathered by
Collectors who will check and sort the material before selling it on to a Reprocessor. In

the case of plastics bottles, the Reprocessor cleans and grinds the bottles, rendering
them similar in properties and appearance to the virgin polymer. These recycled
polymers can then be sold directly to the Bottle Manufacturers in order to make new
bottles (primary recycling) or on to Manufacturers of Second Life Applications
(secondary recycling). Often the products made by these Second Life Applications
Manufacturers will be then sold to retailers to be sold on to Public, Public Sector or
Private Sector consumers. There are however instances, represented by the other arrow
on Figure 1.3 where the Second Life Applications Manufactures will extrude the ground
polymers and produce plastic beads, mimicking the processes of the Virgin Suppliers,
and sell these back to the Bottle Manufacturers as feedstock for their processes which

will be almost identical in properties to their virgin equivalent.

Together, these parties and the relationships between them are known as the Packaging
Chain. These processes are discussed in much greater detail in Chapter 2, but are

-mentioned here to highlight the many different views that can be taken of the activities
of the post consumer plastics waste recycling process. For example, to Virgin

Suppliers, recycled polymers can be seen as an alternative feedstock for the Bottle

Manufacturers and therefore a threat to their market share. The Local Authorities, on
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the other hand, may welcome plastics being removed from the traditional waste stream

as this will represent a lower volume of waste for them to process and thus reduce their
costs. At the very least, the output of one member of the packaging chain is the input to
another, giving each a very different perspective and set of views about changes to the

existing practices which will be most closely concerned with the direct inputs and

outputs of their own stage.

Even those parties who might be agreed that recycling is a better strategy than the
current waste management practices will not necessarily do so for the same reasons.
Possible purposes for promoting large scale recycling might include sustaining an
existing feedstock, or creating a viable alternative to a current one, making money out of
the collection process, reducing the current level of domestic waste that 1s landfilled
(either for environmental reasons or to reduce operational costs), extending local
opportunities for unskilled work, or a combination of these. The success of any attempt
to increase the level of post consumer plastics waste recycling will be measured against

these very different objectives by different members of the packaging chain.

Other bodies that have been included in Figure 1.3 are the Government, Industry Bodies
and the Academic Community, as parties outside of the packaging chain that
nevertheless have, or are trying to have, an impact on the way their business is
conducted. These parties will also have quite different perspectives on the processes

and problems of the packaging chain as they are not directly involved and theretore may

take a systems level view of the processes.
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These various bodies, as part of, or concerned with, the packaging chain, can be termed
stakeholders. This term represents the fact that they have an interest in the process,

recognising that these will not necessarily be identical or even similar (Freeman, 1984).
In this case, there is quite a high degree of fragmentation of views due to the

interdependency and difference of aims described above.

What is extremely interesting is the pivotal réle enjoyed by the Public in determining
the route taken by domestic waste. They are central members of the packaging chain,
and yet are often not considered as part of it (e.g. RECOUP, 1993). From the point of
view of a recycling industry, the importance of this decision making power of the Public
cannot be over estimated. Without the Public’s conscious, collective decision to support
an alternative route for their plastics waste, their will be no raw material for the post
consumer plastics waste recycling industry. An examination of Figure 1.3 will show
that between each of the parties in the packaging chain, money changes hands for the
supply and purchase of a resource. The transaction between the Public and their choice
of disposal route for their waste is different in that there is no perceived cost for any of
the options. This puts the post consumer plastics waste recycling industry in the unique
position of not being able to purchase their feedstocks. Rather they must rely on the

goodwill of the general public.

One of the ways of thinking about the various stakeholders in the plastics recycling

process, 1s to compare them in terms of the interest they have in promoting plastics
recycling and the power that they have to stimulate this growth. Figure 1.4 shows a graph

which has the degree of interest increasing along the vertical axis and the amount of power
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increasing along the horizontal axis. These axes are divided up to create four segments
which correspond to low interest, low power; low interest, high power; high interest, low
power; and high interest, high power respectively. Each of the stakeholders has then been

plotted on this chart to show the positions of power and interest that they have. This 1s not

meant to be drawn to scale, it is merely intended to be indicative of their positions relative

to one another.

Interest

® Collectors |

® RECOUP

® Reprocessors

@ Second Life
Applications
Manufacturers

® Government
® Public
® Local Authorities
® Fillers
® Retailers ® Bottle Manufacturers
® Virgin Suppliers

Power

Figure 1.4 Stakeholder analysis of the plastics recycling industry

The Academic Community has not been included in this analysis as there is no uniform
position taken on the issue of plastics recycling by this body. The Academic Community

in general takes very little interest in the post consumer plastics waste recycling industry
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as a specific concern, nor of waste recycling as a wider issue. Since they also have little
direct influence on plastics recycling practices, they must be consigned to the low interest,
low power category. On the other hand, the existence and construction of this thesis must
belie a very positive interest in the success of post consumer plastics waste recycling. The
perhaps biased position of the author must therefore be declared to lie in the high interest,

low power category.

Interest

® Collectors

® RECOUP

® Reprocessors

® Second Life
Applications
Manufacturers

e . T R R e

® Government

® Public
® 1.ocal Authorities
® Fillers
@® Retailers ® Bottle Manufacturers
® Virgin Suppliers

Power

Figure 1.5 Creating powerful stakeholders with a lot of interest in plastics recycling

In order to make the large scale changes that a dramatic increase in plastics recycling from

domestic waste implies, it is necessary to have a number of stakeholders who are

empowered to make wide ranging changes and who also have a high level of interest in
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making them. Figure 1.4 shows an absence of stakeholders in the high interest, high

power category. In order to create powerful, interested stakeholders it will be necessary to
increase the power of those who already have a high level of interest, or increase the

interest of those who already have the power to make significant changes, as shown in

Figure 1.5.

In order to understand how this shift can be achieved it is important to examine the factors
that are constraining the interest or power of these stakeholders. These factors may be

termed barriers to recycling.

The power of the Reprocessors and the Second Life Applications Manufacturers is
constrained by the market for recycled plastics. In other words, their effect on the growth
of plastics recycling by increasing the prices they offer to Collectors, or the amounts of
collected plastics that they purchase 1s, in turn, determined by the amount of recycled
plastics bought by the Public and the Bottle Manufacturers. The power of the Collectors
to increase their operations is, as discussed above, constrained by the contribution of
plastics by the Public. Industry Bodies, represented by RECOUP here, are constrained by
the level of interest and funding given to them by the members of the packaging chain.
The interest of the Government, the Public and Bottle Manufacturers seems to be Iimited
by the low importance they attach to recycling, and a general reticence to large scale
change. The interest and the power of Local Authorities are both constrained by the

Government through its policy and funding decisions.
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As can be seen from even this brief consideration of the different viewpoints, aims and

actions, the issues and parties involved are highly interrelated.

1.5 Aims and Structure of the Thesis

The following section describes the research process. It makes explicit the research
decistons that have been taken and the context within which they were made. By doing

this, it makes clear the influences and learning that has affected the research as it has
progressed from proposal to thesis. This is done in order to help the reader understand the
structure and content of the thesis. The following account i1s summarised in Figure 1.6

where the strands of study and interrelations between them can be seen more clearly than

they can be presented within the constraints of a linear account.

1.5.1 The research process

The thesis was funded by a Science and Engineering Research Council Case Award. This
means that a degree of funding was also provided by a company, in this case BXL

Recovery Plastics, in return for a degree of influence over the research direction.

This research was begun directly after finishing an undergraduate degree in Management
Science. The degree course was based entirely on traditional notions of Operational
Research, included a large portion of mathematical and computer based techniques and
was taught from a positivist viewpoint. As was indicated above, the thesis was one of a
series overseen by Dr Rob Ball on different aspects of Waste Management. The task of

this thesis was initially seen by the author as being the third of a set of theses on recycling
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different materials. In the way that the earlier theses had done, the general research aim

was to construct and analyse models of plastics recycling systems. This was of particular

interest to the industrial sponsors who were, at the time, considering further plastics

recycling schemes in Central Scotland.

The first literature that was consulted for this study was that written and used by my
supervisor. Due to a lack of theoretical literature on this subject and in line with
Operational Research values about the practical relevance of research, the other main
source of articles was practitioner journals. This combination of reading introduced the
author to the ideas of survey work in the field and to the debate surrounding optimal

recycling scheme design.

Partly then, in response to the influences of earlier work in the department undertaken by
previous PhD students and by my supervisor, partly to answer the questions of my
industrial supervisors, and partly to investigate new interests in the strengths and
weaknesses of different recycling scheme designs, the quantitative survey which is fully
described in Chapter 4 was conceived. The survey was conducted with 500 members of
the public in two areas which both had operational schemes for the collection of plastics
for recycling. The schemes were chosen as they had selected different methods of
collecting plastics from the public. Through asking recyclers and non-recyclers their
opinions, this chapter seeks to find out who is participating in recycling schemes, what
their patterns of participation are (e.g. how often, how much, how far ) as well as what
they thought of the schemes, the act of recycling and plastics as a packaging material. It

also aimed to compare these factors for the different approaches to scheme design.
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Figure 1.6 The doctoral research process

Having carried out this research, the critical role of the Public in successtul post

consumer plastics waste recycling began to become apparent.

Through experience

gained from the use of the research instrument described above, the difficulty of
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researching issues such as participation and motivation in general, and the unsuitability
of quantitative survey in particular, was also made clear. These discoveries led to a
move away from the idea that post consumer plastics recycling would be studied and

modelled as a system, and issues of scheme design, to a new focus on the problems of

participation.

This new focus was facilitated by the fact that the Case Award company, who were a
wholly owned subsidiary of BP Chemicals, were closed down as part of a company-
wide reorganisation around this time. The ties to the original industrial supervisors were
therefore broken and the parent company had little interest in the future direction of the

research.

The first task undertaken in the pursuit of understanding the participation 1ssue was a
literature search. This crucial factor in the success of a recycling scheme has often been
overlooked in the literature. Later study found it similarly ignored by practitioners and in
the legislation. Although there have been a few studies carried out recently in the UK
(Ball & Lawson, 1990; Ball & Tavitian, 1992; Belton et al, 1994), the declared motivation
behind recycling behaviour is taken as reported by individuals and is not treated as central.
In the search for literature that addressed these issues more directly, the journals belonging
to the field of psychology proved to be the richest source. They reported many, primarily
US, studies which had used various intervention strategies and recorded their aftects on

recycling rates. This work 1s reviewed 1n Chapter J.
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During this work, the author was enrolled on a Doctoral Programme which aimed to teach
research methods and methodologies to doctoral students from social science
backgrounds. As part of this course, a session was presented on Qualitative Methods.
These were well outside my range of experience as a traditional Management Scientist and
raised questions about the suitability of different research methods for different types of
research questions. These new ideas were both appealing in themselves and seemed to
have much potential in terms of studying participation issues. To learn more, a course on
Qualitative methods was taken. This provided support and advice for the next empirical

study. The resulting ethnographic research is presented in Chapter 6.

In terms of the stakeholder analysis outlined above, this trio of studies featured in Chapters

4, 5 and 6 is most concerned with understanding how the interest of the Public can be

raised to a degree that will move them into the high interest, high power quadrant of the

stakeholder chart, as depicted in Figure 1.5.

This study was began with no previous knowledge of the fields of waste management or
plastics recycling. As well as the course of study outlined above, what can only be
described as a literature trawl was carried out in parallel. The intent of this was to provide
background information and context for the empirical work. There is a general dearth of
information relating to plastics recycling. Much of the information which does exist 1s
often fragmented, not widely available, and is neither discussed by the research or
practitioner communities, nor directed towards the bodies who could use their influence to
change current practice. Where academic literature relating to recycling does exist, it 1s

dispersed between several disciplines. One of the objectives of this thesis therefore
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became to both find and create more information relevant to plastics recycling and bring it

together in order to inform policy making and encourage debate across disciplinary

boundaries.

The trawl of the literature included visits to RECOUP and the library at SWAP which
proved to be rich sources of information about plastics recycling. This strategy, combined
with thorough searches of databases associated with various academic literatures
uncovered q’hite a lot of information which had a wide range of mediums and concerns.
There were three themes in this literature and information search that were of particular
interest. The first of these was general information about the processes of waste
management and recycling in general, and plastics recycling more particularly. The

general literature is summarised in the first half of this chapter, whilst the plastics

recycling literature 1s presented in Chapter 2.

What could be found about plastics recycling from a literature and information search was
quite limited. In order to fill out the account of the industry and gain insight into the
issues important to those directly involved in plastics recycling a programme of fieldwork
was undertaken. This involved site visits to recycling schemes in operation mn Glasgow
and Peterborough, and a reprocessing operation, as well as a week of voluntary work at
recycling schemes in Falkirk and Sheffield. This fascinating study resulted in first hand
experience of the procedures and problems associated with post consumer plastics waste
recycling. The information gained from the literature search and the experience of visiting
and working with plastics recycling operations has resulted in the comprehensive

description of the plastics recycling industry presented in Chapter 2. The stakeholders
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represented here are the Collectors, the Reprocessors, RECOUP, and the Second Life

Applications Manufacturers.

" During the initial literature trawl, one of the things that soon became apparent was that
much more was being done in terms of plastics recycling outside the UK, and that this
activity was often associated with legislation. A specific study of the different kinds of
legislation in use was therefore undertaken. Perhaps one of the most significant events for
the UK post-consumer plastics recycling industry in the last decade is the development of
EC legislation designed to ensure minimum levels of recycling in member countries. The
introduction of the European legislation is traced in Chapter 3. This legislation is much
more demanding and comprehensive than that currently implemented by the UK
government. In order to meet the targets specified in this legislation, the UK will require a
much higher level of recycling than it currently achieves. One of the possible routes to
obtaining this increase in recycling activity is through the introduction of more
prescriptive legislation. Attention is therefore given to the policies that have been
implemented in other parts of the world in order to study the experiences of other
countries in this matter. As can be seen from the discussion of barriers to recycling above,
the potential influence of Government policy and funding in this area cannot be under
estimated. This study concentrates not so much on how the interest of the Government
could be raised in order to make it a powerful and interested stakeholder, but explores the
ways in which different actions by the Government might alter the constraints or stimulate

the market forces associated with other stakeholders.
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Another important theme that is found in the literature pertaining to plastics recycling, and
perhaps more importantly, in the concerns of the practitioners, relates to the cost of
recycling post-consumer plastics waste. Cost is a very contentious issue for plastics
recyclers as a financial breakeven is currently the primary measure of their viability and
almost invariably outside their reach. Within the literature there are a variety of different

approaches to, and reports of, costs which are often conflicting. The final empirical study

for this thesis set out to explore the full costs of recycling in an explicit way and,
continuing the participation theme, look at the impact that participation rates have on the
costs of recycling. This has been done through the building of financial models and is
reported in Chapter 7. Using costs as a principal indicator of success is to assume that the
principal aim of a plastics recycling scheme is to make money. This assumption 1s not
representative of the goals of the individuals involved in post consumer plastics waste. In
order to try to widen the definition of success, a number of other possible measures,

related to other possible goals, are presented in the final part of this Chapter. This study 1s

concerned with the view point of the Collectors.

A lot has been learned throughout the course of study described above, both about the
research process and the subject of plastics recycling. Insight has been gained through
several different, complimentary empirical studies, practical experiences and courses of
reading. The results of these various courses of study have a practical significance in
that they pull together existing knowledge, and also create new knowledge about
different aspect of plastics recycling. These results are brought together and
summarised in a policy framework with the hope of providing specific and appropriate

advice to each of the stakeholders identified earlier, that they in turn may instigate the
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shifts in attitude and influence required to promote a higher level of post consumer

plastics recycling in the UK.

1.5.2 Summary of aims

The focus of this thesis is on participation, the goodwill transaction between the Public
and Collectors of post use plastics from the domestic waste stream. To better understand
this relationship, in terms of the stakeholder analysis described above, 1t concentrates on

the perspectives of the Public and Collectors.

In general terms, the aim of this thesis is to ascertain the current position of the plastics
recycling industry and develop a set of recommendations for its development, aimed at
realising the movements indicated in Figure 1.5 and thus encouraging sustainable waste
management practices. One of its principal concerns is to highlight the crucial role of the

Public and explore ways in which they can be encouraged to support plastics recycling.

In order to achieve this, the thesis takes a practical and empirical approach, aiming to
ground the study in experience. By taking this approach, it hopes to understand the reality
of plastics recycling so that it may provide practical advice and influence policy makers
from an experiential rather than theoretical point of view. It is important to the author that
the doctoral process should not be geared towards writing a big, dusty book. The study
hopes to inform practice and make a difference to the ways that plastics recycling 1s

carried out in the UK. It is undertaken with the hope of promoting the level of post
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consumer plastics waste recycling and thereby making a contribution to the reduction of

the environmental impact of the current waste disposal methods favoured in this country.

Another of the aims of this work is to explore the issues around post consumer plastics
waste recycling by studying the problems of the industry from a number of
methodological viewpoints, and through more than one research method. As Denzin
believes, “each method implies a different line of action toward that reality and hence will
reveal different aspects of it, much as a kaleidoscope, depending on the angle at which it 1s
held, will reveal different colours and configurations of objects to the viewer” (Denzin,
1970). This approach has proved particularly useful in a situation which has little previous

work with which to compare the findings of this thesis, and has so many stakeholders with

differing aims and views of the system.

As has already been stated, another aim of this thesis is to both present and create more
knowledge about plastics recycling. Coupled with a vigorous dissemination strategy, it is
hoped that this surfacing of information will help inform the disparate members of the
packaging chain. The information presented in this thesis hails from many disciplines.
The practicﬁl and theoretical are both represented. This is an intentional strategy through
which it is hoped to provide a rich view of post-consumer plastics waste which transcends
academic boundaries and the perspectives of individual stakeholders. This is most

explicitly represented by the quantitative and qualitative approaches to the question of

participation taken in Chapters 4 and 6 respectively.
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1.5.3 Outline of Thesis

To summarise from the above account, the thesis contains, in the following order:

Chapter 2 - Current practice in plastics recycling
This chapter follows the variety of paths taken by plastic bottles from household waste to

new product.

Chapter 3 - A review of legislation pertaining to plastics recycling
This chapter looks at the legislation which has been put in place to encourage and control
the recycling of plastics from domestic waste. It includes summaries of European and US

legislation as well as some of the approaches taken in various countries around the world.

Chapter 4 - Recycling behaviours, attitudes and perceptions in Glasgow and Falkirk: A
quantitative study.

This chapter is based on the analysis of a structured questionnaire administered to 500
members of the public in Glasgow and Falkirk. The aim of the questionnaire was to

discover how and why people were using the pilot schemes in these two areas.

Chapter 5 - Motivational aspects of recycling: A literature review

This is an exploration of the factors which affect participation in recycling programs. It

summarises the work done, mainly by psychologists and sociologists, in this field.
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Chapter 6 - An ethnographic study of plastics recyclers
In depth, unstructured interviews were carried out with plastics recyclers in order to find

out how and why they recycled their plastic bottles.

Chapter 7 - Evaluating plastic recycling programs: Economics and participation
This chapter is a study of how much it costs to recycle post consumer plastics waste, and
how those costs are affected by participation rates. It also looks at other ways in which

plastics recycling can be assessed.

Chapter 8 - Conclusions and Recommendations
The conclusions of the various strands of research are summarised here in a policy
framework. Recommendations are made for all bodies involved in the process of post

consumer plastics waste recycling. Areas for further study are also outlined.
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Chapter 2: Current Practice in Plastics Recycling



2.1 Introduction

The aim of this chapter is to investigate the current state of the post-consumer plastics
waste recycling industry in the UK. In order to assess the best way forward for the UK 1n
terms of plastics recycling, it is important to evaluate the actions that are currently being
undertaken. Only once the framework of current practice is fully known, can a practical

system of improvement and development be evolved.

As has been discussed in Chapter 1, the location of this information is not a
straightforward task. It is dispersed through many different media including the
practitioner journals, papers given at recycling conferences, local and national newspapers,
council newsletters and the publications of a number of companies and industry bodies.

Although this makes the task of bringing relevant information together difficult, it must

therefore also make it all the more important.

Much of the practical information contained in this chapter has been gleaned from a
programme of field work undertaken in early 1993. This included visits to the Leeds,
Peterborough and Glasgow recycling systems and Reprise in Liverpool, as well as work

placements with the Falkirk and Sheffield schemes.

2.1.1 The growth of plastics recycling

The first instance of collecting post consumer plastics waste for recycling in the UK dates
back over a decade. In April 1981, BPF launched an experimental scheme in Bradtord to

collect PET. This was known as the PET- A-BOX scheme, after the receptacles used for
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collection of the bottles (Incpen, 1982). 1990 saw the formation of RECOUP (1990(a))
(See Figure 2.1). RECOUP is a non-profit making, industry funded company. It is
supported by companies who make, fill and sell plastic bottles. Its role is to co-ordinate,

advise and help fund post consumer plastics waste recycling programs in the UK. At the

time of its formation, there were around seven different collection schemes running 1n the

RECE&UP

Figure 2.1 RECOUP’s logo

UK.

They were all small scale projects run by various members of the packaging chain. Table

2.1 below shows the location of these schemes and their associated “sponsor’.

Location Sponsor

Glasgow

Leeds RECOUP

Liverpool Reprise
RECOUP

Proctor & Gamble

Milton Keynes
Newcastle
~ Northants
Sheffield

Smiths Containers

British Soft Drinks
Association

Sheffield British Plastics Federation

Table 2.1 The locations and supporters of the first post consumer plastics recycling
schemes in the UK (RECOUP, 1990(b))
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In the UK, there are currently 130 collection schemes for post consumer plastics waste.
These are situated all around the country. The schemes are mostly run by local authorities,
although there are a handful run by voluntary or not-for-profit organisations. Together,

these projects provide 1600 banks and kerbside collection for 365000 homes (RECOUP,

1995(a)).

All of these schemes have links with RECOUP and are aimed specifically at plastics
bottles. Bottles have been chosen because they constitute a larger concentration of
relatively uncontaminated polymer, in an easy to identify form. Without the work of
RECOUP, the recycling of plastics from domestic waste would still be, to a large extent,
theoretical in this country. RECOUP strives for an integrated approach which addresses
the problems at all stages of the recycling operation, from streamlining collection and

sorting technology to developing markets for the recycled materials and the products that

are made from them.

Year Tonnes Collected

Recovery Rate
(as a % of bottles) | (as a % of plastics)

340 0.14% 0.04%

Recovery Rate

1990

1991 0.36% 0.10%

1992 1500 0.60% 0.17%
1993 2360 0.94% 0.27%

1994 3000 1.20% 0.34%
1995 4200 1.68% 0.48%

Table 2.2 UK post consumer plastics bottles recovery rates (RECOUP, 1995(a))

Current Practice in Plastics Recycling, Page 40



Table 2.2 shows the recovery rates for post consumer plastics bottles since 1990.

Although the recovery rate is clearly growing all the time, there is still a long way to go to

make a significant impact on UK plastics waste.

2.2 Recycling Processes

The following sections outline the various different ways in which post consumer plastics

wastes are processed by the recycling industry.

2.2.1. Collection

There are three main methods of collecting post-consumer wastes for recycling:

2.2.1.1. Bring Systems

The familiar bottle bank is an example of a bring system; containers are provided at
various sites for members of the public to deposit their recyclable wastes.  These
containers are then serviced and the different waste types are co<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>