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ABSTRACT

In the twilight of the 20™ Century, it has been realised that development cannot

continue in an unsustainable manner. The way that resources are utilised within

society plays an important role in Sustainable Development.

Waste Management is the discipline that deals with the material resources when

society no longer has a use for them. Sustainable waste management regenerates

resources from waste, because disposal of these resources is not sustainable.

However, the reality is that disposal to landfill will be the fate of the majority of
waste for the foreseeable future, in the UK and many parts of the world. Therefore,

the development of techniques to reduce the disbenefits of disposal to landfill are
justified.

The experimental work in this thesis describes research into methods of bringing

disposal to landfill closer to the principles of sustainability.

The Mid Auchencarroch Experimental Landfill is a field scale facility, constructed in
order to assess a number of techniques that promote moves towards more sustainable

landfill. The experiment centres on municipal solid waste in a enhanced bioreactor
mode of landfill operation. The techniques evaluated are; pretreatment of waste,
leachate recirculation and co-disposal with inert material. Results from the first two
years of monitoring show that a combination of manipulations could move the
process of landfill very much closer to the goals of sustainability, achieving in just

over one generation what it may take several hundred years to achieve in

conventional landfill.

Keywords: landfill, bioreactor, sustainable, waste management, methane
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1 INTRODUCTION

1.1 Background

How Society can develop in a sustainable manner is one of the key questions in the
twilight of the 20th Century. The principles of Sustainable Development are now

widely accepted, if not acted upon. Their scope influences all aspects of human

activity.

In 1ts crudest form, Sustainable Development is about considering the long term.
Sustainable Development requires a change, an evolution in the way society operates.

The flow of resources is one of the key fields in which our material hungry society is

unsustainable. Waste management is the discipline that is concerned with resources

once society no longer requires them.

The fate of most of these unwanted resources is disposal. In the UK, disposal to

landfill 1s still the most prevalent method; 70% of controlled waste and 90% of
household waste is landfilled (Great Britain, 1996a). In Scotland, landfill is

especially dominant, being the fate of 96.5% of controlled wastes (Great Britain.

Scottish Office, 1996).

The government is committed to reducing the amount of controlled waste going to
landfill from 70% to 60% by 2005 (Great Britain, 1996b). It aims to achieve this by
series of measures including encouraging recycling‘, and taxing the disposal of waste
to landfill. However, landfill will remain a vital part of the UK waste strategy,
indeed the government states that “At present it is not possible to foresee
circumstances in which landfill will ever become unnecessary.” It adds “The

volumes of waste going to landfill are likely to remain large for years to come.”

(Great Britain. DoE / WO, 1995)

Thus the issue arises that if landfill is to continue as a waste management practice,

techniques of operation need to be developed that mitigate the environmental
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disbenefits associated with it, and enhance the process of biochemical stabilisation so

that a legacy is not left for future generations.

1.2 Research Objectives

This research aims to assess what level of control can be exercised over the landfill
process and determine the contribution that this could make to sustainable

development. The specific objectives of the study are:
o Investigate the concept of ‘sustainable waste management’.

o Establish the parameters in which landfill may be sustainable.

e Place landfill within the context of other waste management options.

o Determine the efficacy of a number of waste manipulation techniques in moving

landfill towards sustainability.

o Show that shallow landfill is suitable for operation as a controlled bioreactor.

o Develop and utilise ‘appropriate technology’ for methods of operating a landfill as

a controlled bioreactor.

e Determine whether the controlled landfill bioreactor is a sustainable waste

management option for the 21st Century,

1.3 Scope

The experimental work contained herein is essentially about manipulating the landfill
environment. Therefore, many issues that are important to the operation of
commercial landfill, from regulation to containment engineering, are not addressed,

unless they have a particular bearing on the question of sustainable landfill.
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The part of the literature review that directly supports the experimental work reflects

this limitation on the scope of the work.

1.4 A Priori Assumptions of Experimental Work

1.4.1 Feasibility of Shallow Landfill

Landfill has traditionally followed mineral extraction. The motivation was largely

due to the post-war pressures of food production. Landfill was an integral part of the

process of restoration of quarry voids to agricultural land (Harris,RC 1992).

Thermal Loss

Due to the size and depth of a quarry void, the landfilled body of waste is massive,
and hence the surface area to volume ratio is low. The size of the wastemass and its
surface area to volume ratio are both key factors for thermal loss from the wastemass.
The significance of thermal loss is that the rate of degradation - microbial activity - is
controlled by temperature. Thermal loss has not been considered a problem in

conventional landfill, as typically the landfilled wastemass has been able to maintain

a temperature significantly above ambient conditions.

The supply of quarry voids has diminished in many areas of high population.

However these are the major locations for production of waste. This situation has
been created by the geographical mismatch between mineral use and mineral source
(Great Britain. DoE, 1994a). It is therefore accepted that above ground landfill, also
known as landraise, is going to become more widespread (Harris,RC 1992). For
aesthetic reasons, landraise 1s typically shallower than conventional landfill. The

wastemass is more exposed and shallower, and so thermal loss becomes significant.

In ‘small scale shallow landfill’ thermal loss is be more significant as the
wastemass is a even smaller. Nevertheless, small scale shallow landfill is a technique

widespread in rural areas; for example, in Scotland 55% of licensed landfills have
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less than 5000 tonnes annual input (Great Britain. Scottish Office, 1996): It 1s also
potentially a technique that is transferable to the developing world.

Permeability of Wastemass

Though there are potentially significant disadvantages of a thin wastemass, there are
significant advantages. Perhaps the most important of these, in terms of creating a
‘sustainable landfill’, is permeability. The lower layers of a deep landfill have been
shown to have a permeability similar to the containment system (Beaven and Powrie,

1995). Yet, to flush pollutants from the wastemass requires liquid to be passed

through the wastemass at a rate that is higher than these low permeabilities allow.

Thus, shallow landfill is proposed as a more suitable model on which to create a

‘sustainable landfill’.

To summarise; shallow landfill is widespread. It is set to become more prevalent for

reasons of planning and geology. However the question of feasibility remains, as

thermal loss may allow the temperature of the wastemass to reduce, to the extent that

methanogenic activity is insignificant.

A Priori Assumption 1

Shallow landfill of municipal solid waste is feasible in terms of establishing

and maintaining a suitable environment for methanogenic degradation to

occur at significant rates.

1.4.2 Control over Landfill Processes

As a result of the Rio Declaration on Environment and Development, the government
produced plans on sustainable waste management, with a stated aim being to
“promote more sustainable landfill techniques” (Great Britain. DoE/WO, 1995). One

of the key.principles of sustainability is that the activity of the present generation
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should not be detrimental to the development and environment of future generations
(UNCED, 1992).

Within the context of the waste management industry, this is interpreted as landfilled
waste stabilising to final stage quality in a period of 30 years (Harris, Knox and

Walker, 1994). This is a considerably shorter time than the several hundred years
that might usually be associated with landfill (Knox,K 1990). The flushing

bioreactor has been put forward by the Government and leading environmental

consultants (Great Britain. DoE, 1995b)' as the method of achieving this aim. The

experimental element of this project, partly funded by the Government, is a test bed

for the flushing bioreactor and its control as an enhanced degradation system.

A Priori Assumption 2

It 1s possible to control and enhance landfill gas production, and flush

potential pollutants from the wastemass, by manipulating the whole process
of landfill.

A Priori Assumption 3

It is possible to expedite the degradation, stabilisation and flushing of the
wastemass, to the extent that final stage quality is achteved within a 30 year

timeframe.

' Prepared for DoE by Aspinwall & Co Ltd, Shrewsbury, SY4 2HH
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1.4.3 Experimental Treatments

In a recent review of landfill microbiology research (Archer, Reynolds and Blakey,
1995), it was made evident that, although much landfill research had been conducted

in laboratory lysimeters, they do not approximate well to conditions in the field.

This project aims to bridge the gap between laboratory lysimeters and full scale
commercial landfill. It attempts to achieve this by the use of field scale experimental
cells. Each cell contains nearly 4000 tonnes of waste compared with the few

kilograms usually associated with laboratory lysimeters. Each cell is a small
containment landfill, which has been designed and constructed with monitoring and

control as prime requirements.

The project deals exclusively with municipal solid waste (MSW) and inert waste. It

does not attempt to address the specific problems associated with commercial,

industrial, special, or hazardous wastes.

Three manipulations of the landfill process have been adopted:

e Manipulation of waste input: Co-disposal of inert waste with MSW
e Manipulation of waste prior to landfill by processing: Pretreatment

e Manipulation of landfill environment after capping: Recirculation of leachate

These manipulations were appropriate in terms of the state of landfill technology, and

the prevailing political climate. Four experimental cells were used to examine the

effects of a combination of these three treatments.

1.5 Structure of Thesis

Chapter 1 introduces the field in which the study has been made. It has

established the objectives, scope and a priori assumptions of the research.
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Chapter 2 opens the discussion about Sustainable Development. It discusses the
historical precedent and how it developed into the principles that we know today.

The chapter goes on to discuss how the issue of sustainability is being dealt with
today, with reference mainl)} to measures being taken in the UK and EU. The

relevance of waste management in terms of resource utilisation and climate change is
established.

Chapter 3 continues with the theme of sustainability, looking at the Cycle of

Resources in Society, and how product design and material selection have an
immensely significant role to play in enabling the waste management industry to
recycle rather than dispose. Methods of comparing materials and manufacturing

processes on grounds of environmental cost are discussed, together with case study of

PVC as a material.

Chapter 4 considers the various waste management options and their relative

benefits. In addition to main stream techniques, some of the more obscure and

promising techniques are discussed.

Chapter S examines the technology of landfill and anaerobic degradation, together

with the pretreatment of waste. In a review of landfill test cell projects, recent work

and experiences relevant to this research are detailed.

Chapter 6 describes the concepts surrounding the experimental landfill, the design

considerations and the methodology used to establish the experiment. It also

contains a description of the waste streams used in the experiment.

Chapter 7 describes the construction of the experimental test cells.

Chapter 8 contains the methodology of monitoring the experiment, and descriptions

of various trials that have been conducted on the landfill test cells.

Chapter 9 presents the data collected to date and discusses the primary analysis that

has been conducted.
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Chapter 10 presents and discusses secondary analysis of data, considering water
balance, quality of gas flow data, mass carbon balance and the progress to

stabilisation of the wastemass.

Chapter 11 contains conclusions and recommendations emanating from the

research.

Glossary. A glossary of terms is provided to assist in this multi-disciplinary field.

Software Appendix. The appendix for this work-is submitted on CD-ROM. An

explanation of the contents, and methods of use are provided.



2 SUSTAINABILITY

sustain, v¢ to hold up; to bear; to support, to provide for, to maintain, to sanction, to

keep going; to keep up, to support life of ; to prolong. - n sustainability

Source; Chambers Concise Dictionary, 1991

2.1 Historical Background

Sustainability is not a new concept, ancient cultures survived because, by definition,
they lived in a sustainable manner. Those that utilised their food, water and fuel
resources in a unsustainable way usually perished. Of course war and disease also
played their part in the success of a society, but in the long term the use of resources
was definitive. For example; five millennia ago, Ur of Chaldees had grown to be the
greatest city in the world (Pearce;F 1992). Resting between the Tigris and the
Euphrates, in modern day Iraq, it used the resource of these great rivers to bring to

life the parched desert and support the cradle of western civilisation. Around four

millennia ago, the civilisation was failing, not through war or disease, but through

salination of agricultural land - a result of unsustainable irrigation practices.

Eventually their society expired.

In the recent history of our own society, rapid development has been achieved by
industrialisation during the last few centuries. This development is questionable in

terms of sustainability, as for example global warming is now proving. Its pace was

only possible by borrowing from the past, in terms of resource, and from the future in

terms of the legacy of environmental pollution.

Even before the era known as the Industrial Revolution, there were indications that
our culture did not consider the use of our resources in the context of the future. A

good example of this was the felling of a large part of the oak forests of England for
naval shipbuilding during the Middle Ages. This was perhaps the first major
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denudation of the environment in Britain that was for ‘industrial’ purposes, rather

than subsistence.

The majority of citizens that experienced the first round of industrialisation, which
has now become the developed world, were happy with the material prosperity and
security that it provided. There were some, however, who questioned the cost of this
method of development. Those that did, tended to be labelled in pejorative terms by
the majority; at best slightly cranky and at worhst subversive,

One example of such a group which was set up in Britain in the 1940’s to give focus
to these doubts was the Soil Association. It was established by a disparate group,
from agricultural to medical backgrounds, that were concerned about the disbenefits
of intensifying food production. The editorial in the first issue of the Soil
Association’s journal in 1946 read “People have begun to see life on this planet as a
whole, and Nature’s plan as a complicated system of interdependence rather than one

based on competition. As an outcome of this interpretation of Natural law, they share

the belief that the only salvation for mankind lies in substituting co-operation for
exploitation in all human activities from soil treatment to industrial and international

relations...”(Soil Association, 1946). The key phrase is ‘substituting co-operation for

exploitation’.

Emanating from the free thinking 1960’s, came pressure groups orientated towards
environmental protection, such as Friends of the Earth. Some of these groups had
policies of non-violent direct action which although it brbught them publicity for
their causes, also tended to get them labelled as extremists. The campaign by

Greenpeace against dumping nuclear waste at sea is a case in point.

However, in the last two decades, public opinion has moved towards much of what

these pioneering organisations were advocating. Indeed, now the dumping at sea of

comparitively innocuous materials such as sewage sludge, let alone nuclear material,

. 1s being outlawed.

10
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This movement in public opinion was driven by such factors as the effects of acid
rain, the contamination of marine life, the disaster at Chernobyl, and human health

problems due to deteriorating urban air quality. There was also a growing realisation
amongst policymakers, based on information supplied by the scientific community,
that industrial and economic development as they knew it, was incompatible with a
sustainable environment on Earth. The evidence of global warming and of ozone

depletion were probably the most powerful arguments for change.

In the 1980s politicians throughout the world realised their people were demanding

that protection of the environment, as well as economic growth, be made a priority.
This led in turn to business undergoing a paradigm shift in recent years. No longer 1s

the environment considered a business constraint, it is now an opportunity for

innovation and competitive advantage (Design Council, 1997).

2.2 Sustainable Development

Sustainable Development attempts to reconcile two objectives of human society:

e economic prosperity and security
e protection of the environment

In June 1992, the countries of the world came together to discuss these problems at
the United Nations Conference on Environment and Development, held in Rio de
Janeiro(UNCED, 1992). Out of much talking and many fine sentiments did come an

agreement that has proved to be the basis and the focus from which real moves to

sustainable development are being made.

11
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2.2,1 The Rio Declaration on Environment and Development

The Rio Declaration on Environment and Development was a statement of 27

principles agreed by the participants. The principles cover a broad range and include

poverty, warfare, the role of women, of youth and of indigenous peoples.

Some of the key principles of interest are:

- “Principle 3. The right to development must be fulfilled so as to equitably

meet developmental and environmental needs of present and future

generations”.

Principle 3 is perhaps the most definitive and fundamental statement of the

declaration. From this principle, comes the more detailed expansion of actual criteria

to assess sustainability. This is discussed later.

“Principle 8. To achieve sustainable development and a higher quality of life
for all people, States should reduce and eliminate unsustainable patterns of

production and consumption and promote appropriate demographic policies”

There 1s less public awareness of this Principle than of Principle 3. It does however
state the crux of sustainable development - that unsustainable practices should be

discontinued. It does not acknowledge a time frame for either the pace of elimination
of unsustainable practices or over what period the sustainability of a process should

be considered. Principle 3 implicitly states the period of one generation for both.

“Principle 14. States should effectively co-operate to discourage or prevent

the relocation and transfer to other States of any activities and substance that

cause severe environmental degradation or are found to be harmful to human

health”. The principle of Proximity.

“Principle 15. In order to protect the environment, the precautionary
approach shall be widely applied by States according to their capabilities.

Where there are threats of serious or irreversible damage, lack of full

12
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scientific certainty shall not be used as a reason for postponing cost-effective

measures to prevent environmental degradation”. The Precautionary

principle.

“Principle 16. National authorities should endeavour to promote the
Internalization of environmental costs and the use of economic instruments,
taking Into account the approach that the polluter should, in principle, bear
the cost of pollution, with due regard to the public interest and without

distorting international trade and investment.” The Polluter Pays principle.

Apart from recognising the necessity for protection of the environment, the

declaration also recognises that the alleviation of poverty is an “indispensable

requirement for sustainable development”.

There has been some media comment on the difference of approach between the
countries of the North and the South - the developed and developing worlds.

Blowers (1992) states that the Northern rich countries stress the need for
environmental conservatlon through populatlon restraint, cuts in consumption and
protection of resources while the poor South pointing to the disproportionate share

of resource consumption and pollution produced by the North, advocate a transfer of

ald and technology from the rich to enable them to achieve a more sustainable

development.

There is some evidence of this even within the slightly dubious wording of some of

the stated principles, for instance, Principle 6.

Principle 6. The special situation and needs of developing countries,
particularly the least developed and those environmentally vulnerable, shall

be given special priority. International actions in the field of environmental

and development should also address the interests and needs of all countries.

The second sentence appears to mollify the first, to the extent that any priority for

developing countries no longer exists.

13
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2.2.2 Agenda 21: Programme of Action For ' Sustainable

Development

The other major piece of work to emerge from the Rio Summit was Agenda 21. This

was divided into four sections:

1. Social and Economic Dimensions
2. Conservation and Management of Resources for Development

3. Strengthening the Role of Major Groups

4. Means of Implementation

Agenda 21 was a paradigm for each and every country to create a Programme for

Action for Sustainable Development on a national basis, a regional and local basis.

Particular elements of Agenda 21 that relate to waste are discussed in subsequent

sections.

2.2.3 The Climate Change Convention

Immediately prior to the Rio Summit, in May 1992, the United Natiqns produced the

Framework Convention on Climate Change (United Nations, 1993; Great Britain,
1994). Essentially this was a framework working towards controlling ‘greenhouse
gases’ but it also built on the 1987 Montreal Protocol on Substances that Deplete the

Ozone Layer. The Framework was signed by many countries while attending the Rio

Summit.

2.3 The EU Strategy

The European Union strategy, post Rio, is centred around its Fifth Environmental

Action Programme entitled “Towards Sustainability, the European Community

Programme of policy and action in relation to the environment and sustainable

14
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development” (European Communities. Commission, 1993). It was agreed 1n

February 1993.

The programme considers that the features of sustainability are:

to maintain the overall quality of life
to maintain continuing access to natural resources
to avoid lasting environmental damage

to consider as sustainable a development which meets the needs of the

present without compromising the ability of future generations to meet
their own needs

Seven ‘themes and targets’ are established within the strategy as follows:

Climate change

Acidification and air quality
Urban environment
Coastal zones

Waste management

Management of water resources
Protection of nature and bio-diversity

Waste<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>