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PART I

INTRODUCTION




CHAPTER I.

INTRODUCTION

1.1 Rationale for studying the beverage container issue

There is a concern over the increasing social costs

caused by the rising quantities of litter and solid waste

generated in most developed countries [see Organisation for

Economic Cooperation and Development (OECD) (1976, 1978)].

Beverage containers have been identified as a specific

product category for which there has been an increasing use

of non-returnable instead of returnable containers in almost

all countries [see OECD (1978)]. It is considered that these

recent trends have contributed to the rising social costs of
litter and solid waste. Primarily on account of this

concern, legislation affecting carbonated beverage containers

(1)

has been passed in a number of countries In relation

to the U.K., the Waste Management Advisory Council (WMAC)
recently prepared a report on this subject [WMAC (1980)].

The issue is being reviewed by the U.K. government and also

by the EEC [see House of Lords European Communities Committee

(1982)].

Tables 1.1 and 1.2 show that the market share and

(2)

trippage of the returnable bottle in the U.K. market for

carbonated beverages are lower than the market shares and

(1) Appendix I presents an overview of the legislation,
directives and policies concerning carbonated beverage

containers that have been implemented in various
countries.

(2) The term trippage is the (average) number of times a
returnable bottle is used for delivering beverages to

the Consumer.



Table 1.1

The market shares of the containers for beer

and carbonated soft drinks in various countries

Market share(l) of container

(1)

(2)

Country (Year) Returnable Non-returnable Non-returnable
Bottle Bottles (glass Cans
and plastic)

U.K. (1977) 60.0%(38%)2)  11.0%(17%)2) 29.0%(45%) (2
Sweden (1975) 65.1%(50%)(2)  8.5%( 9%)(2) 27.4%(41%)f?)
France (1976) 76.6%(71%)(2) 23.4%(29%) %)

France (1975) 80.8% 19.0% 0.2%

Germany (1976) 91.5% 4.2% 4.3%
Netherlands (1975) 96.6% 1.6% 1.8%

Denmark (1975) 97.5% 0.3% 2.2%
Switzerland (1975) 97.6% 2.2% 0.2%

Source: OECD (1978)

PLM (1976)

Metal Box Market Research Division
Data supplied by Peat Marwick and Mitchell Partners,

Paris.

The market shares above are in terms of percentages
of the volume of beverage sales.

The figures in brackets refer to the market shares
for 'off' premise sales of beer and carbonated soft
drinks. The other figures in the table refer to the
total 'on' and 'off' premise market. The 'off"
premise market comprises beverage sales, principally
from 'off' licences and other retail outlets, for
consumption away from the place of purchase. The
'on' premise market comprises sales in pubs and
door-to-door deliveries.



Table 1.2 The Trippage Rates Achieved in Varigus Countries

Total Trippage Off Premise Consumer
(1) (1) Trippage (T) (2)
COUNTRY (Year) Beer + Soft Beer Cider Soft
Cider Drinks Drinks
U.K. (1974) 13 9 4 7 5
CANADA
Ontario (1975) 33 13 25
Quebec (1975) 33 '
FRANCE (1976) 22 15 41 13
SWITZERLAND (1975) 60-80 20-70
GERMANY (1975) 25 4 9 — - =
SWEDEN (1972) 17 17
FINLAND (1975) 30
NORWAY (1977) 35
DENMARK (1974) 31

Source: OECD (1978)

Ontario Waste Management Advisory Board (1976)
Peaker (1975)

Applied Decisions Systems (1974)
PLM (1974, 1975, 1976)

(1) The total trippage rate (Tt) is the average number of
times a bottle is used for filling and delivering

beverages. It can be derived from the following formula:

1
Ty = T-(ARR-AP
where ARR = The proportion of bottles that are returned
by consumers
APB = The proportion of bottles that are broken at

the bottling plant, retail outlet or in
transit.

The total trippa%e rates (TE) given in the table above
relate to the to ‘on' 'off' premise market.

(2) The consumer 'off' premise trlp%a%e rate (T ) is the
average number of times that a tle is re urned by

consumers to the retail outlets. This is derived as
follows:
T = 1

c 1-ARR



Table 1.3

Trends in market shares in the U.K. market for beer, cider
and carbonated soft drinks(l)

Container Type

YEAR RETURNABLE NON-RETURNABLE
Bottle Bottle Cans
1970 84 .0% 5.0% 11.0%
1972 76 .0% 8.0% 16.0%
1974 70.0% 9.0% 21.0%
1976 61.0% 10.0% 29.0%
1978 53.5% 11.5% 35.0%
1980E 47.0% 12.0% 41.0%

Source: Metal Box Market Research Division
E = Forecast

(1) The market shares given in Table 3 above are in terms of
percentages of unit fillings of beverage sales.

Table 1.4

Trends in trippage rates(Tt) in the U.K. beer, cider
and carbonated soft drinks markets

YEAR BEER AND CIDER CARBONATED SOFT DRINKS
1930 ? 20
1972 18 10
1973 15 10
1974 13 9

Source: Glass Manufacturers Federation (1973)

Diga supplied by R. Cook, United Glass Containers
L



trippages that are currently achieved in most other
countries. Moreover, the market shares and trippage of the
returnable in the U.K. have been declining in recent years
(see tables 1.3 and 1.4). These trends are forecast to
continue in the future and such a continuation could place in
jeopardy the future of the returnable system for beverages in
the U.K. This current situation raises the question of why
the trippage and market share of the returnable bottle are so
low in the U.K. and whether consideration should be given to
measures to prevent any further decline in the returnable's
position and to increase the trippage and market share of the
returnable bottle. 1In countries where beverage container
legislation has been implemented (e.g., Oregon in the USA and
Sweden), such previously dominant trends away from
returnables were stabilised and in fact reversed.

This experience prompted Friends of the Earth to
advocate that mandatory deposit legislation, similar to that
passed in QOregon, should be implemented in the U.K.(B)
[Cawdell (1980)]. Similar beverage container policy measures
have also been proposed in a number of Private Members'
bills. While the WMAC recommended that no specific action
should be taken by the government but that the beverage
industry should itself undertake 'voluntary' measures to
increase recycling aﬁd improve the position of the
returnable. The industrial groups have opposed the

implementation in this country of any legislation, such as

(3) These initiatives concerning beverage containers
received a wide coverage in the Press [e.g., see New
Scientist (1980Q0), Financial Times (1980), Guardian
(1980), Times (1980), Observer (1980)].



the Oregon bottle bill measures, and have argued that such

overseas' experience is not applicable to the particular

circumstances in the U.K. beverage market.

1.

2

The objectives of this thesis

This thesis sets out to perform an economic analyis

of the environmental impacts of carbonated beverage

containers in the particular context of the U.K. situation.

Specifically, the thesis has three principal objectives:

1.

3

(1)

(1)

(II1)

On the basis of economic theory concerning
market failure, to draw up a set of criteria
for the government to consider intervening in
the beverage container markets.

On the basis of the theory and practice
regarding the economic techniques and the
various other approaches for the evaluation of
environmental impacts, to develop a general
methodology for the assessment of environmental
impacts and to apply this general methodology
to a specific market failure relating to the
beverage container issue by performing an
evaluation of the environmental impacts of the
alternative returnable and non-returnable
containers for carbonated beverages.

To study the trippage of the returnable
bottle. 1In particular, to examine why some
U.K. consumers do not return bottles and how
the return rate and trippage of returnables
could be most effectively raised.

The scope of this thesis

This thesis comprises two main parts:-

(1)

An analysis of the external costs of the

alternative container systems for carbonated
beverages. This comprises an investigation of

the following areas:-

(i) the disposal of beverage containers in

domestic solid waste;



(ii) the littering of beverage containers;

(iii) air and water pollution and industrial
solid wastes generated at the process

stages involved in the beverage container
systems;

(iv) public health and hygiene impacts arising
from the presence of any contaminants in

the packaged beverage and from the storage
of the beverage containers at the retail
outlets;

(v) the urban traffic congestion caused by the
distribution of the beverage containers to
the retail outlets.

(11) A study of the trippage of the returnable
bottle.

Figure 1.1 shows the process'stages in the

returnable and non-returnable beverage container systems that
are covered in this study. This figure highlights that the
returnable system is essentially different from the
non-returnable system on account of the re-use loop in the
returnable system. The study of the trippage of the
returnable bottle examines the effectiveness with which this
return and re-use loop currently operates. Other important
differences between the returnable and non-returnable systems
derive from the different types and quantities of materials
required at the various process stages. The analysis of the
external costs covers the external unpriced impacts appearing
below the dashed line in Figure 1.1, which highlights the
major process stages from which these external impacts,
listed above, are generated.

The thesis covers the principal containers that are

currently used for 'off' premise sales of beer, cider and

carbonated soft drinks (i.e., returnable glass bottles,
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non-returnable glass bottles, aluminium and bimetallic

()

cans This scope for the study was selected for four
main reasons.

First, it is these containers for carbonated
beverage containers that are the main focus of the current
concern over the beverage container issue.

Second, a recent OECD report comments that any
beverage container policy would primarily relate to the 'off’
premise sector of the beverage market [OECD (1978)].

Third, these carbonated beverage containers
comprised the scope of the study of the U.K. situation that
was recently performed Ey the WMAC [WMAC (1980)].

| Fourth, the carbonated beverages represent a
distinct sector of the packaged products market for which
there used to exist an established and viable returnable
system and in which the position of the returnable bottle has
declined significantly recently (see table 1.3). Therefore,
it is preferable that a review of the returnable versus
non-returnable packaging issue Should first concentrate upon
this sector in order to examine whether the recent
deterioration in this returnable system should be averted.
If, and only if, it was considered feasible and desirable to

re-establish and increase the use of the returnable system

for beer, cider and carbonated beverages, then it might be

(4) A bimetallic can is a beverage can with a tinplate body
and base and an aluminium top with an aluminium ring

pull closure for easy opening.

- 10 -




worthwhile to extend the review to other beverages and
packaged products, such as wines and spirits and jam jars,
for which a widespread returnable system has not existed
recently and for which the problems of establishing a viable
returnable system could be expected to be significantly

- greater than for the more traditionally returnable carbonated
beverages.

1.4 Outline of the thesis

Part II presents the theoretical foundations of this
thesis. Chapter 2 demonstrates the importance and need for a
sound framework for analysing environmental issues. A
geheral theoretical framework is then developed on the basis

of economic theory and a review of the literature on social

policy concerning environmental questions. This review

highlights that the assessment of environmental impacts is of

great importance in an analysis of environmental issues.
Therefore, in Chapter 3, this aspect is studied in
depth. This chapter first identifies the principal objective

of an assessment of environmental impacts and then examines

critically the political and economic approaches towards the

achievement of this objective. The various techniques that

have been adopted or proposed in other studies are reviewed

and the conceptual and practical problems of assessing

environmental impacts are identified. This highlights the

relative merits and shortcomings of economic evaluations and

the other techniques,. such as physical impact studies and

concordance analysis. On the basis of this examination, this

thesis develops a 'best practicable approach' which is

appropriate for the evaluation of environmental impacts, such
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as those of carbonated beverage containers, for which

significant data constraints are apparent.

Part III. Thé general theoretical framework,
developed in Part II, is then applied in Chapter 4 to the
specific issue of the environmental impacts of returnable and
non-returnable beverage containers. Chapter 4 first provides
a brief description of the beverage containers investigated

in this étudy. Some criteria are then developed for the

government to consider intervention in the market for

packaged beverages. This highlights three important

aspects: any absence of consumer sovereignty; the existence
of any significant external costs; and the current
consumption of finite resources, such as energy, which are

considered to be incorrectly priced under the current market

mechanisms. Chapter four then develops a framework for the

evaluation of the alternative beverage container policy

measures. On the basis of the 'Best Practicable' approach
for the evaluation of environmental impacts developed in
chapter 3, the final section of Chapter 4 presents a general
methodology for the analysis of the five external cost areas
relating to beverage containers. This sets out the following.
five questions which this thesis aims to answer:-

(1) Whether the activities result in any 'external'

costs and, if so, in what manner?
(2) What is the nature and level of the overall

external costs generated for the specific

categories of externalities?
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(3) What is the size and significance of the
external costs generated by carbonated beverage
containers? ‘'This will aid the determination of
whether the government should consider
intervention.

(4) What are the relative levels of the
environmental impacts of the alternative
returnable and non-returnable containers for
carbonated beverages? This will aid the
determination of the direction in which the
government should consider intervening (i.e.,
favour returnables or non-returnables).

(5) What are the levels of the external costs that
would be generated by carbonated beverage
containers under various scenarios for 19827
This will act as an input into an evaluation of
beverage container policies. 1In the scenarios
analysed, different values are adopted for two
important determinants of the economic and
environmental impacts of beverage container
policies - the market shares of the alternative
containers and the trippage of the returnable
bottle. The scenarios are as follows: -

- Scenario I is the position in the market for
packaged carbonated beverages in 1977.

- Scenario II is the situation in the carbonated
beverages market in 1982 if there is 'no action'

or intervention by the government.
- Scenario III is the extrapolation of the current

trends towards a greater use of non-returnables to
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the extreme case where the non-returnable bottle
and can completely replace the returnable bottle
in 1982.

- Scenario IV is similar to scenario I in that it
assumes that the returnable bottle maintains the

market share and trippage achieved in 1977. The
only difference between scenarios I and IV is that

scenario IV relates to the larger 'off' premise
market forecast for 1982.

- Scenario V depicts an intermediate increase in the
market share of the returnable bottle, whose

trippage also increases.
- Scenario VI is similar to the intermediate

scenario V. However, under this scenario VI, the
trippage of the returnable bottle does not
increase.

- Scenario VII illustrates the predicted outcome in
the market for packaged carbonated beverages after

the implementation of a mandatory deposit
regulation. This was the policy measure proposed
by Friends of the Earth in their minority report
to the WMAC [Cawdell (1980)].

- Scenario VIII is the converse of the other extreme
scenario III. Scenario VIII is a complete 100 per

cent returnable system.
- Scenario IX is similar to scenario VIII but . a

higher trippage, of 15, has been adopted in this
scenario.
The '"NO ACTION' scenario II is used as the baseline

for the comparison of the external costs generated under the

various scenarios for 1982. The year 1982 was used for the

scenario analysis since it has been advocated that any

beverage container policy should be suitably phased in to
mitigate any adverse economic mpacts upon industry. The WMAC

suggested that a five year period would be required for this
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[WMAC (1980)]. Consequently, a policy originally implemented

in 1977, would become fully effective in 1982. Furthermore,

this incorporates an important dynamic element into the

analysis and enables identification of the environmental
impacts resulting from a continuation, modification or
reversal of the current trends in the market for packaged
beverages.

Part IV contains the empirical analysis of the

external costs of carbonated beverage containers.

Chapter 5 assesses the impacts arising from the

generation of domestic waste and, in particular, from the

disposal of carbonated beverage containers in domestic

waste. This thesis reports the results of 131 analyses of
the composition of the solid waste from more than 9,100
households in various parts of the U.K., ranging from
Cornwall in the South-West of England to Dundee in the
North-East of Scotland. These results, along with some

materials balance calculations, are used to estimate the

physical size of the carbonated beverage container component
of domestic waste.

Chapter 6 examines the impacts of litter and, in
particular, of littered beverage containers. A critical
appraisal is undertaken of four litter composition surveys
which give an indication of the size of the carbonated
beverage container component of litter.

Chapter 7 considers the pollution impacts of the

alternative beverage container systems in the form of the

emissions of air and water pollutants and the generation of

industrial solid wastes.
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Chapter 8 examines the size, nature and significance

of any public health and hygiene 1impacts arising from the

presence of any contaminants in the packaged beverage and

from the storage of the beverage containers at the retail

outlets.

Chapter 9 considers the environmental impacts

resulting from the transportation between the process stages

involved in the alternative container systems. This chabter

concentrates upon assessing the significance of the urban

traffic congestion caused by the deliveries of carbonated

beverage containers to the retail outlets.

On account of the apparent importance of the

trippage of a returnable bottle, this subject is extensively

investigated in chapter 10. Chapter 10 first presents the

available data on the current levels of and trends in the

trippage rates achieved in the U.K. and in various overseas

countries. A model of the determinants of trippage is

developed. Chapter 10 then reports and analyses the results

of some research relating to the three parties involved in

the return of empty bottles. This research comprised: a

questionnaire survey of 1523 householders and

schoolchildren; a questionnaire survey of the opinions and

practices of 69 retailers; a practical bottle returning

exercise in which a random sample of 8 bottles were taken

back to 24 retail outlets and the characteristics of the

rejected and accepted bottles noted; and interviews with five

local and national bottlers and brewers. These surveys

provide some empirical information which suggests why some
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U.K. consumers currently do not return bottles and how the

return rate or trippage of returnable bottles in the U.K.

could be raised.

Chapter 11 details the conclusions of this thesis.

In addition, there are fifteen appendices.

Appendix I presents an overview of the policy measures

concerning beverage containers that have been adopted or

proposed in a number of countries and international

organisations. Appendix II gives details of the information

and assumptions used to compile the scenarios for 1982.

Appendix III contains the instructions sheet that was sent to

the Caunty Councils for the analysis of the beverage

container component of domestic waste. This appendix also

lists those Councils that undertook this analysis. Appendix

IV gives the detailed data behind the materials balance

calculations of the size of the carbonated beverage container

component of domestic waste. Appendix V presents detailed

information on the air and water pollutants generated by the

various industrial processes involved in the returnable and

non-returnable beverage container systems. Appendix VI

presents two case studies of two specific process stages

which illustrate how a pollution emissions study might be

undertaken for the U.K. beverage container systems.

Appendices VII, VIII and IX give the lists of the points on

which information was sought from the bottlers, Environmental

Health Officers and retailers in order to enable assessment

of the significance of the hygiene impacts of carbonated

beverage containers. Appendix X gives a list of points
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concerning the distribution of beverage containers on which

information was sought from the traffic control authorities

and from the distribution managers at beweries. Appendix XI
shows the introductory letter that was sent to the households

covered by the consumer surveys in Leicester and Blackburn.

Appendix XII presents the questionnaire used for the consumer
surveys in Leicester and Blackburn. Appendix XIII presents
the questionnaire used for the retailers' surveys in
Blackburn and Leicester. Appendix XIV gives details of the
returnable bottles used in the bottle returning exercise.
Appendix XV lists the various governmenf agencies, private

companies, universities, research institutions and other

organisations which provided information and data for this

study.

1.5 Methododologies adopted for the empirical analysis

The actual extent and detail in which the general

methodology is followed for the study of each area of

external costs depends upon the importance of each area and

the availability of information for each area. A review of

the literature and discussion with experts revealed that the

generation of domestic waste and litter were likely to be the

most important external impacts of beverage containers.

Therefore, research and data collection efforts were

concentated upon these two areas. Consequently, the impacts

of carbonated beverage containers on domestic waste and

litter are examined in the light of all five questions

(1)-(5), noted earlier on pages 12 and 13, while the analysis

of the other three areas (pollution emissions, hygiene and
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urban traffic congestion) focusses upon the specific and

separable external impacts of carbonated beverage containers

in these areas [i.e., questions (3)-(5)].

The thesis draws on the experience of other

countries wherever this is relevant and useful. However,

official U.K. bodies (such as the WMAC) have consistently

emphasised that any U.K. decision on the beverage container
issue should be made upon the basis of U.K. data. Therefore,

the actual empirical analysis is based almost totally upon

U.K. data and contains much original data and information on

this subject. All the monetary figures are presented in

terms of 1977 prices. Wherever important gaps in the current

knowledge are apparent, these are identified along with

important limitations concerning the available data and

information that is presented.

1.6 Limitations of the study

A detailed economic evaluation is made regarding

municipal waste management expenditures. However, data

- constraints prevented the derivation of such precise economic

valuations for litter collection and control expenditures.

The thesis highlights the limitations and uncertainty

surrounding the monetary estimates presented for this latter

aspect and outlines a methodology for deriving a more

accurate valuation.

Lack of data also precluded the possibility of

performing a full economic evaluation of the other external

impacts of beverage containers. Consequently, the assessment

of these unquantifiable impacts comprises a presentation of
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physical information on these impacts (e.g. the quantities of

pollutants generated, the number of cases of contaminants

being found in beverage containers), and qualitative
information on the nature and significance of these impacts.
This latter aspect is based principally upon a review of the
opinions of the authoritative bodies engaged in the control
of these impacts and the results of public opinion surveys.

The assessment of the hygiene and urban congestion impacts of

beverage containers is supplemented by the provision of
approximate 'ball park' monetary valuations which indicate
the order of magnitude of these external costs.

This qualitative assessment of these other external
impact items is subject to some limitations, which are

particularly pronounced in relation to the aesthetic impacts

of littered beverage containers, the impacts of the air and

water pollutants and industrial solid wastes generated by the

beverage container systems and the environmental impacts of

‘the transportation required for the beverage container

systems. A possible methodology is developed which outlines

the further information and data needed if a more detailed

economic evaluation of these impacts would be desired and if

more resources should be available for the acquisition of

this information.

The analysis of environmental impacts of the

beverage container systems' transportation requirements in

Chapter 9 concentrates on examining the external congestion

costs arising when beverage delivery vehicles are parked in

the streets to deliver to the retail outlets. It was
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considered that this is the area where a move from

non-returnables to returnables would be likely to have the

most significant impacts. Therefore, efforts were first
directed towards this area and an evaluation was not made of
the other congestion impacts of beverage distribution (e.g.
delays caused by the presence of the lorries in the traffic
stream and by beverage delivery vehicles in off-street
servicing areas) and the other environmental impacts of the
beverage container systems' transport requirements (e.g. road

track costs, accidents, noise and vibration). The

limitations due to these omissions are highlighted and a

possible methodology is developed in Chapter 9 for the

evaluation of these impacts.

For one area (air and water pollution emissions),'it
was not feasible to obtain sufficient U.K. data so that
overseas data had to be used. However, it is acknowledged
that this overseas data may not be directly applicable to the

position in the U.K. beverage market. Consequently, this

overseas data have been adjusted to allow for the major

differences between the beverage container systems analysed

in the overseas study and the current situation in the U.K.

This should yield a reasonable indicator of the relative air

and water pollution emissions generated by the alternative

container systems for carbonated beverages. 1In addition,

Appendix VI of this thesis presents case studies on two

specific process stages of the beverage container systems

which illustrate how a U.K. pollution emissions study might

be performed, if it should be considered necessary to obtain

actual U.K. data for this area.
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The analysis does not allow for any reduction in the

weights of returnable and non-returnable containers that

might occur between 1977 and 1982 since it was not possible

to obtain any 1982 data on the weights of the various sizes

of containers. The study does not cover plastic

non-returnable bottles which were recently introduced into
the carbonated soft drinks market. Similarly, the analysis
does not incorporate any new types of beverage contginers
which might be developed, since it was not possible to
determine the (hypothetical) impacts of such new containers.
This thesis does not consider the consumption of
energy and raw materials by the beverage container systems,
since this aspect had already been studied in depth by expert
energy analysts at the Open University [see Boustead and
Hancock (1981)]. The thesis also does not include a detailed
investigation of whether there is any absence of consumer
sovereignty in the market for packaged beverages, although

the trippage surveys do provide some interesting information

~on this matter.

The information presented in this thesis constitutes
an input into an evaluation of beverage container policies.
The thesis does not attempt to formulate and select the

optimum policy for carbonated beverage containers(s) in the

U.K. since it was not possible to obtain the confidential

(5) The thesis does not examine one particular policy
measure that has been proposed - the promotion of

recycling of post-consumer waste materials such, as
glass, metal and plastic containers. This subject has

been extensively studied in two recent OECD reports
[OECD (1978, 1983)]. .
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information required on the (hypothetical) economic impacts

of the alternative policy measures on the various sectors of

the beverage industry. After consultations with officials at

the Department of the Environment and with experts in the

beverage industry, it was decided to concentrate upon

performing a thorough study of two specific aspects: the

external costs of carbonated beverage containers and

trippage. In this way, it was considered that the research

would usefully complement the other work that was beihg

undertaken by other groups and organiéations and could most

effectively contribute to the current beverage container

debate.
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PART 11

THEORETICAL FOUNDATIONS OF THE STUDY
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CHAPTER 2

THEORETICAL FRAMEWORK

Introduction

Chapter 1 showed that there was concern among

consumers and environmental groups about returnable and

non-returnable beverage containers and that this prompted the

United Kingdom's Waste Management Advisory Council (WMAC) and

the EEC's Environment and Consumer Siotection service to

undertake a substantive review of this issue. It is

important to establish precisely and clearly a conceptual

framework for such a study; much of the current literature
has failed to do this.
The current chapter develops a conceptual framework

for studying general environmental issues. In chapter 4,

this general theoretical framework is then applied to the
specific environmental problem examined in this thesis: the

environmental impacts of returnable and non-returnable

beverage containers.

- Section 2.1 of this chapter demonstrates the
importance of a sound framework for analysing

environmental issues.

- Section 2.2 then develops a general framework on
the basis of the economic theory and literature
concerning social policy regarding environmental
guestions.

2.1 The need for a framework

It is important to delineate a framework for

studying an environmental issue since an absence of a sound

framework can result in poor decisions. Thus the decision
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may be based on emotional exaggerations and misrepresentation

rather than a rational analysis of the relevant factors.. 1In

particular: some irrelevant aspects may be inappropriately

included; some factors may be incorrectly analysed or given
an incorrect weighting; and some relevant and important
impacts may be omitted or hidden and ignored.

There are examples in the cost-benefit analysis
literature of such shortcomings having arisen. Thus, Pearce

and Nash (1973) have shown that a study of an urban motorway

scheme failed to take into account various qualitative

impacts of the motorway on the local community and they state

that this raised serious doubts about the previously

announced viability of the scheme. Pearce (1974, p.16) also

comments that, in the analysis of general environmental

problems such as pollution, "there is a well-known tendency

to ignore the unmeasureable or at least afford it a lower

weight than the measureable". Furthermore, Pearce and Nash

(1973) stress that the study of the urban motorway scheme

failed to consider alternative transport options, such as

public transport improvements, which they argue would yield
greater social benefits. Therefore, they state that the
study failed to fulfil cost-benefit analysis' central goal of
identifying that policy option which yields the maximum
excess of social benefits over social costs. Similarly,

other transport studies (e.g., Bristol Area Land Use

Transportation Study) have been criticised for failing to

consider the possible interrelationships of land use planning

and transport policies.
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In relation to the debate and discussion over

London's third airport, Mishan (1970) expressed concern that

the Roskill Commission did not examine the fundamental
question of whether or not the construction of a third London
airport was necessary at all, but only compared the costs of

building the airport at four alternative sites. Mishan's

)

criticisms are levelled not so much at the Commission's

performance of the empirical work which he says is thoroughly

undertaken, but at the terms of reference for the Commission,
the framework within which the study was undertaken and the
manner in which its results were presented and interpreted.

In the specific context of the beverage container
issue, there are also examples of conceptual errors being
made in the current literature on this subject(l). Thus
Pearce and Spence (1975) state that, in relation to the

question of 'over-packaging', there is a failure to

distinguish adequately between internal and external costs

and benefits in some papers [e.g., Glass Manufacturers

Federation (1973), Industry Committee for Packaging and the
Environment (INCPEN) (1976)]. 1In particular, Pearce and

Spence state that some authors argue or imply that, on

account of the internal benefits and cost savings created by

packaging, there does not exist any problem of 'over-packaging'.

(1) This literature is comprehensively reviewed in Stern
(1975), Maryland Department of Economic and Community

Development (1976), OECD (1978) and Fisher (1978).
Therefore, it is not reviewed in any detail here.

Rather the synopsis presented highlights some,ex%mples
of the conceptual errors that have been made in thils

literature.
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The INCPEN (1976) paper argues that the consumers do already
pay for the 'external' costs of the disposal of packaging in
domestic waste on account of the inclusion of waste
management costs in the rates paid by householders. However,
as is demonstrated later in chapter 5, this payment of waste
management costs through the current rating system does not
remove the 'external' nature of the costs of disposing of the
waste generated by an individual consumer.

Many studies of the impacts of beverage containér
legislation primarily comprise a comparison of the post- with
the pre-legislation situations [e.g., Applied Decisions
Systems (1974), Statens Offentliga Utredningar (SOU)

(1974)]. However, what is really required is a comparison of
the.policy 'ON' with the policy 'OFF' situations. .
Furthermore, Stern et al (1975) state that some papers (e.g.,
Environmental Information Service) have drawn spurious
conclusions regarding the fall in beer and soft drinks sales
that occurred in vermont following the implementation of
beverage container legislation, since they fail to give
consideration to the other factors that contributed to this
drop in sales (e.g., the weather, the reduction in tourists).

The more elaborate impact studies do delineate and
compare the policy 'ON' with the policy 'OFF' situation
[e.g., Stern et al (1975), Research Triangle Institute
(1976), Maryland Department of Economic and Community
Development (1976)]. Nevertheless, many of these elaborate
impact studies still merely itemise their findings for the

various categories of impacts. Thus, in relation to the
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economic impact categories, Stern et al (l975)-present data
on the impacts of beverage container legislation on: filling
and distribution costs; beverage sales; and the profits,
capital investments, employment and earnings levels in the
beverage industry. The study by the US Department of
Commerce (1975) details data on the impacts of beverage
container legislation upon employment leVels, the price of
beverages and capital investments. However, in these and
also in other studies [e.g., United States Environmental
Protection Agency (US EPA) (1972), Applied Decisions Systems
(1974)1, there is a failure to acknowledge and demonstrate
clearly the element of overlapping involved in some of the
economic impact items listed. For example, the impacts of
beverage container policies upon employment levels and the
extra capital investments required as a result of a shift
towards a greater use of returnables are some of the internal
costs that make up the total internal costs of producing and
delivering beverages which, toc a certain extent, affects the
price paid by consumers. Consequently, a false conclusion
could be drawn by the reader from this presentation of data
on various impact categories, where there is a failure to
highlight the existence of any double counting and a failure
to demonstrate clearly any special characteristics of a
particular impact category that merit its separate inclusion

(2)

in the analysis

(2) Exceptions to this are the OECD Report [OECD (1978)] and
the study by Maryland Department of Economic and
Community Development (1976), in which a cost-benefit
framework was elaborated and adopted. This subject is
examined further in the framework for the evaluation of
beverage container policy measures that is developed in
Chapter 4 of this thesis.
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Therefore, it is essential to develop a sound

conceptual framework for a study. The following section
draws on current economic theory and literature concerning
social policy to develop a conceptual framework setting out
fhe major relevant factors that it is necessary to consider
in the analysis of environmental issues.

2.2 A conceptual framework

Economics is concerned with the allocation of scarce
resources and with the choice between the alternative uses of
these scarce resources(B) [Arrow and Scitovsky (1969), Bohm
(1973, p.l), Nijkamp (1977)]. Thus Nijkamp (1977 p.l) states
that:

"Economics is traditionally oriented towards choice
and decision problems. In particular, it

concentrates on the manner in which man employs
scarce resources which can be used in alternative
ways." :

Kneese and Bower (1972) point out that the growth in
the concern over environmental problems requires a social
choice and decision on the part of the government. Thus a

branch of economics, environmental economics, developed for

the analysis of the social choice and decision-making process

for these environmental issues.

The literature on environmental economics and extern-

alities has been extensively reviewed elsewhere [e.g., see

Mishan (1969), especially Chapters 1 and 7, Nath (1969), Bohm
(1973), Baumol and Oates (1975)]. This thesis draws on the

theoretical analysis in these studies and the salient points

(3) Culyer (1973, p.17) refines this somewhat by saying that
economics is about marginal choices.
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relating to social decisions on environmental issues are
(4)

presented summarily here
The conceptual approach adopted here is based on the
premise that the government, and the environmental economist,
should be considering whether the free market mechanism is
currently functioning efficiently(S). This premise follows
the distinction between private and social efficiency. The

point of private efficiency is the outcome that is currently

generated by private market forces. Social efficiency is
defined in terms of the achievement of the greatest social
welfare for the whole community - or the attainment of the
social optimum.

This approach highlights two major sequential stages

in the decision-making process on environmental issues:-

Stage (I) - Stage I comprises an analysis of the causes,
size and significance of any divergence between
the current position generated by market forces
and the socially efficient optimum.

(4) Externalities also have theoretical implications for
welfare economic theory (e.g., concerning the existence

of an equilibrium and the derivation of the conditions
for the attainment of the social optimum in the presence

of externalities). These theoretical aspects are not
examined in this thesis which concentrates upon the

practical issues concerning the policy and decision-
making process on environmental issues. A similar
procedure was followed by Baumol and Oates (1975, p.9)
who stated that: "our exclusive concern with the theory
of policy dictates the omission of the issue of the
existence of a general equilibrium solution in the

presence of externalities." For an examination of these
theoretical aspects, see Mishan (1969).

(5) This approach is similar to that of Krutilla (1981) who
advocates that applied welfare economics should be

concerned with examinin? whether improvements in the
current position and welfare levels could be attained.
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Stage (II) - If any significant difference exists, then the
next stage should be undertaken, which is an
evaluation of all the alternative policy
measures (including the 'No Action' option).

2.2.1 Analysis of the causes of a divergence between the
current market position and the social optimum.

A divergence between the current market position and
the social optimum will be caused by any imperfections in the
current market mechanism - or what Bator and others have
referred to as market failure [Bator (1958)]. There are a
number of possible causes of market failure. These include
the existence of: Externalities; Public goods; Imperfect
information; 1Incorrect pricing and depletion of finite
resources; Indivisibilities of consumption and production
units; Increasing feturns; and Monopoly. An analysis of
various aspects of market failure is given in Bator (1958),
Nath (1969), Bohm (1973) and Baumol and Oates (1975). Many
of the studies and papers relating to this subject have
focussed upon particular aspects of market failure [e.g., see
Meade (1952), Freeman et al (1973), Baumol and Oates
(1975)]. This thesis does likewise and concentrates upon
three aspects of market failure that are particularly
relevant to the beverage container issue:-

(i) - Imperfect information
(ii) - Externalities
(iii) - Incorrect pricing and depletion of finite
resources

2.2.1(i) Imperfect Information

Nath stresses the importance of the distinction

between imperfect information and externalities when he

states [Nath (1969, p.91)] that:
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"the effects of imperfect knowledge... are to be
distinguished from those of externalities; though

both imperfect knowledge and externalities -
separately and together - constitute a market

failure".
Both consumers and producers may not have perfect

information to make their production and consumption

decisions. However, Bohm (1973, p.58) notes that:

"Producers' information about present market

conditions seems to be less of a problem since
companies normally may be assumed to have more
resources for these purposes and more relevant
technical know-how than individual consumers."

Therefore, this thesis concentrates upon the

(6)

information problems of the consumer and analyses

whether there is any difference between the actual situation

faced by consumers in the real world and the axioms and

assumptions concerning consumer behaviour that underly the

optimum in the perfectly competitive model of neoclassical

welfare economics. The main assumptions are:

(a) that individuals are able to form their own

'rational' preferences for goods and that the
individuals' preferences are to count as

measures of social welfare;
(b) that consumers have a complete choice between

the full range of available alternatives and
have perfect information to make their choices.
Bohm (1973) demonstrates that, if there is imperfect

information and knowledge, then this could prevent the market
mechanism from 'on its own' attaining the socially optimum

level for the community.

(6) Nevertheless, the examination of the prices and
depletion rates of finite resources in section

2.2.1(iii) does include consideration of whether one
group of producers - owners of finite resources - have
imperfect information and knowledge about future prices
and markets.
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It has been suggested by some authors that consumer
sovereignty may not be apparent in the current market place -
since consumers lack information and do not have a complete
freedom bf choice on account of the distorting effects of
advertising on private wants and consumption levels [see
Packard (1960), Galbraith (1968), Lecomber and Fisher
(1978)]. Some credence to these views is given by the need
for official bodies such as the Advertising Standards
Authority, the Consumers' Association and the Consumer Advice
Centres.

2.2.1(ii) Externalities

Buchanan and Stubblebine (1962, p.371) highlighted

the importance of externalities when they stated that:

"In its various forms - external economies and
diseconomies, divergences between marginal social
and marginal private cost or product, spillover or
neighbourhood effects, collective or public goods -
externality dominates theoretical welfare economics
and in one sense, the theory of economic policy
generally."

Definitions

Bator (1958) adopts a broad interpretation of the

term externality so that it covers many major causes of

market failure. In particular, Bator (1958) includes both

the problem of increasing returns to scale as well as what he

refers to as public good externalities, such as environmental

pollution. However, Baumol and Oates (1975) advocate that

this brbad interpretation of externality is inappropriate

since the increasing returns problem is quite different from

that of the more conventional externalities such as damages

to the environment. Therefore, they propose that a narrower
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interpretation of the term should be adopted. This thesis
follows Baumol and Oates' narrower and more conventional
interpretation of externalities. Hence, increasing returns
are not included in this analysis.

Buchanan and Stubblebine (1962) define an
externality as arising where there is an interdependence
between the consumption or production functions of different
individuals - i.e., where one individual's welfare is
affected by the activity of another individual.

However, Nath (1969) points out that such
interdependence need not necessarily constitute an
externality since, if there was some trading and payment
between these two individuals concerning this

interdependence, then this operation of market forces would

ensure that the interdependent effects were taken into

account by the individual unertaking the activity and would

mean that the actual level of this activity would be pareto
optimal for both individuals. Therefore, Nath (1969)
demonstrates that it is also necessary to add a second

condition to yield a complete definition of an externality.

This second condition is that the interdependence between the

individual consumers and producers is not transmitted through

market forces. This second condition means that an
externality arises where individual A makes or receives no
payment for the impacts that he has on individual B and
consequently where individual A does not take into account
these impacts on B in determining his consumption or

production decisions. These two conditions for externalities
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are neatly and concisely summarised by Arrow and Scitovsky
(1969, p.183) when they refer to externalities as "non-market
interdependence".

On the basis of these two conditions, this thesis
adopts the following definition of external costs and
benefits. (For completeness and for purposes of comparison,
a definition of internal costs and benefits is also
presented).

- External costs and benefits arise where the
actions of a consumer or producer affect the
welfare of other members of society, and where
there are no traded markets or property rights

concerning these impacts. Consequently, under the
current market system, there is no incentive or

compulsion for the individual producer or consumer
to take these impacts into account in their

production or consumption decisions. As a result,
these external impacts are imposed on society as a

whole and remain uncompensated (if they are costs)
or unappropriated (if they are benefits).

- Internal costs and benefits are the factors that
the individual manufacturer or consumer dpes take

into account in his production and consumption
decisions. These factors are therefore included

in his production or consumption function for a
good.

Categories of externalities

Technological Externalities

Baumol and Oates (1975) stress the importance of the

distinction made by Viner (1931) between 'technological’

externalities and 'pecuniary' effects and argue that a

failure to recognise this distinction has led to errors in

the past. 'Technological' externalities arise when an
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activity (e.g., the emission of pollutants from a factory)
affects the welfare of other members of society and these
impacts are not transmitted, under free market forces, to
those undertaking the activity so that they will not be taken
into account in the production decisions concerning the
activity. Hence, 'technological' externalities conform to
the definition of externalities given earlier. 'Pecuniary'
effects also arise when an activity affects the welfare of
other parties that-are not directly related to those
undertaking the activity. For example, an increase in the
demand for aluminium cans raises the price of wrought
aluminium which raises the price of other aluminium products
(e.g., foil). This increase in demand can affect the welfare
of the manufacturers of wrought aluminium whose income rises,
and the welfare of purchasers of aluminium foil whose real
disposable income falls. However, the distinction between
these two types of effects is that the 'pecuniary' effects
arise from'the interdepenencies between (separate) parties
that are transmitted through normal market forces. Thus, the
pecuniary effects do not comply with the second condition in
the definition of externalities given earlier. The
'pecuniary' impacts result in changes in the welfare of
certain groups of society and in changes in the basket of
goods society consumes, i.e., movement along the production
frontier. However, they do not cause any shift in the
production frontier or any changes in the manner in which a

good (e.g., aluminium) ought to be produced since they do not

imply that there is any divergence between the social and the
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private costs of the processes involved in the production of
a good. Hence, the existence of any 'pecuniary' effects does
not create any divergence between the marginal-private and
the marginal social rate of transformation. Therefore, they
are termed 'pseudo-externalities' by Baumol and Oates (1975).

Externalities have also been classified into various
other categories. These include: depletable/undepletable;
reciprocal/unidirectional; marginal/infra-marginal;
separable/non-separable; potentially relevant/potentially
irrelevant; and Pareto-relevant/Pareto-irrelevant. These
categories are reviewed and analysed in detail in Buchanan
and Stubblebine (1962), Nath (1969), Mishan (1969, Ch.7),
Baumoi and Oates (1975) and Nijkamp (1977). This thesis
briefly considers three categories of externalities that are
important for policy and decision-making on current
environmental issues: marginal and infra-marginal;
potentially relevant and potentially irrelevant;
Pareto-relevant and Pareto-irrelevant.

Buchanan and Stubblebine (1962) define a marginal
externality as being where a marginal change in the level of
an activity (I) undertaken by an individual producer or
consumer (A) has external impacts on the welfare of other

members of society (B). They define an infra-marginal

externality as being where, over a certain range of output

levels, marginal changes in the level of activity (I) will

not affect the welfare of other members in society.
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Buchanan and Stubblebine (1962) state that a

potentially relevant externality exists where the activity

(I) generates a desire on the part of the externally affected
party (B) to modify the action of (A). This category
includes marginal externalities, but would only include
infra-marginal externalities in cases where there is a
sufficiently large change in the level of activity (I) so
that the welfare of (B) is affected. The existence of
potentially relevant externalities means that there is a
divergence between the social and private marginal rates of
transformation and substitution. Therefore, an investigation
of whether any significant potentially relevant externalities
arise under the current private market mechanism forms an
important component of an examination of whether there is any
difference between the current private position and the
social optimum.

Buchanan and Stubblebine (1962) then go on to

distinguish between Pareto-relevant and Pareto-irrelevant

externalities. They define a Pareto-relevant externality as
being where the activity (I) can be modified through trading

or bargaining between the parties (A) and (B), which leaves

the externally affected party (B) better off without making

the externality generating party (A) worse off. As Nijkamp

(1977) points out, this category is relevant to the question

of the optimum reduction in the level of the externality.

Therefore, this category and its underlying principle, are
considered further in the evaluation of policies for the

correction of externalities (see section 2.2.2).
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2.2.1(iii) Incorrect pricing and depletion of finite
Tesources

This section considers market imperfections relating

to finite resources, such as energy. This subject must be
distinguished from the earlier static analysis of
externalities since such finite resources command a price in
the current market place. The current consumption of finite
resources is different and notable in that it involves the
question of the intertemporal allocation between the
consumption of a finite resource in current and future time
periods. This question incorporates an analysis of what
Simmons (1975, p.177) refers to as 'dynamic' externalities.

At present there is considerable concern and debate

about the price and depletion of finite resources, such as
energy, and there have been many investigations and studies
relating to this subject. 1In the context of the beverage
container issue, there has been a proliferation of
comprehensive and detailed energy analyses of beverage
container systems [e.g., see Ontario Sdlid Waste Task Force
(1974), US EPA (1974), Bunt (1975), INCPEN (1975), Research
Triangle Institute (1976), Boustead and Hancock (1981)].
However, energy analysis has been subject to
considerable criticism [e.g., see Pearce and Webb (1975)].
In particular, the critics stress that some energy analysts
ignore the internal cost aspect of energy use which, as has
just been noted, is represented by its market price and that
they fail to demonstrate whether this current market price of
energy is lower than the long run social opportunity cost of

this finite resource, and if so why and in what direction.
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There is considerable controversy amongst both economists and

non-economists over this question. Thus Pearce and Rose

(1975 p.9) point out that:

"Apart from being naturally disputatious, ..... R
economists do disagree about the 'proper' way to

look at resource depletion. For example, there are
widely divergent viewpoints about the opﬁimal rate

of depletion, centring on the extent to which the
standard neo-classical approach based on the

maximisation of some present value of future flows
of consumers' surplus adequately allows for future

generations' well-being."

Therefore, there is a need to examine carefully this

guestion. Heal (1975) and Lecomber (1979) suggest that this

examination should centre upon whether there are any

imperfections in the current private market for finite

resources., Thus Lecomber (1979, p.8l) states that:

"It is a standard piece of economic theory that a
perfect market mechanism guides the economy to a

social optimum in which the 'best' combination of
goods is produced according to the most efficient

processes§......:... The conservationist critique
of resource use implies misallocation and this must

. be attributable to some form of market failure.
Both to assess this critique and to devise

appropriate remedies it is useful to identify

specific sources of market fadilure."

Therefore, this section sets out to identify the
major imperfectiohs concerning the resources market and to
ascertain whether these imperfections cfeate biases towards

over- or under-exploitation of finite resources.

This review here will not go into the complex

details of this matter which are well covered elsewhere

(e.g., see Lecomber (1979) and the Conference papers

presented in Pearce and Rose (1975)]. This section briefly

examines some of the salient issues.
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The analysis commences with a presentation of a

simple general model of the private market mechanism for the
determination of the current extraction level of a finite
resource. A socially optimal model is then outlined and this
forms a benchmark which is used to highlight the
imperfections concerning the current private market mechanism
for finite resources.

The Private Market Mechanism for Finite
Non-renewable Resources

According to the standard economic theory, a private

resource owner will seek to maximise the present value (V) of

his present and future returns from the resource(7).

T
&]N (Pt - Ct) e-it 2.3

i.e., max Vv

where :-
T = His finite time horizon
Pe = The (estimated) price of the resource over
the period t.
Cy = The (estimated) costs of extracting the
resource over the period t.
i = His rate of interest. '

This will result in setting the price of the
resource over the time period t (Pt) equal to the marginal
private costs of the resource over the period t (MPCt).

Pt = MPCt 2.4

The marginal private costs of the resource contain

two components: the marginal private costs of extracting the

(7) This model is similar to that developed in Pearce and
Rose (1975, p.16) and Kay and Mirrlees (1975).
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EX

Tesource (MPCt ) and the marginal private cost of using up

the finite stock of the resource, also referred to
RR
t )c

as the resource rental (MPC Thus 2.4 becomes:

EX RR
Pt = MPCt + MPCt 2.5

Marginal extraction costs generally fall over time

due to technological improvements. However, just before

depletion, they rise since it becomes more difficult and

costly to extract resources from inferior sources. The
resource rental component is very low when the resource is
plentiful and rises as the resource is depleted. This is
shown diagrammatically in Fig. 2.1 which also illustrates the
resulting price path (-==-e--- ) that is the vertical

summation of these two cost components.

The social optimum for finite resources

The social optimum will be that maximizes the net

social value (v*) from the present and future use of the

resource. This is represented by:

T * * -
MAX VT = f (Py - cp) et 2.6
0
where: -
T* = Society's time horizon .
P = The price of the resource over the period t.
*
Ct = The social costs of extracting the
resource over the period t.
T = Social discount rate.
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The price of the resource (Pg) will then be equal to
the long-run marginal social costs of the resource. This
comprises the marginal social costs of extracting the

resource (MSC%X) plus the marginal social costs of using up

the finite resource (MSC?R).
* EX RR
Py = MSC{” + MSCy 2.7

Private market incentives for conservation

The private market mechanism provides some
incentives for conservation through the resource rental
component (MPC%R). The resource rental component is (the
discounted value of) the resource owner's return from
extracting the resource in the future instead of the
present. This resource rental component is determined by the
resource ownér's expectations concerning the price and
extraction costs of the resource in future time periods,
wHich will be affected by the forecasts of the futuré demand

and supply of the resource. The extraction rate will be set

such that the return from the resource owner's not

disinvesting in his resource stock (i.e., not extracting the

resource now) will equal his rate of interest.

Thus, under the current market system, an allowance

is made for the demands of future generations and the

possibility of resource depletion through‘their impact upon
the resource owner's predictions for future prices of the

resource.

If this market mechanism was functioning perfectly

so that the resource owner did correctly predict and take

into account future price rises, then this would result in an
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Figure 2.1 Price paths over life of resource stock

MARGINAL | = = = - = = optimal price path (p{ )
EXTRACTION
COSTS -e=u=.=.=- non-optimal price path (P¢)

(MSCEX)

MARGINAL
RESOURCE
RENTAL

(MscRR)

PRICE OF
RESOURCE

Point of
Depletion

LIFE OF RESOURCE STOCK OVER TIME (t)
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optimal price and depletion path, such as the path -------

illustrated in Figure 2.1 which shows that the price of the
resource would start to rise at point X. Resource optimists
argue that this period of rising prices (XD) will enable the
exploitation of new resources and the development of new
technologies and alternative sources which will replace or
reduce the need for this resource before it is depleted so
that a problem of resource scarcity will not arise.

However, there are a number of factors which could
inhibit the perfect functioning of this market system and
could prevent it from leading to the attainment of the social
optimum.

Imperfections_in the market for finite resources

The lack of a futures market and the existence of
uncertainty concerning future resource prices

Doubts have been raised about the resource owners'
ability to forecast these future prices_perfectly on account
of information constraints and the lack of a futures market
for finite resources such as oil [e.g., see Heal (1975),

Lecomber (1979)]. The future prices of the resource will

depend upon the interaction of a number of complex factors.
These include: economies in use; discovery of new reserves;
technological improvements; the development of alternative

sources; and the acceptability (on both economic and

environmental grounds) of these new reserves and alternative

sources (e.g., nuclear power). This makes the forecasting of

future resource prices very difficult and inevitably

subjective. Thus Surrey and Page (1975, p.67) conclude that:
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"Knowledge about the ultimate size of world mineral
resources is fragmentary...... There is simply no

way of accurately assessing world reserves of
'so-called' non-renewable resources, nor of

anticipating which materials will constitute usable
resources in the future. Attempts to forecast how

long the reserves will last ultimately reflect the
forecasters' subjective pessimism or optimism about

the future".

Similarly, Lecomber (1979, p.90) states that:
"Price expectations are not formed very explicitly

beyond the next few months or perhaps years. Partly'
this reflects the rate of time preference, of which

more will be said later, but largely it reflects the
feeling that in the face of such enormous

e EA R P R R s Er g

worthwhile."

Consequently, Heal (1975) and Lecomber (1979)
suggest fhat these forecasts for future prices will be based,
at least partly, on an extrapolation of past trends. Figure
2.1 shows that, due to falling extraction costs, resource
prices will be falling (up to the point X) so that the
resource owner at point X will accordingly predict that
further declines in resource prices will occur in the
future. This would encourage greater resource extraction
which will reduce the price (a self-fulfilling prophesy). In
addition, Kay and Kirrlees (19755 point out that expectations
tend to be revised discontinuously. Therefore, this could
further delay the point at which any necessary revisions of
expectations are made on account of the growing importance of
finite resource constraints and rising resource rentals. At
this point (Y), the price of the resource rises sharply to
adjust for the earlier underestimation of the price of the
resource. This will lead to a non-optimal price path being

followed and it is evident in figure 2.1 that, under this

price path -.-.-., the period of rising prices is much
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shorter (YD instead of XD). Conservationists and resource
pessimists have expressed doubts and concern over the

economy's and society's ability to adjust and find

~alternative sources in time before the resource is depleted.

Risk aversion

If the resource owner is risk averse, then he will

place a premium upon a definite current income as aopposed to
a future income which is uncertain on account of the various
exogenous factors affecting the future value of the

resource. Lecomber (1979) states that most individual

producers are highly risk averse. Therefore, this factor
will also lead to excessively rapid rates of resource
depletion(e).

Ownership Uncertainty

In addition to uncertainty about economic and

technological variables, the resource owner may also face

political uncertainty concerning the risks of an increase in

the royalties charged or even an expropriation of their

resource extraction operations by national governments. Such

political uncertainty would encourage the resource owner to

raise the current rate of resource depletion.

(8) However, Kay and Mirrlees (1975) also suggest that there
will be insufficient exploration for new reserves on

account of risk aversion and the public good nature of
the information on resources thereby generated, which

would have a counteracting effect upon resource
depletion. Nevertheless, as Lecomber (1979) points out,

many national governments give tax concessions and
assistance to the resource extraction industry which

tend to offset this.
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The social discount rate vs. the market rate of
interest

The rate of interest plays the important role of an
inter-temporal price in the decision on the current or future
extraction of a resource. Generally, a higher interest rate
will result in more rapid depletion since it discourages
investment in the conservation of the resource(9). It is
advocated by the proponents of economic growth [e.g., Tobin
(1964)] as well as by conservationists [e.g., Lecomber
(1979)] that the social discount rate (r) is lower than the
current interest rate (i) so that this leads to insufficient
investment and provision for the future(IO).

The proposed causes of this inadequate provision for
the future include: imperfections in the capital market; and
favourable externalities associated with certain forms of
investment, such as research and development. Lecomber

(1979) demonstrates that taxation acts as a disincentive

against saving so that the marginal return on saving is less

(9) However, Lecomber (1979) also notes that resource
extraction is highly capital intensive so that
investment in this industry will be discouraged by a
rise in the interest rate. Consequently, it is also
possible that a rise in the rate of interest could lead
to a fall in the rate of resource extraction.

(10) Kay and Mirrlees (1975) comment upon this paradoxically
similar stances of the conservationists and the
proponents of growth and suggest that this implies an
inconsistency on the part of the conservationists.
However, Lecomber (1979) correctly demonstrates that
there is no such inconsistency since the lowering of the
interest rate would discourage current consumption and,
although it would encourage investment, it would also
give particular encouragement to resource conserving
investment (e.g., the development of low-waste
technologies).
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than the marginal returns on investment. Consequently,
social welfare would be increased if there was a rise in the

(11)

supply of loanable funds (savings) for investment The

government appears to acknowledge this problem and attempts
to offset this bias by giving tax allowances and grants for
investment. However, Lecomber and Fisher (1978) state that
these measures act selectively and unevenly. In particular,
the grants and allowances are given mostly for investments in
manufacturing industry;‘ In contrast, less assistance is
given to other valuable forms of investment, such as labour
training, and no offsetting assistance is given for one form
of providing for the future - the conservation of resource
stocks. Thus, there may be an inadequate level of provision
for the future in general and, in particular, an insufficient
level of resource conservation.

Myopia and the short-term planning horizon(lz) of
current decision-makers in general, and the resource owner in
particular, may result in insufficient weight being given to
the future benefits and the interests of-future generations.

The importance that should be attached to the
welfare of future generations depends upon the social and

economic prospects for the future. These vary from

(11) This matter is discussed in greater detail in Lecomber
and Fisher (1978).

(12) In terms of the equations 2.3 and 2.6 given earlier in
the presentation of the private and social optimum
models for the allocation of finite resources, this
suggestion means that the resource owners' finite time
horizon (T) for planning and decision-making is shorter
than society's time horizon (T*).
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pessimistic scenarios [Meadows et al (1972), Mesarovic and

Pestel (1975)] to optimistic forecasts of a continuation of

the past trends of rising real income [Beckerman (1974)}.

Environmental impacts of resource extraction
industries

One source of imperfection is the environmental
impacts generated by the extraction, processing and
combustion of the resources, which result in the
social costs of resource extraction (MSCEX) exceeding the
private costs that the resource owner pays for the extraction

of the resource (MPCEX).

In the light of this imperfection,
private market forces will lead to an excessive level of
resource extraction.

The environmental impacts of resource extraction
constitute technological or environmental externalities which
were analysed in the previous section 2.2.1(ii). This means
that if a study of a subject, such as beverage container
systems, includes investigations of externalities and the
consumption of finite resources, then it would be important
to note this overlap and ensure that the external
environmental impacts associated with resource extraction

were not counted twice in the overall analysis.

Existence of monopoly

Buchanan (1969) pointed out that the presence of

market imperfections (e.g., monopoly) raises doubts and

complications concerning the conclusion, based just upon the

existence of externalities in the perfectly competitive

market, that the output level of an externality generating
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firm exceeds the socially optimum level. Thus, the

monopolist produces at the point where MC = MR and hence

raises prices and restricts output to a level that could

already be lower than the socially optimal level.

Kay and Mirrlees (1975) advocate that the OPEC

monopoly results in the current level of resource extraction
being too low and the current price too high.
However, there is some uncertainty and controversy

over the specific effect of just the monopoly element in

raising resource prices and lowering current extraction

rates. The (rising) price of o0il exceeding the average

extraction costs has often been cited as a measure of the

size of the distortion resulting from the OPEC monopoly.

However, Lecomber (1979) states that the price should equal

not the average extraction costs, but the (long run) marginal

social costs of the resource which, as was shown earlier,

should contain an element for the depletion of this finite

resource (see equation 2.7). Therefore, the increases in o0il

prices could be partly due to a growing importance being

attached by the o0il producers to resource depletion. Heal

(1975) gives some support to this view when he states [Heal

(1975, p.136)] that:

"On this interpretation of events, it seems that the
change in the market behaviour in the early 1970s

followed as asserted earlier, not from any fundamental
economic changes, but from changes in people's

interpretation of the economic circumstances, and in
particular from changes in their interpretation of the

long run balance between supply and demand in the oil
market...... market behaviour only began to change

when traders came to place increasing emphasis on the
long run balance of supply and demand, and during the

earlier 1970s, this factor began to dominate the
formation of price expectations and hence the

behaviour of prices."
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The inclusion of monopoly considerations introduces
another and distinctly different dimension to the analysis.
Thus, the foregoing analysis has considered imperfections in
the intertemporal allocation of the resource and the
externalities associated with the extraction of the

resource. The existence of monopoly concerns imperfections
in the current market structure for resources. These aspects
have to be treated separately. They have different

implications for questions concerning the current level of

resource consumption and for the determination of the

appropriate corrective policy measure. Thus, Surrey and Page

(1975, p.57) point out that:

"R ‘'crisis' stemming from monopolistic exploitation
of resources is potentially no less dangerous than

one stemming from fears of longer-term physical

resource depletion. But for policy formulation the

difference is vitally important.”

In this respect, the existence of an outside
monopoly power, such as the OPEC oil cartel, raises an
important national rather than a global issue concerning
resources. Thus the raising of the price of o0il by OPEC
causes economic and social problems for importing countries
which create a desire, at a national rather than global

level, to reduce the level of energy consumption. This has

resulted in many countries taking measures to reduce their

energy consumption and dependence.

To sum up: It is evident that the question of

whether energy and, perhaps, other raw materials are under-

or over-priced and the importance that should be attached to

this distortion depends upon the complex effects of the
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various imperfections relating to the market for finite
resources. This analysis has shown that the current level of
resource extraction could exceed the socially optimal level

and that the social opportunity costs of the current

consumption of a finite resource could exceed its current
market price on account of some of these imperfection, such
as the lack of a futures market, and the existence of
uncertainty, risk aversion, myopia, capital market
imperfections and externalities associated with the
extraction and use of the resource. However, there are other
imperfections which could have the opposite effect. 1In
particular, the existence of monopoly inithe energy market
has increased energy prices and means that the current level
of energy consumption may be too low (on a global, but not
necessarily a national, level for all countries). At this
conceptual level, it is difficult to determine the net effect
of these counteracting forces. This will depend upon the
relative importance of the determining factors highlighted in
the analysis above.

2.2.1(iv) Summary of the market imperfections

Thus, there are three main types of market
imperféctions which could prevent private market forces from
attaining the social optimum for a product such as beverage
containers. These are:-

(i) a lack of consumer sovereignty;
(ii) the existence of any externalities;

(iii) the consumption of any finite resources, such
as energy and raw materials, which are

considered to be incorrectly priced.
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Therefore, in analysing an environmental issue such

as beverage containers, it is necessary to determine three
points: -

(1) The existence of any of these three types of
market imperfections relating to the activity
under review (i.e., whether the consumers have
the full information and freedom of choice
required for their purchasing decisions;
whether there are any externalities resulting
from the activity, etc.).

(11) Whether these externalities are 'potentially
relevant' externalities in that they result in
the current private position for the activity
under review differing from the social optimum.

(I11) The importance, or valuation, that society
places (perhaps only implicitly) on these - /
market imperfections. This determines the
significance of the divergence between the
current position and the social optimum for the
activity under review.

2.2.2 Evaluation of policy measures for the correction of
market failure

The details of a policy evaluation procedure are
best demonstrated in the light of a specific case.
Therefore, they are presented in the context of beverage
container policy measures in Chapter 4. This section briefly
reviews the general economic theory and principles concerning
the selection of policies for the correcfion of market
failure.

The economist's approach to the problem of
externalities is that they should be reduced not to a minimum
level (zero) but to an optimum level [e.g., see Freeman et al

(1973), Beckerman (1974)]. The reason for this optimising
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Figure 2.2 The optimal level of pollution control
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externality generating party and the environmental protection
department of the government which acts collectively on
behalf of those affected by the externality. This
‘collective' bargaining between the government and the
externality generating party will, according to Buchanan and
Stubblebine, result in the externality being reduced until
there are no further 'pareto-relevant' externalities. This

is similar to the general principles for environmental policy

evaluation outlined earlier. Thus the externality should be
reduced until the externally affected parties' valuation of
the benefits of a further marginal reduction in the level of
the externality is equal to the externality generating
party's costs of making this marginal reduction so that
overall social welfare could not be further increased. This
is the optimum pollution level (p*) shown earlier in

Figure 2.2.

As Nath (1969) points out, the existence of any
potentially relevant externalities does not necessarily mean
that the government should implement measures to eliminate
these externalities on account of the possible adverse
economic impacts. However, the existence of any
'Pareto-relevant' externalities does mean that measures
should be undertaken to.control the externality.

2.3 Conclusion

This chapter first highlights the need for

developing a sound framework for examining an environmental

issue. Accordingly, the second section reviews the current

economic literature and develops a general conceptual
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framework for analysing environmental issues. This

conceptual framework is based upon the premise that the

government should be considering whether the current private

market mechanisms are functioning efficiently - where

efficiency is defined in terms of the achievement of the
greatest social welfare for the whole community, or the
attainment of the social optimum. This entails an assessment

of whether the current position in the market differs from

the social optimum. It is shown that any such divergence can
be caused by the existence of any market imperfections. The
analysis covers three types of market imperfections that are
likely to be particularly important for an environmental

issue such as beverage containers. These are: an absence of

consumer sovereignty; the existence of any externalities

resulting from the production, distribution and disposal of a

good; and the consumption of finite resources which are

incorrectly priced under the curreﬁt market mechanisms. It
is demonstrated that the question of whether the government
should consider to intervene on a particular issue will
depend upon the existence of any market imperfections and, in
particular, the existence of any significant 'potentially-
relevant' externalities. However, any intervention to reduce
these market imperfectidns may have adverse economic impacts
on industry and consumers. Consequently, the market

imperfections should not be reduced to zero but to an optimum

level where the costs of securing a further reduction in

their level just exceed the social valuation of this

reduction. Therefore, in order to determine the extent of
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any government intervention and to select the appropriate
polipy measure, it is necessary to assess the significance of
the benefits (as represented by the reductions in the level
of the externalities and the other market imperfections) and
the economic impacts arising ffom all the alternatiQe policy

options.
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CHAPTER 3
THE MEASUREMENT OF ENVIRONMENTAL DAMAGE COSTS

Introduction

It is evident from the previous chapter that the
valuation of the environmental costs and benefits is of great
importance in an analysis of environmental issues. Thus the
social valuation of an externality determines the
significance of the divergence between the social optimum and
current market position and, hence, the existence and extent
of any need for the government to consider any control
measures. In addition, Figure 2.2 shows that it is the
social valuation of the damage costs of pollution, when
compared with the economic costs of reducing pollution
levels, that determine the optimum level of pollution
control. Facht and Opschoor (1978) point out that the
economic difficulties currently experienced by many countries
mean that increasing importance is being attached to any
adverse economic impacts of environmental policies and that,
therefore, increasingly the question is being asked "what are
the benefits of these environmental policies and do they

(1),

outweigh the economic impacts? Facht and Opschoor

(1978 p.V2) go on to say that:

"It is obvious that these questions need to be
answered. This requires better knowledge of the
costs and benefits of environmental policies. This

(1) Further recent evidence of the increasing demand for the
evaluation of environmental damage costs, and hence the
benefits (in terms of avoided damage) of environmental
policies, can be found in OECD (1980).

- 61 -



is especially true for the benefits of environmental

policies which, in most cases, are underestimated or
even unknown. The crucial question then becomes -

"what can be done to improve the data base for these
decisions?". '

Earlier reviews of environmental issues have been

criticised for the way in which they have assessed

environmental damages. Thus some writers have argued that,

on account of the difficulty of defining and measuring

damages to the environment, these impacts have not been

adequately taken into account in the decisions [e.g., see
Bohm (1972), Dorfman (1976)]. Therefore, there is a need to
examine carefully how environmental costs and benefits should
be valued so as to achieve a satisfactory method of including
the environmental impacts as an input into the
decision-making process.

- The first section of this chapter, 3.1,
presents the objective behind the assessment of
environmental impacts.

- Section 3.2 examines the political and economic
approaches towards the attainment of this
ob jective.

- Section 3.3 comprises a review of some of the
main methods that have been adopted for the
economic evaluation of environmental impacts.
This effectively highlights a number of
important practical problems involved in the
economic evaluation of environmental impacts.

- On the basis of this information on the ideal
objective and the practical problems of
achieving it, the final section 3.4 then
develops a possible 'best practicable' approach
to the evaluation of environmental impacts.

3.1 The objective

The objective in assessing environmental impacts is

to provide an input of information on the nature, magnitude
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and significance of the environmental impacts. This
information should be designed to aid the decision-makers so
that they can gain a better understanding of these impacts
and, hence, be able to ascertain the importance that society
(including both present and future generations) places on the
environmental impacts under review.

3.2 Approaches towards the achievement of this objective

3.2.1 The political approach

Arrow and Scitovsky (1969, p.1l13) state that:

"The political system is one important mechanism for

the allocation of resources (dominant in a socialist

system) of major importance in virtually all modern
systems."

Bowen (1943) suggested that a ballot of the
individual members of a community can determine the optimal
decision on an environmental issue (e.g., the level of
environmental services to be provided etc.). In the context
of the beverage container debate, such voting procedures have
been adopted in the USA, where a number of States have held
referenda on whether beverage container legislation should be
implemented. However, apart from being a rather cumbersome
and costly procedure, referenda also have a number of other
important limitations.

Portney (1975) examines the assumptions behind
Bowen's analysis and finds that they do not accord with

(2)

reality . The turn out for such referenda is generally

low and the abstainers are likely to have different

(2) The assumptions behind Bowen's analysis are detailed in

Bowen (1943, p.120). A critique of these assumptions is
given in Portney (1975, pp.298-300).
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preferences from the voters so that the results of the vote
cannot be taken as representing the socially optimal
decision. Consequently, Portney (1975) and Freeman (1979a)
are sceptical about the usefulness of such voting methods for
assessing environmental issues(B).

Furthermore, Rowen (1975, p.309) adds that the
results of a vote, and hence its ability to yield a reliable
decision on an environmental issue, will depend upon the
(lack of) information that the voters have on the issue and
the existence of any element of bias. It is likely that the
individual voters will not be fully aware of the complex
ramifications involved in an environmental issue. 1In
addition, the campaigns run by both sides may concentrate on
emotive vote catching arguments, some of which may well be
unfounded or exaggerated. Therefore, the electorate may not
be given an informed view of the issues on which they are
voting. Brandt (1975) says that this did occur in the
American States' referenda on beverage container
legislation. He also shows that the greater financial
resources of the parties opposing legislation meant that they
were able to make greater use of the advertising media during
the campaign.

Portney (1975) points out that voting is of limited

usefulness for the determination of new wide-ranging projects

(3) Freeman (1979a) also notes that voting could only be
applicable where the costs and benefits of an
environmental protection programme affect solely the
voting community. Hence, this makes the use of
referenda (especially local referenda) inappropriate for
pollutants that cross local and national boundaries.
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for which there are a number of alternative variants (e.g.,
plants of different sizes, types, location, etc.), since the
voters are usually restricted to saying yes or no to
particular propositions. This problem could be overcome if a
series of iterative referenda were performed until the
optimum solution concerning the type and level of project was
arrived at. However, such iterative referenda would not be
practicable. This means that the selection of the particular
proposition and the actual phrasing of the question in the
referendum can have an important effect on the outcome.
Tullock (1959) emphasises that referenda do not
enable the voters to reveal the intensity of their
preferences. Consequently, the use of majority voting can

(4)

result in efficient projects being rejected and
inefficient projects being accepted [see Portney (1975)].
Tullock (1959) concludes that majority voting is not by any
means an optimal method of allocating resources. Portney
(1975) goes on to suggest that it is therefore useful to
consider an alternative procedure which attains both the
efficiency and equity objectives.

Bowen (1943) also points out that, in practice, the
issues in elections are rarely clear cut so that the
electoral system can seldom be regarded as yielding
unequivocal indications of public preferences. Therefore, he

also suggests that it is necessary to examine other methods

of ascertaining public preferences on specific issues.

(4) Where efficiency is defined in terms of maximising
social welfare.
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This leads to an exémination of the decision being
made by a body of elected representatives who, ideally, could
take into account the intensity of the public's preferences
concerning the issue under review. Pressure dgroups are a
commonly adopted means of conveying such information to the
elected decision-makers. This conforms to Dorfman's (1976)
definition of the 'decision-maker' as being not a single
entity but rather a body that performs the process of
reconciling the desires and claims of the various groups
affected by the issue under review. However, certain
reservations have been expressed concerning the manner in
which this procedure currently operates. Thus, Freeman
(1974) states that:

"One must certainly hope that the executive branch

will be responsive to the known wishes and needs of

the population and will be active in trying to
ascertain these needs where they are not known. But

the experience of politics over several thousand
years has shown conclusively that this cannot be

relied upon".

Rawls (1973) advocates that the discussion in the

political arena should not be seen as a contest between

conflicting interests but rather as an attempt to build a

consensus and formulate a 'just' policy. This may apply in

the more consensus-oriented societies such as Japan and

Sweden. However, in Europe and (particuérly) North America,

a more adversarial attitude and approach prevails. This may

push the respective pressure groups into more extreme and

rigid stances. Consequently, it is open to doubt whether the

views expressed by the pressure groups in the latter

countries are truly representative of public opinion on the
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issue. Furthermore, Galbraith (1967) has observed that some
df the pressure groups have a disproportionate amount of
influence in the political decision-making process.

Reich (1971), in his anatomy of the corporate state,
develops Galbraith's concept of countervailing power [see
Galbraith (1952)] and the theory of pluralism to suggest that
the public decision-making process is excessively influenced
by the 'organised interests' (e.g., business and organised
labour) to the detriment of the, as yet, léss organised
pressure groups (e.g., consumers and those in the secondary
labour market). Specifically in the context of environmental
issues, Dorfman (1976) says that "the dice were loaded in
favour of the big battalions". By "big batallions", Dorfman
presumably means the established industrial groups who have
greater financial resources and better information and who
understand the political system better and hence tend to be
able to influence it more effectively.

Finally, Brooks (1976) argues that the present
system often results in paralysis or delays in the resolution
of issues. 1In the light of these shortcomings of the present
political system, Brooks (1976, p.133) concludes that:

"The ultimate difficulty with participatory decision

processes 1s the lack of assurance that all the

relevant interests and perspectives will be

represented in a balanced way. Mobilization of a

particular affected constituency may depend on

accidents of leadership or of command over financial
resources. Many affected groups may not even
perceive that their interests are involved. Others

may be young children or unborn future generations.”

3.2.2 The économic .approach

As a result of these problems with the political

approach and a desire to provide a supplementary input of
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'harder' information into the political decision-making

process, attempts have been made to determine more explicitly

and precisely the valuation, or importance, that society
attaches to the environmental impacts. Thus Williams (1973,

p.60) points out that :

"Where complex issues are involved, we must rely on
analysis to help. Intuition and goodwill alone will
not help”.

Mishan (1975) suggests that the valuation of environ-

mental impacts should be based upon the allocative criteria
of welfare ecohomics. Under this economic approach, the
environmental impacts are valued in terms of the individuals'
'willingness to pay' for the environmental good. There are a
number of issues which should be highlighted concerning this
'willingness to pay' criterion.

First, Rawls (1973) argues that intensity of desires

or convictions are irrelevant for purposes of social

decisions. There may be some truth in Rawls' statement that

people who express their opinions with greater conviction are

not more likely to be right. However, the variation in
individuals' preferences could be due not only to the greater

conviction and confidence of some individuals, but also to

variations in the actual impacts of a measure upon different

individuals and to variations in their preferences on the

issues involved. Failure to allow for the latter effects can

lead to the problems concerning majority voting that were

identified in the previous section [see Portney (1975)].

Second, and more importantly, the 'willingness to

pay' valuations reflect not only the intensity of an
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individual's preferences but also his/her income. This has
distributional implications which are considered later.
Third, conventional Cost-Benefit Analysis (CBA), as
strictly defined, requires an evaluation of the various
impacts of a policy in a commensurate unit (money). The
economic evaluation of the various environmental impacts in
terms of a common monetary unit would enable comparison and
aggregation of the many different types of environmental
impacts that are likely to be involved in a specific issue or
project. Moreover, estimates of the costs of an
environmental policy will usually be presented in monetary
terms. Therefore, the presentation of monetary valuations of
the policy's benefits would enable direct comparisons and
trade offs between an environmental policy's benefits and
costs and a single figure for the policy's net value could
then be derived. However, it is disputed whether it is
possible to derive a monetary willingness to pay figure for
many environmental impacts on account of their essentially
qualitative nature. It has been argued that attempts to
assign monetary values to the environmental impacts of a
project have led to such qualitative impacts being given
insufficient consideration or being ignored altogether in the
decision-making process(s).
Fourth, Nash et al (1975) raise the question of

'whose preferences shall count'? 1In particular, whether the

preferences of future generations and children should be

(5) This subject is examined further in the final section of
this chapter.
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considered and, if so, whether they can be adequately taken
into account? Lecomber (1978) states that the economic
approach concentrates on the 'willngness to pay' of current
generations. The existence of uncertainty and risk aversion
and myopia on the part of current generations means that
there is a positive time preference rather than the zero time
preference advocated by Rawls (1973). It should be noted
that Rawls does not deduce from this that a zero discount
rate should be adopted but that an appropriate discount rate
should be used to allow for future generations' greater
wealth arising from current investments. However, the
forecasts of a continuing rise in welfare levels have been
disputed by some authors [e.g., Meadows et al (1972),
Mesarovic and Pestel (1975)]. These doubts, along with other
considerations, such as the existence of capital market
imperfections, risk aversion and myopia, have prompted the
suggestion that the interest rates currently used in economic
evaluations could lead to insufficient weight being given to

the welfare of future generations(s) [Lecomber (1979)].

(6) However, the political approach is probably no better
than the economic approach in this respect and, in fact,
it may be worse since the political decision-makers
concentrate on the current generation of voters and, in
particular, on the voters in marginal constituencies.
Furthermore, the time horizon of political
decision-makers is likely to be 3-5 years (the date of
the next election) and therefore they are likely to give
little weight to the future welfare of the current
generations let alone that of future generations [See
the quotation from Brooks (1976) given earlier on
page 671].
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Fifth, Nash et al (1975) question whether the

economic approach's concentration on the values revealed by
individuals' preferences is appropriate in all
circumstances. This concerns two aspects. One applies in
situations where, on account of lack of information, the
individual consumer cannot fully perceive a particular
impact. This aspect covers 'merit' goods (e.g., health,

education), de-merit goods (smoking, safety belts, crash

helmets) and also environmental impacts that are outside the

individual's normal perceived horizons (e.g., long-run
cumulative health impacts, impacts on distant parties). Nash
et al (1975) argue that decisions on such goods and impacts

should not be based solely on the individuals' preferences

and willingness to pay but should also take into account

those aspects that are not perceived by the individual

consumers. The second and related aspect concerns the

economic approach's consideration of the benefits of an

environmental policy solely in terms of the effects upon the

economic welfare of mankind. Thus impacts on the natural

ecosystem are only included in the valuation in so far as

they affect mankind's economic welfare. This humanistic

approach means that, in an analysis, no intrinsic value would

be attached to the extinction or preservation of a species.

Tribe (1976) presents an interesting critique of these

humanistic foundations of economic evaluations. This latter

aspect is related to the former one to the extent that the

extinction of a species or a reduction in genetic diversity

may appear at present not to have any adverse impacts on
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humans while, in fact, it might have some (as yet
unperceived) impacts on human activity in the future.

The aggregation of individuals' preferences

The use of the CV vs EV concept

The efficiency criterion of welfare economics is the
Hicks-Kaldor test of potential pareto improvement. [Hicks
(1939), Kaldor (1939)1(7),

Under this criterion, a policy is deemed to secure a
(potential) pareto improvement if the sum that the
beneficiaries are 'willing to pay' for a policy to be
implemented exceeds that which the losers are 'willing to
receive' (in compensation) for the costs arising from the
implementation of the policy - i.e., if the beneficiaries
could 'over'-compensate the losers. The objective of this
economic approach is to maximise this measure of social
wel fare. Therefore, this procedure is designed to lead to
the selection of that policy which yields the maximum surplus
of benefits over costs. However, Mishan (1975) criticises
the use of this Compensating Variation (CV) concept and
suggests that an Equivalent Variation concept (EV) should be
used as a supplement or an alternative to the CV concept.
This EV measure considers what consumers would be 'willing to
receive or pay' if the policy or project was not
implemented. Under this alternative concept, a policy should

be introduced if the sum that the beneficiaries are willing

(7) A more detailed analysis of the conceptual foundations
and problems of this economic approach is given in
Mishan (1975), Nash et al (1975) and Freeman (1979%9a).
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to receive to forgo the policy exceeds that which the losers
are willing to pay to prevent its implementation.

Mishan (1975) shows that the sum that beneficiaries
are willing to pay is less than the sum they would be willing
to receive. The former sum being constrained by their
income. This intuitive reasoning is supported by recent
empirical information [see Pearce and Edwards (1979)].
Therefore, Mishan (1975) demonstrates that the introduction
of a policy measure for environmental improvement could be
considered to be undesireable under the Compensating
Variation concept, while at the same time the failure to
introduce this policy could also be incorrect under the

(8). In this respect, Mishan

Equivalent Variation Concept
emphasises the role of the currently accepted law of legal
liability in determining the outcome. He argues that an
implicit favouring of the status quo results from the lack of
any legal property rights in a clean environment and the

pareto-potential basis of conventional Cost-Benefit Analysis,

which entails the use of the CV concept(9).

(8) However, a policy or project that resulted in a
deterioration in the environment could be considered
undesirable under the CV concept while this project
could be acceptable under the EV concept. Therefore the
use of the CV rather than the EV concept is not
inherently pro- or anti-environment. Nevertheless, it
favours the status quo and means that insufficient
environmental improvement measures would be undertaken.

(9) 1In relation to current environmental policies in :
general, and the beverage container issue in particular,
Mishan's statement may still have some relevance today.
Thus the onus is on the advocates for environmental
improvement to demonstrate that an environmental issue
is sufficiently important to warrant investigation and
then that the environmental benefits outweigh the
administrative costs and economic impacts of intervention.

(contd. next page)
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Efficiency/equity objectives

Haveman and Weisbrod (1975, p.38) state that:

"Concern with the goal of allocative efficiency is

the preoccupation - indeed the sole concern - of the

'new welfare economics' and, at least until

recently, of cost-benefit analysis."

Thus cost-benefit analysis, as strictly defined and
applied, does not give any explicit treatment of the distri-
butional implications of a project. This developed from the
attempt to obtain value free analytical tools, which would
enable the analyst to avoid the problem of having to |
incorporate in the analysis his - or some other persons' -
value judgements on the normative issue of equity.

HoweVer, a closer inspection of the application of
this strictly defined cost-benefit analysis reveals that it
does entail some implicit value judgements concerning
equity. First, the economic evaluation is based on the
preferences of individuals as represented by their

'willingness to pay', which are affected by their incomes so

that greater weight is thereby given to the higher income

(9) (contd. from previous page)
During the 1970s, the balance may have been redressed
somewhat in favour of the environment as a result of
certain legislation and (international) recommendations
[e.g., the Polluter-Pays Principle, OECD (1972)] and, of
particular relevance to this study, the passing of the
OECD recommendations concerning beverage containers [see
OECD (1978)]. These directives meant that there was
then pressure on the industrial bodies to demonstrate
that some policy measure for environmental improvement
should not be implemented. The current adverse economic
conditions mean that the onus of proof has now moved
back on to the environmental bodies to demonstrate that
an environmental problem is sufficiently important to
justify action.
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groups. The use of this criterion implies that the marginal
utility of income is deemed to be constant for all
individuals and that the current distribution of income is
optimal. This latter aspect is also important since the
current distribution of income affects the relative market
prices upon which the efficiency results of the economic
approach are based. Thus Haveman and Weisbrod (1975, p.46)
conclude that:

"As a consequence, judgements about desirability or

acceptability of alternative income distributional

patterns are conceptually inseparable from estimates
of social benefits.”

Second, the potential pareto improvement test of
conventional Cost-Benefit Analysis entails only hypothetical
compensation. It does not necessarily involve actual
compensation of the losers by the beneficiaries. This
detracts from the analytical niceties of the economically
efficient solution. Thus Haveman and Weisbrod (1975) argue
that an 'efficient' project, which passes the potential
pareto improvement test, does not unambiguously increase
social welfare unless the compensation is actually paid.
They go on to point out that the payment of the compensation
would be difficult and also that the approval of a project by
the political decision-makers can depend significantly upon
whether or not compensation is paid. Therefore, Haveman and
Weisbrod (1975, p.42) advocate that:-

"In short, an explicit decision regarding the

desirability of the income redistributional effects

is required before a meaningful statement can be

made about the effect of net benefits on real
welfare."
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The importance of distributional issues to
decision-makers and the need to go beyond the efficiency
criterion and give explicit consideration to distributional
impacts are further borne out by various other authors [e.g.,
see Rawls (1973), Portney (1975), Rowen (1975)].

Portney (1975) points out that the distributional
anonymity of conventional Cost-Benefit Analysis may well have
been one of the reasons for political decision-making
procedures, such as referenda, being used instead.

Therefore, a number of methods have been proposed
for the explicit incorporation of distributional
considerations into the analysis. These include: Little's
proposal that a project should have to pass not only the
Hicks-Kaldor test but also that it must improve the
distribution of income [Little (1957)]; Rawls' maxi-min
criterion [Rawls (1973)]; the proposal that the results of a
cost-benefit analysis should be presented in a disaggregated
format so that the incidence of a project on various income
groups can be readily identified [e.g., see Nash et al
(1975)]; and some authors have used information on past
government decisions (e.g., marginal income tax schedules or
government expenditures) to derive a set of implied social
distributional weights which can then be used with the
disaggregated incidence data to determine a project's impacts
on 'social welfare' [e.g., see Krutilla and Eckstein (1958),
Haveman (1965), Weisbrod (1968)]. The various proposals do

also have some limitations and have been subjected to
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criticism. 1In particular, Nash et al (1975) are sceptical of
the techniques that derive distributional weights from
government decisions.

3.3 Methods adopted to value environmental impacts -
Practical problems encountered

The need for more substantive information to aid the
political decision-makers' consideration of an environmental
issue has meant that a number of methods have been adopted to
assess environmental impacts. These methods include:
physical impact studies; consumer surveys; market based
studies; house price depreciation - or hedonic pricing -
studies; travel costs models; and the use of the
assessments of experts and the official authorities. 1In
their application, some important practical difficulties have
been encountered which effectively highlight the complex
problems of valuing environmental impacts.

3.3.1 Physical measures of pollution damage

Physical measures are a fundamental building block
for the economic evaluation of pollution damage. However,
there is a lack of data on the levels of pollutants in the
environment and on the various physical indicators of
environmental quality.

Walters (1975) reviews the various possible measures
for noise and sﬁows that there is some controversy over which
of these measures gives the best ‘index for the disturbance
caused by aircraft noise.

Turner (1977) shows that there are a number of

alternative indicators of water quality that are relevant for
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different aspects of recreation. He points out that water
quality measures are often selected more on the pragmatic
basis of whether hard scientific data are available to enable
their use in practice rather than whether they give a

theoretically perfect indicator of the perceived impact of

the pollution upon consumers.

In addition, there is insufficient knowledge about
the effects of a pollutant on the ecosystem and the physical
impacts of environmental changes on humans'(e.g., effects on
morbidity and mortality rates). Multiple regression
analyses, episodic, epidemiological and laboratory studies
have been undertaken to develop some dose-response
relationships for the effects of pollutants on humans(lo).
However, there is much controversy over the different
studies' results. Furthermore, most of these studies reléte
to the United States and may not be appropriate for other
areas where the conditions are different. Differences in the

metereological and topographical conditions may lead to

differences in the ambient concentration levels of a

pollutant in the environment and the physical damages of a

pollutant will be greater at higher ambient concentration

levels. In addition, the physical impacts of the pollutant

will be affected by variations in the type and number of

plant and human life and also the levels of other pollutants

in the affected area. Therefore it is ideally necessary to

(10) Further details on the methods, results and limita%ions
of such studies are given in Lave and Seskin (1977),

Freeman (1979%a,b), OECD (1983).
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undertake a specific physical impact study for each
particular situation or, if this is not feasible, to exercise
considerable caution in applying the results of other studies
to a different situation.

Consequently, there is a need for more and better
information on the physical damage functions for the
pollutant(s). Thus Freeman (1979a) states that the current
lack of knowledge on these physical relationships may, in
some cases, be a major barrier to the economic evaluation of
environmental damages. Pearce (1976b, p.7) points out that:

"While the literature on dose-response relationships

is immense, it remains the case that, almost without

exception, we know little of the exact linkages
between pollution and physical response.......

Accordingly, there is every argument for improving

the state of our physical knowledge."

3.3.2 Consumer surveys

Surveys of consumers' preferences provide a
potentially useful and direct way of ascertaining the value
that society places upon an environmental issue. Therefore,
consumer survey techniques have been extensively studied and
adopted [e.g., see Randall et al (1974), Brookshire et al
(1976), Brookshire et al (1979), Rowe et al (1980)].

The surveys can take the form of questions requiring
a straightforward yes/no reply. However, such questions can
limit the options on which the consumer is able to state his
preference and do not reveal the intensity of the consumers'
preferences. Therefore, some surveys have also incorporated
a scale of weights for the consumers' preferences or a

ranking of their preferences for the environmental impacts in
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question in relation to other issues. In accordance with the
economic approach outlined earlier, some surveys have also
attempted to ascertain directly the consumers' willingness to
pay.

However, the performance of consumer surveys can
raise a number of problems. Two axioms of economic theory
relating to consumer sovereignty are that consumers have well
defined preferences and that they have the necessary
information on which to form these preferences.. However,
many consumers may not have predetermined preferences
concerning the environmental issue in question. Furthermore,
it is doubtful whether all of the consumers surveyed have
sufficient information to be able to comprehend the
environmental issue (and all its ramifications) which may lie
outside their normal perceived horizons. Hence, many of the
gquestions may appear hypothetical. Therefore, the consumers
may find it difficult to give an answer. It is particularly
doubtful whether consumers are able or willing to conceive
and state a monetary sum that they are - or would be -
'willing to pay' for the environmental impacts under review.
Consumers resent being asked to give a monetary willingness
to pay figure for an environmental issue (e.g., freedom from
noise) which they regard as a 'natural right'. Consequently,
many consumers refuse to answer such questions [see Ollerhead
(1973), Pearce and Edwards (1979), SEDES (1980), OECD (1983)1].

Freeman (1979a) has emphasized the importance of
designing a survey so as to ensure that consumers participate

in the survey and provide accurate information.” Randall
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et al (1974) also stated that the questions included in their
survey had to be restricted on account of the consumers'
limited patience and desire to participate in surveys.
Moreover, there are five factors that can limit the
accuracy and relevance of the consumers' replies to the
questions, and can create problems for the interpretation of
the results generated by the surveys. The first factor is
the need to ensure that the survey is just picking up the
respondents' preferences concerning the environmental issue
under review and not some other aspect. Thus Randall et al
(1974) note that the valuations given by respondents may be
affected by, and hence reflect their attitudes towards, the
method of payment postulated in the survey (e.g., an aversion
to paying taxes). The second concerns the importance of
ascertaining how the respondent has interpreted the question
so as to ensure that any possible biases can be identified
and allowed for. The respondents' problems over
understanding the (hypothetical) questions can lead to their
misinterpreting these questions and hence giving inaccurate
and inconsistent replies. Ridker (1967) cites an instance
where this occurred. The questions in some studies contain
certain ambiguities. Thus Mishan (1970) criticses the
Roskill Commission's use of questions about the consumers'
valuation of ‘the compensation required if they had to move to
another area, on the grounds that the extent of the move was
not specified. In one study [Langdon (1978)], the questions

were deliberately phrased ambiguously in terms of 'what it is
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worth' to reduce traffic noise. This was considered to be
neutral between the compensation and willingness to pay
approaches and was designed to avoid the problem of
resentment and non-response to questions concerning natural
rights. However, this probedure is still subject to the
problem of 'how neutral' were the questions? and how were
they interpreted by the respondents?

A third and important factor is the identification
of the level and the particular characteristics of the
environmental impacts that the respondents are valuing. This
problem is exacerbated by the subjective nature of
individuals' perceptions of environmental impacts.

Fourth, the consumers are likely to be biased by the
information given during the interview and by the manner in
which the question is phrased. Thayer (1981) reports that a
study by Rowe et al (1980) revealed that the information
given has a significant effect upon the valuations expressed
by respondents. Freeman (1979a) comments that surveys, which
derive willingness to pay estimates by a series of iterative
questions of whether a certain value is too high or too low,
are subject to the problem of starting point bias. However,
Thayer (1981) found no evidence of any starting point bias in
his study.

The fifth possible limitation of consumer surveys
concerns the problem of strategic answering to questions
about willingness to pay (WTP) on the part of consumers

acting as 'free riders' in the collective decision on the
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project [see Samuelson (1954), Bohm (1972)]. Thus, if these
'free rider' consumers thought that they would have to pay a
sum equal to their WTP figure, then this introduces an
incentive for them to understate their willingness to pay.
While, if they think that they personally might not have to
pay the costs of the (local) project which, for example,
might be borne by national taxpayers, then there may be a
tendency for them to overstate their preferences. The
direction and significance of this bias will depend upon the
source from which the project will be financed, the
respondents' impression on this matter and the effect that
this has on their replies. 1In relation to this point, the
survey should be attempting to ascertain the consumers'

willingness to pay for the project independently of the

financing of the project. When the final decision is made on
the project, the summary WTP figure will be compared with the
costs and the methods of financing the project. Therefore,
the information and questions in the survey should be
designed and presented to ensure that the consumers only
consider the benefits aspects and give a WTP figure that 1is
independent of the financing of the project.

Thayer (1981) reviews the recent evidence concerning
the problem of strategic answering and concludes that
strategic behaviour can be avoided by sound questionnaire
design and that significant problems of strategic answering

do not appear to have been encountered in recent studies.
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It is.apparent that this limitation and also the
other limitations could satisfactorily be overcome by
improvements in the design and execution of the survey.(ll)

For example, more elaborate consumer survey

techniques have been developed which incorporate the use of
visual aids to provide the respondent with more information
and a more realistic awareness of thg subjects on which they
are being questioned [e.g., see Hoinville (1971, 1975)].
The survey is designed so that the respondent plays it as a
game and the questionnaire is framed in an iterative manner.
In this way, the survey elicits the consumers' opinions and
preferences on the actual issues under review. In some

studies [e.g., Hoinville (1971)], monetary willingness to pay

values have been derived from the consumers' relative

preferences for the environmental benefit in comparison with
an item with a monetary dimension (e.g., savings in journey
costs, fares, etc.). Furthermore, consumer surveys have been
extensively used recently in the 'bidding games' studies
which have been performed for major environmental impacfs and
issues (e.g. see Brookshire et al (1976, 1979), Thayer
(1981)).

It appears that, where the main possible pitfalls
and limitations highlighted earlier are overcome through a

sound organisation and performance of the survey, then such

(11) However, it is important to note the possible conflicts
that could arise from the resolution of the various
limitations. For example, the provision of more
information could reduce the hypothetical nature of the

questions but, unless this information was carefully
presented, it could bias the respondent.
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thorough consumer surveys could provide the most valuable of
the various methods of valuing environmental impacts. Thus
Pearce and Edwards (1979, p. 217) conclude that: -

"Direct questions about 'Willingness to Pay' are

possible, and while there are numerous problems to

overcome, it seems more likely that useable results
will emerge from surveys rather. than from models
with theoretically unsound bases".

Nevertheless, these more elaborate techniques are
still subject to and in fact exacerbate one final and
important problem with consumer surveys. This 1is the costs
involved in undertaking sufficient in-depth individual
interviews to ensure that the survey can yield representative

and valid results. 1In many cases, a lack of resources may

preclude the possibility of adopting this potentially
valuable technique.

3.3.3 Market Based Studies

Estimates of consumers' valuation of an

environmental good could be derived from studies of market

behaviocur. This is based upon the premise that consumers'

actual expenditures reveal their preferences and that
"Actions speak louder and clearer than words". Thus
consumers' expenditures on measures to reduce the impact upon
them of an environmental probl§m could be expected to yield a
(minimum) estimate for their valuation of the environmental
problem. Prominent examples of abatement expenditures are
the installation of double-glazing and the cleaning/

repainting of materials and buildings.
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However, there are five major problems with the
market based approach. Firstly, reduction of the impact of
the environmental pollutant may not be the sole function of
the abatement expenditure. Thus double-glazing may be
installed to cut heating costs as well as to reduce the
impact of traffic noise. This limits the ability of
abatement expenditures to give useful measures of the
valuation of a particular environmental problem.

Secondly, the householders' abatement activity may
not be a perfect substitute for the absence of an
environmental problem and may not perfectly restore their
welfare to the level of the original polluted situation.

For instance, the installation of double glazing may reduce
the level of the noise inside the house but will still mean
that the householder suffers the unabated noise levels when
he opens the window or sits in the garden. Thus there will
still be residual impacts which must also be taken into
account.

A third problem arises since the consumers'
expenditure on abatement techniques may only represent a
minimum estimate of their willingness to pay for a reduction
in an environmental problem on account of the existence of
any consumers' surplus element which should also be included.

Fourthly, the ability of householders to install the
abatement .equipment may be limited by various factors, in
particular their income. Consequently, market based measures
will be reflecting ability to pay as well as willingness to

pay so that their use raises some distributional problems.
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The fifth problem concerns the limited capability of
the market-based approach to provide a valuation of certain
environmental impacts where the consumers do not have full
information on the nature and extent of the environmental
problem and where there is a lack of interaction between the
demand for an environmental good and the market demand for
private goods. In these circumstances, there is not a
marketable commodity which can represent a surrogate
indicator for the environmental impacts. Thus, Freeman
(1979a) states that valuations of non-user environmental
benefits, such as option value, preservation value, etc.,
cannot be inferred from market-based studies.

Moreover, Ridker (1967) and Peskin and Seskin (1975)
point out that, in practice, it is difficult to obtain good
data on abatement expenditures, especially those undertaken
by households, let alone to be able to separate and single
out the effect of pollution from the other determinants of
abatement expenditures.

Ridker (1967) indicates that this latter aspect
would entail the performance of an opinion survey of
householders which would have to include sophisticated
questions about their abatement expenditures and which would
require considerable time and money. Peskin and Seskin
(1975, p.12) conclude that:-

"However, the analyst should be aware of a practical

difficulty with this approach. 1Identifying those

expenditures which are truly defensive is seldom an
easy task. For example, to determine the extent to
which home air conditioning represents a defense

against polluted air versus a defence against

humidity and high temperatures would require
knowledge about the motives behind each purchase of

an air conditioner. Unfortunately this type of
information is rarely available to the analyst."

- 87 -



Ridker (1967) also reports the results of inter- and
intra-urban studies which revealed no positive correlation
between air pollution levels and cleaning expenditures.

There are four possible conclusions that can be drawn from

this finding. First, that the pollution does not have any
effect upon the welfare of the householders. Second, that
abatement expenditures are poor indicators of the impact of
pollution on householders' welfare. Third, that the
abatement expenditure studies have some important
deficiencies and limitations. A fourth possible conclusion
is that the elasticity of demand for cleanliness is equal to
unity. This aspect was raised by Watson and Jaksch (1982)
who show that the effects of an improvement in air quality on
cleaning expenditures depend upon the size of the elasticity
of demand for cleanliness and that changes in cleaning
expenditure would only provide an accurate valuation if the
elasticity of demand is zero. They suggest that the

elasticity of demand is close to unity so that changes in

cleaning expenditures would underestimate the benefits of an
improvement in air quality(12).

It appeared, in Ridker's study, that other
determinants of cleaning expenditure levels (e.g., the desire

for uniform cleaning schedules) outweighed any effect of the

soiling damages caused by the emission of air pollutants.

This gives some support to the first hypothesis and possibly

also the second. However, other studies found that cleaning

(12) A detailed examination of Watson

- C ] an h's analysis
is given in Freeman (1979b) and OEC )
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costs for households were higher in more polluted areas
(e.g., Michelson and Tourin (1966), Liu and Yu (1976), Heinz
(1979)]. Furthermore, consumer surveys have found that
consumers did desire improvements in environmental conditions
and that they were willing to pay for these improvements
(e.g., see Hoinville (1971), Brookshire et al (1979)]. These
and other observations of householders' dis-preferences for
pollution run counter to the first hypothesis and suggest
that the second and third hypotheses require detailed
examination. These issues are now considered in the context
of one market based valuation technique that has received
extensive study: the house price depreciation or Hedonic
pricing approach.

3.3.4 The house price depreciation - or hedonic pricing -
studies

Hedonic pricing is an established technique that has
been used for the valuation not only of environmental
impacts, such as air pollution and noise, but also of other
social issues, such as workers' health and safety [e.g., see,
Thaler and Rosen (1976)].

The general theoretical foundations of hedonic

priéing have been formulated elsewhere [e.g., see Rosen
(1974)], as has the application of these theoretical
foundations to environmental issues [e.g., see Harrison and
Rubinfeld (1978b), Freeman (1979c), Pearce and Edwards
(1979)]. The various empirical studies have been extensively

reviewed in other reports [e.g., see Walters (1975), Pearce

(1978), Freeman (1979a), OECD (1983)]. Therefore, these
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theoretical foundations and the details of these studies are
not examined in depth in this thesis, which first outlines
the theory of hedonic pricing as applied to environmental
issues, such as noise and air pollution. The major
assumptions behind this technique are then critically
analysed.

Hedonic pricing: Theory and Underlying Principles

Under this approach, house prices are considered as
being determined by their characteristics, one of which will
be the quality of the house's environment (e.g., the noise
level, etc.). 1In this case, the consumers' abatement
activity is moving from noisy to quiet areas. Such movement
will result, ceteris paribus, in higher prices for the
quieter houses. Therefore, analysis of the prices of houses
in areas with different pollution levels should enable
derivation of an estimate for householders' willingness to
pay for environmental quality improvements.

The hedonic pricing technique involves four
sequential steps. These are:-

- Step 1 comprises the formulation of the hedonic
house price function. This function includes
various characteristics of a house that determine
house prices.

- Step 2 consists of calculating the derivative of
the hedonic house price function with respect to
the environmental attribute (e.g., level of
noise). This derivative represents an estimate of
the household's willingness to pay for a marginal
environmental improvement. This is also sometimes

referred to as the marginal implicit price of the
attribute.
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- Step 3 entails the estimation of the marginal
willingness to pay function of households. This
function is analagous to a demand curve for a
clean environment. The function is determined by
regressing the households' marginal valuations
(the derivatives calculated under the second step)
on the level of noise and other variables (e.g.,
household income) which are parameters of the
demand curve for a clean environment.

- Under the final Step 4, the benefits of an
environmental protection programme are then
calculated by inserting into the willingness to
pay function the appropriate environmental quality
levels before and after the programme and
estimating the corresponding area under the demand
curve.

Critical analysis of the hedonic pricing technique

There is a wide divergence between the results that
the different studies at individual sites give. for the
depreciation in house prices with a unit increase in the
noise level [see Pearce and Edwards (1979)]. This indicates
that the results from a particular study of one specific
situation may not necessarily be applicable to another
situation. Therefore a specific study (ideally) should be
undertaken for each individual situation.

However, the performance of a multiple regression
house price study raises a number of theoretical and
empirical problems which should be overcome if a hedonic or
house price study is to yield meaningful results. The
following critical analysis is designed to identify the major

potential problems associated with the hedonic price models.
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(a) Assumption of a perfect housing market in
equilibrium

The hedonic price models assume that there is a
perfect housing market and that it is in equilibrium.
However, Pearce and Edwards (1979, p.211) comment that:

"of all markets, the housing market is the one in
which such an assumption is least likely to be met."

If these two assumptions do not hold, then the
actual market prices of houses do not equal the householders'
desired prices and a change in a house's characteristics will
not necessarily be (immediately) reflected in a change in
house prices. Maclennan (1977) states that this possible
existence of dynamic disequilibrium in the housing market
means that the underlying principle of hedonic pricing theory
must be questioned.

Existence of imperfections in the housing market

There are three main imperfections associated with

the housing market.

(1) Lack of choice. Freeman (1979c) notes that,
for certain categories of households, there are

not available for sale a wide variety of
differentiated houses with the appropriate mix
of characteristics. This problem of the thin
market would be compounded where market
segmentation is evident so that separate
hedonic price studies have to be performed for
the specific sub-markets.

(ii) Lack of freedom of movement. There are

substantial financial and psychic costs of
moving houses which mean that, if there is an

increase in noise levels, there will be some
noise averse households who are not able to

move but whose valuation (especially under an
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(iii)

(b)

EV measure) of the annoyance caused by the
noise exceeds the house price depreciation for
noise given by the hedonic pricing models [Paul
(1971), Mdler (1977), Pearce (1978)].

Imperfect information. It is unlikely that

prospective house purchasers will have perfect
information on the diverse characteristics of

individual houses, on account of the complexity
of the housing market and the problems for the

purchaser of perceiving certain

characteristics. M3aler (1977) states that such
imperfect information will result in the
housing market not being in equilibrium.
Nevertheless, Maclennan (1977) notes that
imperfect information will only yield
systematic biases in the marginal implicit
prices generated by the hedonic models if the
degree of imperfection of information is
correlated with some particular attributes.
Such correlation is likely since the potential
purchaser will probably be better informed
about readily discernible characteristics (e.qg.
size of rooms, state of paintwork) than other
aspects, such as the existence of dry rot and
the level of traffic noise in the night or
early morning, whose presence and nature may
only become evident once the purchaser has
bought the house and moved in.

Study of single vs. segmented housing market

Most of the empirical house price studies have had

to be aggregative studies of a single housing market(lB).

However, following the work of Strazheim (1974, 1975),

Maclennan (1977) argues that the housing market is segmented

(13) Exceptions to this are the studies by Harrison and
Rubinfeld (1978a) and Nelson (1978a).
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with respect to geographical area, type of house and type of
resident. This is due to the spatial dispersion of housing,
the multi-dimensional nature of housing, variations between
different individual's or socioc-economic groupfs tastes, time
preferences, expectations and attitudes to risk and
uncertainty, and the creation or reinforcing of barriers in
the housing market by institutions (e.g., the building
societies' discrimination in giving loans to certain types of
purchasers or for certain types of houses in specific
areas). The existence of market segmentation means that in
fact there are a number of separate hedonic price functions
for each segment. Consequently, Maclennan (1977) states that
the aggregative house price studies will provide incorrect
estimates of the implicit prices. Freeman (1979c) concludes
that market segmentation is an important question which
requires careful investigation and Maclennan (1977) stresses
the need to perform separate analyses for each segment of the
housing market. However, this raises considerable empirical
problems in respect of the availability of sufficient data
and the current lack of knowledge on this subject. Thus
Maclennan (1977, p.70) concludes that:-

"In general, the above critique has suggested that

existing house price studies have been

overaggregative.... The work of Strazheim has

clearly sounded the death knell of aggregative house
price studies - submarkets and subgroups have to be
identified. Research is required into how
individuals and institutions segment the housing
market."

(c) Specification of variables in the housing price
function

Hedonic pricing theory assumes that all important

characteristics are included and are correctly specified in
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the housing price function and that the householders'
perceptions (but not valuatiohs) of each characteristic are
identical. If an important characteristic is omitted, then
the estimates given for implicit prices of the other
characteristics in the model could be biased.

There are many interrelated factors that determine
house prices. Midler (1977) showed that the need to include
many explanatory variables in the model would present
considerable difficulties for the empirical analysis.
Maclennan (1977) highlights the current lack of knowledge
about how the complex housing market operates and emphasises
the importance of the need for such information to overcome
the problems of multi-colinearity and to enable a sound
interpretation of the studies' results.

Maclennan (1977) goes on to point out that important
characteristics have been omitted from the models used in
some studies. It is also apparent that the results generated
by the various house price studies are sensitive to the
manner in which the housing price function is specified
[e.g., see Anderson and Crocker (1971), Harrison and
Rubinfeld (l978a),'Pearce and Edwards (1979)]. Polinsky and
Rubinfield (1977) emphasize the need for careful
specification of the models used in house price studies.
However, Freeman (1979c, p.l69) points out that the present
selection and specification of the explanatory variables
appears to be almost haphazard and is guided primarily by

convenience and data availability.

- 95 -



(d) Measurement of the characteristics of houses
and locations

Maclennan (1977) comments that the quantitative
measures of houses' characteristics, adopted in the studies,
may not be an accurate indicator of the location'é
attrributes and can fail to reflect adequately differences in

the quality of a characteristic on account of the difficulty
of categorising and measuring such variations.

(e) Measurement of property values

Estimates of house prices are generally used as the
dependent variable in the regression equations. However,
Pearce (1978) and Freeman (1979a) note that the value of the
site, rather than the price of the house, should ideally be
used since air pollution and noise is site specific and the
price of a house also reflects the structural changes that
have been undertaken. Furthermore, in relation to noise
abatement activities such as the installation of double
glazing, these structural changes could raise the price of a
house on account of the other benefits of double glazing
(e.g., energy savings), so that the difference between the
price of houses in noisy and quiet areas could fail to
reflect adequately the impacts of noise. This problem could
be overcome if this and all the other important structural
characteristics of a house were appropriately included in the
house price function. However, this is difficult to achieve
in practicé.

(f) The householder's utility function

The basic hedonic pricing model assumes that all

householders have identical utility functions and that these
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functions are linear and separable. Pearce and Edwards

(1979) state that these restrictive and unrealistic

assumptions are the most serious limitation of the hedonic

pricing technigue.

(1)

(ii)

Linearity of the utility functions. If the
householder's utility function is linear, then

the coefficients from a multiple regression
will equal the implicit prices for the various
characteristics. However, Rosen (1974) and
Harrison and Rubinfeld (1978b) doubt whether
the utility function is linear. Harrison and
Rubinfeld (1978b) found that the use of a
non-linear utility function in the model
provided a better fit than the linear function
and also that the failure to allow for
non-linearity resulted in a substantial
overestimation of the benefits of the pollution
control programme reviewed in their study.
Nelson (1976) also suggested that the utility
function should take a non-linear
multiplicative form. 1In this case, the
coefficients are the elasticity of demand for
the various characteristics and the implicit
price of a characteristic is a function of the
price of the house and the level of this '
characteristic. This makes the analysis more
complicated.

Identical utility functions. This assumption
is important for the estimation of the

willingness to pay function of the households
in step 3 of the hedonic pricing analysis.
Pearce and Edwards (1979) state that if all
individuals do not have identical utility
functions, then the regressions will yield a
series of single observations on many different
functions while the derivation of the demand
curve for a clean environment requires that
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(iii)

many observations on a single.function be
obtained. Freeman (1979c) refines the
discussion by stating that in order to derive
the demand curve for a clean environment, it is
necessary to assume that all households studied
have utility functions that are the same,
except for those variables which are controlled
for in the regression equation formed in step 3
of the analysis. Therefore the validity of
this assumption will depend upon the extent to
which all of the appropriate taste variables
that could affect households' demand for a
clean environment, have been included and
properly specified in this regression equation.
Specification of the regression equation in
Step 3. The initial house price studies [e.qg.,
Ridker and Henning (1967)] did not perform the
analysis in Step 3. This is tantamount to
assuming that the households' marginal
willingness to pay is constant over different
levels of pollution or that the analysis is

restricted to examining just marginal changes
in pollution levels. However, in most cases,
the environmental improvements studied are
distinctly non-marginal [e.g. see Freeman
(1979b), OECD (1983)]. Harrison and Rubinfeld
(1978b) argue that it is more plausible that
the marginal willingness to pay function is not
constant and they show that this alternative
formulation yields a lower figure for the
benefits of a pollution control programme.
Therefore, a limited number of studies [e.g.,
see Nelson (1978b), Harrison and Rubinfeld
(1978a)] have attempted to estimate the
willingness to pay function. 1In both of these
cases, household income was the only taste
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variable included in their analyses. Freeman
(1979c) suggests that the lack of other control
variables might explain an apparent anomaly in
Harrison and Rubinfeld's (1978a) results.

(iv) Separability of the utility functions. The
studies adopt the simplifying assumption of
strong separability which means that the
implicit price of an attribute is not dependent

on any other variables affecting house prices.
However, if the utility function is not
separable, then the other related variables
have to be included in the regression equation
used for the derivation of the willingness to
pay function. This complicates the analysis.
Pearce and Edwards (1979) argue that, in
practice, it is unlikely that the utility
functions are separable, although Freeman
(1979c) argues that many interrelationships and
cross-price effects are not signifcant and
hence can be ignored.

(g) The supply of house-related characteristics

The house price studies conventionally assume that

the supply of environmental quality is perfectly inelastic

and exogenous so that the hedonic implicit prices for

environmental quality are thereby only determined by and
reflect demand aspects. This enables computation of the

demand curve for a clean environment in the manner shown

earlier in the description of Step 3 (see page 91). Freeman

(1979c) shows that the supply mechanism affecting the

implicit price of environmental quality is the number of

houses with a specific level of environmental quality and

that this could be increased by an improvement in
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environmental quality or by increasing the number of houses
available in the area with the specific level of
environmental quality. Freeman (1979c), along with Maclennan
(1977), Nelson (1978b), Pearce and Edwards (1979), suggest
that the supply of housing is somewhat elastic and that the
supply of houses with certain levels of environmental quality
is responsive to households' implicit price for environmental
quality, although Maclennan (1977) also emphasizes the lack
of knowledge about the housing supply function. If the
supply of environmental quality is not inelastic, then the
hedonic implicit prices merely represent points of
intersection of the demand and supply functions. This raises
an econometric identification problem and requires the
simultaneous solution of the supply and demand equations for
the implicit prices of environmental quality [see Rosen
(1974)1.

(h) Partial vs. general equilibrium models

The standard analyses in the house price studies are

essentially partial. M&ler (1977) shows that if the supply
of environmental quality is endogenous and affects the price
of other factors and goods as well as housing, then the
analysis of house prices will no longer reflect accurately
the total impacts of the different environmental quality
levels. 1In this case, he suggests that a general equilibrium
analysis of the whole model is required. Polinsky and
Rubinfeld (1977) state that changes in environmental quality

will affect both the wage rates and transportation-cost
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schedules and they go on to demonstrate the complexities and
difficulties involved in performing an overall general
equilibrium analysis.

(i) Measurement of pollution

The ideal measure of pollution is the individual
householder's perception of his total exposure throughout his
lifetime to the pollutant under review. However, it is not
clear what is the best measure of a pollutant on account of
the subjective nature of its perception by an individual. It
is also possible that the perception of a pollutant will vary
between different individuals. This runs counter to one of
the assumptions behind the formulation of the housing price
functions in hedonic models, mentioned earlier in section (c).

It is evident that, in practice, the choice of the
pollution measures used in the various studies is determined
by the data that is available and, in many cases, the
available data has some limitations.

Freeman (1979a,b) states that there will probably be
only one measurement station per city and its limited range
and efficiency means that the spatially and temporally
aggregated pollution readings from this station may not
reflect adequately the exposure to the pollutants of the
specific households that it is desired to study. Some
studies [e.g., Peckham (1970), Nelson (1978a)] have had to
use pollution readings over short periods. Ridker and
Henning (1967) were forced to drop from their model a measure
of an important pollutant - total suspended particulates -

because the stations used a measure of small particulates
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which did not give an appropriate indicator of the perceived
soiling damages to households caused by particulate matter.
Freeman (1979a) also reports that few house price studies
have included photochemical oxidants (smog) in the analysis
on account of the lack of good data on the spatial
distribution of oxidants over urban areas. Many studies use
pollution readings that post-date the data on house prices
Le.g., Ridker and Henning (1967), Peckam (1970), Anderson and
Crocker (1971), Polinsky and Rubinfeld (1977), Nelson
(1978a)].

Freeman (1979a) reports that some studies have used
pollution data derived from dispersion models [e.g., Harrison
and Macdonald (1974), Harrison and Rubinfeld (1978a), Smith
(1978)], but he questions the accuracy of the present
dispersion modelling techniques.

Anderson and Crocker (1971) state that the two
pollutants most commonly examined in the house price studies
- total suspended particulates and sulphur oxides - are
highly correlated and also that the damages are linked on
account of the synergistic effects of these pollutants. This
raises problems of multi-colinearity and requires that the
pollution variables must be carefully selected and specified
in the housing price function.

Mishan (1970) states that where an environmental

(14)

pollutant (e.g., noise) is ubiquitous , rather than

(14) In this context, ubiquitous means not that all parts of
the country are noisy, but that noise is prevalent in
all the areas in which the individual wants or is able
to live (due to constraints such as accessibility to
work, shops, etc.).
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localised, then this limifs the householders' ability to move
to avoid the pollutant. Hence, he argues that, in such
cases, the studies of house price differentials will fail to
pick up fully the damage suffered as a result of the noise in
a particular location and will also not pick up the effects
of a general increase in noise levels. Pearce (1976b, 1978)
gives further support to this argument and concludes [Pearce
(1976b, p.46)]:-

"Hence it is not altogether clear that all

pollutants are sufficiently localised for the PVV

(property value variations) to be a suitable

indicator of damage".

(j) The interpretation of the results of the house
price studies

In principle, the house price studies could provide
a potentially valuable summary indicator of the damage caused
by a pollutant. However, it is not certain which types of
pollution damages are included in this summary measure nor
the extent to which these damages have been captured in the
house price studies. This is important since, in assessing
the overall damage caused by a pollutant, it is necessary to
ensure that no double counting arises from the inclusion of
the results of the house price studies alongside the
estimates for other specific damages (e.g., cleaning costs,
health impacts, etc.). The lack of knowledge on the extent
of individual householders' perception of the various types
of pollution damage has forced analysts to adopt some 'a
priori' and fairly heroic assumptions in combining the house

price studies' results with the estimates for specific
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pollution damages that have been obtained by other techniques
in order to yield an aggregate figure for total pollution
damage [e.g., see Freeman (1979b)].

An overview of hedonic pricing models

There is a continuing controversy over the validity
and relevance of hedonic price studies. Maclennan (1977)
points out that a set of assumptions have been adopted in the
studies to fill the empty boxes arising from the current lack
of knowledge and data. The critics argue that these
assumptions are restrictive and unrealistic. Thus Pearce and
Edwards (1979, p.213) conclude that:

"At the theoretical level, the hedonic price

technique suffers so many restrictions of a

sufficiently severe nature that the only proper

conclusion is that it tells us nothing. ... it can
and does come up with some magnitudes but what these
magnitudes mean is another matter. The argument
here is that they mean nothing."

Mdler (1977) concludes that the theoretical
shortcomings of the hedonic price studies, along with the
data availability and econometric difficulties, mean that
they cannot yield meaningful estimates of the willingness to
pay for environmental quality.

However, Freeman (1979c) takes a more pragmatic and
less condemnatory point of view. He acknowledges that the
hedonic pricing studies' assumptions are oversimplified and
may not be perfectly realistic and that the empirical
estimation procedures followed are not perfect. Neverthe-

less, he emphasizes that all empirical research is subject to

the problems of data availability and discrepancies between
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the theoretical ideal and the practical realities. Therefore
he suggests that the discussion should centre not on whether
the hedonic price model is perfect but rather on whether it
provides a useful technique for expanding the limited
knowledge on the valuation of environmental impacts. To
this latter question, Freeman (1979c) gives a qualified yes,
although the critics would probably still give a negative
answer. Freeman (1979c) concludes that the hedonic pricing
technique does offer promise and that, in performing further
house price studies, greate; care needs to be taken in order
to overcome the previous studies' limitations, which were
highlighted in sections (a)-(j) above (e.g., in respect of
segmentation of the housing market and the careful
specification of the variables in the housing price
function). Nevertheless, this would present some significant
problems for the collection of the necessary data and the
performance of the econometric analysis.

3.3.5 Hybrid property models

A 'hybrid' approach was adopted by the Roskill
Commission on London's Third Airport(15). This approach 1is
‘hybrid' in that it adopts a combination of certain aspects
of the property price studies and the survey techniques.

Multiple regression techniques could not be

successfully used and, instead, a measure of the impact of

noise on house prices was obtained from a survey of estate

(15) Further detailed information and comments on the Roskill
Commission's analysis and findings are given in Mishan
(1970), Roskill (1971), Paul (1971), Flowerdew (1972)
and Pearce (1978).
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agents' opinions on this matter. The hybrid approach also
does not follow the hedonic models' assumption of a process
of continuous adjustment in the housing market. The
householders' consumer surplus had to be estimated on account
of the discrete adjustments in the housing market that are
likely to follow from a non-marginal environmental change,
such as the construction of an airport. This was obtained
through a questionnaire survey of householders. 1In the
Roskill study, householders were classified according to the
following categories: natural movers; noise induced movers;
residents remaining in the area; and those moving into the
area. The impacts of the noise levels would be different for
each of these categories and therefore they were assessed
separately. This makes the analysis more realistic but also
more complicated.

The Roskill Commission's study has been subject to a
number of criticisms [see Mishan (1970), Paul (1971),
Dasgupta and Pearce (1972) and Pearce (1978)]. The study is
subject to many of the problems and limitations which were
highlighted earlier, such as: the selection of a measure for
noise [see Paul (1971), Hart (1973) - cited in Pearce
(1978)]; starting point bias; the inability or
unwillingness of householders to state a monetary figure for
their willingness to pay to move from their house; and the
failure to specify clearly the extent of the move [see Mishan
(1970)]. Moreover, Mishan (1970) and Paul (1971) criticise

the Commission's treatment of the consumer surplus element on
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account of the assignment of an arbitrary figure to those
consumers who said that they would not move at any price -
i.e., whose consumer surplus was infinite.

3.3.6 Travel costs models

Another and slightly different example of the market
based studies is the travel cost models based on the
technique developed initially by Clawson and Knetsch (1966).
These models entail deriving a demand curve for recreation
and estimating the shift in this demand curve resulting from
a change in environmental quality. The area between the
demand curves then yields a monetary measure of the value of
this change in environmental quality. On the basis of the
work of Clawson and Knetsch (1966), the demand curve for
recreation has been estimated through the use of a trip
generation model which includes the travel costs of the
visitors from different zones and various other
variables(ls).

A potential benefit of this technique arises from
its direct generation of a monetary value for an
environmental change. 1In addition, recreation benefits form
a large proportion of the total benefits resulting from an

improvement in water quality [see Freeman (1979b) and OECD

©(1983)], Moreover, the impacts on visitors' travel costs can

(16) For further details on the travel costs models and
their application to the valuation of the recreation
benefits from environmental improvements, see Clawson
and Knetsch (1966), OECD (1976), Pearce (1978) and
Freeman (1979a, b).
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be an important benefit (or cost) item arising from an
improvement (or deterioration) in the quality of the
environment at a specific site.

Gibson (1978) notes that the Clawson-Knetsch travel
costs model has dominated the work on the economics of
recreation over the last fifteen years. The model has been
adopted in some studies for valuing the impacts on recreation
of changes in water quality [e,g, see Stevens (1966), Bouwes
ahd Schneider (1979) and Strand (1980)].

However, this technique is subject to six main
difficulties.

The first difficulty concerns the specification of
the trip generation model. Clawson and Knetsch's initial
model just included the visitors' travel costs [Clawson and
Knetsch (1966)]. However, as Clawson and Knetsch did
themselves acknowledge, this was not really sufficient since
there are a number of other important variables that affect
recreation demand (e.g. the income and socio-economic
characteristics of the different groups of visitors and the
attributes of alternative sites). The OECD report [OECD
(1976)] states that the different types of recreation
activity undertaken by the visitors (e.g. fishing, swimming,
canoeing, walking, etc.) should be taken into account in the
classification of visitors in the model.

The omission of important variables could lead to
problems of multi-colinearity arising. Strand (1980)

comments that his initial model could have been misspecified
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since it is necessary to include alternati?e sites in the
analysis and that their omission created an upward bias in
his estimates. Recent more elaborate studies have attempted
to include some of these determining variables. However,
there are many complex factors involved in the demand for
recreation at a particular site. It is difficult to build up
and apply a model that satisfactorily takes into account the
various important factors. Thus, Strand (1980) was uncertain
as to the extent to which he had been able to overcome the
error arising from the misspecification in his initial model
by the inclusion of an additional variable to represent
alternative sites. Strand (1980) comments that it is an
impossible task to specify the Clawson-Knetsch model
perfectly. Gibson (1978) concludes that the large data
requirement for the recreation trip generation models is a
major factor that could prevent their application.

The second difficulty concerns the measure of travel
costs used in the model. 1In their initial work, Clawson and
Knetsch (1966) calculated travel costs solely on the basis of
distance travelled multiplied by the transport costs per
mile. They acknowledge that their failure to allow for the
value of the time spent travelling to and from the site and
visiting the site leads to under-estimation of the benefits
of the recreation site. However, Clawson and Knetsch (1966),
along with Freeman (1979a), note that there is considerable
uncertainty and controversy concerning the appropriate value

of time which will vary for different individuals and for
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different situations. Freeman (1979a) suggests that the
value of recreation-related time could differ from the
available figures for the value of commuter travel time. It
is also necessary to take into account the utility or
disutility of the journey to and from the recreation site.
Furthermore, it will be difficult to measure travel costs for
sites in urban areas that do not have a large and readily
identifiable catchment area. Consequently, the
Clawson-Knetsch models could probably not be used for many
such urban sites where important environmental improvements
and damages can occur (e.g. the creation of urban parks and
the littering of these parks).

Thirdly, the Clawson-Knetsch model assumes that the
sole purpose of the trip is to visit just the specific
recreation site under review and that the costs of the
journey can be taken as a surrogate measure of the costs of
the recreation visit and the travellers' willingness to pay
for the visit. However, in many instances there may be
additional purposes for the trip, such as seeing nearby
friends or visiting other recreation sites. Freeman (1979a)
notes that this latter case raises problems of finding a
meaningful method of allocating the total travel costs
between the various sites visited. Clawson and Knetsch's
allocation procedure for such areas was intuitive.

Cheshire and Stabler (1976) identified another
category of travellers, whom they term 'meanderers', that do

not conform to the pure single site recreation visitor
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assumed in the Clawson-Knetsch model. They suggest that
Clawson-Knetsch models may have to be abandoned in favour of
consumer survey techniques in order to estimate the
willingness to pay of such meanderers. Gibson (1978)
comments that the existence of these other categories of
visitors, along with the problems concerning the travel cost
measure discussed earlier, threatens the basic foundations of
the Clawson-Knetsch method and means that considerable
research is needed if recreation benefits can be successfully
valued by Clawson-Knetsch models.

Clawson and Knetsch's work was directed at valuing
the benefits related to the quantity of recreation facilities
provided. The fourth difficulty arises from the application
of Clawson-Knetsch models to the valuation of the benefits
arising from changes in the quality of the site (e.g. a
lake). This concerns the problems involved in estimating the
effect of a change in effluent levels upon water quality,
(see section 3.3.1) selecting an appropriate measure of water
quality and then determining the impact of changes in water
quality upon the demand for recreation. The last two
problems are compounded by the heterogeneous nature of
recreation which encompasses many diverse activities (e.g.
fishing, swimming, boating, hiking, etc.) that are affected
by different aspects of water quality [see Turner (1977)].
Freeman (1979a) criticises the water quality measures that
are commonly adopted in studies of recreation benefits. He
notes that it is difficult to determine objective water

quality measures that consumers perceive as being important
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for recreation. He goes on to say that this lack of

knowledge concerning consumers' perception of water quality
creates uncertainty over the extent to which the impacts of

environmental changes upon the users of a water body have

been included in the estimates generéted by a recreation

benefits study. In relation to the last problem, some
empirical recreation benefit studies have used postulated
values for this fundamental variable in the evaluation
process [e.g. Stevens (1966), Bouwes and Schneider
(1979)](17). Turner (1977) reports that limited progress

has so far been made in resolving these problems surrounding
the water quality variable and that this substantially limits
the effectiveness of studies valuing the benefits of water
quality improvements.

Fifthly, difficulties can be encountered in deriving

an aggregate national estimate of environmental damages or
benefits on the basis of the values given by a Clawson-
Knetsch type analysis of a specific site, on account of the
particular characteristics of this individual site.

A final difficulty with the travel costs models is

their omission of the benefits of a water quality improvement

for non-users of the specific recreation site under review.

This includes the 'option value' benefits. This omission

might require that a Clawson-Knetsch type study was

supplemented by consumer surveys of the general population.

(17) For a critique of these studies' treatment of this
important aspect, see Turner (1977).
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To sum up. The travel costs models could
potentially generate monetary estimates for the value of the
recreational benefits foregone as a result of environmental
pollution at a particular (rural) site. However, it is
evident that this technique is subject to a number of
practical difficulties which could limit the validity of the
estimates generated. 1In this respect, it is worth noting
that Clawson and Knetsch (1966), in their original work,
advocated that the travel costs model should be a preliminary
technique which just provided 'ball park' estimates.

Finally, the practical difficulties with the travel costs
models could mean that it would not be possible to apply them
in certain situations, especially urban locations.

Instead of the Clawson-Knetsch type travel costs
models, Freeman (1979a) prefers the participation models that
have been used in some studies of the recreational benefits
from environmental improvements [e,g, see Davidson et al
1966), National Planning Association (1975), Battelle
(1975)](18). This approach involves data requirements,
assumptions and estimation techniques that are less stringent
than those of the Clawson-Knetsch models. Nevertheless,
significant difficulties still arise concerning the
specification of the demand function for recreation and the
water quality variable. Moreover, this approach requires the
use of an imputed value for a recreation visit in order to

convert into monetary terms the physical estimates generated

(18) For a review of these participation models, see Freeman
(1979a) and OECD (1983).
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(19). This raises problems

by the participation models
concerning the uncertainty and controversy over the
appropriate value.

3.3.7 Use of experts' assessments

One method, that has been adopted in some studies of
the environmental impacts, is to seek the assessments of the

(20)

experts in the relevant field It was noted earlier,

that consumers frequently could not perceive fully the
impacts, especially the long run impacts, of a certain
pollutant. Further, that it is difficult and expensive to
design a questionnaire survey which gives the consumers the
necessary information so that they are able to comprehend and
answer correctly the questions, but without the provision of
this information biassing their replies. 1In contrast, the
experts and official authorities will be much better informed
about the environmental impacts being studied. Therefore, a

more cost-effective method of determining the significance of

(19) 1In this respect, the participation models are similar
to the physical measurement techniques, (e.g.
mortality/morbidity studies), which were considered in
section 3.3.1, and encounter the same sort of problems
concerning the derivation of physical estimates and
their conversion into monetary units.

(20) Freeman (1979b) reports on the results of two such
dose-response estimation studies that were based upon
the opinions of experts [Aherne (1973), Gillette
(1977)]. Freeman (1979a) also reports that experts'
assessments of the water quality at a number of lakes
were used in David's (1968) house prices study. The
Roskill Commission on London's third airport used the
assessments of estate agents to determine the impacts
of noise on house prices. Further examples of the use
of experts' consensus approach for the evaluation of
the damages of environmental pollutants are the studies
by Theys (1977) and Lowe and Lewis (1981).
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an environmental issue is, as a first step at least, to
ascertain the assessments of the experts in the field and the
official authoritative bodies on the subject. Thus Rowen
(1975) states that these cén be two principal sources of
information on environmental impacts.

3.4 The development of a 'best practicable' approach
towards the valuation of environmental impacts

The last three sections have demonstrated some
important conceptual and practical problems involved in
assessing complex environmental issues. In particular, the
previous section highlighted that the performance of a full
gconomic evaluation of certain environmental impacts may not
be feasible on account of data constraints. Nevertheless, a
decision must be made concerning these environmental
impacts. Therefore it is essential to find a method of
providing the decision-makers with the relevant information
to enable an appropriate assessment to be made of such
impacts. This section then builds on the analysis in the
previous three sections and develops a 'best practicable’
approach that could be applied to the assessment of complex
environmental impacts, such as those generated by carbonated
beverage container systems, for which significant data
constraints are apparent.

3.4.1 The general principles behind the 'best practicablei
approach

This 'best practicable' approach is based upon a

constrained decision-making process model which is concerned

with the greatest possible achievement of an objective

subject to certain constraints. Such a 'maximisation subject
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to constraints' approach to policy evaluation has been
advocated by Crocker (1975), Dorfman (1976) and Roberts
(1976). This approach is similar to the decision-making

model incorporating bounded rationality that was developed by
Simon [see Simon (1955)](21).

This thesis follows the National Academy of Sciences
(1975) and Rowen (1975) in considering that the objective of
an evaluation of an environmental issue is to act as an aid
and to provide a (supplementary) input of information to the
(political bodies) who ultimately make the decision on the

issue(zz).

This data collection and presentation role of
the analyst has been emphasised by Mishan (1975) and Freeman
(1979a).

The constraints are the practical problems involved
in the provision of this information. This concerns the
quality of the available data and the difficﬁlties and costs
of obtaining additional information. The provision of
information does entail certain costs which increase as more
detailed information is required. Thus, even_the more
elaborate valuation techniques are subject to many important

practical difficulties, some of which can only be overcome at

considerable cost. Williams (1972) and Roberts (1976)

(21) For a review of Simon's work on this subject, see
Jackson (1982)-.

(22) 1f, as should occur in a democracy, the political
decision-making body comprises the diverse interested
parties and pressure groups, each with different aims
and ideas about the study, then this can pose severe
problems for the analyst as he attempts to determine
just what necessary information this body wants.
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emphasise the necessity of recognising at the outset, rather
than ignoring, these practical constraints that are inherent
in the real world.

In adopting this 'best practicable' approach, it is
important that the most efficient methods of providing the
various levels of appropriate information are being
considered. This is analogous to ensuring that the most
efficient pollution control techniques are being adopted so
that points lying on the curve for the firms' marginal costs
of pollution control are being examined.

The selection of a specific methodology involves
ascertaining the extent to which more detailed and
comprehensive information should be provided. This requires
a balancing of the benefits of the additional information
provided and the costs of its acquisition. Thus the optimum
methodology will be that which equates the marginal benefits
of information with the marginal costs of requiring
information.

3.4.2 The application of this concept of the 'best
practicable' approach.

A sequential procedure should be followed for the
application of the 'best practicable' approach, which
involves two main stages:-

Stage I - 1Identification of the physical size of

the environmental impacts.

Stage II - Determination of the significance and

monetary valuation of these physical

impacts.
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Such a sequential approach for the evaluation of
environmental benefits was proposed by Rowen (1975) and
Roberts (1976). This approach was also adopted by Freeman
(1979b) in his report on the benefits of pollution control
for the U.S. Council on Environmental Quality.

The National Academy of Sciences (1975) stress that
a policy evaluation framework should be sufficiently flexible
so that it can be appropriately applied to the particular
circumstances of each study. These particular
characteristics can be split into two main categories:

First, the availability of the necessary data and the ease or
difficulty of acquiring additional information. These
factors determine the costs of providing information.

Second, the financial resources allocated to the study and
the importance attached to the acquisition of this
information which determines the benefits of providing
information. The extent to which it is desirable and
feasible to follow through the sequential stages and the
actual details and comprehensiveness of the information
provided will vary depending upon these particular
circumstances. Therefore only the general aspects concerning
the application of this approach are presented here. In the
following chapter, this approach is applied to the evaluation

of the environmental impacts of beverage containers and
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methodologies are outlined for the evaluation of the various

types of impacts involved(QB).

3.4.2(i) Stage I - The identification of the physical size
of the environmental impacts

The first stage of an evaluation should be the
collation of information on the physical quantities involved
(e.g., the quantities of pollutants generated) and the
physical impacts of the pollutants (e.g., the nature and
numbers of cases of damages occurring). If precise
quantitative information is not available on these matters,
then it will be necessary to report the estimates and
opinions of the experts and the authoritative bodies on the
approximate order of magnitude of the physical quantities
involved.

Information on the physical impacts forms a
fundamental building block for the performance of economic

evaluations of environmental impacts. The accuracy and

(23) The terminology used throughout this thesis is defined
as follows: this chapter develops a 'best practicable'’
approach for the evaluation of environmental impacts
which is based upon consideration of the costs and
benefits of providing additional information.

Chapter 4 and the following empirical Chapters 5-9 then
outling two particular types of methodologies or
techniques for the evaluation of the environmental
impacts of carbonated beverage containers: A 'best
practicable' methodology which are the evaluation
techniques that had to be adopted in this thesis on
account of the data constraints encountered during the
per formance of the research; and a 'best available'
methodology which identifies the technigues that should
be adopted if a more elaborate (economic) evaluation of
the impacts should be required and if more adequate
resources and information were available for this.
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validity of economic evaluations will be limited by any
shortcomings of the physical information on which they are
based.

In some cases, it may be sufficient and more
meaningful to supply the decision-makers with just physical
information on the impacts so that they can then make their
own valuations of these impacts. This procedure was proposed
in the OECD report for the conference on noise abatement
policies [OECD (1980)] and was adopted in the OECD report on
the Costs and Benefits of Sulphur Oxide Control [DECD (1981,
p.96)], which stated that:

"It was felt inappropriate to transform mortality

benefits in monetary terms, because the method of

valuation is not universally agreed upon. In any
case, the mortality impact carries a significant
message on its own without the addition of an
economic evaluation which would only increase the
level of uncertainty in the results."

However, in many other areas, it will be desirable
for the analyst to supplement the physical impact results by
providing additional information concerning the significance
of these impacts so that the decision-makers can determine
their valuations of these impacts. Therefore the second

stage should be considered in these cases.

3.4.2(ii) Stage II - The determination of the significance of
the environmental Impacts.

In the acquisition of this additional information,
it is proposed that a two-step process should be followed.

The first step comprises a review of the opinions of experts
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and authoritative bodies to ascertain the informed 'official'’
view of the significance of the problem(ZA).

If this (preliminary) review indicates that the
issue was considered to be of sufficient importance and that
the benefits of additional detailed and monetary information
on this issue exceed the costs of acquiring it, then the next
step would be undertaken - the performance of a more detailed
economic evaluation. Section 3.3 surveyed some of the main
alternative economic evaluation techniques (consumers'
surveys, market based studies, etc.). This indicated that,
when it is possible to undertake thorough consumer surveys
which overcome the possible pitfalls associated with this
method, then this probably represents the most viable
technique for valuing environmental impacts. However, the
choice of the appropriate technique to be adopted will depend
upon the specific circumstances of a particular case (e.g.,
the nature of the environmental impacts being studied, the
type of information_required and the resources available for

acquiring it)(25).

Chapter 4 identifies the appropriate
techniques for the evaluation of the various types of
environmental impacts generated by the beverage container

systems.

(24) In practice, this review may well be undertaken at the
same time or before a full physical impact study. But
the important point to note here is that this review
should be undertaken before the decision is made
concerning the next stage - the acquisition of more
detailed information through the performance of the
more elaborate studies.

(25) If more than one technique is selected, then it is
important that the results are carefully presented and
interpreted to ensure that any possible double counting
is avoided [see section 3.3.4(j)].
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If it is considered necessary to obtain a more
detailed and monetary evaluation, then the sequential
approach presented here will yield further benefits since the
physical impact studies and the review of the authorities'
opinions will indicate those important impact areas to which
the (probably limited) resources and efforts should first be
directed.

In those areas for which it is not feasible to
per form detailed economic evaluations, alternative methods
have to be sought for providing the decision-maker with the
appropriate information. This important issue is discussed
at length in the following section. From this discussion it
appears that for these unquantifiable impacts it is best to
provide the decision makers with data and information on the
physical size of these impacts. This should be supplemented
by information on the nature of these physical impacts, along
with the opinions of authoritative experts and other
available information concerning the significance of these
impacts so that the decision-makers can themselves make. their
own valuations of these impacts.

3.4.2(1iii) Important issues concerning the 'best
practicable’ methodology.

It has been advocated by some [e.g., see Hahn and
Bate (1978)] that systems analysis should be used to derive
quantitatively physical estimates for the environmental
impacts and that systems analysis could thereby provide a

suitable method of reviewing areas of social policy.
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However, the objective of assessing environmental
impacts is to ascertain the importance that society places on
these impacts. Kneese and Bower (1968) and Lee (1982) point
out that such physical measures, on their own, are not very
meaningful for the decision-makers since they do not give an
indication of the significance of the various impacts. Hahn
and Bate (1978) suggest that this problem should be overcome
by presenting the detailed and disaggregated physical data
generated by the systems analysis models and then leaving it
to the political decision-makers to determine their own
assessment of the significance of these impacts. However,
Lee (1982) notes that this could present the decision-makers
with a mass of information which may well be difficult to
understand adequately and is likely to confuse rather than
assist the decision-makers who desire a manageable and
comprehensible statement of a problem.

Therefore, the National‘Academy of Sciences (1975)
and Freeman (1979a) suggest that, in preparing and presenting
~ the evaluation, the analyst should organise and filter the
'raw' data so as to reduce this mass of information that the
decision-makers have to assimilate.

Mishan (1975) and Freeman (1979a) advocate that the
analyst's organising and filtering function should be based
upon the allocative criteria of welfare economics. Thus
Mishan (1975, p.383) states that:

"We might surmise that, in the absence of any other

incentive, the need for politicians to assimilate an

otherwise unmanageable mass of price-quantity data
in order to reach decisions on economic policy would

compel economists to formulate allocative
propositions."
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Freeman (1979a, p.l0) also argues that the benefits
of an environmental policy should be measured and presented
in a commensurate unit - money - which would enable
aggregation and comparison of diverse environmental impacts.
Moreover, this would enable direct comparisons and trade offs
between an environmental policy's benefits and its costs,
which are usually presented in monetary terms. Thus the
economic evaluation tool, Cost-Benefit Analysis (as strictly
defined) attempts to value all impacts in terms of money and
to arrive at a single gquantitative and monetary figure as the
conclusion. However, this has led to criticism by many,
including economists [e.g., see Rowen (1975)], as well as
non-economists [e.g., see Self (1970), Hahn and Bate (1978)],
about the assumptions and monetary weights adopted in such
analyses, especially for certain intangible factors which may
then not be correctly taken into account in the final
decision and may be ignored altogether. Haveman and Weisbrod
(1975) stress that these qualitative impacts must still be
appropriately taken into consideration in the decision.
Freeman (1979a) also reports that many people are distrustful
of attempts to value in money terms such things as human
life, ecological and aesthetic impacts. Peskin and Seskin
(1975) report that there is concern that the assigned values
can be arbitary and misleading.” Thus, Rowen (1975, p.367)
states that:

"trying to collapse output measures into a dollar

measure of benefits usually obscures more than it
reveals."
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This tendency towards monetary quantification can,
to a certain extent, be due to the analyst's simplification
of the data and the temptation on his part to achieve firm
quantitative results. This is also admitted by economists,
such as Mishan (1975, p.160) who advocates that:-

"In our growth-fevered atmosphere there is always a

strong temptation for the economist, as for other

specialists, to come up with firm quantitative
results. In order to be able to do so, however, he
finds that he must ignore the less easily measured
spillovers. The economist should resist this
temptation.™”

Nevertheless, there are three important factors that
must be borne in mind in respect of these criticisms.

First, there is pressure from the political
decision-makers themselves for the analyst to present such
simplified (monetary) quantitative measures of the costs and
benefits of an environmental policy. Moreover, there is a
tendency for the political decision-makers to overlook the
qualitative elements and to concentrate on the quantitative
items while disregarding the (sometimes severe) limitations
and assumptions behind these figures. Consequently, the
findings of a study can be misinterpreted and, in particular,
misplaced and spurious concreteness can be attached to some
of the results. This is ably brought out by Lecomber (1978,
p.6) when he states that:-

"These are perhaps criticisms not so much of the

quantification and valuation per se but of the way

in which figures are used and presented........ It
should be remembered that the reader will tend to be
biassed towards the quantifiable and that this bias

will need to be countered by giving extra stress to
the qualitative elements."
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Second, the National Academy of Sciences (1975),
Roberts (1976) and Freeman (1979a) emphasise that some
decision must be made on the valuation of the tangible and
intangible environmental impacts. Even ignoring the
environmental issue involves an implicit valuation that the
environmental impacts are not sufficiently significant to
warrant action.

The National Academy of Sciences (1975) and Roberts
(1976) state that these valuations should be made by the
political decision-making body. Accordingly, Haveman and
Weisbrod (1975) conclude that the important question is not

whether the intangible impacts can or should be measured but

rather how they should be measured and the results presented
so that they are of most assistance to the decision-makers.
The National Academy of Sciences (1975) and Haveman
and Weisbrod (1975) point out that implicit valuations are
much less sub ject to scrutiny and debate than where they are
explicitly identified and measured in a thorough economic
evaluation. Thus the National Academy of Sciences (1975,
p.167) states that:
"Choices about trade-offs unavoidably involve
placing relative values on non-commensurable effects
such as dollars versus life. These values can be
hidden if the information is not displayed in the
appropriate framework, or they can be brought out in
the open. The use of the proper framework for
presenting information on non-commensurate effects
can make the value implications of alternative
choices clearer and allow the decision-maker to
confront the valuation problem openly and
explicitly."
Similarly, Fisher and Lecomber (1978, p.5), in their

analysis of pollution taxes, state that:
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"Under the current regulation system - and in any
consideration of the pollution question - the
government has to decide what level of control costs
should be justifiably incurred in order to reduce
pollution levels. Hence, the government is
implicitly putting a value and price on the
intangible benefits to be gained from reductions in
pollution levels. What the system of taxes does is
to make this value explicit and hence make it more
susceptible to public scrutiny.”

However, Baram (1980) has argued that valuations in
some cost-benefit analyses have been made behind the scenes
by an unaccountable analyst. This is also noted by Mishan
(1975), who states that the filtering and data organising
function does give the analyst some potentially arbitrary
powers. In addition, Nash et al (1975) note that
cost-benefit analyses have often been used to justify a
public decision that had already been made. Accordingly,
Nash et al (1975) and Lee (1982) stress that an evaluation of
an environmental issue should be part of and should
contribute towards an effective public participation in a
decision on an environmental issue. Hence, this involves a
broad interpretation of the term 'public decision-makers' and
highlights the importance of the evaluation giving an
explicit and comprehensible presentation of the information
required.

The third important factor concerning the criticsms
of Cost-Benefit Analysis is that the alternatives to
Cost-Benefit Analysis are themselves also subject to
considerable limitations. 1In particular, neither the

political approach and intuition nor the pure physical impact

studies may be adequate for the consideration of complex
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matters, such as an environmental issue. It was the
resulting need to supplement the political approach by
providing the decision-makers with some more substantive

information on the issue that was one of the prime reasons
for the development of economic evaluation techniques, such
as CBA. Williams (1972, p.223) stresses this importance of
the limitations of the alternatives to CBA when he points out
that: -

"It is salutory to be reminded of the limitations of
the current state of our knowledge, both in
principle and in practice. The other great danger
is that the perfect becomes the enemy of the good,
that the acknowledged limitations of the new product
are made the excuse for not abandoning old practices
which have even more defects, on the curious notion
that we should only change over if a perfect product
is offered in place of the imperfect one we are
already using. CBA is not the way to perfect truth
but the world is not a perfect place and I regard it
as the height of folly to react to the greater
(though still incomplete) rigour which CBA requires
of us by shrieking '1984' and putting our heads
hopefully back into the sands (or clouds) in the
hope that things will look better again in fifteen
years time."

and when he states (p.201) that:-

"Unfortunately, the valid criticisms are applicable
to the -only alternative techniques of analysis, and
all too often the argument appears to degenerate
from attempts to replace poor analysis by better, to
assertions that since analysis is difficult, costly
and troublesome, we should abandon it! It is not a
conclusion I can share."

The fourth factor concerning these criticisms is
that they relate to cost-benefit analysis as strictly defined
and applied. Thus Rowen (1975, p.367) argues that:

"Cost-Benefit Analysis in its conventional form has

very limited utility. There are two principal

reasons. First, there is the difficulty - in some

cases the impossibility - of attaching money values
to such outputs as scientific results, large areas
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of national security, or basic education. 1In these
areas, valuation problems are so severe that
cost-benefit analyses are rarely done. Even in more
tractable areas, like housing, transportation, and
pollution control, each of which involves important
intangibles, it may not be worth the allocation of
an analyst's time to produce (often with great
ingenuity) a conventional cost-benefit analysis."
Rowen (1975), along with the National Academy of
Sciences (1975), argues that cost-benefit analysis should not
be used to dictate choices nor to replace the political
decision-makers by generating a monetary conclusion
concerning a project or policy. 1Instead, they advocate the
use of a cost-benefit analysis framework to identify the
relevant factors that need to be studied and the relevant
items on which information should be presented(zs). They
suggest that a broad definition of cost-benefit analysis
should be adopted for the evaluation of environmental
impacts. Under this broad approach, economic valuation
techniques should be used where they are feasible and useful
but a (possibly arbitrary) monetary value should not be
assigned to the unguantifiable impacts. Instead, the
existence of such unquantifiable impacts should be
highlighted so that they can be appropriately taken into
account in the final decision. Consequently, some impacts
would then be measured in monetary units, while certain other

unquantifiable impacts would be specified in some other

terms. This raises an important 'Apples and Oranges'

(26) Chapter four develops such a cost benefit analysis
framework for the evaluation of beverage container
policy measures. This details the impact items that
need to be considered and demonstrates how to avoid
possible double counting.
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valuation problem of how the diverse impacts can be presented
so that meaningful aggregations, comparisons and trade offs
can be made. Four alternative methods of tackling this
important problem are now considered.

At one extreme, there is the conversion of all the
impacts into the commensurable unit - money. Such strictly
defined cost-benefit analysis were shown earlier to be
unsatisfactory on account of the difficulties over the
(possibly arbritrary and hidden) values assigned to certain
intangibles and the decision maker's and the public's
distrust of the simple quantitative values generated as
conclusions under this approach.

At the other extreme is the presentation of all the
diverse impacts in just physical terms. This approach was
also shown earlier to be unsatisfactory since it would
present the decision-makers with a complex mass of
information which, on their own, would not provide any
guidance concerning the relative significance of the diverse
environmental impacts.

A third alternative and intermediate approach is
based on the broad interpretation of 'Cost-Benefit Analysis'
and seeks to combine the beneficial aspects of these two
extremes. Thus, under this approach, economic techniques
would be used to value as many as possible of the impacts in
the commensurable unit of money. While those impacts for
which it was not feasible to perform an economic valuation,

but which may nevertheless still be significant, the analyst
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would give estimates of their physical size or, where
quantiative physical data are not available, report the
approximate order of magnitude of the physical impacts
involved. 1In addition, relevant information would be
provided to aid the decision-makers determine the
significance of these impacts. This could include
information on: the nature of the impacts; the opinions of
authoritative experts on the significance of these impacts;
contingency valuations identifying the values for these
impacts which would mean that they outweigh the monetised
impaéts; and, where possible, perhaps delineating maximum
and/or minimum values (e.g. under best and worst cases).

Such 'ball park' estimates could be used to indicate
the relative significance of certain impacts. For instance,
they could supplement the contingency valuations by
indicating whether an unquantifiable impact is likely to
attain the critical contingency values. Such contingency
calculations could be valuable where there is just one
intangible impact (or a single set of similar intangible
impacts) which could then be compared with the net value of
the monetised cost and benefit items. However, it may not be
possible to adopt such procedures where there are a myriad of
intangible impacts occurring on both the costs and the
benefits side. 1In such cases, it will be difficult to draw
up a direct trade off between_the net monetary value of the
quantifiable costs and benefits and the other diverse

unquantifiable costs and benefits. Lee (1982) suggests that
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the analysis could usefully be simplified by filtering out
impacts for certain items which were below a threshold level
of significance. Therefore the additional information could

be used to indicate whether certain impacts were below this

threshold level and hence could reasonably be ignored.

The information should be presented in a systematic
and explicit way which clarifies relevant options, focuses

the decision-makers' attention onto the important valuations

and trade offs that have to be made, highlights their

implications and identifies the important economic, social

and political factors underlying these valuations and trade

offs(?7),

The following aspects should also be clearly pointed

out in the study: the scope of the analysis, in particular
any areas that have not been included; the methodology
adopted; important assumptions behind the data presented

(particularly concerning any 'ball park' estimates); the
limitations of the available data and important gaps in the
current knowledge about the subject under review; and any

resulting uncertainty about the accuracy of the data

presented. 1In such cases of uncertainty, a range of likely

values should be reported or a sensitivity analysis performed

where this is possible and useful, or the valuation should be

undertaken for a number of scenarios incorporating different

values for important variables.

(27) For detailed information on how estimates of the
benefits of environmental policies should be presented,
see Freeman (1979a, pp.8-10).
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A fourth alternative method of aggregating the
diverse incommensurable impacts is the use of multi-criteria
analysis, such as concordance analysis. This technique
involves first drawing up a physical impact matrix denoting
the proposed projects' or policy options' impacts upon
certain environmental criteria. Each criteria would be
measured in their own appropriate units. The decision;
makers' weights would then be derived for the various impact
criteria. Pairwise comparisons would be performed.
Concordance and discordance sets and matrices and concordance
and discordance dominance indices would then be
computed(ze).

The appeal of this technique is that it enables the
diverse impacts to be placed side by side and a series of
computations performed which generate as conclusions a set of
specific figures that indicate the relative merits of the
di fferent options and thereby aid the decision-makers' choice
between these options. However, this technique is subject to
a number of practical difficulties.

The technique requires good physical data on the
likely impacts under the different options. These data will
not be available in many actual cases, the environmental
impacts of beverage containers being one éuch example. In an
attempt to overcome this difficulty, Nijkamp (1977) proposes
that qualitative multi-criteria analysis or ordinal

concordance analysis should be used instead. However, these

(28) A detailed description of this technique is given in
Nijkamp (1977).
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variants of the basic multi-criteria analysis would no longer
generate identifiable specific figures as conclusions.
Furthermore, the values or indicators attached to the
qualitative impacts could be criticised as being subjective
and arbitrary.

Moreover, it is doubtful whether the decision-makers
would be able to understand the output matrix generated by a
concordance analysis, which would appear even more mystical
and confusing than the monetary figures given by cost-benefit
analysis. Furthermore, they are unlikely to be able or
willing to comprehend the complex procedures adopted under
this technique and the (subjective) value judgements and
assumptions adopted in the computations. Consequently, the
decision makers and the public may be even more distrustful
about a technocratic solution generated by concordance
analysis, than they are about the monetary results given by
cost-benefit analysis.

Finally, the weights assigned to the various
criteria are fundamentally important in determining the
outcome of a concordance analysis. However, these weights
could be subject to considerable uncertainty and
controversy. In relation to this difficulty, Nijkamp (1977)
suggests that either sensitivity analysis or contingency
analysis or a stochastic analysis could be performed to
reveal the effects of using different weights. However, such
procedures would not overcome the main problem concerning

this aspect, which is how to determine initiélly valid
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weights that accurately reflect the decision-makers'
preferences. Nijkamp (1977) considers that interviews should
be used for this. However, in order that the interviews
could yield meaningful results, the physical impacts would
have to be presented in units that the various decision
makers can comprehend. Furthermore, it would be necessary to
provide the decision-makers with considerable additional
information on these impacts so that the decision-makers can
properly understand their nature and significance and hence
give an appropriate weight or value to them.

It is apparent that this information would be
similar to that which has just been detailed under the
previous alternative. Therefore, rather than replace the
'simple' monetary conclusions generated by a strictly defined
cost-benefit analysis by some equally mystical figures
generated by the sophisticated computations involved in a
concordance analysis or by the complex mass of information
generated by a physical impact study, it would appear that
the most practicable procedure is offered by the third
alternative. This incorporates the use of economic
evaluations, where these are feasible, supplemented by a
qualitative treatment of the unquantifiable impacts. This
qualitative treatment would comprise provision of the
additional information highlighted earlier to enable the
decision-makers to determine their own valuations of these

impacts.

- 135 -




3.5 Conclusion

The objective in valuing environmental impacts is
identified, in section 3.1 of this chapter, as being to gain
a better understanding of the nature, magnitudes and

significance of the environmental impacts and hence enable

the decision-makers to ascertain the importance that society
places on the environmental impacts under review.

Section 3.2 demonstrates that the political and economic
approaches to achieving this objective both have limitations
and section 3.3 illustrates the many practical problems of
obtaining detailed information on the valuation of
environmental damage costs.

Section 3.4 addresses the particularly important
problem of aggregating, comparing and determining the
significance of the results presented for an analysis of an
environmental issue covering diverse impacts. Three
quantitative methods of tackling this problem are examined:
physical impact studies; economic evaluation techniques,
such as Cost-Benefit Analysis (CBA); and recently developed
sophisticated weighting procedures, such as concordance
analysis.

Physical impact studies can yield much valuable,
fundamental information. However, this technique can lead to
the presentation of a complex mass of data which can confuse

rather than aid the decision-makers who desire that the raw |

data should be filtered and presented in a meaningful form.

Ih particular, the physical data, on their'own, do not
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provide any guidance on the significance of diverse impacts
that are presented in different units of measurement. This
presents a difficult 'apples vs oranges' comparison and
valuation problem.

As strictly defined, Cost-Benefit Analysis attempts
to value all the impacts in a common unit-money. An
important benefit of such economic valuation techniques is
that this use of a commensurate unit facilitates the
aggregation and comparison of diverse environmental and
economic impacts. However, there are considerable
difficulties surrounding the determination of monetary
valuations for certain intangible impacts which nevertheless
may still be important and should be appropriately taken into
account in the final decision. Thus the public and the
decision-makers are critical of the monetary weights assigned
to such impacts in CBA and they distrust the simple monetary
conclusions generated by a strictly defined cost-benefit
analysis.

Significant practical problems are likely to be
encountered in the performance of sophisticated weighting
procedures, such as concordance analysis. Moreover, it is
doubtful whether the decision-makers would be willing or able
to comprehend these complex techniques and the (subjective)
value judgements and assumptions involved in the
computations. Consequently, the public and the
decision-makers are likely to be even more distrustful of the

guantitative conclusions generated by concordance analysis.
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Thus these quantitative alternatives are subject to
considerable shortcomings and, on their own, they are not
appropriate for the evaluation of environmental impacts, such
as those generated by carbonated beverage containers, for
which significant data constraints are apparent.

Instead, this thesis has developed a 'best
practicable!' approach for the assessment of an environmental
issue. This attempts to achieve, to the greatest extent
possible, the purpoée of an environmental study, which is
identified as being to act as an aid and a (supplementary)
input of information to the decision-makers, while taking
into account the data constraints and the costs of acquiring
additional information. This 'best practicable' approach
comprises a sequential procedure which involves the following
stages:-

Stage I - Identification of the physical size
of the environmental impacts
Stage II - Assessment of the significance of
the physical impacts, which entails
two steps:- |
(i) First, a review of the experts' and
authoritative bodies' assessments of
the significance of these impacts
(ii) Then, if it is considered feasible
and worthwhile, a detailed economic
evaluation of these impacts.

This 'best practicable' approach involves a broad

interpretation of Cost-Benefit Analysis. Under this

approach, the sequential procedure should be followed and
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economic evaluations undertaken for as many as possible of

the impacts. Nevertheless, in many cases, there will remain
some impacts for which an economic evaluation cannot be
performed. Section 3.4 demonstrates that relevant
qualitative information should be provided on the magnitude,
nature and significance of these unquantifiable impacts, so

that decision-makers can themselves determine the appropriate

valuations of these impacts.
The extent to which these sequential stages should

be performed depends upon the particular circumstances of

each case (e.g., the current availability of data, the ease

or difficulty of acquiring additional information, the

importance that is attached to the.acquisition of this

information, and the financial resources allocated for the

study). 1In the following chapters, this 'best practicable’

approach is applied to the valuation of the environmental

impacts of beverage containers.
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PART I 11

APPLICATION OF THE THEORETICAL FRAMEWORK

TO THE BEVERAGE CONTAINER ISSUE
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CHAPTER 4

A CONCEPTUAL FRAMEWORK FOR A SOCIAL APPRAISAL OF

THE BEVERAGE CONTAINER ISSUE

Introduction

Section 2.1 of Chapter 2 demonstrated the importance
of setting out a sound conceptual framework for analysing an
environmental issue. This need for a framework is
particularly apparent for a topical and controversial
environmental issue such as the disposal or re-use of
beverage containers, on which there is a considerable amount
of literature from the industry and environmental groups and
from international and national governments and
organisations(l). On the basis of the theoretical
foundations presented in the previous Chapters 2 and 3, this
chapter develops a framework for a social appraisal of the
beverage container issue. This framework will enable the
literature from the environmentalists and the industry to be
seen in perspective and would enable the relevant information
in this literature to be appropriately included in an
empirical assessment of this issue.

- Section 4.1 examines the current position in the
beverage container market. This provides a brief
description of the alternative returnable and
non-returnable beverage container systems
investigated in this thesis.

(1) This literature is reviewed in OECD (1978) and in an
earlier paper [Fisher (1978)].
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4.1
4.1.1
4.1.1(1)

- Section 4.2 briefly considers the conditions for
the attainment of the social optimum in the
beverage container market.

- Section 4.3 then sets out a framework for a social
appraisal of returnable and non-returnable
beverage containers. The main causes of any
divergence between the current position in the
beverage container market and the socially
efficient optimum are identified, and some
criteria are presented for the evaluation of the
alternative policy options.

- Section 4.4 outlines the scope and objectives of
this particular thesis.

- The final section 4.5 outlines the general
methodology that is adopted for the empirical
assessment of the external costs of beverage
containers in the following Part 1IV.

The current position in the beverage container market

Definitions

Internal and external costs and benefits of beverage

contalners.

Chapter 2 demonstrated that the distinction between

internal and external costs and benefits is of fundamental

importance in a social appraisal of an issue. Therefore, it

is useful first to refine somewhat the general definition of

these terms, given earlier, by applying them specifically to

beverage containers.

- Internal Costs and Benefits are the costs and
benefits which the consumer fully perceives and
which the beverage producers (manufacturers,
distributors and retailers) take into account in
making their choice between the alternative
containers.

- External Costs and Benefits arise where the
production and distribution of beverages in the
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alternative containers and the disposal of the
containers create impacts which affect the
welfare of other members of society, and where
there are no traded markets or property rights
concerning these impacts. Therefore, the
individual producers and consumers do not take
these impacts upon others into account in their
production and consumption decisions concerning
packaged beverages. In the absence of any
government intervention, there is no incentive or
compulsion for them to do so under the current
market system. Consequently these impacts are
imposed on society as a whole and remain
uncompensated (if they are costs) or
unappropriated (if they are benefits).

4,1.2 Description of the alternative returnable and

non-returnable systems currently used for the
distribution of beverages

Figure 4.1 presents a flow diagram which highlights
the process stages invelved in the distribution to the
consumer of beverages in non-returnable bottles and cans and
in returnable bottles.

It can be seen from figure 4.1 that an essential
difference between the returnable and non-returnable systems
is the re-use loop operated for the returnable system. In

(2)

the 'off' premise sector of the beverage market, the
consumer drinks the beverage away from his place of purchase
and then has to return the bottle to the shop. In some

cases, this may be inconvenient. Hence, the convenience

(2) The 'off' premise sector comprises sales of beverages,
principally from off licences and other retail outlets,

for consumption away from the place of purchase. The
'on' premise sector comprises sales in pubs and

door-to-door deliveries.
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characteristics of the one-way disposable non-returnables
will be one of the (internal) attributes of the alternative
containers that affect the consumers' preferences for each
container type.

The total internal costs for each container system

comprise the internal costs that are incurred at each of the

process stages shown in figure 4.1.

In the U.K., all the returnable bottles for
carbonated beverages are made of glass. Sihilarly, the
non-returnable bottles used for cérbonated beverages are

(3)

mostly glass bottles Two main types of metal cans are

currently used for carbonated beverages. The most common is
a bimetallic can, which has a tinplate base and body and an
aluminium top with an aluminium ring pull for easy opening.
In addition, an all aluminium can is also marketed.

A returnable bottle is heavier than an alternative
non-returnable bottle since it is designed to be re-used.

The glass bottles are heavier than the metal beverage

containers and the aluminium can is the lightest of these

containers for carbonated beverages. Soft drinks bottles and

cans are heavier than their counterparts for beer on account

of the greater internal pressure of soft drinks carbonation.

(3) A non-returnable 2-litre plastic (PET) bottle for
carbonated beverages has been developed recently and has
Jjust entered the U.K. market. However, this bottle
currently has only a very small share of the market and,
by 1982, is predicted to account for 1.35 per cent of
the total 'off' premise sales of beer, cider and
carbonated soft drinks in the U.K. Therefore, this
plastic bottle has not been included within the scope of
this thesis which concentrates upon the major glass and
metal containers currently used for carbonated beverages.
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Glass bottles require more protective packaging than the
metal cans. Thus, returnable glass bottles are usually
distributed to the retail outlets in plastic crates (which
are also returnable) and non-returnable glass bottles are
packed in paperboard cartons with a covering of shrink wrap
plastic; while, for their distribution, the metal cans are
usually shrunk wrapped in plastic with just some cardboard
along the edges.

4.1.3 Comparison of the internal costs of the alternative
returnable and non-returnable container systems

The filling, distribution and retailing costs are
generally higher under the returnable system on account of
the lower filling speeds, greater space and handling
requirements for the heavier returnable bottles and crates
and the return processes involved in their re-use. The
distribution, retailing and supplementary packaging costs are
generally higher for the non-returnable glass bottles than
for the non-returnable metal cans due to the bottles' greater
weight and the more supplementary paper packaging required
for glass bottles(A)(S).

The heavier returnable bottle is more expensive (in

purely financial terms) than the non-returnable glass

(4) On account of the re-use of the returnable crates in the
returnable system, the costs of supplementary packaging
(per unit of beverage delivered) for returnable bottles
may well be lower than the supplementary packaging costs
for the non-returnable systems.

(5) A more detailed description of the characteristics and
internal advantages and disadvantages of the returnable
and non-returnable glass bottle and can systems is given
in an earlier paper [Fisher (1978)] and in publications
by the industries concerned [e.g., see INCPEN (1975),
Schweppes)].
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bottle, although the returnable bottle is much the same price
and, if anything, slightly cheaper than the non-returnable

(6). However, in order to determine the beverage

cans
container system with the lowest internal costs, what must be
compared is not just the internal costs at a single process
stage (such as the production of an individual alternative
container), but the costs for the total system costs of all
the process stages involved in the delivery of a certain
quantity of beverage to the consumer. These process stages
include the filling, distribution and retailing of the
beverage containers, along with the production of the empty
containers (see Figure 4.1). The cost of an individual
returnable bottle will be amortised by the number of times
that this bottle is used for filling and delivering beverages
- or its trippage. Thus an essential factor in the internal
cost comparison of the alternative container systems is the
trippage achieved by the returnable bottles since this
determines whether the lower container costs, resulting trom
their amortisation by the returnable'é trippage, offset the
extra filling, distribution and retailing costs of the
returnable system. The effect of variations in the trippage

rate is shown diagrammatically in figure 4.2 which presents

some US data on container filling and distribution costs of

(6) It was estimated (in June 1979) that a half pint (10
0z.) returnable bottle cost about 4p., while a half-pint
non-returnable glass bottle cost between 2.5-3p. and a
10 oz. bimetallic can cost about 4.9p.
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Figure 4.2

Gnpaisn of the internal costs of supplying packaged beer in non-
retungble containers and returnable bottles with different trippaqges
US (Oregon) Data for 1972 in US S (1972 prices).

Costs per
case(")
300-
Trippage-dependent costs (Container costs)
Metai can
240-
Non-returnable bottle
Returnable bottle
100 -
V  Trippage—independent costs (Filling and distribution
costs )
10 15 20

Trippage Rate of Returnable Bottle

Sue ; Stern et al (1975)

Ndes : (1) Trippage dependent costs are the costs that vary with the trippage
rate i.e. the costs of the individual bottle which will be amortised
by the number of trips achieved by that bottle. Trippage independent
costs are those costs which are incurred regardless of whether a new
or a returned bottle is used (e.g. filling and distribution costs).

(2) It would appear that a case contains 24 x 12 oz. bottles or cans.



“the returnable and non-returnable container systems in
Oregon(7).

If one makes the assumption(a) that the consumer
is indifferent whether the beverage is in a returnable or a

non-returnable container, then the returnable bottle will be

chosen (by the beverage producer and consumer) if:-

B F+D+R B F+D+R
IChgg * ICuma | ? |ICrg + ICrg 4.1
—r
where: -
1cB represents the internal costs related

to the actual container (comprising
the costs of extracting and processing
the raw materials, their manufacture
into a new bottle/can and the delivery
of the empty new container to the
bottler).

1cF+0+R  represents the internal fillin%
distribution and retailing costs.
This also includes the costs of any
supplementary paper or plastic
'‘packaging used for the distribution of
the beverage containers.

NRB = Non-returnable container

RB = Returnable bottle

T = The trippage of the returnable
bottle.

(7) 1t should be noted that the data do not include
retailing costs.

(8) This assumption and presentation above is used merely
for illustrative purposes and for ease of exposition.
It may be somewhat unrealistic since surveys [e.g.,
Glass Manufacturers Federation (1973)] have shown a
consumer preference for non-returnables on account of
their convenience characteristics. However, the

principle shown in expressions 4.1 and 4.2 still holds
since the returnable container will now be chosen if:-

TICNRB - Consumer premiumNRB ) TICRrpg

In other words, the consumer would not choose the non-
returnable unless his valuation of this convenience
premium exceeded any extra internal costs of the
non-returnables.
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All the cost items (IC) are the costs at the
appropriate process stages for the supply of a
certain quantity of packaged beverage (e.g., 100
pints of beer).

Expression 4.1 can be summarised as saying that the

returnable container will be chosen if the total internal

costs of supplying beverages in non-returnable containers

(TIC ) exceeds the total internal costs of supplying ~

NRB
beverages in returnables (TICRB). Thus expression 4.1 can

be restated as 4.2 below:-

TICNRB h) TICRrp 4.2
where:- TICy\Rrp represents the total internal costs of
supplying beverages in non-returnables.
TICRrp represents the total internal costs of

supplying beverages in returnable bottles.
Therefore, the current private mix of the packaged
beverage market between returnable and non-returnable
containers is, on this assumption, that which minimises the
total internal costs of producing and delivering beverages,
i.e.:-

minimises (TICNRB + TICRB) 4.3

4.2 The social optimum in the beverage container market

The social optimum in the beverage container market

is the socially efficient sub-division of the market for

beverages between returnable and non-returnable containers.
If one makes the same assumption, made earlier in
expressions 4.1 and 4.2 above, of consumer indifference

between beverages in returnable and non-returnable containers,

then this socially optimal mix of the packaged beverage market
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between returnables and non-returnables is that which
minimises the total social (i.e., internal plus external)

costs of producing and delivering packaged beverages.

i.e.:
where:- TICNRB, TICRB are as defined for expression 4.2
above
TECNRBs TECRpB represent the total external costs
of non-returnables and
returnables, respectively.
4.3 A social appraisal of returnable and non-returnable

beverage containers

Chapter 2 demonstrated that a social appraisal of an
environmental issue requires first an assessment of whether
there is any divergence between the current position and the
social optimum. This will determine whether the government
should consider intervening in this area. If there is any
significant divergence, then the second stage of the
appraisal should be performed - an evaluation of all the
policy options. The first part . of this section analyses the
causes of any divergence between the current position in the
beverage container market and the socially efficient optimum
position. The second part then draws up some criteria for
evaluating the alternative policy measures concerning the
beverage container question.
4.3.,1° The causes of any divergence between the current -

position and the social optimum for the beverage
container market

Chapter 2 demonstrated that any divergence between

the current market position and the social optimum will be
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caused by the existence of any imperfections in the current
market mechanism. There are three areas of market
imperfections that appear to be particularly relevant to the

beverage container issue. These are:-

(1) Imperfections which result in a lack of
consumer sovereignty
(11) The existence of potentially relevant
externalities
(I11) The consumption of finite resources, such as

energy, which are considered to be incorrectly
priced.

4.3.1(i) Lack of consumer sovereignty

This concerns whether the consumers' current
decisions in the market place represent their true
preferences. It has been argued that the consumers' purchase
of a non-returnable may not necessarily reveal a consumer
preference for beverages in non-returnable rather than
returnable containers if these consumers do not have full
information and freedom of choice concerning the alternative
containers to purchase their beverages id and, if the
container is returnable, in being able to return the bottle.
The existence and extent of any lack of consumer sovereignty
in the market for beverages in the various containers depends
upon the following four factors:-

(i) The availability at the various retail outlets
of beverages in the alternative types of
containers.

(ii) The comparative advertising levels for
beverages in returnables and non-returnables.
(iii) The information that the consumer receives when
he purchases a beverage in a returnable or
non-returnable container. This will be
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affected by the bottlers' and retailers'

customary practices for identifying whether a
bottle is returnable or non-returnable and

whether or not the retailers separate the price
of the beverage as distinct from the refundable

deposit on the bottle.

(iv) Whether there are any significant impediments
for consumers wanting to return bottles to the
retail outlets.

4.,3.1(ii) The existence of externalities

The importance of externalities to a social

appraisal of beverage containers is effectively highlighted
by the minimum cost expressions for the current position and
the social optimum in the beverage container market,given
earlier in expressions 4.3 and 4.4, which are restated below:

(1) Minimum cost expression for the current private

mix of the packaged beverage market between
returnables and non-returnables:
minimise (TICNRB + TICrg) 4.5

(11) Minimum cost expression for the social optimum:
minimise (TICzg + TECRgg *+ TICgg + TECzg) 4.6

A comparison of expressions 4.5 and 4.6 shows that

the existence of any external costs of beverage containers

(the terms TEC TEC in expression 4.6) will result

NRB? RB
in a divergence between the current position and social

optimum for beverage containers. The terms TECNRB and
TECRB relate to the beverage container systems' generation
of external impacts which are unpriced under the current
market mechanism. This includes the following five areas:-

(i) The disposal of beverage containers in domestic
solid waste (SW).
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(ii) The disposal of beverage container as
litter 2 (L).

(iii) Air and water pollution emissions and solid waste
generated at the process stages for the
returnable and non-returnable container systems
shown in figures 4.1 and 4.3 (EP).

(iv) Public health and hygiene impacts arising from
the presence of any contaminants in the packaged
beverage and from the storage of the beverage
containers at the retail outlets (H).

(v) The environmental impacts resulting from the
transportation between the various process
stages. In particular, the urban traffic
congestion caused by the distribution of the
beverage containers to the retail outlets (U).

4.3.1(iii) The consumption of incorrectly priced finite
resources

Chapter 2 outlined a number of imperfections
relating to the market for finite resources which could
result in the current market price and depletion rate of
finite resources, such as energy (and perhaps other raw
materials), differing from the socially optimal levels.
Thefefore, this third category of market imperfection should
include the energy (and perhaps other raw materials) that are
consumed at the various process stages of the alternative

container systems identified in figure 4.1.

(9) Litter is defined as material that is not immediately
placed in the recognised system of waste disposal and
collection [e.g., the householders' dustbins noted in
(i) above]. This material then imposes external costs
in the form of the expenditure that local authorities
and parks departments have to incur to control litter
and, if the litter is not picked up, then in the form of
the aesthetic eyesore and public nuisance resulting from
the litter that is left on the ground in public areas.
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However, i£ must be noted that the beverage industry
does at present pay for energy and raw materials and that
these energy and raw materials costs are included in the
total internal costs of supplying beverages in the
alternative containers. Therefore, in a social appraisal of
beverage containers, the consumption of energy and raw
materials should be weighted by the difference between the
market price currently paid by the beverage industry for
energy and raw materials (PE) and the long-run social
opportunity cost of the current consumption of these finite
resources Q(E). The direction and importance of this
difference (KE - PE) will depend upon the net effect of
the various market imperfections identified in chapter 2.

These last two categories of market imperfection
are highlighted schematically in figure 4.3, which
distinguishes between the internal and the incorrectly priced
inputs and the external impacts of the beverage container
systems. The internal factors appear in figure 4.3 within
the box made up by the dashed lines (----). The resources’
which might be considered to be incorrectly priced appear -
above the upper dashed line. The external impacts of the
beverage container systems are shown below the lower dashed
line.

4.3.1(iv) Criteria for the consideration of intervention in
the beverage container market

Therefore, the question of whether the government

should consider intervening in the beverage container market,

depends upon the following criteria:-
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ere is any evidence of the four factors,
earlier, resulting in any lack of consumer
eignty in the beverage market.

xistence of any potentially relevant

nal costs of beverage containers. This

ls determination of the size and

ficance of:-

The domestic solid waste generated by

returnable and non-returnable beverage
containers (SWgg + SwNRB)'

The impacts of the returnable and
non-returnable beverage containers that are
littered (Lgg + Lygg)-

The pollution emissions and industrial solid

waste generated by the returnable and

non-returnable beverage container systems
(EPgg + EPyrp) -

The hygiene impacts of returnable and
non-returnable beverage containers

(Heg + Hyga) -

The environmental impacts resulting from the
transportation between the process stages of
the returnable and non-returnable beverage
container systems. In particular, the urban
traffic congestion caused by the
distribution of returnable and
non-returnable beverage containers to the
retail outlets (URB + UNRB)‘

iteria II(i)-(v) above can be summarised in

the form of the following expression for the total

external

TEC

where: T

R

costs of beverage containers (TEC):-

=ZSW(SWRB + SWypg) +AL(Lgg + Lyrg) - 4.7
'*AEP(EPRB*'EPNRB)“AH(HRB*'HNRB)
EC represents the external costs of

beverage containers
B = Returnable bottle
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(III)

NRB = Non-returnable container

SW = Domestic solid waste

L = Litter

EP = Air and water pollution emissions and
industrial solid waste generated

H = Hygiene and public health impacts

U = Environmental impacts of the beverage

container systems' transport
A Social valuation of these externalities

(i)-(v) above

The level of the returnable and non-returnable
beverage container systems' requirements of

finite resources for which the long-run social
opportunity cost OKE) differs from their
current market price (PE). This can be
presented in the following expression 4.8:-

Cg = (Ag - Pp) (Epg + Enga) 4.8
where:

Ce represents the extra social valuation
(above the market price paid) for the
beverage container systems'
consumption of finite resources

ErB represents the consumption of finite
resources (e.g., energy and raw
materials) in the returnable
container system for beverages

ENRB represents the consumption of finite
resources in the non-returnable
container system for beverages

Pg represents the market price currently
paid for the finite resource
AE represents the social opportunity

cost of the current consumption of
the finite resource '

In order to determine the direction in which the

government should be considering intervention (i.e., favour
returnables or non-returnables), it is further necessary to
examine three issues. First, whether the lack of consumer
sovereignty'adversely affects consumers whb want to purchase
beverages in returnable or non-returnable containers.

Second, whether the returnable system generates more or less

external costs than the non-returnable container systems.
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This entails a ranking of the alternative container systems
in terms of each of the external cost categories II(i)-(v)
identified above. Third, whether the returnable system
requires more or less energy and raw materials than the
non-returnable systems. For three of the categories of
external costs (solid waste, litter, water and air pollution)
and for the consumption of energy and raw materials, it is
worthwhile to identify separately the returnable system's
external costs and energy and raw material requirements that
arise from the production and disposal of the returnable
bottle and hence which are affected by the re-use of this
bottle. This separation is presented in expressions 4.9-4.12
below, which show that the ranking for these aspects depends

upon whether:-

SWRB >< SWNRB 4,9
T—-
LrB % LNRB 4.10
f

B F+D+R
EPog + EPRY %v EPNRB 4.11
-

B F+D+R
Ers * Ers %’ ENRB 4.12
—T—-

where the items in expressions 4.9-4.12 are as defined
earlier in expressions 4.1 and 4.7.

Expressions 4.9-4.12 highlight the importance of the
trippage achieved by the returnable bottle .

4.3.2 Policy evaluation

4.3.2(i) Alternative policy measures

The legislation, directives and policies concerning

carbonated beverage containers that have been promulgated in
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various countries are outlined in Appendix I. This survey of
international legislations reveals that there are a number of
alternative policy measures relating to the beverage

container issue. The three main categories of the principal

policy options are listed below:-

(1) No action by the government

(11) A _'Voluntary' agreement between the
government and the beverage industry (can and
bottle manufacturers, bottlers and retailers)
that the beverage industry will itself
undertake measures to attain certain

specified objectives such as:-
(a) The level of beverage containers disposed
in domestic waste should not increase or
should decrease by a certain amount.
(b) The recycling of glass and metal cans
should increase to reach a certain target.
(c) The performance of an effective litter
control programme.
(d) Limits on the amount of beverages sold in
non-returnables.
(e) 1Improvements in the design and weight of
beverage containers.
(f) Improvements in the returnable system by:-
- promotion of standardisation
- increasing trippage
- provision of (more) information for the
consumers on: which bottles are
returnable with refundable deposits;
where the consumers can buy beverages
in returnable bottles; and where they
can return the empty bottles

- measures to make it easier for
consumers to return bottles.
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(111)

Government intervention in the market for

packaged beverages. Such measures include:-

(a)

(b)

(c)

(d)
(e)

(f)

(g)

(h)

(i)

Bans on the use of certain types of non-
returnable containers for carbonated
beverages.

The mandatory imposition of refundable
minimum deposits on beverage containers.
A variant of (b) above, is the legislation
in Michigan (USA) which requires that a
mandatory deposit of 10¢ be put on all
carbonated beverage containers but that a
lower minimum deposit of 5¢ should be
placed on 'certified' standard returnable
beverage containers which can be re-used
by more than one bottler.

Standardisation of bottle size and shape.
Mandatory availability provisions
requiring that retailers give equal shelf
space and choice for the consumer between
returnables and non-returnables.

Mandatory acceptance provisions specifying

_that the retailer must accept and refund

the deposit on any returned empty
container of the same type, brand and size
as those sold by him.

The mandatory identification on the bottle
or its label that it is returnable for a

specified deposit refund.

The levying of a high tax on
non-returnables.

A low 'litter' tax on major items of
litter to finance an anti-litter
campaign. Such a tax was introduced in
the State of Washington (USA). Beverage
containers were included within the scope
of this tax.
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(j) A product charge on packaging items,
including beverage containers, to cover
their 'external' waste collection and
disposal costs.

(k) The 'bottle bill' legislation originally
passed in Oregon, and subsequently in
other American States, which bans metal
beverage cans with detachable ring pulls
[measure (a) above] and combines the
levying of mandatory deposits on certified
and non-certified beverage containers
[measure (c)], with mandatory retailer
acceptance provisions [measure (f)], and a
mandatory identification of the refund
value of the bottle [measure (g)].

(1) Other combinations of the measures (a)-(k)
above have also been adopted in various
countries, provinces or states.

In relation to the U.K., the current position is

that a recent report by the Waste Management Advisory Council

[WMAC (1980)] recommended that the government should not

intervene in the packaged beverage market to implement

measures against non-returnables. Instead, WMAC principally

recommends that various type II voluntary measures should be

undertaken by the beverage industry. Thus WMAC (1980, p.7)

recommends that:

The recycling of beverage containers should be
increased, where thisfviable [measure II(b) 5
above]. R

The beverage industry should endeavour to
improve the existing returnable system by
undertaking a continuous campaign to raise
trippage and by agreeing on a greater degree of

standardisation [measure II(f)].
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- The bottlers should collaborate with the
retailers to ensure that the consumer is
informed that the price of a carbonated beverage
in a returnable includes a (refundable) deposit
[measure II(f)].

- All returnable bottles should bear a clear
indication of returnability [measure III(g)]

In contrast, Friends of the Earth in their minority

report [Cawdell (1980, p.20)] recommend that the following

intervention measures should be undertaken by the government:

- Mandatory deposits should be imposed on all
returnable and non-returnable containers for
carbonated beverages, with a lower deposit being
permitted for certified standard bottles that can
be re-used by more than one filler and whose
national retail sales are greater than 5 million
units [measure III(c) above].

- Retailers should be required to accept back all
containers of the type, size and brand sold by
them and to accept back any standard container
stocked (up to some limit per customer per day)
[measure III(f)].

4.3.2.(ii) Criteria for policy evaluation

In the light of the many alternative policy
options and these contrasting recommendations that have been
made for the U.K., it is essential to establish some definite
criteria for the evaluation and selection of the 'best'
policy measure(s) for the U.K. This thesis concentrates here
on highlighting the major points and principles concerning
the criteria for the selection of the optimum policy. This
is designed to identify the various impact items that need to
be considered in the selection of the 'best' policy measure,

and to demonstrate how to present information on the level
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and significance of these impact items so as to ensure that
double counting or omissions do not occur. More detailed
information on these criteria is given in OECD (1978,
section 5A).

The objective of this policy evaluation process
should be to determine that policy measure which yields the
greatest level of social welfare. Chapter 2 showed that, in
order to achieve this objective, it is necessary to take into
account the environmental impacts and the economic impacts of
the various policy options.

(A) Environmental impacts

(L) The external costs ot beverage containers

The environmental impacts of a policy include
any changes in the level of the following external costs of

beverage containers:-

(i) Generation of domestic solid waste
(ii) Litter
(iii) Air and water polution emissions and

industrial solid wastes
(iv) Hygiene and public health impacts
(v) Environmental impacts of transportation.
In particular, urban traffic congestion
(2) The conservation of resources

The environmental impacts of a policy measure
also include its impact on the beverage container systems'
consumption of finite resources (e.g. energy and raw
materials); the current prices and consumption levels of
which are considered to be incorrect.

(B) - Economic impacts

The economic impacts of a beverage container policy

comprise the impacts of the policy on the beverage industry,
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beverage consumers and the government sector. The policy
measure may affect the operations, employment and investment
levels of the various sectors involved in the process stages
of the beverage container systems (i.e., bottle and can
manufacturers, brewers and bottlers, distributors and
retailers). Such impacts would result in changes in the
total internal costs of supplying the consumer with beverages
in the alternative returnable and non-returnable containers.
To the extent that this results in changes in the price of
beverages for the consumer, the policy's impact on the price
of beverages in the alternative containers can therefore be
an effective and useful summary measure of the economic
impact of the policy. Consequently, changes in the price of
packaged beverages have been used as a summary indicator in
recent studies on the economic impact of beverage container
policies [e.g., see Maryland Department of Economic and
Community Development (1976)].

However, there are a number of factors which could
result in this measure failing to capture (fully) certain
impacts of the policies. Therefore, it is also necessary to
take these factors into account.

Consumer convenience and choice

In addition to changes in the price of packaged
beverages, the consumer will be affected by the convenience
with which he/she is able to purchase beverages in the
various containers and then dispose of or return the
container. As far as disposal is concerned, it is frequently

more convenient for consumers to purchase non-returnables
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rather than to purchase returnables and then return the
bottle. Therefore, it is necessary to take into account the

policy's impacts on the convenience benefits consumers obtain

from purchasing beverages in non-returnables. Like-wise, it
is also necessary to take account of the policy's impact on

the inconvenience for the consumer of returning bottles to

the retail outlets. Consumers' welfare will also be affected
by the policy's impacts on other aspects affecting consumer
sovereignty, such as the provision of information and
consumers' freedom of choice. This latter aspect will be
influenced by the policy's effect upon the availability at
the retail outlet of beverages in the desired container sizes
and types.

Price controls

The existence of any government price controls may
mean that the beverage industry is not able to pass any
increases in internal costs on to the consumer in the form of
increased prices. This means that it will also be necessary
to assess the policy's impacts on the profit levels of the
beverage industry. Alternatively it may be simpler to assess
the economic impacts of the policy in terms of its effect on

the total internal costs of packaged beverages (TIC), which

are shown in expression 4.13 below:-

B F+R+D
TIC = TICNRB +”ICRB + ICRB 4.13
T

If the policy resulted in a lowering in the total
internal costs, and hence possibly prices, of supplying the

consumer with packaged beverages, then this would constitute
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an economic benefit of the policy and, vice versa, an

increase in the total internal costs would constitute an

economic cost of the policy.

Employment of labour

The labour costs incurred by the beverage industry
are included as one of the cost items in the total internal
costs function given above in expression 4.13. However, in a
social appraisal, the employment of labour should be
weighted, not by the wage rates actually paid as applied in
the internal costs function above, but by its shadow wage
(WA)(IO). This shadow wage rate is the opportunity cost to
society of employing the labour in that job instead of its
best alternative job. The‘high levels of unemployment
currently experienced in many parts of the country by many
categories of labour (especialiy unskilled labour) mean that
there may be few alternative jobs available so that the
shadow wage rate is low. On account of social considerations

and imperfections in the labour market, however, this shadow

wage rate could be less than the wage rate actually paid for

(ll). Therefore, social benefits

these categories of labour
would accrue from an increase in the employment opportunities
for these categories of labour. Recent government measures

to increase employment opportunities, such as the activities

of the Manpower Services Commission, the Job Creation

(10) A more elaborate discussion of this matter is given in
Mishan (1975). ,

(11) There may also be some instances where, on account of
the effect of incomes policies and rigidities in the
labour market, the shadow wage for a specific category
(e.g., skilled labour) may exceed its actual wage rate.
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Programme and the Training Opportunities Placement Scheme,
give some support to this view. It is therefore necessary to
ascertain the policy's impacts on the employment levels for
the various categories of labour in the beverage industry.
These changes in employment levels should then be weighted in
the social appraisal by the difference between the shadow
wage and the wage rate actually paid by the industry for the
various categories of labour so that the appraisal can give
an indication of the social costs and benefits of the
employment impacts of a policy measure.

Capital obsolescence and investment

The policy may result in the obsolescence of certain
capital equipment (e.g., filling lines). This would not show
up in the cost and price changes if the beverage producers
adopt the economic principle that 'byegones are byegones'.
Thus, although a producer would attempt to raise prices and
hence increase his revenue so as to earn an adequate return
on any additional new investment, he would not do so for
obsolescent equipment which should be written off as an
irretrievable capital loss. Therefore, in the social
appraisal, any capital equipment rendered obsolete as a
result of the policy méasure should be included as an
additional item and should be valued at the (social)
productivity of this equipment in the absence of the policy
less any revenue the beverage producer obtained from the sale

of this equipment. OECD (1978) also reports that it has been

suggested that the impacts upon the beverage industry's
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investment levels and, hence, capital resources may be of
such importance that they merit special assessment. However,
it is important to note that a firm's investments are already
included in the firm's calculations of its total internal
costs (e.g., by depreciation, interest charges, etc.).
Therefore, to avoid double counting, the investment impacts
should only be included as a supplementary item in the
economic impact statement where this importance or social
valuation of these investments exceeds the allowance that has
already been made in the calculation of the beverage
industry's total internal costs. Moreover, in the social
evaluation of policies, the impacts of a policy upon a firm's
investment should only be weighted by this excess oflthe
social valuation of the investment requirements over the
allowance for the costs of this investment which has already
been made by the beverage industry.

Other factors

Other factors that need to be taken into account
include the impacts of the policy upon the competitive
structure of the beverage industry, the distribution of
income, the balance of payments, the international trade
implications of the policy and the impacts on the government
sector. This latter factor includes the administrative
feasibility and costs of implementing the policy and the
impacts upon government revenues and expenditures. Further
information on these other factors is given in the OECD

report [OECD (1978)].
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The criteria for the evaluation of the various
policy options can thus be summarised as including the
impacts of the policy upon:- |

(i) The external costs of beverage containers, which
are shown in expression 4.14 below:-

TEC =.Asw(szB + SWypg) + AL}LRB + L

T T

+ K plEPD epfO+R | ep

rRB * RB PNra’

—

+A(Heg + Hypg! + AylUpg + Upgg)
(ii) The conservation of resources which is

represented by expression 4.15, below:-
_ B F+D+R
Ce = (K¢ - Pe)(Epg *+ Erp + Eggg)

I

(1ii) The total internal costs of supplying the
consumer with packaged beverages, which are
represented by:-

4.15

TIC = TIC E F+D+R

+ IC B * ICRB

—— .

T 4.16
(iv) Employment levels in the beverage and related
industries which should be represented by:-

NRB

n

> 1,1 '
{o) Lempli(Wy - W)l 4.17
where:
i = ith category of labour
n = No. of categories of labour
emplj = the policy's impacts on the
employment levels for the it
category of labour in the beverage
industry.
Wi = the shadow wage for the ith
category of labour.
w; = wage rate paid by the beverage

industry for the ith category
of labour.
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(v)

(vi)

(vii)

Capital obsolescence and investment requirements
of the beverage and related industries whicn
should be represented by:-

IV(/\IV - ICp) + OC(ADC - NRV 4.18

oc’

where:

Iv = the investment undertaken by the
beverage industry as a result of
the policy measure

AIV = the social opportunity cost of

the firm's capital resources
used to finance this investment

ICty the firm's internal costs

associated with this investment

ocC = capital equipment rendered
obsolete as a result of the
policy measure

Anc = the social productivity of this
capital equipment in the absence
of the policy measure

NRVgc revenue received by the beverage

industry from the sale of this
equipment
Consumer convenience, consumer inconvenience,
consumer choice and other aspects relating to

consumer sovereignty.

Other factors which include impacts upon the
industry's competitive structure, the
distribution of income, balance of payments and
the government sector.

Some important considerations concerning these

criteria

Two particular factors will play an important part

in determining the economic and environmental impacts of a

policy measure. These are the market shares held by the

alternative beverage containers and the trippage that is
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achieved by the returnable bottle'12?. This is

particularly evident in expressions 4.14, 4.15 and 4.16 above
which highlight that these two factors are important
determinants of the total external and internal costs and the
resource requirements of the alternative beverage container
systems. Significantly, they are also two factors which a
beverage container policy can alter. Therefore, in the
formulation of a beverage container policy, it is essential
that the policy should be designed so as to raise trippage.

Finally, for the evaluation of the alternative
policy measures, it is necessary to have a baseline against
which to compare the impacts of each of the policy options.
This baseline should be the policy 'off' or 'No Action' case
and will be represented by the values for such important
factors as the market shares and trippage that would have
occurred in the absence of any policy measure.

4.4 The scope of this thesis

4.4.,1 The external costs of carbonated beverage containers

This thesis analyses the external costs of

carbonated beverage containers. This analysis covers the
following five areas:

(i) The disposal of beverage containers in domestic
solid waste.
(ii) The littering of beverage containers.

(iii) The pollution emissions from the alternative
beverage container systems. The thesis
concentrates upon the emission of air and water
pollutants.

(12) The other important variables determining the size and
nature of the economic and environmental benefits of

beverage container policies are analysed in depth in
the OECD report [QECD (1978)].
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(iv) Public health and hygiene impacts arising from
the presence of any contaminants in the packaged
beverages and from the storage of the beverage
containers at the retail outlets.

(v) The environmental impacts resulting from the

transportation between the various process
stages in the beverage container systems. In

particular, the thesis concentrates on the urban
traffic congestion caused by the distribution of
the beverage containers to the retail outlets.

Reasons for studying these particular areas

An earlier review of the available informatiop in

the (U.K. and overseas) literature [Fisher(1978)] highlighted
the distinct lack of U.K. data and information on the
external costs of beverage containers. It was noted earlier
- in Chapter 3 (page 79) 'that it is ideally necessary to
undertake a specific........ study for each particular
situation or, if this is not feasible, to exercise
considerable caution in applying the results of other studies
to a different situation'. Therefore, there was a need to
compile some U.K.-data on this subject especially since
bodies such as the Waste Management Advisory Council have
consistently stressed that any decision on the beverage
container situation in the U.K. should, as far as possible,
be based upon U.K., rather than overseas, data and
information. Thus the Waste Management Advisory Council
(1980, p.l) state in their report that:-

"It soon became apparent, from our examination of

the literature, that because of differences in

geography, social habits, distribution systems and

other factors, it would be difficult to draw
conclusions valid for the United Kingdom from the

experience in other countries, notably the USA. We
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considered that we needed first to collect basic
data about the different beverage container systems
in this country and then seek to assess the economic
and environmental impacts of these systems and the
effects of possible changes. Only then would we be
able to reach informed conclusions on what action,
if any, was desirable and what form it should take."

This study examines three issues concerning these

external cost areas .

4.4.2

(I)

(I1)

(III)

The significance of the external costs of
carbonated beverage containers. This will aid
the determination of whether the government
should consider intervention in the carbonated
beverage container market.

The external cost ranking of the alternative
containers for carbonated beverages. This will
aid the determination of the direction in which
the government should be considering
intervention (i.e., favour returnables or
non-returnables).

The level of the unpriced external costs
generated by carbonated beverage containers
under different policies and scenarios. Section
4.3.2(ii) showed that this information will be
an important input into the evaluation of
beverage container policies.

~The trippage of returnable bottles

It was evident throughout section 4.3 that the

trippage of a returnable bottle is of fundamental importance

in a social appraisal of the alternative returnable and

non-returnable beverage containers. On account of this

importance, some additional research on trippage was also

undertaken and the results of this study are presented in

Part Vv, Chapter 10, of this thesis. This trippage study
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examines three major questions concerning returnable beverage
containers:-

(I) What are the trippage rates that are currently
achieved in the U.K. and in overseas beverage
markets?

(11) What are the important factors that determine
| the trippage and life of a returnable bottle?
The examination of this question will indicate
whether or not the consumer currently finds it

inconvenient to return bottles to the shops.
Hence, this will aid the assessment of whether

or not there is any lack of consumer sovereignty
in the market for beverages since it will
provide information on the points (iii) and (iv)
identified in section 4.3.1.(i). This will also
assist in the identification and evaluation of |
measures which could increase consumers' welfare
by reducing any inconvenience of returning
bottles. .

(I1I) How can the trippage of the returnable bottle be
raised?

Section 4.3.2 demonstrated that the trippage of a
returnable bottle will be an important factor determining the
size of the economic and environmental impacts of a policy
measure. Therefore, this trippage study, especially in
respect of questions (II) and (III) above, could form a
useful input into the formulation of a beverage container
policy.

4.4.3 Limitations of the coverage of this thesis

Thus, this thesis covers some of the important areas
and questions which were identified in the earlier sections

and could thereby constitute a useful input into a social
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appraisal of beverage containers. However, it should be
noted that this thesis is designed to act as an aid and input
into the evaluation of beverage container policies. The
thesis does not specify and formulate an 'optimum' policy
measure, since it was not possible to undertake a full policy
evaluation. Such a complete policy evaluation would have
required a considerable amount of confidential information
concerning the (in some cases hypothetical) impacts of the
alternative policy instruments on the various sectors of the
beverage industry. It would not have been possible to obtain
this information, especially since the beverage industry was
already subject to'considerable demands and questionnaires
for information from the study teams for the Waste Management
Advisory Council(l3). Therefore, on account of these data
collection problems and the need to avoid wasteful
duplication of effort and to make the best use of the limited
resources available for studying this complex issue, it was
necessary to limit the scope of this investigation. After
discussions with representatives of industry and government
officials, it was considered more worthwhile to concentrate
the research on collecting the original data required on the
particular areas identified in sections 4.4.1 and 4.4.2

above. In this way, the research could then form a valuable

(13) Some detailed information on the economic and
environmental impacts of various policies is contained
in the Waste Management Advisory Council's report [WMAC
(1980)]1. The OECD report [OECD (1978)] also gives a
comprehensive review of the impacts of the beverage
container policies that have been implemented in
various OECD countries.
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contribution to the current assessment of returnable and
non-returnable beverage containers in the U.K.

The thesis does not examine one particular policy
measure that has been proposed - the promotion of recycling.
This subject has been extensively studied in two recent OECD
reports [OECD (1978, 1983)].

Similarly, it was decided not to undertake any
original research into the energy and raw materials
requirements of the various U.K. beverage container systems,
since these aspects were already being investigated in detail
for WMAC by a group of expert energy analysts at the Open
University, Dr. Boustead and Dr. Hancock. Their results are
reported in Boustead and Hancock (198l1) and are summarised in
WMAC (1980). In addition, the OECD report LOECD (1978,
pp.67-84)] gives a comprehensive review of many energy
analyses of beverage container systemé that have been
performed in Europe, the USA and Canada.

This thesis does not attempt to analyse all the
aspects of the other possible imperfection in the packaged
beverage market - the question of consumer sovereignty.
Nevertheless, the trippage study provides some information on
two important aspects of this question. Some information on
the remaining factors is presented in Ontario Solid Waste
Task Force (1974), Ontario Waste Management Advisory Board
(1976), Bate (1976) and WMAC (1980).

4.5 A general methodology for an empirical analysis of
the external costs of carbonated beverage containers

- In developing a general methodology for an empirical

analysis of the external costs of beverage containers, it is
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useful first to state more elaborately this study's

objectives, which are the assessment of:-

(1) The significance of the external costs of
beverage containers. This will be represented
by expression 4.19 below.

TEC = Agy(SWgg + SWNRB) 4.19
+ A (Lgg + LnrB)
*’AEP(EPRB + EPNRB)
+AH(HRB + HNRB)

+ '(U(URB + UNRB)
where the terms above are as defined earlier in
expression 4.7.
(11) The relative levels of the external costs
generated by the alternative container systems.
(I11) The external costs generated by the beverage
container systems under different scenarios.

This thesis examines five major questions concerning
the external cost areas (i)-(v) identified in section 4.4.1.
(1) Whether the impacts in these areas constitute

"potentlially' relevant external costs and, if
so, in what way?

The existence of any 'potentially relevant'
extefnalities would result in a divergence between the
current market position and the social optimum. Therefore,
the thesis first examines whether the impact§ in each of
these areas constitute 'potentially relevant' external
costs. This examination is performed in the light of the

distinction between internal and external costs. This
includes a brief assessment of the effects of any current

government controls relating to each area. This analysis is
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designed to indicate whether producers and consumers already
take into account the impacts in their production and
consumption decisions concerning beverage containers and ,if
so, to what extent. Any such internal element would then not
be included in the external costs studied in this thesis.

(2) What is the nature and significance of these
external cost areas?

This concerns the assessment of the overall
‘external costs in these areas (i.e. the terms/(sw,l(l_
etc. in expression 4.19 above).

(3) What is the physical size of the external
impacts of beverage containers?

This concerns the terms (SWpg + SWypg) etc.
in expression 4.19 . The thesis presents some data on
‘physical indicators such as the total quantities of solid
waste generated by beverage containers or the number of
public health complaints received concerning beverage
containers. In addition, the thesis gives an indication of
the size of the beverage containers' contribution to the
total level of the external costs generated in each of the
five areas. This information then enables the impacts of
beverage containers to be viewed in the context of the
overall national position for each external cost area.

(4) What is the significance of the external costs
of beverage containers?

- This concerns the termS/(Sw(SwRB + SWyrg’
etc. in expression 4.19 . This section draws on the
information relating to questions (2) and (3). Where data

are available on the finanéial costs incurred by the
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authorities for the control of the externalities, these data
are converted into terms of the unit external abatement costs
of an individual returnable bottle, non-returnable glass
bottle and metal can.

The assessment of the unit external abatement
costs raises an interesting point which has not previously
been discussed in the literature concerning the beverage
container issue, to which it is particularly relevant. This
point is whether the average or the marginal abatement cost
is the appropriate measure for the calculation of the unit
external costs of beverage containers. 1In the particular
context of solid waste, chapter five examines whether, since
the integral activity, such as the generation of domestic
waste, creates external costs equal to the average costs of

waste disposal and collection, then does a particular

component of this integral activity also generate external
costs equal to these average costs per tonne; or are the

external costs of a particular product equal to the marginal
costs of collecting and disposing of that particular

product. As yet, ﬁhis question has not been resolved and not
even faced neither in the present literature nor in the
political forum. On account of this apparent uncertainty,
the unit external costs of beverage containers are presented
on the basis of both average abatement costs, wherever cost
data were available, and also marginal abatement costs,
wherever it was possible to derive an estimate for this.
However,_only marginal cost figures are used to calculate the

changes in the authorities' abatement costs arising under the

various scenarios outlined in section (6) below.
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In addition, consideration is given to the
environmental impacts of the control techniques currently
operated by the authorities and the residual external impacts
of beverage containers that are not controlled by the
government's regulation activities.

(5) Whether the returnable system generates more or
less external costs than the alternative
non-returnable systems?

The thesis identifies the relative levels of
external costs generated by the major alternative container
systems (returnable bottle, non-returnable glass bottle and
metal cans). This yields an external cost ranking of these
containers for each of the five areas of external costs. For
some important external cost areas, the ranking of the
returnable bottle'depends crucially upon the trippage
achieved by this bottle. Therefbre, for these areas, the
thesis also presents the break-even trippages that the
returnable bottle has to achieve to generate less external
costs than each of the alternative non-returnable container
systems.

(6) What is the level of the external costs
generated by the beverage container systems

under different (policy-induced) situations in
the market for packaged beverages?

On the basis of a review of the U.K. and
overseas literature on beverage containers, nine scenarios
have been drawn up. These scenarios are outlined below and
are summarised in Table 4.1.

There are two points which should be

highlighted concerning these scenarios. First, the scenarios
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relate to the 'off' premise sales market for beverages, since
the OECD report [OECD (1978, p.38)] notes that:

"any beverage container policy measure will
primarily be directed to the 'off' premise market".

Second, it has been necessary to limit the number of
variables analysed in the scenarios in order to facilitate
the identification of some conclusions concerning the
external costs of beverage containers. There are two
important determinants of the external costs\of beverage
containers which could be altered by a policy measure. These
are the market shares of the alternative containers and the
trippage of the returnable bottle. Therefore the scenarios
I-IX analysed in this thesis incorporate the following
assumptions concerning these two factors:-

(1) Scenario I is the sub-division of the 'off!
premise beverage market between the alternative

containers in 1977. An estimate of four has
been assigned for the returnable bottle's 'off'
premise trippage under this scenario (see
Table 4.1) |

(11) Scenario II is the situation in the beverage
market that is predicted to occur in 1982 if

there is no action or intervention by the
government., This 'No-Action' situation is the
baseline against which to compare the outcome
following any government policy measure. The
OECD report [OECD (1978)] emphasised that a
policy should be phased in gradually in order
to reduce its economic impacts on the beverage
industry. The WMAC report [WMAC (1980)] states
that the industry would require a 5-year
phasing-in period. Therefore, 1982 was chosen
as the year in which a policy measure,
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(111)

(1IVv)

(v)

(VI)

(VII)

originally implemented in 1977, would become
fully effective. The forecasts of the

-sub-division of the 'off' premise beverage

market between the alternative containers in
1982 are shown in Table 4.1. These forecasts
of an increased use of non-returnables were
derived from the WMAC report [WMAC (1980)] and
from data and information supplied by Metal
Box. Appendix II gives a detailed breakdown of
these forecasts. The trippage achieved by the
returnable bottle has been falling in recent
years [Glass Manufacturers Federation (1973),
Fisher and Horton (1979)]. Therefore, the
trippage is assumed to decline further to 3 in
1982.

Scenario III is the extrapolation of the

present trends to the extreme case where the
non-returnable bottle and can completely
replace the returnable bottle whose market

share falls to zero.
Scenario IV is similar to scenario I in that it

assumes that the returnable bottle maintains
the market share and trippage achieved in each

of the beverage markets in 1977. The
difference, between scenarios I and 1V, is that
scenario IV applies to the larger 'off' premise
market forecast for 1982.

Scenario V depicts an intermediate increase in
the market share of the returnable bottle whose

trippage rises to 6.
Scenario VI is similar to the intermediate

scenario V. However, under scenario VI, the
returnable bottle's trippage does not increase
but remains at the baseline scenario II level
of 3.

Scenario VII is based upon the scenario
proposed by Cawdell in Friends of the Earth's

minority report to the waste Management
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Advisory Council [Cawdell (1980)]. This
scenario is the predicted outcome in the
carbonated beverage market after the
implementation of mandatory deposits. This
comprises an increase in the market share of
the returnable bottle, whose trippage is also
assumed to rise. This assumption of an
increase in the returnable bottle's trippage is
based upon the experience overseas (e.g.,
Oregon), where trippages rose after the
implementation of such measures [see Gudger and
Walters (1976)]. The non-returnable bottle's
market share falls to zero and the can's share
falls.

(VIII) Scenario VIII is a completely 100 per cent
returnable system. A trippage of 10 has been

assigned for this scenario.

(IX) Scenario IX also depicts a 100 per cent
returnable system but a higher trippage of 15
has been assigned for this scenario.

Additional scenarios adopting different
assumptions for these factors could be analysed. However,
this would produce an excessive mass of data which would make
it difficult to see clearly the significant points concerning
the results. Therefore, additional scenarios have not been
‘included in this thesis. Nevertheless, the detailed data for
scenarios I - IX presented in Appendix II could still be used
by an analyst to assess the environmental impacts of beverage
containers under additional scenarios.

All the scenarios II-IX above have been
assigned the same level of total 'off' premise beverage
sales. This assumption of constant sales was used in
Cawdell's minority report [Cawdell (1980)]. It was also
adopted in this thesis so as to highlight the effect upon
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external costs of changes in the market shares between
returnables and non-returnables and changes in trippage
rates, as distinct from the decrease in external costs that
would result from a reduction in the overall sales level of
packaged beverages.

The calculations for the analysis of the
various scenarios is based upon the information obtained
concerning the questions identified earlier.

General considerations concerning the application of
the methodology

Methologies applied and proposed

Table 4.2 identifies, with a x, the methodologies
adopted in this thesis for the evaluation of the external
costs of beverage containers. These are termed the 'best
practicable' methodologies since they are the best assessment
procedures that could feasibly be followed in the light of
the data constraints encountered during the performance of
the research. In addition, Table 4.2 identifies,with a v/, the
'best available' methodologies that should be followed if a
more elaborate (economic) valuation should be reguired and if
more adequate resources and information were available for

this(la). The details of these methodologies are

(14) These terms 'best available' and 'best practicable' are
being used in this thesis in a manner that it analogous
to their meaning in relation to pollution controls in
the U.S. Thus, in the U.S., the 'best available'
technologies are the best techniques that are currently
available for reducing pollution emissions from a
plant; while the 'best practicable' technologies are
the best pollution control technologies that could
feasibly be implemented at a particular plant. 1In
determining the best practicable technologies, greater
consideration is given to the practical problems and
economic costs associated with the implementation of
the alternative pollution control techniques.

- 186 -



2.0
1 (D
4 sg
I &3

[(2e)
_ ®

[}

\ sMoeo —
-8y v —

ST W —
03eT0 < —
f_umﬁ.l

i

VAV

\

's

\
&33
S2&
¢ %
[(»]e]

-
gll

0 ot 2
K € 00" VAR 2
®» » » syt %
» ™ (o2 20 (15
™
By M -
n =@ 3m 035+
s\ ®E 18, ¥
Lo s ¥
03 w3 ¥
0z
20
_ _ ® - 033 ¥ =
- 5608 05083 4 3]
oz08;1 3 =]

g5 ¢ V6o
4

ed—

z0 .

0
S
>
v
I 3_“23
1§<2
i2S
Al
0o
||
9
éi
&,
L

| A

=

o to



discussed in each chapter. Some general points concerning
these methodologies are presented here.

These methologies have been drawn up on the basis of
"the general principles developed in the previous chapter.
Thus, a sequential approach has been applied and the extent
to which the various sequential stages of the analysis have
been followed through has depended upon : the importance of
the impacts of beverage containers in each area; the data
that was available;'and the ease or difficulty with which
additional data could be obtained.

A review of the literature and meetings with the
Steering Group of the Waste Management Advisory Council
revealed that domestic waste and litter were the two areas of
external costs where the impacts of beverage containers were
likely to be most important [e.g., see Lidgren (1976), (OECD
(1978)]. During the research activif&, attention was
accordingly concentrated on obtaining information on these
two areas. Therefore, many of the sequential stages in the
valuation of these external costs of beverage containers were
accomplished and the questions (1)-=(6) outlined above are
analysed in detail. Thus, Table 4.2 shows that a full
economic evaluation has been undertaken regarding municipal
waste management expenditures. However, in relation to
litter, considerable data collection problems were
encountered which precluded the performance of such a
thorough and precise economic evaluation of litter collection

and control expenditurés.
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It was not feasible to undertake an economic

evaluation for the environmental impacts of the waste
management techniques currently adopted (e,g, water pollution
run off and unsightliness at a sub-standard landfill site)
and for the injuries and aesthetic impacts of littered
bottles and cans. Therefore, for these impacts and also for
the other areas (air and water pollution emissions, hygiene
and urban traffic congestion), it was only possible to
perform the first stages in the sequential analysis. Thus,
Table 4.2 shows that the assessment of these unquantifiable
impacts comprises a presentation of physical information on
these impacts (e.g., the quantities of pollutants generated,
the number of cases of contaminants being found in beverage
containers etc.), supplemented by qualitative information on
the nature and significance of these impacts (e.g. the type
and seriousness of these cases). The latter aspect is based
principally upon a review of the opinions of the
authoritative bodies engaged in the regulation of these areas
and the results of public opinion surveys regarding some of
these impacts. 1In addition, some 'ball park' maximum
'guesstimates' are presented on the congestion costs arising
from beverage deliveries and the public costs of
investigating complaints concerning contaminants in beverage
containers. These 'guesstimates' substantiate the
qualitative analysis' findings of the low significance of
carbonated beverage containers' impacts in these areas.
Beverage container policies would lead to some-

impacts that could be presented in monetary terms, and also a
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wide variety of impacts that could not be valued in monetary
terms. For example, action to favour returnables would yield
economically quantifiable environmental benefits (such as
reductions in waste management costs), along with
unquantifiable environmental benefits in the form of less
litter, redqced air and water pollution emissions and less
industrial solid wastes. While such a policy would also lead
to unquantifiable_environmental costs, such as increased
traffic congestion and more sanitation problems at some
retail outlets. Thus, there would be a myriad of
unqguantifiable environmental impacts occurring on both the
benefits and costs side. Consequently, it was not feasible to
draw up contingency values for the diverse unquantifiable
environmental cost and benefit items.

The WMAC considered that beverage containers
constituted a small aﬁd separable part of the overall
external costs relating to air and water pollution, hygiene
and urban traffic congestion, so that it was not worthwhile
analysing in any depth the overall problem concerning these
three areas. Therefore question (2) was not investigated for
these three aspects and, instead, efforts were concentrated
on obtaining and presenting information on the specific
external impacts of beverage containers in these areas.

In relation to question (6), data should ideally be
presented for the physical quantities of the external impacts
of bevefage containers, which should then be multiplied by
- the marginal costs of these impacts to yield a quantitative

monetary figure for the levels of the external costs
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generated by beverage containers under the different
scenarios. However, in reality, this ideal is not attainable
on account of the significant constraints surrounding the
acquisition of the appropriate data. For only one category -
domestic waste - was it possible to obtain any financial
data to enable the performance of such a quantitative
analysis. It was not possible to determine any monetary
valuation of the air and water pollution impacts of beverage
container systems so that instead some physical estimates are
presented. While meaningful quantitative figures could not
be derived for the other three areas of externalities
(litter, hygiene and traffic congestion). Therefore, for
these three areas, it is only possible to give some
qualitative information indicating the direction but not the
specific size nor the monetary value of the likely changes in
the environmental impécts generated by beverage containers
under the different scenarios. 1In addition, the thesis
reports the opinions of the authoritative bodies on the
significance of the expected changes in the hygiene and urban
traffic congestion impacts of the beverage container systems.

It is acknowledged that this 'best ﬁfacticable'
metholodogy is subject to some limitations. Where such
limitations and important gaps in the current knowledge are
apparent, these are highlighted in the thesis, along with any
uncertainties concerning the data that is presented.

In addition, Table 4.2 identifies the 'best
available' metholodogies that should be pursued if it was

considered necessary to obtain a more accurate economic
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valuation of the environmental impacts of beverage
containers. These 'best available' methodologies outline the
more precise physical data required on the quantities of
pollutants generated and the damages occurring. Further
qualitative information would then be needed on the nature of
these impacts (e.g. their location, and the size of the human
and wildlifé populations affected).

Consumer survey techniques should primarily be used
to derive an economic valuation of these physical impacts,
although it is also suggested that available imputed monetary
values should be used for some of the transportation and
pollution impacfs (see Table 4.2). These imputed values are
the figures for aspects, such as the value of an accident and
the value of time, which are published and used in government
studies. Imputed figures for other impacts, such as the
value of human life ahd the economic value of pollution
damage, could be derived frdm reviews of the empirical
information on these subjects [e.g. see OECD(1983)]. It is
acknowledged that these adopted values could not represent
perfect measures since they are subject to some limitations
which would have to be highlighted. 1In particular, in their
derivation from the available empirical studies, 7
consideration would have to be given to the adopted valuation
techniques' limitations, which were discussed in chapter 3.
Nevertheless, these imputed values are readily available and
some credence can be attached to them. The rough estimates
generated by their use are probably sufficient for the

purposes of studying this particular subject, especially
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since the basic physical data cannot be as accurate as is
ideally required. The decision to use this procedure would
largely be a matter of the allocation of research effort.
Original research activity should thus primarily be directed
towards performing appropriate consumer surveys for those
important impacts items on which little monetary valuations
are currently available (e.g. litter).

Consumer survey techniques could perhaps also be
used to derive an overall evaluation of the quantifiable and
unquantifiable impacts. This would best be done in
conjunction with information on the economic impacts of
beverage container policy measures in the policy evaluation
so that any important trade offs between certain economic and
environmental impacts could then be analysed. Thus it might
be worth considering the use of a Hoinville type priority
evaluation approach fdr this with the respondent selecting
between different economic and environmental impact items.
The evaluations performed under the 'best available'
methodology could be used to yield the appropriate
information provided for the respondents on these impacts and
to specify the units of the separate impact items (e.g., X%
more littered bottles and cans, £mY of savings in the
authorities' waste disposal costs, beverage prices lower by
Z%, P jobs gained in certain industries and Q jobs lost in
other industries, etc.).

The 'best practicable' methodology applied in this
thesis principally involves the use of U.K. experience and
data, since information from other countries may not be

directly applicable to the particular situation in the U.K.
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and on account of the resulting need expressed by WMAC for a
U.K. decision on the beverage container issue to be based
upon U.K. data. However, for air and water pollution
emissions, it was not feasible to obtain sufficient U.K.
data. Therefore, overseas data had to be used for the
analysis of this area. This should give a reasonable
indication of the relative air and water pollution emissions
generated by thé alternative beverage container systems.
Nevertheless, this overseas data does have certain
limitations which are acknowledged and identified. Moreover,
a 'best available' methodology is developed for the
acquisition of the relevant U.K. data if it was still
considered necessary to provide actual U.K. data for this
area. Furthermore, this is supplemented by the presentation
of two case studies in Appendix VI, which indicate how this
methodology might be émployed in practice.

4.6 Conclusion

This chapter has highlighted the wide range of

alternative policy measures concerning beverage containers

that have been implemented or proposed in a number of
countries. This wide range of policy options enhances the
need for a sound framework for an analysis of this particular
issue. Accordingly, in section 4.3, a conceptual framework
is developed for a social appraisal of beverage containers.
It is shown that the criteria for the government to
consider intervening in the beverage container market
comprise: the existence of imperfect information and a lack

of consumer sovereignty in the packaged beverage market; the
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existence of any potentially relevant external costs of
beverage containers; and the beverage container systems'
consumption of finite resources which are considered to be
incorrectly priced under the current market mechanisms.

Section 4.3.2 then goes on to set out some criteria
for the next stage of the social appraisal - the evaluation
of the alternative policy measures. This details the
specific environmental and economic impact items that need to
be considered in the evaluation of the policy measures. The
existence of possible overlapping between some of the
economic impact items is pointed out and this section
demonstrates how to avoid any double counting that might
otherwise arise.

Section 4.4 outlines the scope of this thesis which
is to study the external costs of carbonated beverage
containers and the trippage of the returnable bottles. On
the basis of the theoretical foundations for the evaluation
of environmental damage costs, developed in the previous
chapter 3, the final section 4.5 then outlines the 'best
practicable' methodology that is now followed for the
evaluation of the external costs of carbonated beverage
containers in the next five chapters. It is acknowledged
that this methodology is subject to some limitations which
are primarily due to the practical constraints surrounding
the collection of the appropriate data. Therefore, the last
section also outlines a proposed 'best available' methodology

that could be followed for the economic evaluation of the

environmental impacts of carbonated beverage containers, if

it should be necessary to seek further information.
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PART IV

THE EMPIRICAL ANALYSIS OF THE EXTERNAL COSTS OF

CARBONATED BEVERAGE CONTAINERS
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CHAPTER 5

DOMESTIC SOLID WASTE

Introduction

Concern over the rising quantities of domestic solid

waste has prompted interest and investigations concerning one

particular component of the solid waste stream: beverage

containers; thus a government official has stated that

from the

waste.

(1),

"During the '60s, private citizens, public interest
groups and governments became increasingly concerned
about the rapidly increasing quantities of litter
and wastes being generated. The beverage container

came to the forefront,....because it had clearly and
quantifiably changed from being refillable to being
non-refillable and this trend to throw away
packaging appeared to be growing."

Similarly, Lidgren (1976, p.13) notes that:

"waste as such constitutes a special environmental

- problem...... Since different packages can give

rise to waste treatment costs of one kind or another

there is still good reason, notably from the
recovery aspect, to discuss packages in terms of
waste."

Therefore, this chapter reviews the impacts arising

disposal of beverage containers in domestic solid

- Section 5.1 examines the 'external' nature of the
costs arising from the generation of domestic
solid waste,

- Section 5.2 outlines the 'best practicable’
methodology that is followed in this chapter for
the evaluation of these external costs. This
section also develops a 'best available'

methododology that could be used for the

(1) Source: Personal communication with officials of the
Solid Waste Management Branch of Environment Canada.
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performance of a full economic evaluation of these

external costs if this should be considered
necessary and if more resources were available for

the acquisition of the additional data and
information required for this.

Section 5.3 presents a detailed review of the
currently available information on the external
costs of domestic solid waste.

Section 5.4 then assesses the size of the beverage

container component of domestic solid waste.
Section 5.5 analyses the ranking of the

alternative beverage containers in terms.of their
relative levels of domestic waste generation.

Section 5.6 uses the information presented in
sections 5.3-5.5 to evaluate the external costs of
the domestic solid waste generated by returnable
and non-returnable beverage containers.

In Section 5.7, this information is then used to
estimate the quantities of beverage containers in

domestic waste and the external costs of their
collection and disposal under various scenarios

for the beverage container market in 1982.

5.1 The 'external' nature of the costs arising from the

generation of domestic sollid waste

The generation of domestic solid waste results in

two types of social costs:-

(1)

(i1)

the financial costs incurred by local
authorities to collect and dispose of domestic
waste;

the environmental impacts of the waste
management techniques currently operated by
local authorities (e.g., air pollution from an
incinerator or water pollution run-off and
unsightliness at a landfill site).

The external nature of both of these categpries of

impacts has been advocated not only by economists [e.g., see
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Grace (1977)] but also by engineers engaged in solid waste
management [e.g., see Higginson (1971), Gosling (1973)]. The
latter category constitutes external costs since these
environmental impacts on other residents are not taken into

account by the householders generating the waste. The

financial costs of domestic waste collection and disposal do
also constitute external costs because, even though these
costs are borne by tax paying householders, they are paid by
householders in a flat rate manner (usually a levy on the
rates) that is not directly related to the quantity of solid
waste generated by the householder. This flat rate payment
system gives the individual householder no incentive to
reduce the quantity of solid waste he/she generates.
Therefore, under the current system, the consumers - and
hence also the producers - have no incentive to take into
account the costs of domestic waste management and the waste
disposal characteristics of products. Thus the social costs
arising from the disposal of products as domestic waste are
'external' to the householder at the point when he/she

(2)

purchases the products

(2) It had been suggested that the sales and excise taxes
currently levied on beverages result in the

internalising of the costs of waste disposal and
collection. However, this is not the case since the
sales and excise taxes are levied on the contents and
not the package of the beverage; while it is the

package, not the contents, that results in the
generation of solid waste. Moreover, the levels of
domestic waste generated by the alternative packages for
beverages can be significantly different. Thus, the

domestic waste generated by draught (bulk) sales of
beverages is very much less than that from bottled and

canned beverages, although the level of sales and excise
taxes on the beverages would be the same for both types

of packaged beverages.
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5.2 Methodologies for evaluating the external costs of
carbonated beverage containers in domestic waste

The sequential approach is applied in this chapter
for the evaluation of the external costs of domestic solid
waste. The extent to which the sequential stages have been
followed through in this analysis differs for the two
different categories of external costs, identified in the
previous section.

A full economic evaluation is made of the first
category - the authorities' financial costs of collecting and
disposing of domestic waste. The thesis presents estimates
of the physical quantities of solid waste generated in the
U.K. and the available data on the authorities' waste
management costs are then detailed. An in-depth analysis of
the data is undertaken to derive estimates of the

economic costs of domestic waste collection and disposal. 1In
addition, information from a number of sources is used to
determine the marginal costs of domestic waste management.
The evaluation of the second category - the

environmental impacts of current waste management techniques
- would entail a series of steps. The first step would be
the identification of the types of environmental impacts
involved. It would be worthwhile to treat separately the
impacts of landfill sites from those of the other techniques,
since the landfill sites' impacts appear to be more important
and are more wide ranging. Thus, these impacts include the\

water pollution problems caused by leachate from a site, as

well as nuisance to neighbouring residents caused by flies,
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vermin and unsightliness of the site. The impacts of the
other techniques primarily comprise nuisances to nearby
residents (e.g. air pollution emissions from an incinerator).
For the evaluation of the water pollution problems,
information is ideally required on the total quantities of
leachate effluent generated by landfill sites, the
propinquity of the landfill sites to aquifers and surface

waters, and the cases of the leachate contaminating aquifers

and surface water bodies. This last aspect would pose the
considerable problem of identifying where contamination
of aquifers has occurred and determining the extent to which
such contamination was caused by leachate from landfill
sites. A monetary valuation of these cases would include the
water authorities' costs of purifying the contaminated water
or providing water from alternative sources. In addition,
any residual deterioration in the quality of the water
supplies would have to be assessed. Physical indicators
would be required of any pollution of surface waters, and
consumer survey techniques could then be used to evaluate
these impacts.

The nuisance impacts of landfill sites and other
waste management techniques could bé assessed by determining
the proximity of residential areas and then performing
opinion surveys of the households in the affected areas. Care
would have to be taken to ascertain the types of impacts that

were perceived and valued by the respondent so as to ensure

that there was no doublecounting in relation to the impact

items for which valuations could be determined separately
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(e.g. the financial costs of waste management and the water
authorities' costs of purifying water supplies).
This 'best available' methodology for the second

external cost category could not be followed in this thesis

since there is a lack of nation-wide information on the items
identified above and sufficient resources were not available
to undertake the extensive site-specific research required to
obtain this information. Consequently, the analysis of this

aspect is limited to the first step - identification of the

types of environmental impacts created by current waste
management techniques - and a review of the available
information on these impacts. This comprises some

quantitative estimates of the total effluent from landfill

sites, supplemented by a qualitative indication of the

frequency and significance of the contamination of aquifers

and surface waters by leachate from landfill sites. 1In

addition, some qualitative information is presented on the

significance of the aesthetic impacts of landfill sites upon

neighbouring residents. 1In the light of the current lack of

data, the problems involved in obtaining the additional

information ideally required and the relatively low
importance of this aspect in the context of a beverage

container study, the procedure outlined above represents the

'best practicable' methodology that could be adopted for

assessing this aspect. If more detailed information should

be required and if more resources were available for its

acquisition, then the 'best available' methodology developed

earlier could form the basis for this.
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5.3 Review of available data on the external costs of
domestic solid waste

5.3.1 The financial costs of domestic waste collection and
disgosal

The local authorities' net costs of waste collection

and disposal in the U.K., amounted to £291.95m. and £104.2m.,
respectively, in the financial year 1976-77, (1977 prices)
[Chartered Institute of Public Finance and Accountancy
(CIPFA) (1977), Society of County Treasurers (SCT) (1978a)].
The 'net' cost figures given above indicate the financial
burden to the local authorities arising from their collection
and disposal of waste. The above figures are 'net' of the
local authorities' income from waste disposal and coilection
charges and from the sale of recycled materials. 1In 1976-77,
the authorities' income from these sources amounted to about
-£31.2m (1977 pricés) [CIPFA (1977), SCT (1978a)]. Therefore,
in 1976-77, the local authorities' 'gross' costs of waste
collection and disposal were about £312m and £115.4m,

respectively (1977 prices) [CIPFA (1977), (SCT(1978a)]. The

‘gross' costs of waste collection and disposal in 1977-78

were about £310m and £116m, respectively (1977 prices). The
waste disposal authorities' income was estimated to be about
£10.9m}in 1977-78, so that the 'net' costs of waste disposal
in 1977-78 were about £105.4m (1977 prices). Similar data
for the waste collection authorities' income are not
available for 1977-78. Nevertheless, if the data for 1976-77
from CIPFA (1977) are used, then it can be estimated that the
'net' costs of municipal waste collection in 1977-78 were

about £287.8m (1977 prices).
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These costs represent about £7.10 per head of the
population. According to the CIPFA (1977) report, the
(3)

'net! municipal wastes amounted to about 18.0 million
tonnes in 1976-77. Thus, the average costs of waste
collection and disposal were about £16.20 per tonne and £5.80
per tonne, respectively in 1976-77 (1977 prices). The data
for 1977-78 indicate that the average costs of waste
collection and disposal were about £15.70 per tonne and £5.80
per tonne, respectively, in the financial year 1977-78.
However, there are four major points that must be highlighted
concerning these estimates.

First, Figure 5.1 shows that local authorities
collect waste not only from households (16.0 million tonnes
per annum) but also from the commercial sector (about 2.2m
tonnes per annum) [CIPFA (1977)]. Local authorities charge
commercial premises for the collection of their waste. In
1976-77, these charges amounted to about £15.6m (1977 prices)
[CIPFA (1977)]. This is equivalent to a charge of about £7
per tonne of commercial waste collected. It was not possible
to determine whether this charge covers the local
authorities' costs of collecting waste from commercial
establishments, which may be lower than the average costs of

collecting wastes from households on account of the larger

quantities of wastes generated at commercial establishments.

(3) The 'net' municipal wastes are the 'gross' amount of
household and commercial wastes collected by the local
authorities [about 18.23 million tonnes in 1976-77 CIPFA
(1977)], less the guantity of waste that is recycled by
the waste collection and disposal authorities [about
0.28 million tonnes in 1976-77 CIPFA (1977) SCT
(1978a)].
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If these charges cover the authorities' cost of collecting

commercial waste, then an estimate for the average costs of

collecting domestic waste should be derived by dividing the
'net' costs of waste collection by just the above figure for
'net' household wastes (16.0m tonnes). This yields an
estimate for the 'net' average costs of domestic waste
collection in 1976-77 of about £18.4 per tonne (1977
prices). 'However, if the charges do not fully cover the
costs of collecting commercial waste, then the average costs
of domestic waste collection would be less than this figure
of £18.4 per tonne.

Second, Figure 5.1 shows that the County Council's
waste disposal autho;ities (WDAs) administer about 9.1
million tonnes of delivered wastes (primarily from commerce
and industry) as well as the 18 million tonnes of domestic
and commercial waste collected by the local authorities. The
WDAs may charge for the disposal of these delivered wastes,
depending principally upon what they are. Material such as
rubble, which is actually useful as cover material at
landfill sites, may be allowed in free; while fees may be
charged for the disposal of awkward wastes. 1In 1976-77,
waste disposal charges for delivered waste amounted to about
£7.4m [1977 prices) (SCT (1978a)]. The earlier estimate of
£5.80 per tonne for the average costs of waste disposal was
derived by dividing the WDAs' 'net' costs of waste disposal
(£104.2m) by the estimate for the household and commercial
wastes collected by the local authorities (18 million
tonnés). However, if the WDAs' 'net' annual costs plus the
charges, (i.e., the WDAs' costs of disposing of all of the
waste they administer, a total of £115.4m in 1976-77) is
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divided by the total wastes they administer (27.2 million

tonnes p.a.), then this yields an estimate for average waste
diéposal costs of £4.20 per tonne. The choice between these
two estimates depends upon whether the charges levied on
delivered wastes cover the costs of their disposal. The
income raised by the charges in 1976-77 was equivalent to an
average charge of 0.80p. per tonne of delivered waste (1977
prices). It has been suggested that these charges may not
cover the costs of disposing of delivered wastes so that the
average costs of domestic waste disposal could be less than
the estimate of £5.80 per tonne, reported earlier.

The third point, relating to the figures derived
earlier for the average costs of waste collection and

disposal, is that there is considerable controversy

concerning the denominator - the total level of municipal

wastes generated annually in the U.K. Estimates for this

range from 15.5 to 19.5 million tonnes per annum.

[Department of the Environment (DOE) (1971, 1973), Tanner
(1974), CIPFA (1977), SCT (1978a)]. The figure of 18.0
million tonnes given by the local authorities' ‘data in the
CIPFA report [CIPFA (1977)] could be too high since the
Department of Environment has noted that there is an apparent

tendency for over-estimation of waste quantities by those

local authorities who do not actually weigh their wastes [DOE

(1971), CIPFA (1977)](4). Therefore, a more accurate

(4) The Sumner report shows that the per capita and total
weight of waste generated was 14 per cent lower when,

instead of estimating them on the basis of all the
authorities' results, they were calculated from the

results of just those authorities that weighed 95 per
cent or more of their waste [DOE (1971)].
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figure for the total municipal wastes generated in the U.K.
in 1977-78 may be about 16.0 million tonnes. Using this
figure, instead of 18.0 million tonnes, the average costs of
waste collection and disposal are raised by about 14 per cent.

Finally, Wilcox (1976) and Porteous (1978a) assert
that the authorities' figures for the costs of waste disposal
and collection underestimate the real costs of this service,
since they are based on historic accounting costs and the
book value of assets such as municipally owned land may not
represent their full social value.

To sum up: The first, third and fourth points
indicate that the actual average costs of collecting domestic
waste in 1976-77 are higher than the estimates given earlier
and are more probably in the region of £19-£20 per tonne

(1977 prices). The last two points indicate that the earlier

estimate for the average costs of waste disposal is too low,
while the second point suggests that the earlier estimate is
too high. 1In the light of these counteracting factors, it is
considered that the average costs for the disposal of
domestic wastes in 1976-77 lie in the range between £5.5 and
£6.5 per tonne, with a mid-point 'best' estimate of about £6
per tonne (1977 prices). Similar adjustments can be made for
the data relating to the financial year 1977-78. These
indicate that the average costs of collecting and disposing
of domestic waste in 1977-78 were about £19 per tonne and £6

per tonne, respectively (1977 prices).

5.3.2 The environmental impacts of solid waste collection
and disposal

The environmental impacts of solid waste management

comprise the noise and congestion created by the refuse
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collection vehicles, the air pollution from incinerators and
the problems arising at landfill sites. These problems
include the nuisance to local residents caused by the
movement of traffic to and from the site and by the smells,
flies, vermin, and unsightliness of the site.

The drainage of water through a landfill site
produces an effluent which has a high biochemical oxygen
demand of about 1,000 mg/litre. The Department of the
Environment estimate that drainage from waste disposal sites
accounts for about 18,600m3 of effluent per day, or 0.4 per
cent of total industrial effluent discharges (DOE 1978a).
This presents a potential water pollution problem at
sub-standard landfill sites about which the water authorities
have expressed considerable concern [e.g., see Severn Trent
Water Authority (1976)]. There appear to be few documented
cases of ground water contamination arising from landfill
sites [DOE (1978b)], but the Severn Trent Water Authority
sald that instances of landfill sites resulting in the
pollution of surface water courses are fairly frequently
brought to their attention [see also DOE (1976a)l.

Apart from this information on water pollution,
there appears to be little documented evidence at present on
the other environmental impacts of landfill sites. The
Sumner report stated that over 25 per cent of domestic and
commercial waste was disposed in a semi-controlled or
uncontrolled manner [DOE (1971)]. Cranston (1972) and
Bratley (1977) report that many complaints had been made

about smells, fire, vermin and fly infestation at a number of
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landfill sites, one of which was close to residential

properties. The Local Government Operations Research Unit

(LGORU) states that there is increasing public concern over

the impacts of solid waste disposal (LGORU 1972a).

5.3.3 Trends and projections

5.3.3(1i) Recent trends in the weight, density and volume of
munlcipal waste generated

Table 5.1 presents data on the weight of municipal

waste generated over the period 1963-64 to 1979-80. The
volume of waste generated, rather than the weight, is
generally regarded as being the more important measure since
it is the volume of waste that primarily determines the life
of the landfill site and the capacity of the refuse
collection vehicles, the reception hoppers, conveyor belts
and equipment at refuse treatment plants (e.g., transfer
stations, incinerators, etc.). Therefore, some estimates for
the density of waste have been used to convert the data into

terms of the volume of municipal wastes generated over this

period.

The data on the weight of municipal wastes for the
years 1963-64 to 1974-75 were derived from Tanner (1974).
The data for 1976-77 come from CIPFA (1977). The data for
1977-78 comes from the WDA's estimates reported in SCT
(1977). The SCT's estimates are generally fairly close to
the actual figures they ultimately report. The data for
1978-79 and 1979-80 come from CIPFA (1979, 1980a). These
data were grossed up for the U.K. using population data given

in OECD (1981). The data on the density of collected waste
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were obtained from the Department of the Environment's waste
composition analyses and from Merseyside County Council's
analysis of domestic waste [Merseyside County Council (1977)].
Table 5.1 shows that, over the period 1963-64 to
1978-79, there has been a 10 per cent increase in the weight
of municipal solid waste generated and a 31 per cent
reduction in the density of municipal waste. These two
factors have resulted in a 60 per cent increase in the volume
of municipal waste generated over this fifteen-year period.
These increases are equivalent to annual increases in the

weight and volume of municipal waste of 0.6 per cent and 3.2

per cent, respectively. This increase in the volume of solid
waste generated has been attributed to increases in income
levels, the growth in packaging and changes in households'
heating systems [Millard and Flintoff (1969), Higginson
(1971)1.

5.3.3(ii) Forecasts for the quantities of municipal waste

LGORU [LGORU (1974)] forecast that the weight of
solid waste generated per capita would continue to increase

at a rate of 1 per cent per annum. However, more recent data

indicate that the annual increase in the weight of municipal

waste generated is lower now than it was in earlier years

(see table 5.1). On the basis of these earlier forecasts and

the data presented in table 5.1, an increase of 0.5 per cent

per annum has been assigned for the growth in the weight of
(5)

municipal waste generated The density of municipal

(5) These forecasts refer to the rate of increase in the
total amount of municipal waste generated, not to the

amount of waste generated per capita.
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waste has been assumed to decline at a rate of 1.5 per cent
per annum up to 1982-83. This is lower than the rate of
decline recorded between 1963-64 and 1978-79 (2.4 perkcent
per annum) to allow for the probably diminishing effect of
the factors causing the recent decline in the density of
domestic waste (e.g., changes in households' heating
systems). Accordingly, the volume of solid waste generated
has been predicted to increase at an annual rate of 2 per
cent per annum so that the volume of municipal solid waste
generated in 1982-83 is expected to amount to about 14l
million cubic metres (see Table 5.1).

5.3.3(iii) Recent trends in waste collection and disposal
costs

Table 5.2 shows that, over the period 1963-64 to

1979-80, there has been a 979 per cent increase in the
authorities' waste disposal and collection costs. This is
equivalent to an annual increase of 16 per cent. In |

Table 5.3, the cost data have been converted into terms of
1977 prices using the price indices for the U.K. given in
OECD (1980). This shows that, in real terms, the
authorities' costs of waste collection and disposal have
increased by 163 per cent over this period, 1963-64 to
1979-80. This represents an annual increase of 6.2 per
cent. The percentage increase in disposal costs (9 per cent

per annum) has been greater than that for collection costs

(5 per cent per annum).
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5.2.3(iv) Forecasts for waste collection and disposal costs

This trend of increases in the costs of waste
management is expected to continue in the future and the rate
of increase in the (real) costs of waste disposal may even
accelerate in the 1980s on account of the problems of finding
suitable landfill sites. ThUs, Nottinghamshire County
Council forecast that the costs of waste disposal in landfill
sites - traditionally the cheapest waste disposal technique -
would increase by 159 per cent (in real terms) between 1977
and 1980. Therefore, the forecasts for the local
authorities' costs of waste collection and disposal, shown in
Table 5.3, have been based upon an annual increase in the
real costs of waste collection and disposal of 5 per cent and
13 per cent, respectively. This means that the authorities'
costs of waste collection and disposal are estimated to be
£366m. and £185m., respectively, in 1982-83 (1977 prices).
Dividing these totals by the projections for the weight of
municipal waste in 1982-83, this yields an estimated average
cost of waste collection and disposal in 1982-83 of about £20
per tonne and £10 per tonne, respectively (1977 prices).

The data presented in Tables 5.1-5.3 are subject to
a certain degree of error and uncertainty. In particular,
the data are subject to the four limiting factors that were
analysed earlier with respect to the SCT and CIPFA estimates
for 1976-77 and 1977-78. 1If the same adjustments that were
made earlier for these four factors are applied to the

forecasts, then the estimated average costs of domestic waste
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collection and disposal for 1982-83 become approximately £24

per tonne and £10 per tonne, respectively (1977 prices).

5.3.4 The marginal costs of waste management

It is very difficult to derive an estimate,
especially on a national scale, of the marginal costs of
solid waste management. For this aspect, the appropriate
concept is the long run marginal costs of waste management
which incorporate the (discounted) value of changes in the
level of waste management costs in future time periods
arising from variations in the volume of waste generated.

Nevertheless, a review of the literature and the

opinions of various authorities has revealed some information

on this important matter.

Lidgren (1976), Blackmore and Turner (1978) and
INCPEN (1981) have suggested that the marginal costs of waste
collection are virtually zero, on account of the highly fixed
nature of the collection schedules. Thus, waste collection

costs which are unlikely to be altered, in the short run, by

a small change in the volume of municipal waste generated.
Howéver, Gosling (1973) notes that increases in the volume of
waste generated have led to an increase in the number of
dustbins used by householders - and hence an increase in the
time required to collect the waste from households - and have
also resulted in the need for more expensive collection

vehicles fitted with refuse compaction equipment (see also

Staudinger [1970), Tanner (1974)]. Therefore, a significant

change in the volume of municipal waste generated might lead

to some long run impacts upon waste collection costs.
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The changes in disposal costs resulting from a
change in the volume of waste generated will, in the short
run at least, be limited by the fixed nature of many
components of waste disposal costs, especially for the highly
capital intensive disposal techniques such as incineration.

Nevertheless, changes in the volume of solid waste generated

could result in some reduction in maintenance costs and will
extend the life of landfill sites. This latter aspect could
yield significant long-term benefits in those areas where
there is a shortage of available landfill sites. Some
sources have suggested that mineral extraction creates

sufficient sites for the disposal of wastes [e.g., see DOE

(1971), LGORU (1975), Wilcox (1976)]. Therefore, reductions
in the volume of waste generated would yield fairly small
savings in the future waste management costs of those waste
disposal authorities for whom such waste disposal sites are
readily available.

Nevertheless, many other waste disposal authorities,
especially for the larger metropolitan areas, face severe

problems over finding 'suitable' landfill sites [LGORU
(1972a, 1974), Gosling (1973), Bratley (1977), Wilson (1978),

Brunskill (1978)]. The reasons given for this shortage are

that many of the available sites are unsuitable for the

disposal of waste on account of a lack of adequate cover

material and poor access for the refuse vehicles. 1In

addition, there is increasing public opposition to proposed
landfill sites as a result of concern by local residents over

their adverse environmental impacts and many sites fail to
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satisfy the strict conditions that the water authorities

stipulate to reduce the risk of leachate from the landfill
site contaminating ground and surface water {e.g., see Severn
Trent Water Authority (1976)1].

Furthermore, most refuse is generated in areas of

high population density that are not necessarily close to the

mineral extraction sites. The best landfill sites for

disposing of the waste from these areas have already been

used. Many of the remaining available sites are further away

entailing greater transport distances. Increased expenditure

would also be required to improve the disposal operations at

these sites so that they can be performed in accordance with

the standards recommended by the Sumner report, which also

states that landfill - the cheapest method of waste disposal

(in financial terms) - should not be used if these standards

cannot be met [DOE (1971)]. Thus, the costs of waste

disposal by landfill are expected to rise considerably in the

future.

Moreover, the use of more remote landfill sites
could result in increased refuse collection costs since it
would increase the unproductive time that the collection
vehicles spend travelling to the site to dispose of their

load and this will cause more local authorities to spend

money on transfer stations [LGORU (1975)]. The lack of

available landfill sites is also forcing some WDAs to adopt

more expensive waste treatment techniques, such as

pulverisation or incineration, in order to reduce the volume

of waste to be disposed [LGORU (1972a)]. 1In the light of
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these factors, reductions in the volume of waste generated
would yield significant long term savings in waste management
costé for those waste disposal authorities suffering from a
shortage of suitable landfill sites.

Very little quantitative data are currently
available on the marginal costs of waste disposal. Blackmore
and Turner (1978) estimated that the value of savings in

3

landfill site space was about 10p. per m~ or 25p. per

tonne, in 1978. Nottinghamshire County Council said that the
vélue of savings in landfill space was about 25p. per m3 or
63p. per tonne. The LGORU [LGORU (1975)] estimates the
effect of a 10 and 20 per cent reduction in waste levels upon
the treatment costs (not total disposal costs) for the
following waste treatment techniques: incineration
£0.34-£1.23 per tonne of waste reduced; pulverisation
£0.27-£0.35 per tonne; baling £0.18-£0.27 per tonne.

Lidgren (1976) assumes that the marginal costs of waste
disposal are half the average costs of waste disposal.
However, Pearce (1976) and Turner (1978) consider that the
marginal costs of waste disposal are represented by the
current average costs of waste disposal.

To sum up: it is difficult to derive a precise,
quantitative estimate of the long run marginal costs of waste
management, especially at a national level which requires a
balanced aggregation of the diverse particular local
éituations. The available information presented above
indicates that the marginal costs of waste collection are low

on account of the highly fixed nature of waste collection

costs. Fixed costs also constitute a large component of
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waste disposal costs so that a reduction in waste levels
would just have a limited effect on waste management costs in
the short run. However, a reduction in the volume of waste
generated would yield substantial long run savings for the
many (metropolitan) waste disposal authorities that will
encounter significant problems in finding suitable landfill
sites in the near future. Consequently, it is considered
that the marginal costs of waste disposal are approximately
equal to the average costs of waste disposal.

For the analysis in this thesis, the marginal costs
of waste management are taken to be approximately equal to
the average costs of waste disposal(s). Thus the marginal
costs of domestic waste management would be about £6.00 per
tonne in 1977-78 and are estimated to be about £10 per tonne,
in 1982-83 (1977 prices).

5.4 The size of the beverage container component of
domestic waste

Up until now, little data were available on the size
of the beverage container component of the waste stream.
Porteous (l978b) and Shelley (1978) had made some
'guesstimates' for this on the basis of certain assumptions

about the contribution of beverage containers to the total

glass and metal wastes, which were two of the seven
categories analysed in the DOE's annual refuse composition
analyses.

Therefore, in brder to determine more accurately the
size of the beverage container component of domestic waste,

the DOE agreed to ask county councils to separate out and

(6) This is the same as the measure adopted in INCPEN (1981)
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weigh the beer, cider and carbonated soft drinks bottles and
cans from the glass and metal fractions in the refuse
composition analyses for 1978. Accordingly, a set of
instructions for the identification and separation of the
beverage containers was drawn up. This was then sent to
experts in the beverage and glass industries to check whether
the distinguishing features of the various containers had
been correctly specified, and a pilot separatign exercise was
undertaken to test the feasibility of following the
instructions. As a result of the experience gained, the
instructions were revised. Appendix III shows the final
instructions sheet that was circulated to all county councils
by the DOE. Enquiries were made with all county councils,
who had expressed an interest in undertaking the general
refuse composition analysis during 1978, to determine whether
they would also be undertaking the separation of the beverage
containers and, if so, to check that the instructions could
be followed and to clear up any possible problems that they
might envisage arising. These enquiries revealed that the
samples of waste are specially collected in a non-compacted
state so that there was little breakage of bottles which
could be fairly easily separated. The waste disposal
officers concerned reported that they did not foresee any

(7).

difficulties in following the instructions

(7) 1In fact, the enquiries also revealed that some local
authorities had already undertaken the separation of the

beverage containers without encountering any .
difficulties in identifying and separating the various

types of containers for carbonated beverages.
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It is acknowledged that the quantity and composition
of domestic waste generated can vary significantly between
different times of the year and between different parts of
the country. However, the DOE had selected October as the
date for the annual composition analyses since this is
considered to be a fairly 'typical' month being neither
winter nor summer. In relation to the second aspect, it was

most fortunate that so many county councils co-operated in

the beverage container analysis. The separation of the

beverage container component of solid waste was undertaken in

1978 by 21 local authorities in various parts of the country

ranging from Cornwall in the south-west of England to Dundee
(8)

in the East of Scotland . In addition, further analyses

were undertaken by West Yorkshire County Council in 1979, and
by Merseyside County Council in 1980. 1In total, 131 analyses
were undertaken of the beverage container component of nearly

100 tonnes of waste from more than 9,100 households. The

results of the survey are summarised in Table 5.4, which

shows that beer, cider and carbonated soft drinks containers

(9)

constitute about 3 per cent of total domestic waste

(8) Appendix III lists those Councils that performed these
composition analyses.

(9) A more detailed breakdown of the glass and metal
fraction was undertaken in 3 of the analyses. This
revealed that the containers for all beverages
(including wines, spirits, cordials, fruit juices and
dairy products, as well as carbonated beverages),
constituted about 7 per cent of the total weilght of
domestic waste in these analyses.
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Table 5.4

Summary of the results of the analyses of the carbonated
beverage container component of domestic waste

Number of households from which waste was analysed 9,178
Total weight of waste analysed (Kgs.) 98,108

Weight of beer, cider and carbonated
soft drinks containers in waste (Kgs.)

- Returnable Bottes 325.5
- Non-returnable bottles 1,873.2
- Cans 714.8

Weight of carbonated beverage containers (Kgs.) 2,913.5

'Carbonated' beverage containers as % of total
waste analysed 2.97%

Source: DOE's Waste Composition Analyses undertaken in
October 1978, 1979 and 1980.
Merseyside County Council (1981)

Table 5.5

The size of the carbonated beverage container component
of solid waste - materials balance approach -

Annual weight of 'carbonated' beverage Weight tonnes p.a.
containers in waste (tonnes p.a.)

- Returnable bottles 153,289

- Non-returnable bottles 258,735
- Cans 107,422

Total carbonated beverage containers in
waste (tonnes) 519,446

Estimate of total domestic waste (tonnes) 14,000,000
'Carbonated' beverage containers as

% of total domestic waste 3.7 per cent
Source: Metal Box Market Research Division
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In addition, a materials balance analysis was per-
formed. This was based upon estimates of the 'off' premise
sales of beer, cider and carbonated soft drinks in 1977 in
the various types of containers and the unit weights of these
containers. The detailed calculations are given in Appendix
IV and a summary is presented in Table 5.5, which shows that
an estimated 519,500 tonnes of carbonated beverage containers
are disposed annually in domestic waste. This represents 3.7
per cent of the total domestic waste.

However, the materials balance approach is subject
to four limitations. First, as was noted earlier in section
5.3.1, there is some uncertainty concerning the appropriate
figure for the divisor - the total quantity of domestic waste
generated annually in the U.K. 1In deriving the figure shown
in Table 5.5, a downward adjustment of 14 per cent has been

made to the SCT estimates [SCT (1977)] to allow for the

apparent tendency of local authorities to overestimate the
weight of waste they manage.

Second, systematic statistics are not kept on 'off!
premise beverage sales. The data presented in Appendices II
and IV are based upon some assumptions concerning the various
sectors of the beverage market and represent best available

informed 'guesstimates' rather than perfectly precise figures

(see Appendix II).

Third, little information is available on the 'off!

premise trippage of returnable beverage containers. An

estimate for trippage is required to convert the unit 'off’

premise sales of beverages in returnable bottles into terms
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of the number of bottles that are not returned and, hence,
end up in solid waste. The calculations in Appendix IV and
Table 5.5 were based upon an assumed 'off' premise trippage
of four, which was the figure adopted in the WMAC report
[WMAC (1980)]. Chapter 10 reports the results of surveys of
a limited number of retailers which gives slightly higher
estimates for the 'off' premise trippage of returnable cider
bottles (==7) and carbonated soft drinks bottles (&5). If
these higher trippage figures are used, then the carbonated
beverage container component of domestic waste becomes about
3.5 per cent.

Finally, the materials balance approach is based on
the principle that:-

Inputs (production)+ accumulation = output (waste)

Accordingly, the sales figures give a good estimate
for the quantities of beverage containers in waste provided
there is no accumulation of beverage containers at the
households or no leakage of beverage containers into
long-term litter. However, some of the bottles that are not
returned, may not end up in solid waste but may be kept by
the householders for other purposes (e.g., home brewing).
Thus, chapter 10 reports the results of a consumer survey
which showed that about 6 per cent of householders said that
they did not return a bottle because they retained it for
-such other uses. Therefore, in the light of this factor, the
earlier figure from the materials balance analysis should be

lowered slightly.
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Thus, it is apparent that both the material balance
and waste composition analyses could be subject to certain
limitations. However, the similarity between the figures
from these two separate measurement methods suggest that
these limitations have been successfully overcome and
indicate that carbonated beverage containers constitute
between 3-3.5 per cent of the total weight of domestic waste.

The data from Tables 5.4 and 5.5 have been converted
into terms of the more relévant volume measure in Table 5.6,
using some (tentative) estimates for the densities of
domestic waste that were derived from the waste composition
analyses. These densities relate to waste that has received
very little compaction, i.e., this is similar to the waste in
the householder's dustbin prior to its collection. The
density of such relatively uncompacted waste has béen used in
this analysis because, apart from there being more‘measured
data available on this form of waste, it is increases in the
volume of such relatively uncompacted waste that causes.local
authorities to use more expensive collection vehicles with
waste compaction devices and to treat the wastes generated by
households so as to reduce the volume of waste to be disposed.

Thus, 'carbonated' beverage containers would appear
to constitute about 3.0-3.5 per cent of the total weight of
domestic waste and about 2 per cent of the volume of domestic

waste.

5.5 Solid waste ranking of the alternative
carbonated beverage containers

Table 5.7 gives a sub-division of the carbonated

beverage container component from the DOE waste analyses
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into returnable bottles, non-returnable bottles and cans.
These quantities have then been compared with estimates for
the 'off' premise sales of beer, cider and carbonated soft
drinks in each container to yield a solid waste ranking of
these containers. This ranking indicates whether more or
less solid waste is generated by the sale of the same volume
of beverage in returnable or non-returnable containers.
Table 5.8 gives the ranking of the containers in terms of the
more relevant volume measure of solid waste. This shows that
the volume of solid waste generated by the use of
non-returnable bottles is about 13 times greater than the
volume of solid waste generated under the returnable system
and that the use of non-returnable cans generates about six
times as much volume of solid waste as the returnable system.
However, the ranking of the returnable bottle
depends essentially upon the trippage achieved by this
bottle. Therefore, data from the materials balance analysis
have been used to estimate the break-even trippage that the
returnable bottle must achieve in order to generate less
solid waste than the non-returnable containers. Table 5.9
gives the volume and weight of domestic waste arising from
the distribution of 1,000 litres of beer in 10 oz.
non-returnable bottles and»cans and 10 oz. returnable bottles
with trippages of one, five, ten and twenty. Table 5.9
indicates that the returnable bottle has to achieve a
trippage of 1.5 to generate less domestic waste than the
non-returnable bottle. The returnable bottle has to attain a

trippage of about 2 to generate a lowei volume of domestic
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waste than the bimetallic and aluminium cans and, in order to
generate a lower weight of domestic waste than the bimetallic
and aluminium cans, the returnable bottle has to achieve a
trippage of about 7 and 17, respectively. Table 5.10 gives
data for soft drinks. Soft drinks bottles are heavier than
beer bottles on account of the greater internal pressure of
soft drinks carbonation, and this results in the break-even
trippages for the returnable soft drinks bottles being
slightly higher than those for beer.

The data in Tables 5.7-5.10 relate only to the

weight and volume- of the actual containers and do not

include the supplementary packaging required for the
distribution of these containers to the consumer. The
domestic waste generated by the containers' supplementary
packaging will be highest for the non-returnable bottles
which are normally packed in paperboard cartons, and lowest
for the returnable bottles, which are distributed in plastic
crates that achieve a high trippage. Therefore, the
inclusion in the analysis of the supplementary packaging for
the alternative beverage containers should not alter the
solid waste ranking given earlier for the alternative
containers. However, it will mean that the break-even
trippages for the returnable bottles will be slightly lower
than those shown in Tables 5.9 and 5.10.

5.6 The external costs of carbonated beverage containers
in domestic waste

Chapter 4 raised the question of whether the

external costs of beverage containers are represented by the

average or the marginal costs of controlling an externality.
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This question is particularly relevant and important to this
specific aspect of the current beverage container debate,
since there is a significant difference between the average
and the marginal costs of waste management. Therefore, the
arguments concerning the selection of the appropriate measure
for external costs are examined further here.

The integral activity of waste management does
entail abatement costs (waste collection and disposal costs)
which, as was shown in section 5.1, do constitute external
costs since these abatement costs are not included in the
price of the goods that are disposed qf.

In many countries, there is concern over the
increasing levels of these (external) costs of managing the
rising quantities of wastes being generated. Thus
Menke-Glukert, Ministerial Director of the Bundesministerium
des Innern in West Germany [Menke-Glukert (1980, p.l.)]
states that:

"Waste gquantities will increase in the forthcoming

decade.... The waste problem will continue to gailn

importance. .......The direct waste prevention
(prevention at source) has to be more emphasized in

the future than it is to date."

This concern has caused the governments in these
countries to implement an overall solid waste management
policy to reduce at source the level of solid waste
generated. In many cases, this general policy has included
measures to reduce specific components of the waste stream,
in particular beverage containers. Thus Appendix I shows
that the beverage container policy of the Federal Republic of

Germany is embodied in the government's overall waste
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management policy and that the overriding objective of this
beverage container policy is to prevent any increase in the
amount of beverage containers in domestic solid waste.

Furthermore, in the context of the debate in the

U.K. concerning beverage containers, Cawdell (1980) argues
that one cannot afford to overlook the need to take measures

concerning specific identifiable components of the overall
waste stream, even though each of these specific components
may appear small when taken on their own. Thus he states
[Cawdell (1980, p.5)] that:

"Almost any problem can be made to look

insignificant by viewing it from a broad enough
perspective. In practice, though, it is onl¥hb¥
a

tackling small manageable issues one by one

wider problems........ can be handled."

Therefore, in the light of these factors and in
accordance with externality correction theory and the
polluter-pays principle, these external costs of waste
collection and disposal should be allocated to all the goods
that end up in domestic waste - or perhaps just to the major
contributors to and components of the domestic waste stream.
Thus, the US Environmental Protection Agency [US EPA (1977)]
proposed that a product charge should be levied on packaging,
which constitutes about 30-60 per cent of total municipal
waste [OECD (1978)]. Beverage containers are one component
of packaging and were included within the scope of this
product charge. The level of this proposed charge was based
upon the average costs of waste collection and disposal.

However, the reductions in waste levels following

the implementation of such policies would yield financial
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savings in waste management costs which would equal, not the

average, but the marginal costs of waste collection and

disposal. Furthermore, the waste disposal and collection
costs attributable to a particular individual good are
represented by the marginal costs of waste management.
Therefore, in relation to these considerations, marginal
costs could also be the appropriate measure.

This question has not yet been resolved in the
current literature. Its resolution would depend upon the
factors highlighted above, in particular whether the action
concerning a particular product is part of a general policy
to reduce the overall level of solid waste generated. Oon
account of this uncertainty about the appropriate measure,
the following empirical analysis estimates the external costs
of beverage containers on the basis of both the average and
the marginal costs of waste management.

Table 5.11 presents estimates of the external costs
of waste management that have been derived using these two
alternative measures. Table 5.11 also gives the cost per
tonne figures in terms of their equivalent costs per m3 of
waste. Officials at the Department of Environment suggested
that an average of the results obtained from using the cost
per tonne and cost per m3 figures should be adopted in
calculating the external costs arising from the beverage
containers in domestic waste. Accordingly, this procedure

was followed and the resulting estimates are presented in

Table 5.12. This shows that the generation of 519,500 tonnes

of waste beverage containers in 1977-78 creates external -
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waste management costs of about £10.19m when the average

costs measure is adopted, and about £2.43m when marginal

costs are used.

Table 5.11

The external costs of solid waste management
£s (1977 prices)

Measure of external cost of waste management

YEAR
Average costs , Marginal costs
per tonne per m> per tonne per m>
1977-78 25.0 3.5 6.0 0.83
1982-83 34 4,43 10.0 1.3
Source: Data presented in section 5.3.
Table 5.12

The annual external costs of the beverage containers in
domestic solid waste (£s p.a. 1977 prices)

Beverage container External costs of waste
YEAR waste beverage containers(1)

Alternative measures

000s tonnes 000s m°

per annum per annum Average costs Marginal costs
1977-78 519.5 2109.4 10.19m 2.43m
(13.0m-7.4m) (3.1m-1.8m)
1982-83 693.9 2910 18.3m 5.4m
('No action?') (23.6m=12.9m) (6.9m=3,8m)

scenario II)

(1) The figures in the brackets refer to the range ﬂlven
the use of the weight and the volme figures. The hlgher

figure in each bracket relates to the use of weight.
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Table 5.12 also shows that the quantities of beverage
container waste generated annually are forecast to rise by
///é4-38 per cent over the period 1977 to 1982 so that, under
the 'No action' scenario II for 1982, beverage container
waste is expected to amount to a maximum of about 693,900
tonnes per annum, which is equivalent to about 2.9 million
cubic'metres(lo). This rise is due to the growth in sales
of packaged beverages, especially in non-returnables. The
predicted increases (in real terms) in the costs of waste
management mean that the costs of collecting and disposing of
these waste quantities will be higher (by 80-122 per cent) so
that, in 1982, it is forecast that these costs will amount to
about £18.3m under the average cost measure, and about £5.4m
under the marginal cost measure.

The same procedure has been followed to calculate the
unit external waste management costs for an individual
container. Table 5.13 gives the resulting estimates for the
main popular sizes of beverage containers. This shows that,
if the average cost measure is adopted, the unit external
waste management costs arising in 1977-78 from the disposal
of a 20 oz. returnable bottle, a 20 oz. non-yeturnable

bottle, a 16 oz. bimetallic can and a 16 oz. aluminium can

are about 0.8p, 0.6p 0.15p and 0.lp, respectively. 1If the

(10) It was noted in Appendix II that it was not possible to
obtain data on the likely weights of the containers in
1982. Therefore the container weights of 1977 had to be
used in the analysis for 1982. This procedure

overstates the increase in the weight of waste beverage
containers to the extent of any improved lighter

containers being developed. Therefore, these figures
given above (and throughout the next section) represent
maximum estimates.
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marginal cost measure is used, then the external waste
management costs of a 20 oz. returnable bottle, a 20 oz.
non-returnable bottle, a 16 o0z. bimetallic can and a 16 oz.
aluminium can are about 0.19p, 0.15p, 0.04p, and 0.03p
respectively. The waste management costs for returnables are
reduced proportionately by their re-use. Thus, if the
returnable bottle is used ten times (a trippage of 10), then

the external waste management costs of the returnables become

0.08p per bottle (under the average cost measure) and 0.02p
(under the marginal cost measure).

If a product charge was levied on beverage containers
to cover the waste management costs arising from their
disposal, then, in 1977, this product charge should be set

under the average cost measure at 0.8p per new returnable

bottle produced(ll), 0.6p per non-returnable bottle, 0.15p

per bimetallic can and 0.lp per aluminium beverage can. Under

the marginal cost measure, this charge should be 0.19p per new
returnable bottle produced(ll), 0.15p per non-returnable
bottle, 0.04p per bimetallic can and 0.03p per aluminium can.
On account of the predicted increases in the real costs of

waste management, and particularly waste disposal, a product

charge calculated on the basis of average costs would have to

rise by 34 per cent (in real terms) between 1977 and 1982,

(11) This product charge would only be levied on new bottles
produced and not on old bottles returned and re-used by

the bottlers. Therefore, this charge would be amortized
by the trippage of the bottle. Thus, if the trippage

was 10, then the avera%e cost based charge would amount
to 0.08p per filling of beverages in returnables and the

marginal cost based charge would be about 0.02p per
filling.
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and a product charge based on marginal costs would have to
rise by about 64 per cent (in real terms) by 1982. 1In 1982,
such a product charge on a 20 oz. non-returnable bottle
would, under the average cost measure, be about 0.84p per
bottle and, under the marginal cost measure, would be about
0.25p per non-returnable bottle (1977 prices).

5.7 The quantities of carbonated beverage containers in

domestic waste and thelr external waste management
costs under the different scenarios for 1982.

Table 5.14 shows the changes in quantities of
carbonated beverage containers in domestic waste and changes
in the waste management costs arising under the different
scenarios II-IX for 1982. Table 5.15 presents a summary
description of the principal features of these scenarios. A
comparison of these features of the different scenarios and
their resulting impacts yields some interesting implications.

Scenario III is an extrapolation of the current
trends in the U.K. beverage market, of a greater use of
non-returnables, to the situation where there is a complete
demise of returnable bottles. Table 5.14 shows that under
this completely non-returnables scenarioc III, the annual
generation of waste beverage containers would increase to a
maximum of about 948,500 tonnes per annum which is about 3.7
million cubic metres of waste. This would represent about 4
and 7 pér cent, respectively, of the total volume and weight
of domestic waste. Under the marginal cost measure, the
external waste management costs of beverage containers in
this scenario III would increase by 33 per cent to about

£7.1m.
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Table 5.14 shows that if, as in scenario IV, the
returnable bottle was able in 1982 to maintain the market

share and trippage achieved in 1977, then the annual

generation of waste beverage containers would be about 11 per

cent lower than the quantity generated under the 'No action'
scenario II. This reduction would mean an annual saving in
waste management costs of about £574,400 per annum (in
comparison with the baseline scenario II).

Scenario V shows that, if the current trends of a
deteriorating position for returnables are actually reversed,
then the quantities of waste beverage containers could be
decreased by 175,000 tonnes per annum, or 872,000 cubic
metres per annum. This would yield annual savings in waste
management costs of about £1.44m (in 1977 prices). This
saving represents about 0.3 per cent of the total costs of

domestic waste collection and disposal in the U.K. in 1982.

This reduction in the amount of waste beverage containers is
due to the substitution of non-returnable bottles by
returnable bottles and the higher trippage for the returnable
bottles in this scenario.

The importance of the trippage of a returnable
bottle can be seen by comparing the results for scenarios V
and VI. Under scenario VI, the returnable's trippage does
not increase but remains at the 'No action' Scenario II level
of 3. Table 5.15 shows that, under this scenario VI, the

external costs of managing the waste beverage containers

decrease by only 1 per cent whereaé, under the higher

trippage scenario V, the external waste management costs of
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