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GENERAL SUMMARY

Background
Concern about the quality of water in Ireland’s rivers, lakes, estuaries,

bays and groundwater centres on what flows into them, the main generators
of water borne pollution, in descending order, being agriculture, industry
and households. This study concentrates on water borne pollution generated
by industry. In fact, industry probably undertakes most of the waste water
treatment in Ireland, though a small proportion of its waste is treated in local
authority sewage plants; furthermore, over 70 per cent of industry’s waste is
removed by treatment whereas only 20 per cent of municipal waste is
removed. However, there is still a sizeable industrial remainder. Ireland,
along with her European partners, has adopted the Directive on Urban Waste
Water Treatment (EC, 1991), which requires a major investment in urban
sewerage and treatment plant systems. Although the Cohesion Fund and
Structural Funds will contribute to the investment costs, adherence to the
Polluter Pays Principle and the Community guidelines on State aid require
that industry also contribute.

This study is concerned with describing a potential system for charging
industry for its use of local authorities’ waste water treatment services. Most
emphasis is placed on establishing a charging system for the capital costs.

Since theoretical economic considerations have much to offer in this field,
the initial task was to outline important aspects of theory which should
inform the study. It was also important to review current charging practices
in Ireland since experience to date should provide some valuable insights. A
further review of how authorities elsewhere charge for capacity was very
informative. In the light of theory and experience, a proposed system of
charges is outlined.

Theory
In theory, there are two important concepts to be taken into account

when considering charging. The first is that there are levels of treatment that

ix



X WASTE WATER SERVICES

are justified by reference to the potential costs of the damage from untreated
pollution. It is now accepted that the costs of treatment should generally be
borne by the polluter. Adherence to the Polluter Pays Principle means that
the polluter should also pay where there is no treatment, if there is damage
or damage is expected if discharges increase.

The second important concept, which should inform utilities when
setting price for capacity, is allocative efficiency. This basically implies
setting prices in the recognition that they affect people’s actions. We see how
the incentive effects of charges result in reduced industrial demand for
treatment at some undertakings. Demand is responsive to price because firms
can take alternative courses of action. They can carry out their own
treatment, undertake recycling or install cleaner technology. Quantitative
studies in the US and elsewhere have shown that demand for central
treatment is responsive to price. Furthermore, society is better off if the
people who can abate pollution most cheaply, do so. Correct charging will
help this to happen. Marginal cost pricing is recommended as the correct
method for current charges, though average cost pricing will be broadly

satisfactory. The method recommended for charges to deal with capital
costs, the main focus of this study, is long-run marginal cost (LRMC)
pricing. That is, the price confronting firms, as they use an extra unit of
capacity, should signal to them the costs incurred by the authority for that
extra unit of capacity, in the long run. Basing the charge on the long-run cost
means that the price is somewhat smoothed. Customers can compare the
charge with the cost of alternatives, such as their own treatment. The
authority when faced with rising or falling demand, knows that this is a true
indication that it should consider expanding or contracting its capacity. Also,
because of the long-run or smoothed pricing, customers will not face widely
different prices owing to their order of arrival. To capture these advantages
we recommend that the price for waste water treatment capacity reserved by
industry be based on the notion of LRMC.

Current Charging Practice in Ireland and Abroad
The Irish waste water service is decentralised, being undertaken in 88

authorities which can set their own charges, subject to charging only for
costs incurred. The service has traditionally been under-priced, the balance
of operating costs being obtained from rates, the Rate Support Grant and
other sources. The capital costs have been funded largely by the Department
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of the Environment, except in the case of 12 authorities which, according to
our survey, received contributions from industry. These contributions were
mostly made upfront, but the system for payment had to be negotiated case
by case, in the absence of a formal procedure.

Turning to experience abroad, most waste water undertakings in our
review are self-financing or nearly so, and in general charge for capital costs
on a pay-as-you-go basis. Many apply standard capital charges throughout
their regions, which in some cases are larger than the whole of Ireland.
Criteria for charging for capacity are usually the flow of waste water and
pollution content. There are considerable variations in detail between
undertakings - some charging by reference to capacity reserved, others by
reference to flow of waste water. In a number of cases the introduction or
increase in charges has resulted in a decline in use of the treatment service,

thus reducing the undertaking’s revenues and, in some cases, causing them
financial problems.

A Proposed Charging System
As well as trying to satisfy the need for allocative efficiency, which is

particularly important at this early stage of a large construction programme,
the proposed charging method also aims for cost recovery, for fairness, and
for simplicity - the last was repeatedly cited as essential. A satisfactory
compromise has to be devised because there is a trade off between simplicity
and an accurate reflection of costs in each situation, as indeed there is
between the other aims.

We do not claim that the method arrived at is the only solution but the
underlying principles employed are correct. The capital charge to industry,
totalled over all firms, should yield sufficient revenue to cover the
incremental expenditure incurred by the local authority to accommodate
industry. We suggest raising the capital charge in two parts: (1) a standard
nationwide charge on reserved capacity based on long-run marginal cost and,
perhaps, plant size and (2) a "Local" charge (which will be smaller) to
recover any balance of costso according to a procedure which may be decided
at local level. Industrial users would reserve capacity for waste water
treatment, and renew the reservation annually. By tying the first part of the
charge to the LRMC of capacity reserved, the charging approach should
induce correct responses. The LRMC can be calculated from recent
experience of construction of treatment plant, and can be given for broad
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size categories: we show an example of LRMC prices for small plant and for
large plant. The charge is expressed per unit of peak-time capacity that the
firm wishes to reserve, the timing of the peak to be indicated by the authority.
We illustrate how the charge can also be broken down to reflect components
of capacity, for dealing with different levels of flow and pollution rate, where
the firm’s discharge has non-standard characteristics.

With the importance of incentives in mind, the second or Local charge

should not be raised on the capacity reserved by the firm. An exception
might be if plant capacity at local level were unusually tight or had a lot to
spare, in which case, the Local charge should also be levied on capacity. In
general, however, the Local charge can be raised in a manner and at the
discretion of the authorities, for example as a flat charge added to the LRMC
bill, on the basis of rateable valuation, or added to industrial rates. The
timescale for recovering the remainder of costs could also be at the
authority’s discretion.

The charges can be spread out or raised upfront, depending on the
amount of risk which the authority faces, in so far as some firms may
become unable to pay for the cost incurred on their behalf. In situations of
risk, upfront charges or recourse to other risk averting measures are advised.
Charges for collection and conveyance capacity can be calculated by using
similar principles to those outlined above. The charging system should be
announced early on during the planning stages of the construction
programme, to enable firms to assess the relative costs of the options open to
them and make a realistic estimate of the capacity which they wish to have
built on their behalf.



INTRODUCTION

This study describes an approach to setting prices which local

authorities should charge industryl for the use of waste water treatment
plant. In particular, charging for capital costs will be our main concern. The
outline of the paper is as follows. Chapter 1 describes the general
background to the discussion and poses the problem. Chapter 2, which
addresses the relevant theory, establishes the importance of correct pricing in
a situation where decisions on expensive and large amounts of capacity are

shortly to be taken. Chapter 3 surveys the current situation with regard to
charging in Ireland and in selected regions abroad. This proves helpful in
showing what is feasible and what characteristics of pricing systems are
considered necessary. In the light of the theory and of current experience,
Chapter 4 sets out a formalised approach to capital charges. Based on
preliminary estimates of capacity-related costs, some prices are calculated
for illustration. These satisfy the requirement that prices give the correct
signals. In addition, a method is described to enable local authorities to
recover any outstanding capacity costs incurred. In economic terms, three
important aims should be satisfied to some extent at least by these proposals:
external environmental costs are covered by recourse to the Polluter Pays

Principle, allocative efficiency informs the setting of price, and costs should
be recouped. The final chapter gives our summary and recommendations.

I For the purposes of this study, industry is defined as all Ilaose undertakings which produce industrial

waste water, ~ defined in the European Council Directive concerning urban waste water treatmcm

(EC. 1991) (see glossary).

xiii



Chapter 1

GENERAL BACKGROUND

1.1 Introduction
Streams, rivers, lakes, estuaries, bays, seashores and groundwaters

form an essential part of Ireland’s environment. They have value for society
as sources of beneficial use, for example as sources of water, as amenities, as
contributing to the scenery etc.. In addition, the mere existence of these
assets, unspoilt, is a source of satisfaction and pride. However, with the
increase in concentrations of population and in industrial and agricultural
activity, there is rising concern about water quality and the impact of
development on our water resources. In turn this concern has led to a critical
assessment of the levels and treatment of the corresponding three sources of
wastes flowing into the waters, namely, municipal (mainly domestic),

industrial and agricultural.
To give an idea of the situation, we will look at wastes measured in

tonnes of Biochemical Oxygen Demand (BOD)2 per annum. Agricultural
waste is a major source of water pollution in the state, but is difficult to
estimate3 or control as it is usually dispersed (McCumiskey, 1991, p.24;
Boyle, 1990, pp.8-9). By contrast, the waste arising from the industrial and
municipal sectors combined is probably much smaller, at some 114 000
tonnes of BOD per year. The non-agricultural wastes arising, with
approximate breakdown between industrial and municipal wastes, are given
in Table 1.1.

2 This measure is described shordy and is defined along with others in the Glossez’y of Terms.

3 An Foras Forbartha (1983. pp.22-29) estimated the waste generated from agriculture at over 1

million tonnes of BOD per annum, with two-thirds of this having the potential to discharge to water
systems. It is not known how much actually ends up in waters, but the absolute minimum, under

optimal conditions and management is estimated at over 10,000 tonnes per annum. The actual.level is
certainly greater than this - we read of numerous fish kills and local authority investigations into

agricultural discharges under the Water Pollution Acts (Department of the EnvirorLrnent, 1994a, pp.9,
34, 35). Therefore something between 10.000 and 660,000 tonnes is the potential agricultural

discharge to water systems. Measures to deal with agricultural pollution are urgendy needed, and the

collection of more accurate statistics is necessary, but these aspects are outside the scope of this study.
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Table 1.h Estimated Non-agricultural Waste Water Arising and Treated Nationally
(’000 tonnes BOD p.a.)

Total             Of which -
Industrial       Municipal

Waste water generated nationally
Reduction in waste by treatment:

by industry
by local authorities

Waste discbarged to environment

114 69 45

46 46 0
12 3 9

56 20 36

Source: McCumiskey, 1991, (p.23) and An Foras Forbartha, 1983 (p.18); Kilgallon, 1994.

As can be seen, the majority of the waste generated by the two sectors

comes from industry, but this waste is also subject to most of the treatment,

such that a larger amount actually discharged to the environment is
municipal. Furthermore, this and the following table show that over 90 per

cent of treatment of industrial waste is carried out by industry itself, that is,

less than 10 per cent of industrial treatment is carried out by local authorities.

This pattern will change in the future as large new public plants come on

stream in coastal towns and cities, where much industry is concentrated.

Table 1.2: Estimated Industrial Waste Water and its Treatment (’000 tonnes BOD p.a.)

Total
Inland/Estuarine Coastal

Waste water generated nationally 69 24 45

Reduction in waste by treatment 49 19 30

- by industry 46 16 30

- by local authorities 3 3 0

Discharged to the environment 20.0 5.0 15

- via sewer systems 8.5 0.5 8

- via other outfalls 11.5 4.5 7

Source: Kilgallon (1994).
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Three-quarters of the total industrial waste load of 69,000 tonnes per
year is generated by the food and drink sector, half of which emanates from
the dairy sector. The fruit and vegetable, meat, brewing and fish sectors
follow. The remaining quarter comes largely from the pharmaceutical and
chemical sectors, along with textiles and others.

Concern about aquatic quality (amongst other environmental issues)
was central to the government’s Environment Action Programme published
in 1990 and the adoption in 1991 of the European Council Directive
Concerning Urban Waste Water Treatment. The Directive requires Ireland to
undertake a large programme of construction of sewage treatment plants and
associated piping or sewerage. Discharges from urban areas are to be subject

to secondary treatment or an equivalent. These measures must be
implemented by the end of the years 2000 or 2005, depending on size of
population, and higher treatment is required by the end of 1998 in the case of
defined sensitive waters. The disposal of sludge to surface waters by
dumping from ships, by discharge from pipelines or by other means must be
phased out by the end of 1998.

Over the last 10 years Ireland has invested over £440m (at constant
1993 prices) in public waste water treatment facilities, as shown in Appendix
AI.I. By the end of 1999, the Community Support Framework and
Operational Programme for Environmental Services envisage that a further
£400m will be spent, to carry out necessary up-grading of the existing
service and to go some way towards compliance with the European
Directive. Both figures include subventions from the EU. In all there are 860
sewerage schemes in the country, serving a population of over 2.3 million.
Some 68 per cent of these schemes, serving 1.6 million people, have at least
primary treatment (Weston-FTA Ltd, 1993, pp. 16-19).

It is the proposed accelerated programme of capacity construction
which has brought about the need for this study. While many issues
pertaining to municipal and industrial waste water are inter-related, we will
concentrate on capacity for the treatment of industrial waste water. Industry
is more amenable to charging than is the domestic sector. In addition,
industrial waste is more susceptible to influence by charges than is municipal
waste. This is because industry can change its level of effluent discharge,

through alterations in technology and production processes, through
increased use of recycling and through firms introducing their own on-site
treatment. With the existence of these realisable alternatives, it is important



4 WASTE WATER SERVICES

not just that industry be charged for waste water treatment, but that the
charge be correctly set. We will see that if charges are set, taking into account
certain considerations based on economic theory, there will be a correct
allocation of resources devoted to the treatment of industrial wastes and
society’s costs will be minimised. The most important of these
considerations is the Polluter Pays Principle, which places the liability for
making good the damage caused by pollution on the shoulders of those who
cause the pollution.

Industrial waste water discharged is also necessarily related to water
input. In many instances, therefore, capacity decisions on the one will have
to take account of the existence of the other. Treatment of municipal sewage
is also closely linked to treatment of industrial effluent, in so far as they will
share the same municipal treatment plant and mains. Water supply and
domestic sewage treatment will not be considered expficitly here, though of
course many of the principles which we describe also apply to these areas.

The organisation of public water services in Ireland is another
important related issue. While each of the 88 local authorities in Ireland is
separately responsible for waste water disposal in its area, there are but 10
such authorities in England, for example. Somewhat opposing issues arise in
relation to organisation of water services. On the one hand, there exist
economies of scale in administration, on the other hand, competition might
be worth fostering in some areas of the service. A further consideration is
that the risks can be more easily spread where there is a larger authority and
any risk premium could then be simply added to a centrally determined
charge. A discussion of the organisation of the service is overdue but will
also not be addressed here.

1.2 The Nature of Waste Water Services
Waste water services involve the initial collection and eventual

disposal of waste water with the objective of removing potential harm to the
environment or to public health. In between these start and end-points, there
can be a network of activities involving pumping, transportation and
treatment, requiring the use of facilities, in varying degrees, which include
drains, sewers, trunk sewers, pumping stations and collection and storage
facilities. Treatment can involve various levels and combinations of
physical, biological and chemical processes to remove pollutants for reasons
of health, environmental protection and aesthetics. Final disposal of the
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resulting solids and liquids entails release to the environment or re-use.
A widespread type of treatment uses the activated sludge process

whereby the organic waste, in the presence of oxygen, is maintained in
continuous contact with biologically active growths. Magnitudes which are
important to the treatment plant are the capacity flow, measured in volume
per unit of time, such as cubic metres per 24 hours, and pollution strength
such as the concentration of organic material in the waste water. The most
commonly used measures of the latter are Biochemical Oxygen Demand
(BOD) or Chemical Oxygen Demand (COD) (see Glossary of Terms). These
and suspended solids and other pollutants can be expressed in milligrams per
litre, as a measure of strength. Another useful measure is the "population
equivalent" or PE which is the daily organic biodegradable load having a 5-
day biochemical oxygen demand (BOD5) of 60 grammes of oxygen. This is
used as a measure of treatment plant capacity. "Primary treatment" involves

reducing the BOD5 of incoming waste water by at least 20 per cent and total
suspended solids by at least 50 per cent before discharge. "Secondary
treatment" generally involves biological treatment with a secondary
settlement, reducing both the BOD5 and the suspended solids by 70-90 per
cent before discharge.

A well known charging scheme, the Mogden formula, described in
detail in Appendix AI.2, forms the basis for charges in many areas,
including some local authorities in Ireland. Such schemes involve charging
industry for the costs of biological and sludge treatment in relation to the
volume and pollution content of industrial waste water. Various stages or
components of treatment are charged for in separate terms in the formula
and the capital cost can also be incorporated in the relevant terms (Moore

1983).
Waste water treatment services are characterised by economies of scale

at the initial construction stage. Therefore, a certain amount of spare
capacity, being relatively cheap, can be economically justified where
demand is growing, in addition to the usual precautionary requirements.
However, new developments in Ireland will be more expensive than many in
the past. This is because secondary treatment or processes of a higher
standard will be installed, in some instances in place of primary treatment.
This effectively means that a different service compared to that in the past
will be provided. Another feature of waste water services is that, even more
than most infrastructural services, they are capital intensive (Helm and
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Rajah, 1994). Customers’ payments, therefore, have to cover sizable capital
costs in addition to operating costs.

The utility’s capital can be described as falling into three categories.
The f’trst is the connection of the industrial customer to the system. It might
include a meter where appropriate and the connection can be charged for in

advance. Alternatively the customer may make the connection so that no
payment is required by the utility. In general connection is straightforward
and does not concern us. The second category is the system of public mains
and ancillary equipment for collecting and conveying waste water to the
third category, the treatment plant. The second and third categories are
sometimes combined under the heading "infrastructure" when the capital
pricing of waste water systems is being discussed.

Finally, when describing the nature of waste water services one must,
of course, include the important interaction of waste water with the
environment. Aspects of the environment that are affected are the surface
waters, ground waters and, to some extent, the land. Given the range of water
uses, public health and environmental considerations play a dominant role in
waste water management. Waste water services are of major importance to
efficiency, the well-being of society and the sustainable use of resources.
This applies not only to users, including households, industry, commerce
and institutions, but also to all these people in their enjoyment of the
environment. In a recent survey (DOE/ESRI 1993) of 1,000 households,
people were asked what were the main environmental problems that
concerned them. Pollution of rivers was the highest quoted "most important
issue". It was also the highest quoted "second most important issue".



Chapter 2

THEORY

2. I Introduction
The theory concerning payment by industry for a service, such as

waste water treatment, has the objective of making society as a whole better
off. While theory alone should not dictate policy, departures therefrom
should be justified. When theory is borne in mind, opportunities for applying
it can be seized as they present themselves, albeit with sensible
compromises.

The discussion in this chapter proceeds as follows. Environmental
considerations are described first. It is shown that polluters should be faced
with correct incentives to ensure levels of pollution abatement which

improve society’s net wellbeing. Discussion follows on the Polluter Pays
Principle which is a practical approach to the theory and an approach on
which trading countries should agree because it is to their mutual benefit.4

The issue of state intervention and the Urban Waste Water Directive are
viewed in the theoretical context. Next are described the broad principles of
pricing which concern utilities such as waste water treatment agencies. We
home in on the application of the allocative function of price because
benefits in terms of resource savings overall should ensue. Long-run
marginal cost pricing, the recognised method for achieving allocative
efficiency, is discussed and its calculation is spelt out. Variants of the usual
situation will be addressed, such as charging new finns and how to deal with
new demand which poses a financial risk to the treatment agency, in so far as
there may be some doubt as to whether the firm will be able to pay for the

capacity costs incurred on its. behalf. The conclusion summarises the
possible compromises that may be required, while still retaining useful
incentive features.

2.2 Environmental Considerations in Theory
It is important to look at the standard theory of polluting activities and

the environment, as this forms the backdrop to the study. Our starting point

4 It is aJso a legal principle al EU and nadonal level.
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is that the underlying aim of policy is to improve the economic well-being of
society and we will be mainly considering firms and public authorities.
Pollution can impose damage costs, even if we have difficulty in measuring
them. In turn the amount of damage that a certain level of pollution can
inflict is determined by the state and vulnerability of the receiving medium,
though these too are difficult to measure. However, these concepts are still
relevant - for this reason we do not prohibit smoking outdoors but we do
restrict it indoors. In some situations discharges impose costs on others,
while in other situations they may impose fewer or none. Even though it is
difficult to quantify or pinpoint such things, they must be borne in mind if
we are concerned that the benefits of policy should exceed the costs.

The traditional diagram below shows the determination of optimal
levels of charges and pollution. Costs are shown on the vertical axis.
Pollution is shown on the horizontal axis and pollution abatement, therefore,
is measured in a leftwards direction along this axis. The "marginal damage
costs" schedule, rising to the right, shows the costs imposed on others by
each extra unit of pollution. As the assimilative capacity of the receiving
medium is increasingly used, further units of discharge impose higher costs.

Graph of optimal charges and pollution.
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The "marginal treatment costs" schedule rises to the left, as extra levels
of treatment become more expensive. For example, secondary waste water
treatment is more expensive than primary treatment. Of course these
schedules are likely in reality to be stepped rather than smooth.

At level A pollution, the cost of damage imposed on society by an
extra unit of pollution is much higher than the cost of treatment of that unit
and society as a whole would be better off with less pollution. The benefits

of treatment would outweigh the costs and more treatment is worth
undertaking. On the other hand, at level E pollution the high level of
treatment is unjustified, because the treatment costs outweigh the damage
costs. Society is better off moving to X, where the cost of treatment is equal

to the cost of pollution damage. At this point the optimum level of treatment
is being undertaken: any more treatment and the costs are too high in
comparison to the benefits achieved; any less, and society would benefit
from a higher level of treatment. Society can achieve this optimum level of
treatment by imposing a charge or tax, equal to OP, on the polluter.

How does the charge encourage correct behaviour? The charge which
a polluter faces for every unit of pollution is OP pounds. The firm at A,
which is releasing a lot of pollution, faces low treatment costs. In fact, the
charge OP is higher than the treatment costs, so the firm will be encouraged
to avoid the charge by treating its waste water until pollution is reduced to X.
The firm at E, on the other hand, is spending an unjustifiable amount on
treatment for the small environmental improvement being achieved, and
would be better off treating less and paying the charge. This firm will also be
encouraged to move to X. Multiplication of the tax or charge per unit of
pollution by the number of units of pollution gives the total revenue from the

charge. That is, OP multiplied by OX, or the area OPTX represents the
revenue when society is at the optimum level of treatment. The value of

damage done by X units of pollution is triangular area OTX. An important
point to note is that a charge or pollution tax is justified in incentive terms,
even where there is no central treatment facility. This will be referred to
when we formalise charges in Chapter 4.

Suppose on the other hand, in contrast to the national average which,
say, the graph represents, the marginal damage costs schedule in a particular
region is rather low, given by OL. This could be due to local characteristics
which reduce its vulnerability. Then our original treatment level X and the
related charge OP would be too high. The firm will be worse off than
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necessary and society could devote too many resources to abatement. The
correct charge in this region would be less than OP, on a level with the new
intersection. Regardless of whether this concept is academic owing to
difficulties with measuring local conditions and the costs of damages, we
must still be aware of it. Not merely does this help us to be forewarned, since
polluters will make these points, but it also informs us on policy.

Another way to give the firm the same incentives is to offer it a grant
or some encouragement, amounting to OP per unit of pollution which it
reduces. If a grant is on offer, the firm forgoes the same sum as in the tax
case if it does pollute, so that the incentives are right, at least in the short
term. In the long term, however, the prospect of receipt of a grant not to
pollute could encourage the establishment of dirty industry. As we shall see,
the awarding of grants to polluters would be in contravention of the Polluter
Pays Principle. Of course, the advantage of a charge is that it yields revenue,
which can be used on other projects, whereas subsidies and grants, by
themselves, place a burden elsewhere on society. Another method by which
X level of pollution can be achiev,d is for the firm to be required by
government to bid for rights to pollute, amounting to X in total. These three
measures, namely taxes, grants and bidding for pollution fights, are
economic measures. However the same optimal level of pollution can also
be achieved, if only in static terms, by the imposition of regulations which
stipulate that only level X pollution is allowed. In contrast to economic
measures, the drawback of regulations, or standards, is that there is no
ongoing incentive to reduce pollution once the standard is reached. It is also
very wasteful to have firms which face cheap treatment costs and those that
face high treatment costs having to c.onform to a uniform standard. The same
total level of treatment could have been achieved for less overall cost if the
low-cost treatment firms did most treatment, as would be encouraged by a
tax. A further problem is that regulations can be more difficult for new firms
to comply with, thus restricting entry to the industry and damaging
competition. Naturally these schedules are likely to vary between firms,
industries, locations, time of day and time of year, so that setting the optimal
tax or regulation level is an ideal rather than a practical possibility.
Approximations have to be made.

Ardent environmentalists, of course, will want something approaching
zero pollution. Unless society is to be made worse off, this must amount to
arguing that the damage costs are much higher than we originally thought,
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raising the marginal damage schedule, or that the treatment is costless. On
the other hand, polluters will claim that damage costs are lower and/or
abatement costs are higher, raising the marginal treatment costs schedule,
moving the optimum to a higher level of pollution. It may well be true that

as people discover that damage occurring has been greater than originally
thought, the perceived damage schedule does indeed rise.

It appears that polluters tend to favour regulations or standards as
opposed to taxes, perhaps because they can negotiate a standard which they
know they can achieve without too much difficulty and which will keep out
new entrants. Standards also confer on firms a certain right to pollute up to a
standard. They oppose the tax because even at the optimum level of pollution

they still have to pay tax on the X units. They can rightly claim that the
payment amounts to more than the sum of the residual damage costs (area
OPTX is greater than area OTX). This provokes understandable objections
from industry. It is sometimes viewed as a price for the right to a certain
portion of the environment’s assimilative capacity, or a tax on the "economic
rent" accruing to polluters "arising out of the scarcity of the environment"
(OECD, 1975, p.86). Pollution taxes however have good long-term effects
in that firms that can treat cheaply will do so. Firms which face high
treatment costs will undertake less treatment. Overall treatment is achieved

at cheapest cost. In addition improvements in treatment technology and
cleaner production technology are encouraged (though regulations can do
this too). These improvements bring down the cost of treatment schedule,
reducing X and the required level of tax. It also satisfies a view which is
gaining ground that taxing a bad thing, like pollution, or smoking, could be
better than some of the ways in which revenue is raised at present
(Cairncross 1991). In general it is agreed that a combination of standards
and taxes can be the most realistic solution.

Of course, the real difficulty lies in estimating the cost of damage.
How does one value the damage to a beach or a river? How many people
would use it were it not polluted and how does one value the existence of
animal life in the waters, without provoking an argument? Researchers have
confronted these questions, for example by using expenditure on travel as a
surrogate for bow much people value a recreation which is not marketed.
Other approaches have involved estimation of people’s willingness to pay.
Recent decades have seen tremendous development in these methods, but
there remain what are euphemistically called "tasks for future research"
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(Johansson 1991). The Conferences of the European Association of
Environmental and Resource Economists (EAERE) have featured many
valuation studies. One such study sets out to value the social benefits of a 50
per cent reduction in Norwegian nutrient leaching to the North Sea, called
the North Sea Plan. The study aimed to elicit the maximum amount people
would be willing to pay in increased sewage taxes annually. The increase
per household worked out at between £50 and £200 and thereby gives a
measure of the damage (Magnussen, 1992). This could, however, be a low
measure of the cost of damage in the long run.

Clearly this is not a perfect situation. One is talking about imposing a
tax or charge on the basis of an intersection of two curves, one of which, the
marginal damage schedule, is hard to measure let alone agree on. That said,
it is still the correct concept which should be held in mind if we do not wish
the costs to outweigh the benefits, or potential net benefits to be forgone. It
underpins the Polluter Pays Principle, which we address in the next section.
The alternative is to impose an arbitrary limit on pollution, which entails
similar uncertainty.

It should be pointed out that pricing mechanisms alone are usually not
the full answer to controlling pollution. They will frequently need to be used
in tandem with regulations, to deal with situations where potential damage is
particularly dangerous or irreversible, and to put upper limits on the absolute
levels of pollution which are tolerable.

2.3 The Polluter Pays Principle
Measurement problems obviously make implementation of the

theoretical ideal difficult. A further obstacle is the penalties which pollution
taxes would impose on firms trading in international markets, unless such
taxes were applied internationally. The Organisation for Economic Co-
operation and Development (OECD), having the expansion of world trade as
one of its main objectives, published The Polluter Pays Principle in 1975.
Regarded as something of a classic, its guiding principle is:

that the polluter should bear the expenses of carrying
out...measures decided by public authorities to ensure that the
environment is in an acceptable state.

and:
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The notion of "an acceptable state" decided by public authorities,
implies that through a collective choice and with respect to the
limited information available, the advantage of a further
reduction in the residual social damage involved is considered as
being smaller than the social cost of further prevention and
control.

This is, in fact, the same as our definition of the efficient level of abatement
given above. The difference is that the Polluter Pays Principle implies that
the victim has the right to a clean environment, and that the polluter, rather
than the victim, should pay. Strictly speaking, this means no grants or
subsidies should be paid to polluters. The OECD states that the Polluter Pays

Principle may be implemented by various means such as standards,
regulations, prohibitions and pollution charges, or charges to cover the costs

of collective waste treatment plants. To prevent distortions to trade and
investment the OECD recommends that:

Member countries continue to collaborate and work closely
together in striving for uniform observance of the Polluter Pays
Principle, and therefore that as a general rule they should not
assist the polluters in bearing the costs of pollution control
whether by means of subsidies, tax advantages or other
measures.

and it recommends that:

any such assistance for pollution control be strictly
limited...where severe difficulties would otherwise occur...to
well-defined transitional periods, laid down in advance.

The Foreword makes the important point that the Principle does not mean
that the polluter should merely pay the cost of measures to prevent pollution,
implying that even where lack of treatment means that no cost is incurred,
the polluter should still be charged for emissions, as occurs in the
Netherlands and Germany, among other places.

Polluters who do not pay, or "free riders", should therefore be required
to pay, subject to considerations of practicality. In addition to industry, other
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sources of water borne pollution include farms in particular, but also
households and other dischargers to waters and to highways. The advent of
use-related charging on households may be just a question of time, as
metering technology is likely to improve and costs fall. Metered water
supply can be used as a proxy for waste water discharged, since households’
waste water volumes are closely related to water intake. The DOE/ESRI
survey (op. cit.) indicated that people strongly favoured service charges over
increases in taxation, to pay for enhanced environmental services.

Other non-point pollution, especially farm effluent, needs to be
addressed, as is indicated by the increase in eutrophication of Irish rivers
(Convery and Mercier, 1992). Polluters who discharge to waters, where there
is no treatment, pay no charge except a nominal monitoring fee. This
contravenes the Polluter Pays Principle in so far as the damage costs are
probably far from zero. Motorists are also free riders in that they only pay
(indirectly) part of the cost of treatment of waste water from highways,
which contains lead, rubber and so on. The rest is paid by non-motorists. For
example, it is estimated that up to 25 per cent of the volume of waste water
being treated in the UK in fact comes from highways.

There is no reason why industry should be a free rider, although it can
argue that others get away with not having to pay. State support of waste
water projects involving subventions to industry could contravene EC Treaty
rules on State Aids (Department of the Environment 1993). Industry is

characterised by establishments with potentially heavy pollution, which is
concentrated at the firm and is therefore economical to monitor and charge
for. Firms periodically reassess their processes, which can be adapted to the
waste water service’s price schedule facing them. If the price schedules are
in turn well designed, the adaptation will be to the good of society.

At about the same time that the OECD published The Polluter Pays
Principle, the EC Council published its Recommendations (EC, 1975) which
are broadly similar though with a difference of emphasis: charges should be
fixed so that primarily they fulfil their incentive function to reduce pollution
and do so as cheaply as possible and make polluters pay their share of costs.
The Council called this the redistribution function of charges.

The Principle has now been formally incorporated in European law.
The Treaty on European Union (1992) states:
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Community policy on the environment...shall he based...on the
principles that preventive action should be taken, that
environmental damage should as a priority be rectified at source
and that the polluter should pay. (Article 130r 2).

This has been reflected in domestic law, in the Environmental Protection
Agency Act, 1992, as follows:

The Agency shall ...have regard to the need to give effect, insofar
as it is feasible, to the "polluter pays" principle, as set out in the
Council Recommendation 75/436/EURATOM, ECSC, EEC of 3
March 1975. (section 52 (2)(d)).

In practice there may be wide scope for differences of interpretation of
the term "pollution" and a wide range of views as to how much should be
paid. In any event, the Polluter Pays Principle is a bold declaration of rights
on the part of the victim of pollution.

Another phrase which relates to the concepts covered so far is "best
available technology not entailing excessive cost", or BATNEEC. The
Environmental Protection Agency, in licensing industrial and other processes
with significant polluting potential, must be satisfied that BATNEEC is
employed to prevent or eliminate pollution. Firms will be required to instal
the best technology or process available, subject to NEEC which "sets out
the balance between environmental benefit and financial cost" (EPA, 1994,
p.3). As such, this requirement is consistent with achieving the optimal level
of pollution outlined above, but via the quantity rather than the price
approach, in conjunction with the stipulation that the polluter should pay.

2.4 Is State Intervention Necessary? - Coase’s Theorem
We have described the standard theoretical approach to achieving the

optimum level of pollution abatement - imposing a tax on, or offering an
incentive to, the polluter equal to the marginal cost of pollution abatement at
the optimum level. This encourages the polluter to reduce pollution down to
the optimum level, and the polluter can do this either by own treatment, or
by paying someone else to treat. The Polluter Pays Principle, or charge (as
opposed to subsidy) approach, in effect gives property rights to the use or
quality of the environment to the "victims" of pollution; however it is the
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state that enforces these rights by imposing the charge. Implicit in this

approach is the assumption that the victims cannot exercise their rights, and
that such intervention is necessary to achieve efficiency.

There is an alternative theoretical approach, called Coase’s theorem,
which calls into question the need for this intervention. It states that where
rights to pollute or to a clean environment, called "property rights" are
assigned, and transaction or organisation costs are nil, the market will allocate
resources efficiendy. It applies equally where property rights are given to the
polluters or the victims. The logic works as follows, shown in Table 2.1.
Property rights to the environment can be assigned either to the polluters or to
the victims of pollution. One or other of these parties is able to avoid the
damage of pollution most cheaply (i.e., is the "least cost avoider"). If rights
are assigned to the victims, then the polluter must either eliminate the
pollution, or buy pollution rights from the victims. If the polluter is the least
cost avoider, then the polluter will find it cheaper to eliminate the pollution.
If, on the other hand, the victims are the least cost avoiders, it will be cheaper
for the polluter to pay them to take avoiding action.

Table 2.1: Property Rights and Pollution under Coase’s Theorem

Property rights assigned to ....

Polluter Victim

(similar to Polluter Pays Principle)

"Lea~ cost Polluter V’ct~n Polluter V’ctirn

avoider" iS...

Outcome Vtcftm pays V~ctim takes Polluter takes Polluter pays
pol]u~r to ~ke ac~n c~ct acdon c~ ac~on ~ to ~ action

Furthermore, it can be seen that if property rights are assigned to the
polluter, perhaps to promote industrial development, the same correct, in the
sense of cheapest, allocation of resources will ensue. If the polluter is the
least cost avoider, the victims will pay the polluter to eliminate the pollution,
whereas if the victims are the least cost avoiders they will take the action
themselves. Either way, the pollution will be dealt with by whoever can do
so most cheaply. Therefore, there will be the same (efficient) allocation of
resources, if property rights are assigned, regardless of to whom they are
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assigned. The only effect of property rights is to determine who pays for
dealing with the pollution.

Coase’s theorem gives us a broad and flexible theoretical framework
for dealing with pollution, of which the Polluter Pays Principle can be
considered a subcategory. It allows the market to determine the efficient
level and type of pollution abatement; this can be useful where-such
information is not easily attainable. Externalities can be cured by private
bargains and intervention by government is unnecessary.

However, Coase’s theorem suffers from a number of drawbacks in
practice. First, it assumes an initial allocation of property rights. Secondly,
this allocation matters from the point of view of income distribution. There
can be negative distributional consequences, if for example, property fights
are assigned to or assumed by relatively wealthy polluters in the presence of
relatively poor victims. The victims may not be able to afford to pay the
polluter, even if the latter is the least cost avoider. If this were the case, the
victims might end up having to tolerate a high level of pollution. The third
drawback centres around the assumption of nil (or low) transaction costs. In
many cases, while there might be only one polluter, the victims are likely to
be numerous and diffuse, and it is probable that the costs of transactions
between them would be considerable. In fact these transactions costs are
partly the cause of the existence of the externality in the first place. They
would distort the process described in the theorem, and the optimal solution
might not be achieved. This, in practice, is a serious problem with the
application of Coase’s theorem.5

In summary, Coase’s theorem maintains that state intervention is not
needed in the pursuit of efficiency, However, it assumes away what probably
caused the externality, namely the costs to the victims of organising effective
claims against the polluter. It also assumes some initial allocation of property
rights. Meanwhile, the Polluter Pays Principle, allocating rights to victims, is
being increasingly implemented alongside state intervention on the
environment, which is also enshrined in the Treaty on European Union as:

..the Member States shall finance and implement the
environment policy (Article 130s 4).

5 For these reasons, Coase’s theorem would seem to be more applicabl~ where all the patties are l’irms,

because the question of equity is less important, and the number of parties is usuagy smaller.
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2.5 The EU Urban Waste Water Treatment Directive in the Theoretical
Context

In the ideal textbook situation, full knowledge of damage costs and
abatement costs enables pollution charges to be set at level OP in the
diagram above, leading to the optimum situation X. European environmental
policy to date has tended not to avail of such charging or fiscal mechanisms.
These may have been perceived as electorally unpopular, though
paradoxically it is the European Parliament which is currently pressing for
their increased use (OJ, 1994).

Instead, the quality or standards approach has tended to be employed,
setting pollution limits at some level along the horizontal axis of the graph.
Both approaches ought to be flexible to take account of local conditions,
hard though this may be (Kilgallon, 1992). In fact, cost-benefit studies are
regularly required when large publicly funded projects are being considered,
and they tend to clarify the situation. Application of uniform charges or
standards throughout Europe is likely to result either in too much abatement
in some regions, in the sense that costs exceed benefits, like at E, or in too
little abatement in some regions, or both. That said, the treatment levels
envisaged by the Directive will probably be an improvement on the situation
heretofore, where there was little or no treatment of waste water from our
major coastal towns and cities.

In any event, administrative considerations and political expediency
necessitate some degree of harmonisation. The Council Directive concerning
Urban Waste Water Treatment (EC, 1991), detailed below in Section 3.2 uses
the standards approach. It takes some account of local conditions, though for
large population centres uniform standards are applied. While EU Structural
Funds can be drawn down to help Ireland to build plant to achieve these
standards, the usual principles concerning the best allocation of EU funds
must apply. Although these funds will finance a large share of the capital
costs of projects, there are, in fact, many projects competing for grants.
Many projects will be forgone, including presumably many worthwhile
projects. The grant to a particular project is not costless because it costs the
project forgone. In any event, the funds are not likely to be available to
subsidise that part of the waste water treatment infrastructure which is built
for industrial use. Therefore, industry will have to pay for the standard
imposed, by paying for that part of infrastructure which is for industrial use.
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2.6 Pricing Principles - Allocative Efficiency: Current and Capital Costs
Given the proposed heavy programme of investment in waste water

treatment, we must ask the question how is this to be paid for? Charges will
be part of the answer. In particular, industry will be expected to pay more
fully and directly to have its waste water treated. These charges need to be
carefully thought out and should satisfy some broad principles to which we
now turn.

The setting of prices should bear certain desirable features in mind. In
the private sector, pursuit of profit is the norm, though this might to some
degree entail being seen to pursue social, environmental and other image
enhancing aims. A public utility has to consider additional possible
objectives. We will start with allocative efficiency, because it is the most
important of these, especially in present circumstances. Other objectives are
fairness, recuperation of costs (related to this is non-excessive costs of
administration) and that prices should be understandable and perhaps
supportive of other government aims. These other objectives will be dealt
with subsequently.

For allocative efficiency, prices should be set to reflect the resources
used and benefits forgone by society in supplying an extra unit of a particular
good or service. Put another way, prices should reflect marginal cost. The
customer will increase the number of units purchased provided that his or
her valuation of the next unit exceeds the price. At any given moment the
customer will buy extra units up to the point where the valuation of the next
unit would be less than the price, that is up to the point where the next unit is
not worth it. The last unit bought is exactly worth the price paid. At this stage
the customer stops increasing the amount purchased, which is the desired
result if over-use and in turn possible over-supply are to be avoided. This is
the intuitive rationale for marginal cost pricing. The OECD (1987)
summarised this :

...in order to ensure the most efficient use of a scarce natural
resource, water management authorities in Member countries
should consider the use of economically efficient pricing
mechanisms, in all water uses, based on the objective of
marginal cost pricing.
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The correct signals are sent out to customers, who, being rational, will
take a view on the extent to which it would be better for them to alter their
effluent or treat it, perhaps partially, themselves. In turn the treatment agency
itself receives correct indications of demand and will not be encouraged to
over-expand or will not need to introduce physical rationing in the face of
scarcity (Rees, 1993). It will have the assurance that the customer’s valuation
of the last unit of service is the same as the resource costs it has incurred. For
a more theoretical reasoning, a short demonstration of how marginal cost
pricing maximises society’s welfare is given in Appendix A2.1.

A relatively high proportion of water industry capacity is in place to
cope with peaks. Climatic variation, social behaviour, industrial practice and
the like make for a variety of peaks. Operating costs would vary by time of
day, day of the week and by season of the year and, in theory, charges for
operating costs should reflect these variations. Considerations of
administration and the need for a tariff that is not too complicated mean that
compromises have to be made.

Where current costs are concerned, the cost of treating the next unit is
apparently not very different from the cost of treating the average unit. This
is the case because chemicals and power form a large share of the running
costs and they are normally a linear function of treatment .(OECD, 1989).

Pricing based on average cost is, therefore, probably reasonable in most
cases. It is important that sufficient revenue accrue to the operators of
treatment plants to enable them to run them correctly and efficiently. There
is. in fact, some discussion as to the suitability and ease of implementation
of various charging formulae, including the Mogden formula. There are
decisions to be taken, largely of a technical nature, on which we are not in a
position to comment. However, though there could be exceptions, charging
for current costs based on average cost, using methods such as the Mogden
formula, is broadly satisfactory. Finally, it is important that firms be made
aware in advance of the current costs that they will have to pay, so that they
can make correct planning decisions.

Returning to capital costs, an important part of the charge should

ideally be calculated by reference to the customer’s demand at peak times.
The price per unit of capacity should be the cost of making an extra unit of
capacity available to the user ° this is to ensure that the user is faced with the
true cost of resources. However, this cost would vary a great deal, depending
on whether one is about to build a new plant, one has a plant with spare
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capacity, or one’s plant is operating at full capacity. Reasonably stable prices
are desirable to prevent wide variations in charge owing to a customer’s order
of arrival. Therefore it is advised that treatment agencies smooth the price
somewhat, by reflecting the long-run, rather than the short-run, cost of
incremental capacity. This is long-run marginal cost pricing, or LRMC
pricing.

Failure to use the long-run costs could lead to price continually
changing, and with big variations. For a period of excess capacity the capital
costs could be zero and as full capacity is reached, costs could shoot up. This
would be misleading to customers unless forewarned. (Forewarning rather
than LRMC pricing is in fact recommended by Della Valle (1988), but this
could have unfortunate distributional effects over time). A firm has the
option of purchasing waste water services from the central agency or of
installing its own treatment equipment. However, the installation of its own
treatment requires lead time for planning and construction. Furthermore, the
firm’s treatment plant will have a useful life of a number of years and its
demand for municipal waste water services is determined by its investment
decisions. Similarly, firms could choose to operate in an area served by a
waste water system and their decision to locate there creates a permanent
increase in demand for the services of the utility. Expectations about charges
in the future are taken into consideration. In the absence of explicit
information about future price, firms will base demand on present charges.
Therefore, the long-run marginal cost is required in order to signal the
utility’s long-term plans. It is, of course, possible that, for some unusual
reason or because exaggerated forecasts had been made in the past, there is
"abnormal" excess capacity expected for a considerable period of time. In
this case, a zero or low price could rightly be regarded as the long-run
marginal cost. In effect with LRMC pricing in place, the benefit-cost
calculation for plant construction is shifted from the project analyst to the
beneficiaries themselves (World Bank, 1977, p.3). They will indicate
whether.they wish to be customers and the quantities that they are willing to
pay for.

In practice long-run marginal cost pricing is not widely used. Some
utilities profess to be using it though others are using it without being aware
of the fact. We will see in the next section that there is wide variation in
capital charging practice, some agencies receiving grants for their capital
and charging the net of grant average cost. Examples can be found in France
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and the US. This is in conflict with the Polluter Pays Principle. Charges are
frequently well short of marginal cost and grants are frequently given. This
can have repercussions. Being specific to capital, grants can cause extra
supply of treatment plant to be built when it might be optimal to charge users
correctly, thereby checking unrestrained demand for treatment. In relation to

grants, OECD (1989) remarks:

Because demand management measures seldom attract
government subsidies (unlike supply-expansion schemes in
many countries), there will often appear to be a financial
advantage in following the supply-expansion route.

In addition OECD suspects that a high grant could encourage the
construction of plant with high running costs. Correlations given in a report
of the US Congressional Budget Office (1985) suggest that increasing the
"local" share (non-Federal, non-State) of the capital costs of treatment plant
from 25 per cent to 45 per cent would reduce lifetime unit costs by between
11 per cent and 43 per cent. The implication is that when the agency is
paying the full cost, requirements are more modest. However the main
lesson to be learned is not so much that subsidies be strictly avoided but that

their application should aim not to be distortionary.
It might be informative to digress to a famous conundrum arising with

the issue of charging for large capital projects. Known as "the bridge"
(Hotelling, 1938), the argument is made that:

A free bridge costs no more to construct than a toll bridge, and
costs less to operate; but society, which must pay the cost in
some way or other, gets far more benefit from the bridge if it is
free, since in this case it will be more used.

There is some merit in this argument but few examples in life are
exactly like this one. Indeed the bridge, like a treatment plant, if not
inefficiently large, will on occasions become congested, and be subject to
peaked use. Charging at peak times to reflect the marginal cost of building
extra capacity is then justified. Prior to building, careful calculation of a peak
and non-peak tariff could reduce the size of bridge required. There exists



THEORY 23

some combination of tariffs which actually could ensure that the peaks are
so smoothed that there is no unused capacity - thus requiring a smaller
bridge, or treatment plant, and saving construction resources. The tariff for
inducing people to cross the bridge at night would possibly have to be
negative, i.e., one would need to pay people to cross at night. While not
wishing to pursue this example to far, it highlights the importance of
charging a higher price when capacity is tight. This applies to time of day,
time of year and indeed in geographic terms.

On the subject of peak pricing in practice, it appears that to undertake
this properly would require a level of sophistication in the charging system
such that costs would far outweigh the benefits (OECD 1989). However, we
recall that metering for electricity at different times of day was uneconomic
until not so long ago and that now there is a growing number of time-of-day
meters in use. In fact some forms of peak charging are used in waste water
treatment. For example, in France a firm’s average daily load in the month of
maximum activity is the base of the charge. Firms that store effluent in
lagoons and spread the load over a longer period would pay correspondingly
lower charges. In the Netherlands a 20 per cent reduction on the volume
charge was proposed if 45 per cent or more of the volume were discharged
equally between 7 p.m. and 7 a.m. (Leech, 1986). This was not in fact
implemented for legal reasons.

Homing in further on the incentive effect, we explained how ideally
treatment should be undertaken at the stage where it can be carried out most
cheaply. If firms can treat, or they c:~n alter their technology, more cheaply
than the central agency can, then the charging system should and can
encourage them to do so. In terms of our initial diagram, this will happen if
their cost of treatment schedule is below that of the central agency’s and if
the central agency is correctly charging pollution at price OP, the agency’s
treatment cost.

It is interesting to see whether in practice the charges levied abroad do
give incentives of this kind. The next chapter looks at experience with
pricing in some regions overseas. Ultimately it is difficult to make
comparisons between countries. The ideal would be to be able to compare,
for a given quality of environment, the total costs actually incurred. Then
one could see whether costs incurred vary with level and type of charging

system or indeed with charging system yersus a system of regulations
mainly, as in Japan. However, controlling for "a give’n quality of
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environment" makes this an elusive goal. Different countries have different
assimilative characteristics and, therefore, inherently different costs.

However, within a country, we can look to see what has been the
response to charging policies. If over time the response to the introduction of
a charge, or to a rise in charge, is that discharges are reduced, then at least
we can say that there is a likely incentive effect. This presupposes, of course,
that there is also adequate monitoring to ensure that disposal by unauthorised
means is not increasing. There is also the possibility that the reduction in
discharges was the result of some other cause. DeSpite these reservations,
the evidence is reasonably convincing. In the Netherlands, for example,
industrial discharges are reported to have been reduced dramatically, from
33 million PE (population equivalents) in 1969 to 8.8 million PE in 1990
(Jansen, 1991, p.19). According to OECD (1989) this is generally attributed
to charges, which increased very rapidly in the 1970s (although permits are
required for all discharges, and this might also have had an effect).
Chemicals, food, beverages and tobacco firms installed extra pre-discharge
treatment. The pulp and paper industries reduced discharges from 2.5 million
to 1.5 million PE in four years in the early 1970s. Apparently there is
evidence from the US and Canada of the effects of trade effluent charging
schemes in reducing waste water flows, waste concentrations and also
derived demands made upon the public water supply. In addition, specific
responses have been observed. For example, volume-only charges used to be
widespread in parts of the US so that firms had an incentive to introduce in-
factory recycling systems. The result was highly concentrated effluent which
was difficult for sewage works to treat effectively (OFWAT, 1990).

Experience with pollution related charges introduced in Yorkshire in
1974 showed nearly a third of firms changed their discharges, but nearly all
of these had already been pre-treating or using filtering equipment on their
discharges. The major impetus was in fact stated to come from the need to
meet Consent conditions, i.e., from regulations rather than from charges.
The charges were a very small proportion of production costs. Rather than
ruling out the allocative potential of price, this experience points to the
importance of information and perception of options on the part of the firm,
alongside correct prices.
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2.7 Other Pricing Principles
a. Fairness

While difficult to define, fairness is widely taken to mean that similar
types of customer should pay the same rate for the same service. This can
have numerous interpretations. Is a food processor in Kerry a "similar type
of customer" to a food processor in County Dublin, for example? What
happens if for reasons of geology, topography or local scarcities one
treatment plant faces higher costs than another? These differences should be
reflected in the chargein’so far as they are useful signals as to where firms
should locate.

The problem of fairness could be serious in the case of monopolies
which might be tempted to adopt discriminatory pricing. That is, being the
only supplier, they can charge what the market will bear in different parts of
the market. In the case of waste water, the local treatment plant could be a
monopolist, if firms have no other options but to discharge to it. At one
extreme of behaviour it could charge what the market will bear. At the other
extreme, it could charge different customers identically regardless of
variations in costs. In this case, in the absence of government subsidies,
some customers will be subsidising others, which might not be fair either.
Overall perhaps one should say that fairness should be the aim, allowing for
differences in circumstances, and that discriminating monopoly behaviour
should be avoided by allowing firms the option of own treatment alongside
adequate monitoring.

A more detailed analysis of the questions relating to the fair treatment
of different firms will be given in later chapters.

b. Recovery of costs
Water management authorities will want to recoup their costs through

charges. Like commercial semi-state bodies, they will want to break even,
taking one year with another (National Planning Board, 1984; HMSO,
1967). They may receive payment, in the form of subsidies from central
government, in order to satisfy other government objectives, which are
discussed under (e).

c. Non-excessive administration costs
Clearly costs of administration can be very high and the danger is that

the cost of administering elaborate tariffs could offset the efficiency gains of
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some pricing systems. For example the technology of metering is still
developing and the cost of a continually metered charging system makes it
currently uneconomic. However, simple pricing systems based on efficiency
principles should not be ruled out.

d. Easily understood
Related to the above is the need for the tariff system to be

comprehensible to the consumer. If it is not, the probable sizable effort
devoted to the tariff design could be wasted. If a tariff is confusing it may
transmit confusing signals to customers. This is no rare occurrence.
Apparently 30 per cent of industrial dischargers surveyed in Yorkshire after
the introduction in 1974 of a new charging scheme based on the Mogden
formula did not properly understand it (Webb and Woodfield, 1981). This is
despite having received explanatory literature and having been offered
advice. One difficulty could be that the person responsible for the firm’s
waste disposal and for determining treatment technologies was not in charge

of paying the bills for trade effluent (OFWAT, 1991).

e. Support other government aims
Other government aims could include employment, regional,

agricultural, social policies and the like. It is often argued for example that in
countries with an undeveloped social welfare system, public utilities can
help low income families or regional development by underpricing their

services. An alternative way to achieve this is for the government to make
contract payments for the social element in services. Caution needs to be

exercised, however, to ensure that these non-commercial functions are
carefully defined and that the incidence on the subsidisers does not in turn
do harm to the functioning of the economy. It is now increasingly recognised
that other available policy instruments should be used for these objectives
because utilities constitute a resource-intensive sector in the economy and
excessive demand for their product should not be encouraged. Pricing policy
of titilities should not be unduly diverted from pursuit of allocative efficiency
and LRMC pricing, which we now consider in more detail.

2.8 Long-run Marginal Cost Pricing of Capacity.
There are two main options for the unit of charge for capacity. It can

be each unit of waste water treated. The ordinary Mogden formula uses this
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unit of charge. Alternatively the unit of charge could be capacity reserved by
the firm. The latter might be raised beforehand, as a lump sum upfront, or
paid in annual instalments over a short or long period. Indeed some other
timing might be used, depending on factors such as risk or problems of
financing.

There are several methods of calculating LRMC and they will not yield

a unique price. Three methods of calculation are given by OECD (1987 and
1989) and are outlined in Appendix A2.2. These in turn draw on methods

and experience described by many other sources including Hanke and
Wentworth (1981), the World Bank (1977) and Turvey (1976).

One method is to use cost per extra unit of treatment capacity of the
next plant to be built in the next stage of expansion. To embody information
about cost over a number of years ahead, a son of average of several future
years’ marginal capacity costs could be calculated. The type of information
about incremental costs that is available might determine the method.

Pricing at marginal cost on its own will not ensure that the agency’s
revenue will cover its costs, except in circumstances where marginal costs

equal average costs. The charge, therefore, has to be composed of two parts,
a volume or capacity related part, charged at long-run marginal cost and
another pan to make up the difference. Two pan tariffs are now in
widespread operation for electricity, gas, hired cars and the like, where in
addition to a marginal or use related price, customers also pay a fixed or
standing charge. This second pan of the tariff should not, in general, be

related to volume, in order to minimise distortions to incentives. So it can be
a fixed charge, added to the local rates or based on the firm’s turnover or
some other variable or paid by central government, if permitted. It could also
be manipulated to achieve fairness or it could reflect local conditions.

All methods require a discount rate and an idea of the length of life of
the capital structures, to be used in the calculation. The discount rate should
be determined and handed down by the Department of Finance. The rate
should be the cost of long-term government debt, which is reasonably stable
and reflects the low risk attached to government borrowing, at least for those
costs and benefits which do not involve systematic or non-diversifiable risk.
Calculations will usually be undertaken without inflation built in, so that the
discount rate required is the real rate. The length of life over which to
discount the capital expenditure can be the expected life of the structures,
which could be anything ranging from five to hundreds of years. However, it
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would appear advisable to err on the short, rather than the long, side because
uncertainty increases the longer one looks into the future (Howe 1971). The
calculated result might then give quite a high price for infrastructure, but if
necessary the second pan of the charge (unrelated to volume) can include a
rebate in order that the agency break even.

The usefulness of long-run marginal cost pricing should be assessed. It
might also be asked how does one evaluate the experience to date. In basic
terms, however, we know that if demand is responsive to price then the
correct price signals should be given, which means that price should be set
with long-run marginal cost in mind.

Calculation of long-run marginal costs is especially worthwhile when
they are significantly higher than average costs. There would be a strong
case for signalling to firms, through price, that new capacity will be
expensive. However, it is when this difference is large that most resistance is
likely to be met, by firms claiming that the charges bear little relation to the
actual costs incurred. This might account for the seeming infrequent use of
long-run marginal cost pricing. Some people might also perceive the
requirement for two parts to the tariff, the LRMC pan and the second part, as
a disadvantage, though in fact it could be an advantage, as we shall see.

At present Ireland is facing into a series of investment projects and the
capital costs should be satisfactorily reflected in the capital charge raised
from industry. In practice it is important to remind ourselves of the
objectives. The overriding intention is to signal to firms the costs of the
utility’s resource use. One might argue that the utility’s capital charge should
be formulated in a way that would be similar to the customer firm’s
methodology for calculating costs of installing own equipment. For example,
it appears that firms in south Yorkshire, when asked about investment
appraisal criteria for their own pre-treatment or filtration, said that they
would look for a pay-back of two to three years (Webb and Woodfield,
1981). Therefore, one might argue that the agency’s calculation of the long-
run marginal cost price should employ similar considerations, so that like is
compared with like. Strictly speaking, however, the agency should use
realistic calculations which relate to society’s resource use, including
borrowed capital.

2.9 Variants
There are several variants to the ordinary situation, when LRMC prices



THEORY 29

are being estimated. We will consider two, that is, charging of new firms
when there is existing capacity and of firms posing a risk.

a. New firms
We assume the situation where there is an existing waste water

treatment plant in operation with some spare capacity. Dealing with the local
connection of the discharger to the utility’s system, the first of the three
components of capital to be considered, one option is to require the customer
to pay the full cost. If a subsequent firm uses some of the same connection,
the newcomer can contribute to the shared portion and refund the initial
customer. Another option is for the agency to install the connection and
charge the firm. The connection is generally a straightforward and
identifiable aspect of capital to charge for.

The other two components comprise extra demand on the agency’s
infrastructure. There can be some difficulty in allocating capital costs to new
firms as their demand may be largely met from existing infrastructure.
However, the existing spare capacity may be considered desirable for
meeting sudden demands, emergencies, unusual weather and the like. In
many instances the increase in demand will, in fact, entail bringing forward
future investment plans. Therefore, the increased costs incurred in bringing
investment plans forward by, say, one year, represent the cost of satisfying
increased demand from the new firm. Tight capacity would be reflected in
higher charges because the new investment is brought forward. Ideally these
calculations should be undertaken in the case of each new firm applying.
Obvious drawbacks are the effort and time involved and the potential for
dispute. Ongoing long-run marginal cost calculations are a practical solution.

Obviously difficulties arise when a large new industry and its
promoters exert pressure on the agency to reduce its capital charge. At the
other extreme, small firms will try to convince the agency that their effect
will be negligible. This argues for a standardised and accepted procedure,
though not necessarily a standardised rate.

If long-run marginal cost pricing is being strictly applied to the
capacity-related part of the charge, then the new customer will pay the same
or close to the same as existing customers. New and existing firms are
treated the same, since existing firms might also increase demand. New
demand can come from either source, and it does not matter which. A benefit
of marginal cost pricing is that customers who reduce demand face equal,
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but opposite, financial incentives to those who increase demand, be they
existing or new customers.

Instances arise when the scale of a large new firm is completely
different from that of existing firms, demand from which is static. These
existing firms may have "virtuously" installed water saving measures. The
large new firm meanwhile has entailed major ouday on the part of the central
agency. If the new marginal cost is higherthan that which prevailed
heretofore, should both the new firm and existing firms be subject to the new
high charge? It would certainly appear inequitable, but a way around this
might be to charge both sets of customers the (same) marginal charge on
capacity-related demand and use the second part of the tariff, that is not
capacity related, to ensure that parties pay the correct total costs incurred on
their behalf. That is, the total payment by existing customers need not be
higher than before the new arrival, and the new firm can cover the costs of
its requirement of infrastructure.

The capacity related part of the capital charge should ideally reflect the
tightness of capacity in different locations. Where there is no spare capacity
the charge should be higher than in areas where there is plenty to spare. This
will have the desirable effect of spatial optimisation. New firms are then
encouraged to establish in areas where new plant will not be required, thus
saving on resources. At the same time it will have the undesirable effect that
firms in different regions will be treated differently. However if fairness is
desired between regions it is preferable that compensation, if forthcoming,
should not affect the charge for treatment capacity.

b. Risk
An agency is taking a risk in installing extra capacity for a new

customer because the customer may refuse or become unable to pay. The
potential loss and its acceptability from the agency’s point of view need to be
spelt out at the start. The worst situation is where there is no replacement
firm to use and pay for the specially installed capacity for a considerable
period of time.

There are several choices open to the treatment authority, depending
on the extent of the risk that it is willing to bear. Most or all oi" the capital
charge can be raised upfront from the firm. This may be acceptable to firms
especially in regions where the location is very desirable. An alternative is to

go the "legal guarantee" route. Here the capital cost is part of an ordinary
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pay-as-you-go charge and the firm guarantees to pay this part of the charge,
in the normal course of events, until the appropriate capital cost is paid off.
There is still some risk entailed in this procedure, if the firm becomes unable
to pay.

Another possibility is to charge a risk premium into the risky firm’s
charge and to give the firm the option of a lower charge (in present value
terms) if paid off at the start. Alternatively, firms can be required to pay
through a risk intermediary, which bears the risk. The firm pays more, but
payment to the authority is guaranteed. Some waste water treatment
companies in the UK turn away firms that present a risk of any magnitude.
New customers would be accepted if they fitted in well or merely required
bringing forward future investment plans. The small scale of each authority
and of existing operations in a country such as Ireland makes risk from new
firms a more serious consideration. A further variant is to require the cost to
be paid off over the same period of time that the firm is enjoying any special
concessions or grants that new firms receive. Firms are unlikely to pull out
during the period that they receive concessions; neither are they likely to
jeopardise their entitlement to concessions by non-payment of debt to the
water treatment authority. A judgement, however, still needs to made here
that the firm in question is unlikely to pull out while enjoying these
concessions.

2.10 Conclusions
This chapter has focused on the theory that should guide our

deliberations when considering the charges to industry for the current costs
and the costs of infrastructure.

There is ideally a correct level of treatment where overall benefits
cover the costs. Treatment should, in general, be paid for by the discharging
firm, in conformity with the Polluter Pays Principle - this being the practical
approach for trading countries to adopt together to ensure that firms in some
countries do not enjoy advantages compared to firms in others. This does
not, however, guarantee a level playing field, owing to differing regional
circumstances.

The charges ought to convey to firms the costs of the resources that
they use. There is broad agreement at a theoretical level that firms should be
charged for infrastructure according to long-run marginal cost pricing
principles. The aim is to convey an idea of the resource costs to the
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discharger as the capacity at the treatment plant is being reserved or as each
increment of waste water and polluting content is discharged. Firms will then
value the service correctly and will not be tempted to over-use or over-order
it, which would be the result if it were under-priced or free. Equally
important, firms will calculate whether installing cleaner technology and
processes or their own waste water treatment is worthwhile to them. They
will make this decision on the basis of the charges (capital and current)
which face them, so that they are comparing the true costs of the alternatives.
If rational, they will choose the cheapest course of action thereby ensuring
that for the country as a whole, waste water treatment is achieved as
economically as possible.

Another requirement of the charging system is that the treatment
agency’s costs be covered. This implies the use of a two part charge, the
long-run marginal cost (LRMC) price being raised according to capacity
reserved or volume discharged and a second, which ensures that financial
requirements of the utility and any special conditions are met.

Although long-run marginal cost pricing receives widespread support
in the literature, it is less easy to find descriptions of its actual application.
The next chapter will describe actual charging practice in selected locations
and will include discussions of experience with marginal cost pricing.

When new plant is being considered by the treatment agency, the same
long-run signals can be conveyed to firms by informing them beforehand of
the likely charges they could face. Firms are enabled to respond, by adjusting
their technology before resources are committed, and overall savings will
ensue. This approach has been adopted in some places and does bring
benefits.

There is an argument for raising the capital charge upfront when there
are risks involved or other financial considerations. When the treatment
agency is concerned that a firm may not pay for the infrastructure costs
which it has incurred on the firm’s behalf, there are several methods by
which the agency can attempt to cover itself. Forward payments, guarantees
or recourse to risk intermediaries are three such methods.



Chapter 3

CURRENT EXPERIENCE

3.1 Introduction
This chapter reviews current systems of financing the capital cost of

waste water services, both in Ireland and elsewhere. The relevant issues
arising from this review are discussed, as they relate to charging industry its
share of the costs. Most attention is paid to capital costs. It starts by looking
at the legal powers and obligations of the relevant bodies with regard to the
provision of waste water services, and at relevant government and EU policy.
The next two sections look at the implications of EU targets for Ireland, at
the overall capital costs of the planned investment in up-grading the service,
and at the financing of these costs. This is followed by a review of the current
procedures for investment and cost recovery in waste water services, based
on a survey of local authorities around the country. The systems and
procedures in a number of other countries are then described. The
subsequent section considers actual experience of using long-run marginal
cost in the UK, as the theoretically correct method of pricing. Finally there is
a summary of the issues arising from what has preceded.

3.2 Domestic Legal Powers and Obligations, and the European Directive

on Urban Waste Water Treatment
A number of domestic statutes relate to the powers and obligations of

local authorities with respect to provision and funding of waste water
treatment facilities, the most important of which are -

Public Health (Ireland) Act, 1878;
Local Government (Sanitary Services) Acts, 1878-1964;
Local Government (Water Pollution) Act, 1977;
Local Government (Financial Provisions) (No.2) Act, 1983;
Local Government (Water Pollution) (Amendment) Act, 1990;
Environmental Protection Agency Act, 1992.

The main law empowering local authorities to charge for effluent
treatment is the 1977 Act, as amended by the 1990 Act. This inter alia gives
powers to the local authority to charge non-domestic polluters for "the

33
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expenditure incurred or to be incurred by (the local authority) in monitoring,
treating or disposing of" a discharge (Section 12 (a), 1990). The 1983 Act is

used mainly to empower local authorities to levy domestic service charges;
Sections 2 and 3 give powers to authorities to charge as they "consider
appropriate" for waste water treatment. Notwithstanding the provisions of
these acts, it may be necessary to bring forward further legislation to allow a
comprehensive system of capital charging of industry, as proposed in this
paper, to be put in place.

The 1977 Act also provides for the licensing and monitoring by local
authorities of waste water discharges (Sections 4, 16 and 22). A licence must

be obtained by anyone discharging trade (that is, industrial) or sewage
effluent to waters, or any matter other than domestic sewage to a sewer.
Licences can cover the quantity, contents and quality of discharges,
monitoring procedures, and charges to be levied by the local authority. The
authorities also have the power to refuse a licence, which action can be
likened to an "infinite charge". Appeals to An Bord Plean,"ila are provided
for in the case of decisions on licence applications.

Section 9 of the Act requires each local authority to maintain a register
of licences.6 According to the Department of the Environment, in 1992 there
were 2,277 licences in issue, 1277 of which were in respect of discharges to
sewers, and the remainder to waters (Department of the Environment, 1994a).
Although full statistics are not available, approximately 15 per cent of the
total relate to the food industry, and a further 30 per cent to other industry.
The balance is for non-industrial dischargers, e.g. hospitals, hotels, marts, etc.

The licensing function of the EPA under the Environmental Protection
Agency Act, 1992, which transfers to the Agency responsibility for licensing
scheduled activities of major polluting potential, is now being progressively
phased into operation. The EPA will apply an Integrated Pollution Control
(IPC) licensing system, meaning that there will be only one licence to cover
all aspects, that is air, water, solid waste and noise pollution combined.

As a final point on domestic law, the 1977 Act permits the Minister to
make regulations allowing local authorities to charge for discharges to
waters, even if no treatment has been carried out by the authorities on such

discharges. Section 93 of the 1992 Act gives the same power to the EPA.
Although these regulations have not been made, they do give scope for
raising revenues in the future, if so required.

6 It is not clear to what degree ~is has bccn universally adhercd to, and wbeJ~hct all discharges m’e

licensed.
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In addition to domestic legal requirements, the EU Directive on Urban
Waste Water Treatment and the government’s Environment Action
Programme (EAP, Department of the Environment, 1990) impose targets for
future treatment of waste water. The Directive, adopted in May 1991, must
be transposed into national legislation, while the EAP represents government
policy in relation to the environment.

The main targets of the Directive are:

(i) secondary treatm’ent7 of all urban waste water from agglomerations of
more than 15,000 PE (population equivalent) by the end of the year
2000, and from agglomerations of 10,000-15,000 PE by the end of
2005;

(ii) secondary treatment of all urban waste water discharged to fresh
water/estuaries from agglomerations of 2,000-10,000 PE by the end of
21300;

(iii) the elimination of dumping of sludge to surface waters by the end of
1998;

(iv) variable treatment levels for smaller agglomerations, and for
"sensitive" and "less sensitive" areas, as appropriate.

The EAE published in January 1990, "provide(s) for a 10 year programme to
remedy weaknesses identified in the water and sanitary services areas"
(Department of the Environment, 1993). Its main aims are:

(1) the elimination of pollution of all inland waters by sewage discharges
from inland towns by the year 2000;

(2) the elimination of untreated discharges of sewage from major coastal
towns by the year 2000 (with the provision of secondary treatment
facilities for Dublin as a priority);

(3) the ending of dumping of sewage sludge at sea by 1998;
(4) the banning of dumping of industrial wastes at sea by 1995 (this affects

only three firms in the country).

The targets of the EAP and the Directive are broadly similar (although
the Directive is more specific), and compliance with these will set the
investment agenda for the waste water services for the foreseeable future.

7 This would reduce the level of BOD5, COD and suspended solids by 70 to 90 per cent (annex I of

the Directive).

D
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3.3 Implications of the Directive for Ireland
To determine the implications of the Directive for Ireland, we need

some indication of the numbers of agglomerations of various sizes, where
they are located (coastal, estuarial or inland) and how many of them already
have treatment facilities. There follows a breakdown of urban areas in the
state by population size. Although the size intervals are not exactly the same
as those used in the directive, they are a close approximation. As a rough
guide, the Department reckons that the industrial load equals the domestic
load in larger towns. Therefore, double the population figures to estimate
population equivalents.

Table 3. l: Urban Areas in Ireland, Broken Down by Size

Actual Population No. of Agglomerations

1,000-5,000 134
5,000-10,000 35
> 10,000 17

Source: Department of the Environment, (1993).

Twenty one of the agglomerations with populations greater than 5,000
discharge to tidal waters, with over half of these discharging to estuarine
waters. They include most of the major cities and towns in the country, and
none of them has secondary treatment facilities (indeed only Dublin has
primary treatment). By contrast, most of the bigger inland towns already
have secondary treatment. Therefore the Directive requires secondary
treatment for most coastal agglomerations by the end of 2000. Weston-FrA
Ltd (1993) calculates that current contributing PE to existing schemes in the
agglomerations affected by the Directive amounts to 2,715,000, while the
future design PE in these agglomerations is 4,099,000. While these figures
are preliminary, it can be seen that the Directive has major implications in
terms of extra public capital expenditure in the coming years.

3.4 Costs and Financing
Waste water treatment has been a major part of the public capital

programme (PCP) over the last decade or so (see Appendix A 1.1) and, as we
have seen, this is set to continue over the next decade in consequence of
national environmental policy and the requirements of the Directive. It
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appears that most investment will be required in coastal areas, and this is
reflected in the Environment Action Programme (EAP), which targeted
investment for the decade of the 1990s, as follows:

Elimination of sewage discharge to inland waters
Elimination of sewage discharge to coastal waters
Total

~m

230
4OO
630

The Community Support Framework (CSF) and Operational
Programme (OP) 1994-1999 include a figure of £605m to be spent on water
and sanitary services over these years (Government of Ireland, 1993a;
Department of the Environment, 1994b; Commission of the European
Communities, 1994). Of this approximately two-thirds will be spent on
waste water services. The EAP and CSF figures point to an average annual
expenditure of over £60 million on waste water services during the
remainder of the decade, or in total £400 million approximately.

European funding has increased significantly since 1989 under the
CSF 1989-1993, and this will continue with the 1994-1999 Framework. The
EU Cohesion and Structural Funds will grant aid over 70 per cent of the
planned public expenditure; the balance must come from the Irish exchequer,
but loan finance will be available from the European Investment Bank for

this purpose.
These figures do not, however, answer the question - how much will it

cost to comply with the Directive? Internal estimates by the Department and
the former Environmental Research Unit (ERU) put the figure at up to £1
billion, though this figure will need to be refined as planning and design work
on major sewage projects progress. Note that a very significant portion - if
not the majority - of this will be spent on reception and conveyance (i.e.
sewerage) as opposed to treatment plants. Given our planned expenditure to
the end of 1999, and the fact that most of the Directive targets refer to the
year 2000, there may be difficulties in meeting these targets, at least in the
timescale envisaged. Therefore some method of prioritisation of projects will
be required in order to allocate the planned expenditure to where it is most
needed first. However the introduction of user capital charges, as proposed in
this study, will contribute to the attainment of the Directive t,3rgets.
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3.5 Current Procedures in Ireland
One of the features of the Irish system is its decentralised

administration (which goes hand-in-hand with centralised capital funding).
In all there are 88 local authorities in the country, including the new Dublin
county councils, as follows:

County Councils
County Borough Corporations
Borough Corporations
Urban District Councils

Total

29
5
5

49

88

Each is free to institute its own procedures and charging regime,
subject to the legal restrictions already discussed, although in practise many
neighbouring authorities co-operate to provide the service. Between them
they control a very significant budget. The total running costs of public
waste water services amounted to some £39 million in 1993, excluding
depreciation 8(Government of Ireland, 1993b, p.13). Planned capital
expenditure for the same year came to £66 million.

As already indicated, the services have traditionally been under-priced.
The Local Authority Estimates 1993 (Government of Ireland, 1993b, p.13)
indicate that only a small fraction of the costs of waste water services are
recovered by sewerage and effluent charges. The balance must come from
the local authority’s own resources, supplemented by the Rate Support Grant.
By contrast, the same source indicates that a much higher proportion of
water supply costs are recovered by water charges. This may reflect a greater
public acceptance of charging for water supply rather than waste water
services, as was communicated to us by a number of local authorities.

A survey of local authorities around the country was carried out, to
ascertain their procedures for financing waste water services, and the main
results are examined below. As one might expect in a decentralised system
there is a wide variation in the approaches taken by the various authorities.
However, the broad procedures for capital investment are similar, reflecting
the fact that funding comes largely from a centralised source - the
Department of the Environment. In summary, the procedure for investment

S The LocAl Authority Estimates group water supply and sewerage services together, giving a total cost

of £126 million in 1993. Gross direct costs for sewerage were f.34 million, or 31 per cent of ,,11 dir~ck
as opposed to total, costs. Applying this percentage to the figure of £126 million gives an estimated
total cost for sewerage of £39 million.
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in new facilities operates as follows.
To simplify a complicated process, when a local authority wishes to

invest in new plant or sewerage, it draws up a preliminary report (normally
carried out by consultant engineers). This determines the type, extent and
cost of the proposed facility, and is submitted to the Department of the
Environment for ministerial approval. The Department will decide whether
to approve the project in question, depending on a number of criteria, chief
among which in recent years is compliance with national and EU legislation.
In some cases the relevant authority is prompted to initiate a scheme in
response to the requirements of new legislation; in others a large new
industrial or other development can necessitate the investment. Where there

is significant effluent-producing industry which will utilise the proposed
facility, the Department will generally require the authority to obtain a
capital contribution from the firms in question. Negotiations between the
authority and industry follow, until a satisfactory contribution has been
agreed. When the Department is satisfied with the project, and when the
budget allows, ministerial approval is given, and the agreed funding is made
available in the form of a grant.

These funding procedures are a relatively recent development. Prior to

1988, the local authority borrowed the required funds from the "Local Loans
Fund". The Department paid a subsidy of 40-60 per cent on the loan
repayments, and the local authority had to meet the net loan repayments from
its own resources, which included the Rate Support Grant. In 1988, the loans
were replaced by 100 per cent capital grants, existing loans were written off,

and the Rate Support Grant was reduced accordingly. This left the
authorities’ financial position largely unchanged.

The Department first sought industrial contributions to the capital
costs of schemes in the late 1970s. and then in only a small number of
schemes. Given the long lead time between design and completion for such
projects, it has only been since the mid-to-late 1980s that any significant
contributions have been received. In total to date, our survey indicates that
probably no more than £5 million has been raised from industry, with a
further £18 million pledged towards schemes currently in construction or at
the planning stage. This compares with public expenditure over the last 10
years of approximately £400 million9, of which the share treating industrial
effluent might perhaps be a quarter, by reference to Table 1.1.

9 Both sets of figures excludc sewers built by developers of housing and industrial estates, and

development contributions paid by them under the planning Acts. These contributions could be
considered "infrastructure" charges, and are levied by ahnost all local authorities.
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The survey carried out questioned local authorities on the funding of
waste water facilities, either recently constructed or in the planning stages.
Thirty six local authorities replied, of which three were not usable, leaving a
sample size of 33. The main features are now summarised.

Twenty six of the respondents had recently built or planned to build
schemes with a significant industrial element, ranging from 20 to 85 per cent
of the design PE, with a weighted average of roughly 60 per cent. Of these,
12 had obtained or will obtain industrial contributions towards capital costs.
In one additional case private housing/commercial developers will be
required to pay pro-rata for the cost of sewage treatment in the area served,
on the basis of the proportion of private to public housing connected to the
scheme. The remaining funds came or will come from the Department of the
Environment, except in one case where the local authority will also invest
some of its own funds. As mentioned, the Department’s capital expenditures
are partially recoverable from the EU (see Appendix Al. 1). The details of
capital contributions from industry are as follows:

Table 3.2: Capital Contributions from’Industry - Survey Results

No. of respondents with significant industrial customers 26
Cost of the relevant schemes £193 million
No. in receipt of capital contributions from industry 12
Capital costs of those schemes in.receipt of contributions £69 million
Value of capital contributions received/receivable £23 million
Percentage of cost contributed by industry, in those cases in receipt
of contributions (e. as a percentage of d.) 33 per cent
Industry’s share of the design PE, in those schemes in receipt of
contributions from industry 70 per cent

From the foregoing it can be seen that in the majority of cases
surveyed, industry made no contribution to the capital costs of providing
waste water services. Where contributions were made, they represented 33
per cent of the total capital costs - significantly less than the industrial PE
input to these schemes. The basis of the calculation of industrial

contributions varied widely, and is summarised in Table 3.3 as follows:
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Table 3.3: Basis of Calculation of Industrial Contributions to Capital Costs of
Sewerage Schemes - Survey Results

Basis of Calculation of Contribution
a. Proportion of total costs attributable to industry
b. Incremental costs of adding industry to scheme
c. Cost of restoring scheme’s surplus capacity
d. Agreed percentage of total costs
e. Determined on appeal to An Bord Pleanllla

No. of Cases
3
2
I
5
I

In two of the cases in d. above, the percentages roughly reflected the
full costs of the schemes applicable to industry. In another two the
contribution was considerably lower than industry’s share of the scheme. In
the fifth, the percentage contribution was agreed at an early stage, and
reflected industry’s proportion of the estimated costs at that time. However,

costs escalated rapidly and industry refused to increase its original
contribution in tandem. In case e. above, the Bord reduced the requested
amount considerably, apparently on the basis that prior to the building of the
scheme the firm in question had been discharging to waters without any cost
to itself. This effectively meant that the firm was allowed to continue to
impose damage on others. To summarise, of the 12 cases where contributions
were received, it appears that the full industrial share was paid in 6 of these
(a + c + 2 of d). In another two, the incremental costs of adding industry to
the scheme were paid.

Elements in the calculation were usually volume and BOD. Peak
demand, in the sense of industry’s maximum allowable discharge (cubic
metres per hour and kilograms of BOD per year) as a proportion of the
treatment plant’s capacity, was also used in one case, while in another the
authority required a firm to install a balancing tank to smooth the flow to its
treatment plant. Contributions were usually paid upfront, at the time of
construction, but in two cases they were paid on an annual basis, one in
perpetuity and the other over 2"~ years. The latter reflected the repayment
period for funds borrowed by the local authority to build its scheme (under
the Local Loans Fund system).

In addition, three authorities include an element of capital costs in their
annual charge, two of these based on the Mogden formula, although the
amount raised in this manner was not quantified. Apart from these three,
none of the respondents had a mechanism-for recovering capital costs from
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industry where it arrived after the commissioning of the sewage scheme.
However, where a new industry required water treatment in excess of
existing capacity, the local authority would have to plan to accommodate the
higher capacity, or refuse the new development.

Because of the system of negotiating capital contributions, industry is
usually involved at an early stage in the planning of new developments. This
should reduce the possibility of building capacity in excess of industrial
requirements. However, excess capacity is a possibility where a large
industrial user closes down. One of the respondents to the survey found itself
in this situation. On the other hand, because capital contributions are usually
paid upfront (where they are paid at all), the financial effects of industrial
closedown or of reduced usage of treatment facilities are lessened.

Self-treatment by industry is quite common, especially in the food
industry. Depending on the industry and location, such treatment is generally
a planning requirement. There was no clear-cut evidence that industry
decided to self-treat because of being charged capital contributions for a
public scheme. Discharges from industrial treatment plants are monitored by
the local authority and by industry itself, the bulk being monitored by
industry. The factors deciding how much monitoring is carried out by the
authority include the nature of the discharge, and the pollution record of the
firm in question.

One of the interesting aspects of the survey was the varying degrees of
willingness on the part of industry to contribute to capital costs. At one end of
the spectrum a multinational firm insisted on putting its discharge through the
municipal system, and paid the full cost of expanding the system to take it,
despite the fact that the effluent was within the standards set down by the local
authority for discharging without treat~ment. In this case the firm was apparently
anxious not to be seen as a direct discharger to waters. There is also the
possibility that firms see central treatment as a way of passing on legal
responsibility for the final discharge of the effluent. At the other extreme was a
firm that appealed its planning conditions to An Bord Plean,5,1a, to seek a
reduction in its contribution. There is also some anecdotal evidence of firms
scrapping development plans when faced with a capital charge for effluent
treatment. Most instances fell somewhere between these two extremes;
however the financial resources of the firm, the proportion of the firm’s total

costs represented by effluent costs, and the firm’s anxiety to locate at a particular
site all appear to be relevant factors in determining willingness to pay.
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The survey also asked what charges the various authorities levied on
their customers for waste water. The results of this are.shown in Table 3.4 as
follows:

Table 3.4: Charges Levied by Responding Local Authorities

~pe of Charge No. of Percentage of
Authorities Respondents

Industrial effluent charges 16 48
Industry monitoring charges 28 85
Domestic charges 10 30
Development contributions (housing/commercial/ 29 88
Total number of respondents 33 100

In addition to those already levying industrial effluent charges, a
further six respondents are considering adopting charges in the future.

Fourteen of the 16 local authorities levying effluent charges reported
that industry had reduced its level of discharge as a result of the charges.
This was achieved by changing production processes and by "good
housekeeping", rather than by installing self-treatment facilities. Only one
authority cited this as causing excess capacity problems.

Several other matters arose, not from specific questions in the survey,
but from respondents’ answers or subsequent correspondence with them.
Two respondents saw inconsistency between local authorities (and even
within authorities) as a problem in trying to levy charges, while one cited
political resistance to industrial charges as a consideration. Two local
authorities stated that the running costs of new plant were a problem; this
may become a greater factor in coming years, as more new plants come on
stream (Department of the Environment, 1993, p. 13).

3.6 Experience Elsewhere
Several regions were studied, to ascertain how they dealt with the issue

of charging industry for the capital cost of waste water services, and to see if
their experience would be of relevance to the Irish situation. The areas
covered were Northern Ireland, Severn Trent in England, Lothian in
Scotland, Australia, Copenhagen in Denmark, the Netherlands and France.
The findings are set out below in detail, but are summarised in Table 3.7 at
the end of this sub-section. Ireland is also included in the table.
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Northern Ireland
Northern Ireland’s experience is especially relevant, given the

similarities between the two economies, their geography, etc. Until 1973
water services were the responsibility of the local authorities, as they are in
the Republic. Since then the provision of the services has been a central
government function, entrusted to the Water Executive, a functional arm of
the Department of the Environment.

After 1973 the services were financed by the Regional Rate, which had
specific elements for water and sewerage, and by metered water charges.
Rates were levied on all domestic, commercial and industrial premises, but
in the early 1980s manufacturing and productive industries were de-rated, as

an economic incentive to these sectors. This meant that they no longer made
any contributions to the water services costs, so domestic and commercial
users were in effect subsidising industry.

This continued to be the case until 1987, when it was decided that all
new industry would be liable for trade effluent charges. These charges were
based on the Mogden formula, which is described in Appendix A1.2, and
included capital and operating costs. From April 1992 charges were
extended to all industry, with the intention that this sector would pay its full
share of the capital and operating costs of the service. The charges are levied
on the same basis province-wide.

It is interesting to see how the widening of charges was implemented.
The Water Executive announced the change a year in advance, during an
environmental awareness week, and then phased it in over three years. This
was accompanied by an intensive publicity campaign, involving media
interviews, information leaflets, a telephone helpline and consultation with
industry associations and with the firms most likely to be affected
(approximately 450 in number). Samples of firms’ discharges were taken and
estimates of their charges calculated, so that firms had an idea of the costs
they were likely to incur under the new regime. The Water Executive’s case
was strengthened by the fact that full charges were already in place in
England and Wales. Also, the proposed Mogden formula had been agreed by
the Confederation of British Industry and the Water Authorities Association
as a charging system as far back as 1976. Therefore, the change in Northern
Ireland was simply to bring it into line with the rest of the UK.
Implementation has by-and-large been successful, and full charges will be in
place as and from the financial year 1994/95.
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The normal f’mancing of capital expenditure in the service is integrated
with its overall financing, as follows. As part of a government department,
the Water Executive’s budget requirement, net of receipts from direct
charges, is agreed by parliament and.is recovered via the overall regional
rate. The budget includes both capital and current expenditure. Where there
is an element of capital expenditure, this must be recovered in customer
charges. This is done by annuitising over 60 years the amount spent, at a
Treasury-determined interest rate, known as the Local Government
Concession Rate. The amount arrived at is added to the costs which must be
recovered in charges each year. This in effect means that the capital costs of
the service are charged to the users of the service, albeit over a very long
timespan. Also, the Water Executive’s income is increased by this annuitised
amount each year thereafter, so it is granted less funding from the regional
rate in future years. In this way the capital cost plus interest is "channelled
back" into the government’s coffers. In line with Treasury procedures, the
interest rate attached to each year’s expenditure is fixed for the duration of
the annuity period.

However, where the treatment of a particular firm’s effluent requires
enhancement of the public system, the firm must pay the full enhancement
cost in advance. As a concession it gets a rebate of the next five years’
effluent charges, subject to a maximum in any one year of 10 per cent of the
capital enhancement contribution made by it. It is worth noting however that
since this rule was put in place no such case has arisen. Finally, capital
expenditure does receive some funding from the ERDF, but this has been
quite small to date (roughly Stg £13 million since 1975).

Parameters for charging for capital and operating costs are volume,
COD and suspended solids, using the Mogden formula. Charging is the same
whether effluent goes to primary or secondary treatment. The charge for
average strength effluent is 36p/m3, average strength being defined as 480
mg/l COD and 340 mg/l suspended solids. However, there are plans to
decrease these values in the future, resulting in an increase in the level of
charges. The quality of each firm’s discharge is determined by regular
sampling, and in general a moving average of the last five sample values is
used for charging purposes.

Where discharge is to waters via sewers the charge is 10p/m3
(representing just the reception and conveyancing element of the Mogden
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formula). The level of monitoring of discharges to treatment depends on the
nature of the discharge. It is not charged for separately, but is recovered in
the general price. Uneven flow of effluent is not a parameter for charging.
Where such a flow would create capacity problems, the use of balancing
tanks or some other system for dealing with peak flows is prescribed in the
discharge consent. Where a new industry enters the system and its effluent
can be handled within the existing capacity it is simply charged as normal,
using the Mogden formula.

As a result of implementing industrial charges for waste water
services, the Water Executive is finding that many industries are changing
their processes in order to minimise their costs. Many of the larger firms are
considering sell-treatment, especially the removal of solids, while others
have found means of recycling their wastes. Given that costs will rise as
higher standards are implemented, this process can be expected to continue
apace. This may have a considerable effect on the Executive’s revenue base
in coming years, and will require careful planning and consultation with
industry if over-capacity and the resultant higher prices are to be avoided.

The system of paying upfront for large industry-specific enhancements gives
some assurance against this. Also the long repayment period of 60 years
reduces the capital element in the annual charge, and, therefore, also reduces
the effect of any over-investment on prices.

Another feature of the service is that monitoring of discharges to waters
is the responsibility of a separate section of the DeparUnent - the Environment
Service. This arrangement was put in place to avoid any conflict of interest,
since the Environment Service also monitors the Water Executive’s discharges.
As a result, ifa firm decides to self-treat its effluent, and discharges directly to
waters, it is no longer the responsibility of the Executive; however, if it
discharges to waters via a public sewer, even if no public treatment is involved,
the Executive continues to be responsible for the effluent’s quality.

England- Severn Trent
Severn Trent is one of the largest water service companies in England

and Wales, covering part of Wales and the west Midlands, with over
7,000,000 people connected to the water supply and nearly 20,000 square
km served. Compared to that of the other nine companies, their tariff is the
third lowest, when the tariff is applied for comparative purposes to a
standard strength effluent (CRI, 1993), as shown in Appendix A3.1.
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The charging elements of the Mogden formula comprise capital and
current components. These are calculated each year on the basis of the full
costs that are projected for their 80 biggest works combined. An estimate is
made of the likely throughput of trade effluent, in terms of cubic metres of
flow, kg of COD (corrected for standard regional strength) et cetera.
Dividing the full costs by these estimated throughputs gives the prices per
cubic metre and per kg for the relevant elements of the Mogden charging
formula. The capital share of the overall tariff is in the region of 60 per cent

and is paid in the one overall charge on a volumetric as-you-go basis.
Effluent charges are standardised across the region, but vary as to whether
the effluent is subject to primary or secondary treatment.

When new or additional trade effluent treatment capacity is required,
unlike some water service companies, Severn Trent avoids demanding large
upfront capital payments from business customers. However, a financial
commitment commensurate with the scale of the investment is insisted upon,
in the form of a legal guarantee. Flexible deferred capital payment schemes
are offered through "Term Contract" arrangements, to customers requesting
new or additional capacity.

In the Term Contract, Severn Trent agrees to the initial financing of the
work in return for the customer committing to a "Guaranteed Amount" of
annual payment over a mutually agreed period (usually three, five, seven or
ten years). For the duration of this period, the capital portion (usually 60 per
cent) of the charge arising from the customer’s actual effluent flow must be
at least equal to this Guaranteed Amount. If not, the customer must pay the
shortfall. So if a firm in this situation does not utilise its reserved capacity, it
must still pay the Guaranteed Amount over the agreed period of time. This is
to protect the financial investment that Severn Trent has initially committed
to the scheme.

Term Contracts have been completed with industrial customers over
the last few years and have achieved their aim of providing capacity for
business expansion at an appropriate price and pace, according to Severn
Trent. At the same time their financial and operational integrity has been
protected.

If there is spare treatment capacity then no Guaranteed Amount need
be agreed. By contrast if a very big new firm requests treatment, Severn
Trent may require the firm to provide own treatment. In general, Severn
Trent would only accept firms that fit in to its own capacity structures.
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It is sometimes after the agreed period that the water service company
may be confronted with problems of financing. After this period has expired,
the consent for discharge is granted to the firm by the water service company,
as normal. There is now no guarantee that costs from here on will be
recouped by the volumetric tariff. The shortfall then has to be made good by
other customers.

While there is no reduction for firms with a smooth pattern of
discharge, the consent is expressed in terms of a peak measure. The firm’s
maximum flow rate and average effluent strength over a 24 hour period
would be laid down.

Severn Trent say that, conceptually, their approach to pricing is based
on Long-Run Average Incremental costs, which is seen to be a robust proxy
for theoretical LRMC (Appendix A2.2). Underpinning the average
incremental costing concept is a current cost framework, utilising modem
equivalent asset valuations which are subject to 5 year review. Realistic
"length of life" measures are used in the calculations, based on the expected
number of years over which the plant is expected to operate, e.g., 60 years
for reservoirs, 20 for service pipes, 10 years for electrical plant.

Scotland- Lothian
Industrial effluent charges are levied by seven of the twelve Scottish

water authorities, the exceptions being Highland, Fife and the islands. Some
of the authorities are still developing their charging policy and are phasing in
their charges progressively over a number of years. Firms can expect the
introduction over the next few years of a charging formula in those areas
where they do not already apply. On average industrial effluent charges are

less than 50 per cent of the corresponding charges made in England and
Wales. A particular concern, familiar to Ireland, is the likely impact on
charges of future capital expenditure requirements (Bolton, 1994).

Lothian covers an area which includes Edinburgh and the region to the
south of Edinburgh. It provides an interesting method of capital charging for
us, because it charges on capacity reserved rather than on flow actually

passed through. Lothian Regional Council started to charge industry for
trade effluent discharged to the regional system in the mid-1970s. This was
in order to raise the funds to cover the costs of new sewage works. The
charge uses a variant of the Mogden formula, and is in two parts. One part
covers the operating costs, the other covers the capital costs and represents
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the loan repayments and interest charges. These two parts are shown
separately on the bill though paid for in the one payment. The charging
formula is comparable to one based on the guidelines recommended jointly

by the CBI and the National Water Council in 1976. The capital charge is
incorporated in R (reception and conveyance), V (volumetric and primary
treatment), B (biological treatment) and S (sludge treatment and disposal),
which are the components of the Mogden calculation. Where there is no
biological treatment at present, there is no biological charge. The capital cost
of a planned incinerator for disposing of sludge might be incorporated in the
sludge component of the Mogden formula.

Conditions of discharge are agreed with the firm, in the process of
obtaining its Consent, as to its maximum daily volume, oxygen demand load
and suspended solids load. The authority’s capital cost includes total annual
loan repayments and interest charges incurred. The capital payments of a
firm are based on the Consent limits, which are used to calculate the share of
the capacity in the system that is reserved for that firm. There is no reduction
if demand is smooth. In addition to this capital cost element, firms pay a
current charge along usual Mogden formula lines, as described in Appendix
A1.2. There are some 500 companies and the aim is to review each firm’s
Consent every two years. This method of calculating the capital charge
based on the share of the firm’s reser-Jed capacity in the system is apparently
unique in the UK. Rather than being a capital charge raised on volume
discharged, it is based on (regularly updated) capacity reserved.

Overall, firms pay as-they-go and are billed quarterly, in arrears.
Owing to the fact that some 80 per cent of the authority’s income from trade
effluent charges comes from less than I0 firms, there will be a new two-tier
billing system. In order to save on billing costs, large firms will be required
to pay monthly and small firms biannually. Uniform rates of charge are
applied over the Lothian region, but these depend on the level of treatment.
Where only primary treatment is undertaken, charges exclude biological
treatment costs. Where there is full treatment, firms whose waste water is
treated in these facilities pay all elements of the charging formula. The
Lothian authorities made a submission to the EU at the end of 1993
requesting a derogation, for the plant beside the Forth, from the Urban Waste
Water Directive’s requirement for secondary treatment.

A situation where new firms needed to be facilitated with extra
capacity has not arisen. In general, the firm would be required to undertake
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its own treatment so that its effluent strength did not exceed that of ordinary
sewage. If extra capital costs on the part of the authority were incurred for a
specific firm, the costs would have to be charged upfront as the authority
cannot subject itself to undue risk.

The introduction of a charge did not appear to affect the siting of
industry, either within their region or between regions. Firms already pay a
sewerage rate, which is based on the rateable valuation, rather than the
number of employees. The trade effluent charge is separate and there is no
double charging. Lothian has the lowest sewerage charge on the rates in
Scotland, but the highest trade effluent charge.

Monitoring is undertaken to ensure compliance with the volume of
discharge and its potential toxic impact which are set in the Consent limits.
If a firm has pre-treatment it is usually to remove something toxic, e.g.,
heavy metals or fluoride. In this case there would be frequent monitoring to
ensure that the pre-treatment plant operated effectively. Lothian has been
charging for monitoring visits and analysis separately since April 1994.
Their policy is to encourage industry to self-monitor where appropriate and
for the authority to carry out "audit" monitoring to ensure compliance.

Australia
Australia’s water services are structured similarly to Ireland’s, in that

the utility is mainly a local government function. As in Ireland, capital
expenditure on the water service is subsidised, but larger urban areas and
industrial waste water services do not, in general, qualify for subvention.
Industrial effluent discharges are charged volumetrically on the same basis
as if they were domestic waste, with additional charges for any excess
strength which increases treatment costs. Upfront capital contributions are
not sought from industrial users.

With reference to the charging regime for industry, in general firms are
charged with their full share of the capital costs. Because these costs are
recovered in the annual charges, the utility supplier bears the risk that
industry might close down, leaving the utility with excess capacity. The basis
of the annual charge is usually volume, with extra for BOD, suspended
solids, or sometimes other materials which add to the cost of treatment.
There appear to be no standard arrangements for consulting industry prior to

building new capacity, or for dealing with new industry which puts strain on
existing capacity. Neither is there a standard as to whether charges should be
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plant specific or equalised across a particular utility supplier’s area.
As an aside to the foregoing, the Australian government is currently

looking to reform the water services, and to that end carried out a detailed
study of the issue in 1992 (Industry Commission, 1992). Several problems
were cited, many of which have a familiar ring, e.g., under-pricing, small
size of water utilities, "gold-plating of assets", voter resistance to, and lack
of political will for, change. The main recommendation of the report was
that the service should become self-financing and commercialised, earning a
real rate of return for its "shareholders" (5 per cent was suggested). It also
recommended the use of economic instruments as a means of rationing the
service, and of wider environmental and resource management. Marginal
cost pricing is recommended, with an additional fixed charge to ensure all
costs are recovered, and the economic cost of improvement should be
considered, and weighed against the expected benefits.

Denmark- Copenhagen
Denmark is usually associated with high environmental standards but

this has not been achieved at low cost. Until recently effluent charges failed
to win acceptance in Denmark (or in any other Scandinavian country)
because such policy instruments were out of step with the prevailing Danish
consensus-seeking policy style, according to Andersen (1994). This resulted
in the public sector assuming responsibility for pollution management by
constructing public sewage plants. From 1974 to 1987 water pollution
control rarely took place at source, but by a combination of diffusion and
end-of-pipe solutions. The regulatory response has essentially been that the
public sector has acceded to receiving and taking over responsibility for
industrial discharges, but not charging industry the true costs of treatment.
Andersen concludes, rather harshly, that "Danish water pollution control
policy, with regard to organic emissions has been both expensive and
ineffective."

in Denmark as a whole there are very few instances in which
companies set up their own treatment facilities. Examples include fish
processing units in remote areas. Where a company has sludge to dispose of,
it must primarily aim to have it recycled. Where this is not feasible,
incineration must take place; and where this is not possible, dumping must
be done at a controlled landfill. Now that charges have been introduced, they
vary between local authorities, but are uniform within authorities, regardless
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of the treatment plant to which firms discharge. Monitoring is undertaken by
the local authority and the procedures for sludge handling would be set in
the conditions for the licence.

The city of Copenhagen, bowever,.is an exception in so far as trade
effluent charges were raised from 1979 when the Lynetten plant was
constructed. The consequences of this in fact back up Andersen’s thesis.
Firms reduced their effluent load by a considerable amount by introducing
changed technology in their production processes.

Specifically, the Copenhagen authority levied a sewage charge on
companies plus a surcharge to cover treatment of the pollution content of the
trade effluent that was above that of average sewage. The extra capital cost
incurred for the treatment of effluent from firms with above-average load
was estimated at some 17 per cent of the total capital cost of the plant. It was
this sum of money and the extra operating costs that the surcharge aimed to
recoup. The surcharge was made up as follows (IR£1 = 9.3DKr
approximately):

Table 3.5: Industrial Effluent Surcharge in Copenhagen, 1994

CAPITAL CURRENT

(for 20 years only (Operation and TOTAL
from 1979) maintenance)

DKr/kg/m3 COD exceeding
the average of .6 kg/m3 .70 .97 1.67

DKr/kg/m3 SS, after 20 minutes,
exceeding the average of .4 kg/m3    .67 1,23 1.90

The ordinary charge was based on the water intake, as follows

DKr/m3 13.12

Note: Finally, 25 per cent VAT is added, COD is Chemical Oxygen Demand; SS is
Suspended Solids; see glossary of terms for definitions.

A 20 year payback period, from 1979 to 1999 was chosen. After 1999

the capital part of the surcharge will be ended and industrial customers will
only pay the operating surcharge. As described, payment is on a volumetric
basis and not upfront on the capacity reserved. Unfortunately for the
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authority, owing to adjustments by firms, loads fell and consequently so did
the authority’s income from the surcharge, to about half that expected. The
deficit which arose was ultimately paid for by all customers, including
households. Waste water treatment has to be self-financing. However, the
authority’s loss was the environment’s gain, in the form of significantly
reduced industrial pollution.

An upfront payment is not charged in Copenhagen. However, a
connection payment may be levied, only once for any property. Discounts
are not given for smooth delivery because, unlike some instances in Ireland,
industry’s incremental load is small relative to the plant’s size. This simple
approach also affords ease of administration. If irregular delivery were a
serious consideration, it would be raised in the initial negotiations, discussed
below. Industries with irregular discharge can be required to install balancing

tanks (WHO, 1989).
Given the 20 year implementation of the capital part of the surcharge

in Copenhagen, from 1979 to 1999, new firms arriving now have the unfair
advantage that they will be paying this for only a few years. The benefit of
such a system, however, is that it is administratively simple.

As part of the ongoing expansion of the Copenhagen plant and
subsequent to a recent proposal to upgrade treatment to deal with nitrogen
and phosphorous, the municipality contacted the companies at an early stage
of the planning phase. The consultation process for the upgrade involved
gathering together representatives of all the relevant companies, some thirty
in all. The measured pollution volumes and the associated capital costs were
outlined. A summary of the financial implications for each company was
presented and apparently firms appreciated the fact that they were being

consulted. They were informed that as much as possible of an upfront capital
payment would be obtained from them. As it happened, their response
signalled such a huge reduction in discharges of nitrogen and phosphorous,
owing to changes in production technology (rather than own treatment), that

the expansion could proceed without upgrade and the question of their
contribution was dropped.

As we have seen, therefore, companies do not pay on the basis of
capacity reserved under present arrangements. However, it was the threat of
upfront payment for reserved capacity that caused the firms’ large scale
adjustments. In general, when constructing new treatment plants, the
Copenhagen authority thinks that it might be wise to give serious
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consideration to obtaining advance payment for capacity reserved,
particularly where the industrial load is considerable.

Finally, in Copenhagen all companies are connected to the public
treatment plants, so no firm has its own treatment facilities.

The Netherlands
The Netherlands was one of the first users of the Polluter Pays

Principle, passing the Act on Pollution of Surface Water (APSW) in 1970.
This splits responsibility between the state and regional authorities. The latter,
31 in number, are responsible for "regional water surfaces", corresponding
roughly to watershed areas. They have a council elected by the customers -
businesses, farmers and households - which in turn elects a board to run the
authority. The chairperson of the board is appointed by the Ministry of Public
Works and Transportation and Environmental Protection. Major rivers, lakes
and coastal waters - "state water surfaces" - are the responsibility of the
Ministry. These state waters make up the bulk of the country’s water resource,
e.g., the Rhine alone provides 70 per cent of the fresh water in the country. In
addition, the Ministry sets resource management policy, which must be
followed by the regional authorities. The regional authorities are responsible
for collective water treatment, although the sewerage networks are under the
control of the municipalities, which are also the water supply undertakings.

The system is self-financing, on both a regional and a national level. The
regional authorities issue licences for discharges to surface waters and
sewerage, specifying the quantities of pollutants to be discharged and any pre-
treatment required. There is a pollution charge, which fully funds the system.
The stated aims of the charge are to finance water purification (there is a target
to reduce water pollution to 50 per cent of the 1985 level) and as a side-effect
to give an incentive to polluters to lessen pollution. Marginal cost pricing is
not explicitly used. There has been a marked reduction in industrial pollution
since the introduction of the APSW: in 1969 industry discharged 33 million

PE, while by 1990 this had fallen to 8.8 million PE (Jansen, 1991, p.19). This
reduction was larger than anticipated, and led to over-capacity in the system,
resulting in upward pressure on charges (Schuurman, 1988, p.377).

The basic criteria for charging are COD and nitrogen, by reference to a
PE quantity. Most authorities now also charge for heavy metals, and there
are plans to include phosphates in the future. All households, farms and
enterprises are charged, as follows:
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Table 3.6: Basis of Charging for Waste Water in the Netherlands

Sector Basis of Charge

Households l or 3 PE
Small enterprise 3 PE
Farms 6 PE (3 as a household + 3 as a small entea’prise)

Medium-size enterprises based on tables of average effluent "coefficients"
Large enterprises ( >1000 PE) actual measured pollution

Source: Jansen (1991).

Medium-size enterprises are charged on the basis of their levels of
production and average pollution levels for the type of industry in question.
In many cases the household sewage bills are collected by adding them onto
energy bills, the money then being passed onto the water authority.

Given their high pollution production, farmers appear to get off lightly
under this system. A farm is considered to be made up of three parts - the
farmhouse, the farm buildings, and the land - but as the above implies only the
first two are charged for. A recent court case has decided that farmland can be
considered as a company building, and be charged accordingly; however this
has not been widely implemented. A report to the Dutch government in 1992

found that the waste load from farmland varied from a l/~ to 15 PE per hectare,
and recommended that farmers should, therefore, be charged on the lower end
of this scale, i.e., at IA a PE per hectare. However, according to the Netherlands
Union of Water Boards the government is not planning to implement this at

the moment. Future Dutch experience with abatement of agricultural pollution
may provide valuable lessons for Ireland.

Annual charges have increased significantly over the years, from on
average DFL10 per PE in 1970 to DFL50-80 in 1990 (IR £1 = DFL2.7
approximately). This has been partly due to reductions in pollution levels
and over-capacity in the public system. Discharges to state waters are subject

to a charge of DFL31 per PE as of 1990, and the regional authorities also pay
a levy to the state authorities for discharging to the latter’s waters.

Eighty per cent of the authorities’ spending is on capital investment.
Monitoring of discharges is a small element of costs, as only random checks are
carried out; self-monitoring is universal. Sludge disposal from firms is subject

to the same regulations as the water boards’ sludge - incineration is a common
means of disposal. Certain firms can obtain quite high grants to install pollution
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abatement plant - 90 per cent of investment costs for physical/chemical
treatment and 60 per cent for biological treatment (Jansen, 1991, p.22).
However, grants are only available to deal with discharges to state waters, and
the pollution must have been present prior to 1970. The grants come from the
state water authority, and are funded by pollution charges collected. It is
envisaged that these grants will be phased out over the next number of years.

No separate capital charges are levied - all costs are recovered by the
periodic charges referred to already. There was to be a 20 per cent discount if
at least 45 per cent of pollution volume was discharged evenly between 7 pm
and 7 am, but as mentioned this was ruled illegal in court. The same
happened to a discount for high volumes combined with low pollution load.
However, the water boards have the power to set limits to the quantity and
quality of discharges, and to require self-treatment by industry in their
pollution licences, so this can be used as a mechanism for protecting public
system capacity. Charges are set on a region-wide basis, so there is some
cross-subsidisation within each region.

According to the Netherlands Union of Water Boards, not many new

plants are built any more; this may be partly due to the substantial reductions
in loads’discharged over the last twenty years. Where a new plant is built
there are no set procedures for consulting industry on capacity requirements.
However, the boards state that they can control the supply.of effluent to a
degree, through their licence conditions, so this helps to avoid over-capacity
and problems with the revenue base.

France
As in the Netherlands, France legislated for water pollution charges in

1970. The aim was ultimately to equate charges with the social costs of
pollution. The system is also quite similar to the Dutch, in that the
municipalities run the waste water treatment system at a local level, while
there is a higher level of six "financial river basin agencies" (AFBs) whose
areas correspond roughly to the catchment areas of the six biggest rivers in
France. These agencies are responsible for the management and development
of the service. Their boards are made up of one-third civil servants, one-third
industry and one-third elected members. The salaries of the directors and
some of the employees of the agencies are paid by central government.

The municipalities contract with industry to treat the latter’s effluent,
and they can set the conditions for this service. Capital costs can be levied
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upfront oron a pay-as-you-go basis, as negotiated by the municipality and the
firms in question. The municipalities obtain grants for pollution abatement

from both the AFBs (dealt with later) and from central government.
The AFBs levy a pollution charge on all dischargers to waters, whether

industrial or municipal. The rationale for charging is to fund the wastewater
system, and as a by-product to give an incentive to reduce pollution. The
revenues collected finance pollution abatement grants and loans to both the
municipalities who operate the public water system, and to industries
discharging directly to waters. The levels and types of works aided vary from
agency to agency. Jansen (1991) gives the example of Seine-Normandie.
Here municipalities are in general grant-aided for works to the tune of 30-40

per cent, while industry can obtain loans of up to 70 per cent. The grants
come in for criticism for contravening the Polluter Pays Principle. However
it is reported that they usefully raised awareness by putting depollution
projects "on the agenda", by encouraging managers to put pollution
reduction to their boards of directors (OECD, 1989).

The AFBs’ charges are based on six criteria - COD, suspended

materials, nitrogen, phosphates, toxic materials and dissolved salts - and are
calculated in francs per kilogram per day (except for salts). In highly sensitive
areas the charge is multiplied by a coefficient. The charge for houses and
small enterprises is based on the number of persons therein and a standard PE
level, and is collected through the water bill. Charges are not levied in rural
areas; this appears to be a political decision. Jansen (1991) notes that charges
are quite low, and this is reflected in the low levels of municipal treatment -
two-thirds of domestic pollution is discharged directly to waters.
Notwithstanding this, industry has reduced its pollution levels by 70 per cent
since the introduction of charging, although there is evidence that those
industries not treating are the more toxic types (Jansen, 1991, pp.29-32).

The AFBs have no responsibility for pollution control; this rests with
the Ministry of Public Works, Agriculture and Industry, and the Ministry of
the Environment, and is carried out at five administrative levels, making the
system quite cumbersome. This situation is under review at the moment. The
charges can be expected to be raised in stages and the AFBs may play a
larger role in pollution control in the future.

As is clear from the above, although there are charges, the system is
not self-financing. Municipality capital costs and some of the AFBs’
administration costs are subvented by the central government.
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This completes the descriptions of charging practices. Before
proceeding to a discussion of experience specifically with LRMC pricing in
the UK, we present a summary of international findings in Table 3.7.

Table 3.7: Summary of International Findings

/RL
NI

ENG SCOT AUS DK NL FR
Sev. Lothian Cpn

Trent

Capital Contribution - upfront? ,/ 1 I 1

pay-as-you-go? ,/ 2 ,/ / ,/ / /

Service self-financing (re industry)? 3 / ,/ / / /

Marginal cost pricing used?

Charge - region-wide? / / / / / / /

plant specific? / 4 4

Criteria for charging capital costs:

Flow / / / ,/ ,/ ,/

Reserved capacity ,/

BOD / ,/

COD / / / / /

SS / / / / / /

Ni~ogen / / /

Phosphates / 5 /

Heavy metals /

Pollution charges (6) / /

Pollution abatement grants/loans to ,/ /
industry

Notes:
I. Optional. but not usual.
2. Capital guarantee systcm used.
3. Full charges being phased in.
4. Charge varies depending on whether plant has primary or secondary treatment.
5. Will be charged for in the future.
6. That is, charges for discharging to the environment, where there is no public treatment.
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3.7 Experience with Long-run Marginal Cost Pricing in the UK
In Chapter 2 of this study the rationale for pricing at long-run marginal

cost (LRMC) was given. The methodology was described with examples. A
major benefit of LRMC pricing is that it signals to customers what current
and future costs they impose on the system through their demands at the
margin. Correct signals also operate in the reverse direction, indicating to
producers that customers, paying true resource costs, are willing to buy less
or more. It is noted that OFWAT (1990) support this pricing procedure:

If producers and consumers react properly to incentives, prices
equated to marginal costs should lead to an effective use of

resources.... In order to give sensible incentives, tariffs should be
designed in such a way that, as consumption changes, changes in
bills reflect potential changes in costs.

They report that government White Papers have recommended long-run
marginal costs as a basis for public utility pricing because:

this should smooth peaks and troughs associated with capacity-
shortage or capacity-surplus but still convey useful messages
about sustained cost differentials such as summer/winter
differentials and inherent geographical differences.

and:

In particular locations and at particular times both SRMC and
LRMC can be estimated. OFWAT wishes to encourage this type

of work. However experience demonstrates that such estimates
are much influenced by the underlying assumptions, in particular
the area over which costs are calculated, and liable to upset by

changes in circumstances.

This exemplifies OFWAT’s reservations about LRMC pricing. It is not
in the profit-maximising interests of water service companies in monopoly
situations to use LRMC pricing, so that a less than committed regulator is
not likely to encourage its widespread adoption.
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The water service companies came from state-sector backgrounds prior

to privatisation, so that they should at least be aware of the concepts of LRMC
pricing. It is interesting, therefore, to ask what is the prevalence of LRMC
pricing practice in Britain. An outline of impressions gained from the
experience of consultants working in the water sector (Brien 1994) is now
described. Some of the remarks apply to waste water treatment or to water

supply or to both. We look at (i) perceived difficulties with LRMC pricing,
(ii) experience with estimation and (iii) implementation in tariff setting.

(i) Perceived difficulties with LRMC Pricing.
There are apparently several factors which make LRMC pricing

difficult to implement:

(a) There is, in the first place, the question as to whether LRMC pricing
can be accommodated within the letter and the spirit of the water
service companies’ legal price-cap, handed down from the regulator.
The standardisation in pricing imposed by OFWAT has meant, for
example, that geographical variations in charges are narrower in the
UK than in, say, France, and price setting is obviously constrained.

(b) It may require a lot of time and effort on the part of the providers to
establish the LRMC price path for one set of expectations, then to re-
estimate it every time significant new information is received, and to
publicise it. It may be very costly, or politically unacceptable, to
differentiate the LRMC prices and signals to the ideal degree, for
example by time, or location, or customer class.

(c) The setting of the second part of the charge is perceived as a problem.

(d) Strictly speaking, LRMC requires the use of costly meters to measure
flow and strength on a continuous basis, or at least at peak times,
otherwise LRMC will have a reduced effect on demand decisions.

(e) The price elasticity of demand has been thought to be low, so the
volumetric or capacity price level was thought to have littie impact on

consumption decisions. Recent changes have caused this to be
questioned, for business customers at least.
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(ii) Experience with estimation of LRMC
Actual experience of LRMC pricing, therefore, has to be evaluated

with the above provisos in mind.

(a) Calculations of LRMC would tend to be undertaken for use in

comparing different ways of achieving a satisfactory supply-demand
balance for the water service, or for analysing resource expansion,
leakage reduction, meter installation, reliability deterioration and the
like.

(b) Several water companies in England and Wales have estimated
LRMC, using the first method described in Appendix A2.2, in which
the development plan and one with higher planned capacity are used in
the calculation. Where there are no projections based on development
plans the costs of calculating LRMC may be considerable, requiring
detailed engineering and financial information. A simpler method has
apparently been used by between two to five UK water companies to
provide rough and ready estimates of LRMC.

(c) Some plant level estimates have also been derived. The treatment of
marginal operating costs is relatively straightforward. The marginal
capacity cost is generally taken to be the difference between the
annuitised cost of building a plant of one size less the annuitised cost
of building a plant of another size, divided by the extra output that the
larger plant will produce. This method has been used by several waste
water companies in England and Wales to estimate the marginal cost
of sewage treatment, and the marginal cost of individual treatment
processes, at the plant level.

(iii) Implementation of LRMC in Tariffs.
The actual trade effluent charges are known from Waterfacts (Water

Services Association, 1993) though not the breakdown between capacity and
operating charges and, now that the companies are in private hands, there is
little information in the public domain relating to individual companies’
price-setting criteria. However, attitudes towards LRMC pricing and the
factors that influence tariff policy in general can be described.
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(a)

(b)

(c)

There are some instances where LRMC principles have influenced
tariffs, though only in the area of water supply, and not waste water
treatment. For example, a water service company in the north of
England with a large excess water supply capacity estimated that over

any reasonable timescale the LRMC of water supply was low, but that
the average cost of supply was much higher because many costs could
not be avoided. As a result, they have adopted the policy of gradually
increasing the standing charge element of the bill, and reducing the
volumetric element, to reflect this structure of costs. The phasing of
the change avoids large shifts in the incidence of charges across
customers.

By contrast a large water service company in the south of England,
with a largely urban customer base, estimated that the LRMC of water
supply was high relative to average cost. The company is moving
towards reflecting this in its pricing structure by raising the volumetric
charge for water. However, it is not possible to ascertain whether this
action is prompted by economic considerations or a desire to fall into
line with the tariff structure favoured by the economic regulator, who
is anxious to see metering increased and has stated:

if the meter option is to provide a valid alternative to
the unmeasured tariff .. it is .. important that
customers switching to meters have a real
opportunity to influence their bill. This is only
possible if the fixed charge .. is relatively low
(OFWAT, 1991b).

With waste water treatment, each of the elements of the charge in the
Mogden formula is an average cost rather than a marginal cost. There
has been little movement towards the implementation of LRMC
pricing. One reason for this is that a large share of the costs in the
sewer network is the result of the need to deal with highway and
surface drainage. The marginal cost with respect to this.augmented
volume is, in general, very low. Hence a volumetric tariff based on the
marginal cost of dealing with an additional cubic metre would be very
low. To cover costs, a very high standing charge would need to be
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(d)

(e)

(f)

levied, especially as it would also contain the subsidy to highway and
surface drainage.

One argument against implementing LRMC pricing at present is the
likely social and incidence effects of tariff rebalancing, particularly
against the background of recent privatisation and rapidly rising real
prices. There appears to be some reluctance within the companies to
move from the tariff structures they inherited when they were
privatised. In other words, they wish instead to minimise incidence
shifts with their attendant ill will and adverse publicity.

Large customers are now allowed to be supplied by a company other
than their existing supplier. This is described as an inset appointment.
As competition increases through such inset appointments, the water
service companies will be less inclined to charge prices significantly
above marginal cost. However, this process could take a long time. The
competition legislation is still fairly restrictive, and the spread of inset
appointments anticipated when the legislation was passed nearly two
years ago has not materialised. However, there are signs that
companies are beginning to respond to the competitive threat. At least
two are reported to be introducing new special tariffs for large
industrial customers from 1 April 1994. In return for higher standing
charges, customers can enjoy reductions in their volumetric tariffs (for
water) of 20-30 per cent.

The most perfect form of competition currently in operation is the

opportunity for own treatment of trade effluent discharges. As
discharge standards become ever tighter, and the cost implications are
reflected in tariffs, the attractions of own treatment have encouraged
many customers to install on-site pre-treatment facilities. Waste water
companies do not wish to lose business which is profitable to supply,
and they risk doing so if the charges for trade effluent treatment are set
higher than the marginal cost to customers of pre-treating their own
effluent. Hence there will be a tendency towards charging at or above
LRMC but, where feasible, below the customers’ reservation price at
which own treatment becomes preferable.
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(g) Already there is some evidence that trade effluent tariffs to industry

reflect this competitive threat. It is possible to carry out a "parity"
calculation by applying the industrial effluent tariff, the Mogden
charging formula, to a cubic metre of average domestic strength
effluent and by comparing the result with the normal domestic sewage
volumetric tariff. Almost without exception, with each water treatment
authority, the domestic charge is greater than the industrial charge,
sometimes by more than a factor of two. This reflects the fact that
competition is keeping down prices of trade effluent treatment.

(h) As the effects of competition on tariff policies spread, however, it will

be necessary to address the issue of "public service" costs. Some
companies estimate that as much as half of total sewerage costs are
accounted for by surface run-off, highway drainage et cetera. The
opportunities for pre-treatment and bulk disposal arrangements will
tend to depress tariffs for larger customers, ultimately towards LRMC.
This means that an increasing proportion of these "public service"
costs will have to be borne by the more captive smaller customers.

This completes the description of the extent of LRMC pricing in
England and Wales based on experience gained by consultants who work in
this area. To summarise, while formal LRMC pricing appears to be rare, it
does, however, inform pricing policy to some degree especially perhaps
where capacity conditions are of the extreme sort, that is where there is
significant excess or shortage of capacity.

3.8 Issues Arising
A wide range of questions has been raised so far in this study, and this

sub-section deals with the most important of them. Chapter 4 of this report
will attempt to give answers to these questions.

( a ) How much should industry pay ?
While we have emphasised the cost of the investment in waste water

treatment, and the fact that industry has not been fully charged, we have not
answered the question - how much should be paid by industry? On the one
hand, it is responsible for 36 per cent (or 20,000 out of the 56,000 tonnes) of
BOD currently discharged to the environment, as indicated by Table 1.1
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(excluding agriculture). On the other, less than half of this flows through
public sewers. In addition, there are several other factors which are relevant
to the proportion of costs payable by industry:

(i) Many elements of waste water scheme costs, especially relating to
sewers, barely apply to industry. This is very significant, since in the
case of many schemes sewerage costs are greater than the costs of the
treatment plants.

(ii) Should industry pay proportionally for its element of a public scheme,
or should it pay the incremental cost of being added to the scheme?
The public scheme usually has to be built anyway, to cater for the local

population, and industry can frequently self-treat more cheaply than
can the local authority. So if the latter charges full proportional capital
costs, industry may simply withdraw from the public scheme and treat
itself. If industry’s costs are higher than the incremental costs of being
treated in the public scheme, such an outcome will be sub-optimal.

(iii) Finally, the timescale over which industry payments crystallise
depends on whether industry is charged upfront or on an annualised
basis.

(b) Risk
One of the main concerns of this discussion is the question of f’mancial

risk to the local authority. The potential financial loss is caused by
inadequate demand for waste water facilities, after they are built, and can
result from:

(i) the building of over-capacity in the first place;
(ii) a fall in industrial usage of treatment facilities, caused by a reaction to

new effluent charges;

(iii) industrial closedown.

In any of these cases the local authority’s revenue base is reduced, thus
imposing increasing costs on remaining customers, and possibly threatening
its financial stability. Discussion of these questions is expanded in the
following sub-sections. It may be that some financial intermediary will be
able to provide an insurance scheme to cover these risks. However the costs
and practicalities of this are unknown, and we do not have any examples tO
hand.
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(C) How should industry be charged the capital costs of the service
- up.front or on an annual basis?
The main concern here is to guarantee adequate financing of public

investment in waste water facilities Where charges are made upfront, the
authority avoids any financial risk arising out of the under-utilisation of the
new facilities. However, this approach has some drawbacks:

(i)

(ii)

As the Copenhagen water authority pointed out, pay-as-you-use
systems give a strong on-going incentive to reduce pollution, because
the use-related charge is higher if it includes a capital element.
Where charges are levied up-front, industry could consider that it has
either bought a share of the water system, or that it has bought the right
to pollute. These could cause problems if the firm in question stops
production - can it then recover its investment, either by selling its
share in the treatment plant or trading its right to pollute? And what if
the authorities impose higher standards in the future - can firms avoid
these by arguing that they have already bought the pollution rights?
These questions were raised in Copenhagen, and also by a number of
Irish local authorities.

As can be seen in our survey, most water authorities overseas charge on a
pay-as-you-go basis. The Irish approach of charging upfront is therefore unusual.
However, the characteristics of the Irish system may encourage this approach.
Because local authorities in Ireland are so small, the risk related to a large
investment can be considerable. This is exacerbatedby the dispersed nature of

industrial development, which means that for many public plants the major
customers are industrial dischargers, to these circumstances it may be necessary
to obtain upfront capital contributions from these customers, as otherwise the
financial risk to be borne by the local authority would be too great.

In theory, the sum of money involved is the same, whether it is paid

upfront or pay-as-you-go. However, the effective cost of capital may be
higher for private concerns than for public ones - industry must generally
make a return on its shareholder’s funds in excess of prevailing interest rates.
This should mean that industry would prefer a pay-as-you-go system to an
upfront approach. This may explain the experience in Copenhagen, where
the threat of a large upfront charge appears to have been very effective in
encouraging industry to reduce its pollution levels.
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(d) If the charge is on an annual basis, how should the risk of industry
close-down or reduction of effluent levels (and the subsequent fall in

revenue base) be dealt with ?
As we have seen, in most cases overseas, capital charges are made on

an annual basis. However, usually the water authorities are self-financing, so
they must spread their total costs over their total customers, regardless of the
size of the customer base. This means that if one group of polluters (e.g.,
industry) uses the system, less than planned, some other group (e.g. domestic
users) must "pick up the tab". This was the experience in Copenhagen, where
pricing caused considerable pollution reduction and led to over-capacity in
the municipal treatment plant.

Where treating a particular firm’s effluent requires enhancement of the
public system, this is especially risky, as the water authority is dependent on
that fh-m’s future operations to recover the costs of enhancement. In the UK in
such circumstances there is provision for charging the extra cost upfront.
However, this has not been invoked in the cases reviewed. At any rate, Lothian
expressed its preference for industry to self-treat in such circumstances. Severn
Trent has a system whereby the industry guarantees a certain amount of capital
payment (as part of its normal user charge) over a set number of years, to
ensure that the water company recovers its costs. However, this does not cover
the possibility of the industry going out of business. In one case in Ireland a
legal agreement was drawn up, guaranteeing a set schedule of repayments over
a set number of years from the firm to the local authority.

The Dutch Union of Water Boards pointed out that their water

undertakings could to some degree control the supply of effluent via the
discharge licensing system, and thereby had some assurance against under-

utilisation. This would only be effective if there were some firms that were
currently constrained by their licence conditions.

( e) What parameters should be ased for calculating the charge - hydraulic
load, BOD/COD, suspended solids etc. ?
This question is concerned with the elements of industrial pollution

that add to the capital cost of treatment facilities. Generally speaking,
hydraulic load, BOD or COD and suspended solids are the main sources of

cost. We are not in a position to judge whether in fact COD or BOD is to be
preferred. Where more advanced treatment is carried out (e.g., nitrogen and
phosphorus removal) the concentrations of these elements also add to the
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cost. These should also be the basis for a capital charge to industry, and the
peak demand level should be the basis of calculation, since this determines
the capacity requirements. Certain other effluents can be damaging to
treatment plants or sewers, but these are generally prohibited by the
discharge licenses.

(f)
Should industry be involved in the planning stage of the project, so
that their requirements and their reaction to the probable cost regime
arising out of the new scheme can be ascertained?
The concern here is to avoid the building of excess capacity, which can

happen if industry adopts cleaner technology or "better housekeeping" (often
as a result of effluent charges), or simply closes down. The experience in
Copenhagen and Northern Ireland demonstrates the advantage of prior
consultation with industry, to determine their requirements and probable
reactions to new charging regimes. This should minimise the possibility of
over-investment in public schemes, and should give industry a chance to
adapt to the new situation.

(g) How should industry arriving at a later stage be treated, especially
with regard to its effect on plant capacity?
In the overseas cases reviewed firms arriving after the treatment plant

is built are treated much the same as existing firms. This is one of the
features of the pay-as-you-go approach, which makes it easier to incorporate
new firms into the charging system. In Copenhagen, firms have to pay
capital charges until 1998, regardless of when they arrive. This approach
would seem to give an unfair advantage to newer firms, but is used for ease
of administration. In the UK, where capacity is constrained by newly arrived
firms, they can be asked to make payment guarantees and upfront payments

to ensure the financing of capacity increases. In other countries discharge
licence conditions are often used to direct firms to certain locations,a
procedure which is not entirely satisfactory.

(h) Should the charge be plant specific, or should there be a standard
charge for the entire water authority area?
In theory, plant-specific charges should be used, to convey to users the

costs of treating pollution in each area. In practice, however, plant-specific
capital charges are not used, the exception being Ireland. It is worth noting
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that in O’Flynn’s survey of Irish local authorities, they recommended the
development of a standard nation-wide system, to be agreed with industry
(1988, p. 15). Standard charging implies cross-subsidisation between users,
but has the benefit of ease of administration. In Northern Ireland, fairness
was also given as a reason for standard charges.

(i) Pollution charges:
In addition to effluent treatment charges, under the Polluter Pays

Principle there is a case to be made for charging industry for the pollution it
discharges, even where this is not subjected to treatment by the local
authority. Such a charge can be considered a rent for using the environment,
and the revenues raised can be used to fund environmental protection, to
reduce other "distorting" taxes, or to enable waste water charges to be phased
in gradually. This is already done in a number of countries (e.g., Fr~mce, The
Netherlands and Germany).

Side Issues
Apart from the foregoing issues, there are several other points that are

worth considering. These in many cases form the background to the central
issues. They are listed here, but will not be addressed further:

.
Sectoral resistance to a new charging system may be a problem.
Industry in general is not paying for its share of the existing service,
and the cost of this will increase substantially in coming years10.

Industrialists may argue that increased charges are a further tax, on top
of corporation tax, local rates, employers’ PRSI et cetera. However in
most cases the local authority will be rendering a service, i.e., waste
water treatment, so it is invalid to describe the proposed charges as a
tax. Even where a charge without treatment is being proposed, one can
argue that this is a charge for using the environment as a waste water
treatment service.~

.
The imposition of extra charges may be seen as influencing the
location of industry, and may give rise to considerable political

10 This is not to mention the considerable increcses in operating costs which these new plants will

entail. For example. DOE (1993, p.13) estimates that the running costs for the Ringsend plant in
Dublin will increase from £1,000,0(20 per annum to £’/- I 1,000,000 per annum, as a result of the
installation of secondary treatment facilities.

II Thel’e already exists at present a "pollution tax" on leaded petrol vis-d-vis unleaded petrol.
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lobbying on behalf of certain areas and firms. This may become
particularly problematic where certain areas require a higher level of
expenditure, possibly due to previous under-investment

Another issue in relation to clmrging the full cost of capital for waste
water is EU competition policy. Any "subsidy" to industry, in the form
of below-cost treatment, would be in contravention of this policy, and
could be subject to sanction by the EU.

Full charging raises competitiveness questions for the Irish economy,
in relation to countries outside the EU which continue to subsidise
waste water services (although most developed countries are more
advanced than ourselves in charging for water services).

The planning and financing phases of schemes can take a number of years
(up to ten in some cases). Apart from any inefficiency in the process, it
makes the project vulnerable to cost inflation, especially where standards
are rising rapidly. This poses extra problems if industry is reluctant to
increase its capital contribution pro rata. In such situations in the past the
Department has ended up f’mancing 100 per cent of the increase.

A further issue, as raised in Australia and other countries, is the
earning of a reasonable rate on capital invested in waste water
treatment facilities. There is a strong argument for including such a
return in the costs to be recovered in any charging system.

One of the features of the service in Ireland is its highly decentralised
administration. While this has advantages, it has led to a lack of
consistency in procedures between local authorities, and to a lack of
aggregated data for the country as a whole. As a result it is difficult to
plan on a countrywide basis and to identify priority areas for
investment, especially in the context of the national development plans
of recent years. Hand-in-hand with decentralised administration is a
quite restrictive legal structure and centralised funding procedures.
These have led to an unwieldy financial and administrative situation
for local authorities, and may have restricted the ability of the local
authorities to provide their services effectively.



Chapter 4

A FORMALISED APPROACH TO CAPITAL CHARGES

4.1 Introduction
The previous chapters on theory and experience, at home and abroad,

have described the desirable features of a charging system and some of the
constraints on its formulation. These are recapitulated here. The principles
that should guide the setting of current charges have been outlined and we
have little to add to this. The formulation of capital charges however still
needs to be spelt out, and this will be dealt with in the current chapter. In the
final part of this chapter we will give an approximation of the full charges
that might face a typical firm under our proposals. This will be compared
with the charge for a comparable firm in other countries.

a. The Polluter Pays Principle is embodied in the European Treaty and
the EPA Act (1992) and is being increasingly applied throughout the
EU.

b. This should require that pollution abatement by treatment of industrial
waste water be charged to industry on the basis of the cost of resources
used.

c. It is necessary that the charging system be easy to understand and that
all parties feel comfortable with its operation.

d. Correct charging for capacity requires two parts to the price. The first
part should be based on the~ long-run marginal cost, that is the cost in
the long run of installing capital to treat an extra unit. The second part
of the price should enable the authority to recoup fully the costs which
it has incurred. Running costs also need to be fully charged for.

e. The options for achieving environmental quality where industrial
waste water is concerned are: local authority treatment, industry’s own
treatment or change in industrial processes or technology. With correct
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charging, the cheapest option will be the efficient option and it will be
undertaken.

f. Local authorities should not expose themselves to undue financial risk.

g. Fairness requires that similar polluters be charged similarly.

h. Correct local allocation of resources requires that charges reflect local
requirements, cost differences and capacity constraints.

i. The manner in which new charges are introduced can have an
important effect on the transition to charges.

j. A further consideration is that any charging system should be durable
and flexible as to circumstances. For example, if some additional
pollutants were to be treated and charged for, or when operating
charges become formalised, the adjustment should be simple.

k. Adequate monitoring is a central requirement and will need to be
correctly charged for.

1. Changes in the law may be necessary to allow flexibility with regard
to charging by local authorities or other bodies.

Several of these requirements are incompatible with each other. For
example, if similar polluters are to be charged equally, it would entail cross-
subsidisation between regions and would, therefore, conflict with the aim of
reflecting regional cost differences in the charge. It would also conflict with
the requirement that revenues balance costs, in each local authority.
Simplicity conflicts with correct charging and allowance for regional
differences in costs, since these entail some sophistication in price setting.
As. we saw, waste water treatment authorities elsewhere attached more
importance to some features while sacrificing others. Furthermore their
approaches are varied. To some extent this gives Ireland freedom to set
charges that are best suited to Irish circumstances.

What in fact would suit Irish circumstances? We have already seen that
simplicity is an important aim, in view of the fact that many authorities have
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little or no experience of charging for trade effluent. In addition, Ireland as a
whole is not a big region, compared to some water authorities elsewhere, which
apply a uniform trade effluent charging formula which combines the capital and
current costs, throughout their jurisdiction. Furthermore, Northern Ireland uses a
uniform Mogden charging formula, which includes a capital charge, for the
entire province. There is a case to be made, therefore, for estimating at central
level at least that part of the charge which requires any sizable calculations, in
order to be soundly based in terms of allocative efficiency, and for applying it
generally, if not uniformly. This would be the fast part or LRMC charge. Any
additional charge, the second part, that is deemed necessary for cost recovery
can be calculated on a local basis, thereby affording some discretion to local
authorities. This second part will be called the "Local charge" from here on.

This section starts by setting out the main definitions which will be
encountered. The ensuing discussion covers:

¯ the estimation of prices based on the notion of long-run marginal cost
and examples of price levels

¯ the discount rate and the payback period that should be applied in order
to calculate the annual charge

¯ charges for collection and conveyance

¯ the different charging situations and charging for other pollutants

¯ charging where there is no treatment

¯ charging method and dealing with risk

¯ orders of magnitude of estimated revenue from the LRMC charge,
based on approximate national discharge levels

¯ the second part or Local charge

¯ arrangements for phasing in the capital charges

¯ an indication of all the charges which" firms will encounter
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4.2 Some Definitions
For the purposes of charging, the capacity of waste water treatment

plant is frequently expressed in terms of population equivalents, or PE,
which is a combination of waste water flow and pollution loads per day.
Flow is measured in cubic metres per day. Load is expressed in kg COD
(Chemical Oxygen Demand) per day and in kg Suspended Solids per day. It
is assumed (O’Donoghue, 1994) here that 1 PE consists of the following:

1PE= 0.681mVday peak flow (= 3 x dry weather flow (DWF))

PLUS 0.06 kg BOD/day (as given in the Directive, EC 1991)
(or 0.12 kg COD/day)

PLUS 0.075 kg SS/day (SS = Suspended Solids)

Although the capacity of a treatment plant is usually described as so
many PE, industry’s discharge often does not conform to the proportions
shown above and therefore cannot accurately be described in PE terms. The
cost of adding industry will depend on industry’s discharges of each of the
above elements, that is, on the firm’s flow and pollution loads measured as
described above. Other pollutants, such as dyes, phosphorus and nitrogen
can also be included but are only covered briefly here.

Pollutants can also be expressed in terms of strength, that is in mg per
litre, or in terms of strength in relation to some specified average strength.
These measures are of more relevance to operating costs and will not be
required here.

4.3 Estimation of the Price
We saw that a few authorities elsewhere implemented a simplified

version of long-run marginal cost (LRMC) pricing. Also, in cases of tight or
spare capacity in the UK, the water companies had respectively raised or
lowered the volumetric part of their tariffs, suggesting an underlying
tendency to application of marginal cost principles. We repeat three
compelling reasons for charging prices based on long-run marginal cost:

- the utility, when faced with rising or falling demand, knows that these
are true indications that it should consider expanding or contracting.
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- the customer, using the charge for comparing central treaUnent versus
own treatment (or technology change), is using the correct basis for
comparison.
- owing to the long-run (or smoothed) pricing, customers will not face
widely different prices owing to their order of arrival.

It would be worth implementing LRMC pricing in Ireland, at this
stage, if practicable. One possible approach is to aim for an easily estimated
price, based simply on the notion of long-run marginal cost pricing which
though not precise will be broadly correct. An example is as follows.

If one has a relationship which expresses the capital cost of a plant as a
function of plant size:

Cost = f(Capacity)

then a reasonable approximation to long-run marginal cost can be made.
Such a relationship has been tentatively calculated~2 on the basis of recent
and estimated plant costs. It shows that marginal cost is approximately 75
per cent of average cost per PE and that this is invariant up to a certain level
of capacity. The precise figures in the formula may be revised but it is used
here for illustration. It indicates economies of scale, that is the cost per PE is
lower the higher the capacity of the plant; the extent of this will be shown
below, in Table 4.1 J3

12 (O’Donoghue, 1994)describes the relationship in Ireland between total capital cost of treatment plant

(in £) and capacity expressed in PE as follows: Cost = 2,500 PE°’vS. Taking natural logarithms this
becomes: In Cost = In 2,500 + 0.75in PE. The derivative of In Cost with respect to In PE is 0.75. which
is the elasticity of cost with respect to PE. It implies that a 10 per cent increase in capacity raises capital

costs by about 71/2 per cent. The elasticity can also be expressed as [ACost/APE]/[Cost/PE] -- marginal

cost/average cost -- 0.75. Therefore, the marginal cost of an extra PE is 75 per cent of the average cost

per PE and the ratio is constant. The relationship is assumed to be applicable for plants up to 100,000

PE, beyond which size economies of scale may no longer arise. For plants over 100,0(30 PE it is
assumed that the marginal cost for each PE unit over 100,000 remains constant, and consequently the

ratio of marginal cost to average cost rises.
13 Itowever, Ireland’s low population density makes it difficult for these economies of scale to be fully

exploited.
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Table 4.1: Estimated Marginal Costs of Proposed Capacity

Plants Number Average Size Average Cost Average Cost Marginal Cost per
of Pk2nls of PItmt (PE) per Plant (£m) per PE (£) PE (£)

Small 81 13,969 3.21 230.00 172.50
Large 5 350,315" ~m50* 111.40 105.50

Total 86 29,797" 5.00" 144.00 124.00°"

* Avea-age size of plant and average cost per plant exclude Ringseed which is estimated
to be 1,565,818 PE.

** Weighted by total PE in e.,~h size category.

Note: For method of costing large plants and Ringsend see foomote 12. Total proposed
capacity as given by Weston-FTA is 4,098,580 PE, for all plants combined.

This estimated formula can be used to cost the preliminary list of
proposed plants published in the strategy study of sludge treatment (Weston-
FTA Ltd, 1993). In Table 4.1 the proposed plants have been broken down
into just two groups, namely 81 small plants and 5 large plants including
Ringsend, for the sake of simplicity. Other groupings could be chosen. In
particular a group of medium sized plants might be justified, ranging from
say over 25,000 to under 100,000 PE. A side effect would be to raise the
price of the then more narrowly-defined "small plant". Of the total proposed
capacity shown in Table 4.1, the small plants constitute slightly less than one
third, four of the large plants constitute a third and Ringsend slightly more
than a third. Total proposed capacity is some 4,000,000 PE, which is
intended to satisfy municipal as well as industrial needs.

With the aid of the formula, the marginal cost per PE for each size
category has been calculated and is shown in the final column. The cost
calculations relating to large plant including Ringsend assume that above
100,000 PE marginal cost remains constant, but that average cost continues
to reduce with size. We see that the marginal cost per extra unit of capacity is
£172 per PE for small plant and, owing to economies of scale, £105 per PE
for large plant. In order to implement LRMC pricing, these figures should
form the basis of the (non-annualised) price of the central treatment capacity
which firms reserve, that is, if the combinations of flow and loadg in their
discharge conform to that of the standard PE.

It is worth mentioning here that the average cost per PE is given in the
last column but one. From the average cost figures we can deduce that the
proposed 4,000,000 PE might cost close to £650 million. This covers the
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cost of the treatment plant only. The cost of sewerage could amount to a
similar sum.

The charging of firms according to their own particular flow and
pollution load when these differ from the standard PE is easily achieved,
based on a disaggregated form of the previous relationshipl4, which is:

Cost = f(Capacity, expressed in terms of flow, COD load and SS load).

For our typical small plant of 13,969 PE and large plant of 350,315 PE,
the average and marginal costs of each specific component are shown in
Table 4.2.

Table 4.2: Estimated Average and Marginal Costs of Capacity, by Each Specific

Component,£

per mL,’Day per kg per kg per PE
Peak Flow COD~Day SS/Day

Small plants:

Average cost 203 383 613 230
Marginal cost 152 287 460 172

Large plants:

Average cost 102 192 308 115
Marginal cost 93 176 281 105

Note: For method of costing large plants see footnote 12. Average cost per PE in large

plants is higher than that given in Table 4.1 because Ringsend is not included in the

calculation here.

14 A disaggregated form (O’Donoghue, 1994) of the previous relationship is: Cost = 2,001 F°:Is +
2.452 C°-7~ + 3,489 S°’75. where F = peak flow rate in mVday. C = kg COD/day, S = kg Suspended
Solids/day. SLmilar economies of scale arise for each element. The capita] cost of, for example, our
average small plant of size 13,969 PE, calculated in disaggregated fashion, is still the same as before.
as follows. Using the PE definitions from the sub-sectlon above, 13 969 PE consists of: F = 13,969 x
0,681 = 9.513. C = 13,969 x 0.12 = 1,676. S = 13,969 x 0,075 = 1.048. Substituting these into the
disaggregated relationship gives: Cost -- 2,001 x 9.5130.75 + 2.452 x 1,676°.75 + 3,489 x 1,O4~O’75 --

1,927.442 + 642,363 + 642.497 -- £3.2 million (which is the same cost as for small plant given in Table
4.1 above).
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By way of illustration, therefore, a firm, like a small meat or dairy
firm, reserving the following capacity at a small treatment plant:

200 m3 flow/day
400 kg COD/day
300 kg Suspended Solids/day

being charged the marginal costs given above, would pay:

Cost of firm’s reserved capacity
= (200 x 152) + (400 x 287) + (300 x 460)
= 30,400 (for flow) + 114,800 (for COD) + 138,000 (for SS)
= £ 283,200

In other words, if paying the entire LRMC charge in one go, the firm would
pay about £0.28 million.

We have now shown the long-run marginal capital costs of treating
industrial effluent, based on the relevant measures which affect the cost of
adding industry, having any combination of flow and load. We have
calculated the costs, for the two main sizes of local authority plant. The
costs, both average and marginal, per unit of capacity in the small plants are
nearly double those for large plants.

Proposals for spare capacity will be looked at critically, with careful
attention to likely future demand. With widespread charging only beginning
and with developments in cleaner technology, alongside recent experience of
no growth in industrial BOD or COD discharges during the last decade, there
may not be much need for further expansion. There are a few imponderables
however. Once a plant is built and if extra capacity is then required, it is not
always clear what this extra capacity will cost. It could depend on the size of
additional plant or indeed on whether interconnection between treatment
plants takes place. In the case of increasing interconnection, the costs will tend
to move closer together. As of now, however, it seems reasonable to charge
fh’ms according to whether they are discharging to large or to small plants. On
the other hand, there may be excess demand at the big plants after they are
built, and the only way in which this demand can be satisfied might be by
building another small plant elsewhere. Then the small plant charge should be
applied, since it is a closer representation of the long-run marginal cost.
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4.4 Annualising the Capital Charges
The discount rate and the time period to be used in annualising the

capital charge is now discussed, enabling us to present the annual charges.

(a) What discount should be used in annualising the capital charge?
Several alternatives can be considered. Should we use the rate of

interest on borrowing to build the plant? This would in effect be the rate at
which the government could borrow. An alternative, in the context of
charging industry for capital costs, is to use the rate of return which industry
itself uses. The problems with this approach are twofold: (1) that industry’s
required rate of return, including as it does a profit margin, might be higher
than one could justify for a long-lived public asset such as a water treatment
plant and (2) that rates of return vary widely between industries, depending
mainly on the risk involved - the nature and degree of risk involved in waste
water treatment plants are very different.

That said, we have to work with some rate for the purpose of arriving
at a provisional charging level. To that end we refer to the Department of
Finance’s 1984 Budget which dealt with this general area, and concluded
that:

A test discount rate of 5 per cent in real terms is generally being
recommended for this purpose. (p. 117).

This rate would also be in line with current thinking in the Department of the
Environment (O’Donoghue, p. 11, 1993).

There is one further consideration: while the real rate of interest might
be stable, at around 5 per cent, the nominal rate might be somewhat higher
due to inflation and it may vary from year to year, as inflation varies. The
system of calculating charges must be flexible enough to account for this
and customers should be made aware that the actual charge they pay each
year will be adjusted accordingly.

(b) Time period for annualising the capital charge
It is necessary to determinethis before the annualised capital charge

can be calculated - the shorter the time period, the higher will be the charge;
however if the time period is set too long, assets may require replacing
before their costs are recovered. This could require higher charges in the
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future to maintain the financial viability of the service. There are several
alternative time periods which can be used:

(i) the useful economic life of the assets;
(ii) the length of time over which relevant borrowings are to be repaid;
(iii) a period related to (i) or (ii) but shorter, to reflect the risk of premature

obsolescence, loss of revenue base, etc.;
(iv) the time period which private industry would use;
(v) some arbitrary number of years, chosen for administrative simplicity

or other reasons.

(vi) some number of years related to the life expectancy of industry,
reflecting the risk.

In theory (i) above, the useful life, is the best approach, but also the
most complicated, as various asset types have widely varying lifespans,
ranging from 10-20 years for the electrical/mechanical to perhaps 75 years
or more for the civil element. This would be particularly complicated for
calculating a nation-wide average, as different plants would include different
proportions of types of assets, and would be built to different specifications.
Broad brush figures provided by the Department of the Environment would
suggest an average design lifespan for the assets in a typical treatment plant
of just under 40 years. In practice these assets might operate more or less
than the design life. Advances in technology can also render a treatment
plant obsolete after a period of time much shorter than its design life.

Option (ii) suffers from the problem that, if the funds are provided by
central government, it is not clear what the time period attached to them
would be, and option (iii), being a variation of (i) and (ii), shares their
drawbacks.

The time period that industry would use would, in general, be much
shorter than that used in the public sector, perhaps five years or less. For the
purpose of calculating a charge to industry there is an argument for using
industry’s time horizon, so that the decision whether to self-treat or use
public facilities is made on a comparable basis. However, if industry were to
build its own treatment facilities, these would probably be designed with a
much shorter lifespan than a publicly-owned plant. Therefore, the nature of
the two assets being compared would be quite different, and different time
periods for recovery of the investment should be applied.
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The final option is to pick an arbitrary time period, such as in
Copenhagen, where capital charges are being levied over 20 years, or in
Northern Ireland, where there is a notional pay-back period of 60 years.

Perhaps the best option is (iii) - to take the useful life of the plant and
recover the costs over a somewhat shorter time period. Going by the rough
average calculated by the Department, a timescale of 20 years might be
reasonable as a national average, though other possibly longer timescales
might be preferred.

(c) Annualised charges
We are now in a position to present, in Table 4.3 below, a set of

potential annual charges for capacity. The average and marginal capital costs
of treatment plant from the tables above are annua/ised using a 5 per cent
real discount rate over twenty years. The first column merely shows the
annual capita/charge for collection and conveyance in Lothian, which is an

average uniform charge, in order to give some indication of this item, though
the range could be considerable.

These are examples of prices which we recommend that industry
should pay each year for the capacity it reserves. They are only illustrative
because refinement of the data and formulae could entail some revisions to
the figures shown here, but the method will be broadly the same.

Table 4.3: Annualised Average and Mal

Collection and
Conveyance:

per m3/day

peakflow

inal Costs of Reserved Capacity, £

Treatment:

per m3/day per kg    per kg per PE
peak flow COD~day SS/day

Small plants:
Average cost 8.19 16.26 30.75 49.21 18.45
Marginal cost 12.19 23.06 36.91 13.84

Large plants:
Average cost 8.19 8.16 15.44 24.71 9.27
Marginal cost 7.45 14.10 22.56 8.46

Note: Capacity charges for collection and conveyance are discussed below. They apply to
Lothian and axe given for illustrative purposes. Treatment capacity costs are
annualised at 5 per cent real discount rate over 20 years.
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Long-run marginal cost pricing has allocative efficiency as its main
advantage. Its application is not primarily aimed at cost recovery, though it
will recover 75 per cent or more of industry’s share of average costs on the
present reckoning. The issue of recovering the other part of the costs
incurred is dealt with later. LRMC prices should be updated on a regular (but
not too frequent) basis, and continue to be applied even after the twenty
years, or whatever payback period is chosen, have elapsed. This is to ensure
that the incentive effect continues.

This discussion has outlined the LRMC part of the charge which
should be raised on waste water treatment capacity. The charges apply to the
present stage in which we are facing a large construction programme and
where correct decisions as to size of plant are important. As a result of
industrial reactions to these prices and to new or higher operating charges,
some adjustments in capacity may be required. Once the present round of
capacity is built, a new set of long-run marginal costs will need to be
estimated, which to some extent will depend on whether waste water
treatment is in a growth situation or not.

4.5 Capital Charges for Collection and Conveyance of Waste Water
A short discussion of charges for collection and conveyance of waste

water is called for. A few principles can be spelt ouL We are talking here about
the costs incurred by the local authority in providing waste water mains along
with associated pumping equipment, tanks and the like. We are not talking
about the firm’s individual connection to the mains system - payment for this
connection is clearly the responsibility of the firm. Nor are we talking about
the case of the new firm on behalf of which the authority incurs sizable extra
system enlargement costs - here again the incremental costs incurred should be
paid for by the firm in a manner which depends on the risk, about which more
will be said later. Basically the same principles apply for the mains system as
for the treatment plant. The unit of capacity is measured in terms of flow, again
at the system peak, the measure usually being cubic metres per day. The
difference is that costs are likely to be more region specific, being dependent
on distances and terrain, for example. That said, marginal cost principles
should be applied, again based on long-run considerations. As we saw, this
prevents large differences in charges being raised from similar customers who
arrive at different times. The UK water service companies’ charges in 1993/94
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for reception and conveyance per cubic metre, equalised over the company
area, are shown under R, in Appendix A1.2. It must be remembered, however,
that these UK charges include operating costs as well as capital costs. They are
also expressed per unit of flow, that is, per cubic metre, rather than on capacity.
The charges are seen to range from 6 pence per cubic metre in Thames Water
to 26 pence in South West. They can be approximately converted~5 to a charge
for capacity and could range from perhaps £5 to £40 per cubic metre per day
of reserved capacity. In fact, in Lothian the collection and conveyance capital
charge, raised annually, is about £8 per unit of reserved capacity of collection
and conveyance facilities, expressed in cubic metres per day of design dry
weather flow.

We can use the same firm as used in the example above to gain an idea
of the annual bill for collection and conveyance. Assuming that the firm
discharges 35 000 m3 per year, its annual bill for operating and capital costs
of collection and conveyance is £2,100 in Thames Water and £9,100 in South
West. In Lothian the firm’s (capacity only) bill for collection and conveyance
is £ 1,600.

4.6 Charging Situations
(a) A uniform LRMC charge?

In Table 1.2 in Chapter 1 of this report, an approximate breakdown of
total industrial BOD arising in Ireland and its treatment or otherwise was
given. The breakdown enables us to identify three categories of industrial
BOD amounting to 23,000 tonnes per annum arising which have the main
potential for charging. These are the 3,000 tonnes per annum that are
removed by treatment by local authorities, the 8,500 tonnes which are

15 The UK charges ate effectively the charge for one m3 per annum. We want to convert these to an

annual charge for collection and conveyance capacity, where the charge is me~ua"ed in £ for one m3

per peak day. We assume that industry operates on average 260 days in the year and that tim peak to
average system flow for indus~al waste water is 1,5. If the UK charge per m~ is multiplied by 260
this would give the charge per m~ per average day. However, if flow on the peak day is 1.5 thnes that
on the average day. for given UK revenue, we must divide the pr/c¢ by 1.5. to give an approximate
charge for reserved peak capacity expressed in m3 per day. The charges £0.06 to/’0.26 per m~ be.come
£10.40 and £45.07 per In3 per day of reserved capacity. However, these figures arc inclusive of
operating costs, which could amount to between 10 and 80 per cent perhaps. The incorporation of
other assumlxions concerning the nurnbca" of operating days and the peak to average system flow
would also alter these charges expressed in capacity terms.

G
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discharged to the environment via local authority sewers and the 11,500
tonnes which are discharged via other outfalls. Chapter 2 of this report
considered that charging of pollution might occur even where no treatment
is undertaken by the local authority - in this case it would stricdy be a tax on
pollution. The remaining 46,000 tonnes per annum of industrial BOD arising
is already being removed by industry, as Table 1.2 shows. Only 3/23 of the
potentially chargeable discharge is being treated by local authorities (some
of which may already be subject to a charge), so that on the basis of the
figures, the most common charging situation could be where firms become
customers of the local authorities’ proposed new treatment plants. However,
in some areas firms will already be customers of existing plants; in others
there may still be no treatment. Given the apparent importance of simplicity,
as emphasised by personnel in utilities elsewhere, a nadonal uniform LRMC
charge is worthy of consideration. The main objection would be the lack of
differing signals between regions and the fact that some differentiated
marginal costs are probably important at the design stage of the present
proposed programme. What might be the exceptions to a uniform charge?

Plant size: We saw above that owing to the wide disparity in size between
the few large and many small plants, the increasing economies of scale at
design stage would suggest charging a lower price where industry’s effluent
is being added to the large plants’ loads - hence the differentiated prices
shown in the tables above. These economies of scale also argue for
interconnection and consolidation of small plants, where feasible and taking
account of collection and conveyance costs.

Existing treatment plant: Marginal costs similar to those given above should
be charged to users of existing plant. Only in situations where there is
exceptionally large excess capacity would there be a case for lowering the
charge. Even here, the LRMC price would probably still be positive. This is
because although extra use does not immediately require provision of new
capacity, it may require the bringing forward of future expansion plans. If
capacity on the other hand is currently tight, but there is expected to be only
sufficient excess demand for a new small plant, this might be an occasion
when marginal costs are relatively high, justifying a higher price.



A FORMALISED APPROACH TO CAPITAL CHARGES 85

We have just described some cases, where different prices might be
charged, in order to reflect economies of scale or conditions relating to
capacity, however one would not wish for a very precise graduation of
charges as between plants based on small differences in marginal cost of
plant. For the future the situation is not clear. Advances in cleaner
technology, the progressive modernisation of the industrial base, modest
population growth, static levels of industrial BOD arising over the past
decade alongside the introduction of charging, all mean that growth in
demand for treatment Could be low and that proposals for further large-scale
treatment plants are unlikely in the foreseeable future. Therefore, if there is
need for expansion, it might be met by relatively small plants. If this were
the case, the relevant basis on which to establish pricing for industrial
dischargers in the future will be the marginal cost of treatment for such
plants. Quoting non-annualised costs, the marginal cost in areas with large
plants could jump from £105 per PE at design stage to £172 after
construction. Long-run marginal cost pricing should smooth the transition
from £105 to £172. While it is too soon to predict the direction of future
demand, the possibility of a high LRMC price at a later stage needs to be
recognised. Note that, for simplicity, discussion here is in terms of PE; actual
charging would be in terms of the three constituents given earlier, that is,
flow and loads of COD and Suspended Solids.

In the meantime, at design stage it is probably important to signal
correct pre-construction prices to firms so that correct capacity demand can
be gauged. On the basis of our preliminary work, this indicates charging
£172 per PE for small plants and £105 per PE for large plants. However,
since the large plants represent two-thirds of total proposed capacity and if a
uniform charge were reckoned to be desirable on balance, then one might
calculate a quasi-average uniform charge, weighted by PE, of£132 per PE
(non-annualised) at this pre-construction stage. These design stage charges
take no account of an-angements for phasing in charges, which are discussed
below.

Finally, we need to consider how to deal with firms which have already
made a capital contribution. As described in Chapter 3, a few firms have
made contributions to the capital costs of treatment plants, and it would be
unfair to charge them again under a new system. One solution would be to
give a rebate to these firms on their new charges, up to the value of the
capital contribution originally paid by them (adjusted for inflation). This has
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the disadvantage of taking away the continuing incentive effect of the
charges. An alternative may be to repay the capital contributions, either in a
lump sum or over a number of years, in a manner unrelated to current
discharge levels.

(b) Other pollutants
Other pollutants, such as dyes, phosphorus, nitrogen and residues from

mining, can also be included in the pricing arrangements. Nutrient removal,
that is removal of nitrogen and phosphorus, may be required in some
treatment plants which discharge to what are designated "sensitive waters".
Including the facility to remove nutrients might add between 20 and 35 per
cent to the capital cost of the plant. Charges for this extra component of the
treatment plant can be calculated in a similar manner as for COD and
Suspended Solids, given above. It is important that there be charges for the
use of nutrient removal capacity, which are announced prior to construction,
in cases where the additional capital expenditure is sizable. Judging from the
Copenhagen experience described in Chapter 3, firms may be able to change
their technologies at a cost lower than that of central treatment. Nutrient
removal is likely to be applied in some individual cases but it is unlikely to
be universally applied. It appears that phosphorus and nitrogen need to be
charged on amounts above a certain strength and, thus expressed, if the
charges are small they might be best incorporated into the Local element of
the charge.

(c) Should there be a charge where there is no treatment?
Several issues are at stake when there is no treatment. On the face of it

one could argue that where there is no treatment the authorities are incurring
no costs and effecting no benefit, therefore they should not levy any charge.
On the other hand, industrial discharges to waters may be causing
environmental damage and adversely affecting the amenity value of the
environment. This imposes a cost on the general public, as consumers of
environmental quality, and through damage to tourism and to Ireland’s clean
image. The Environmental Protection Agency Act 1992 makes provision for
charges to be imposed where treatment does not take place. Section 90(c)
allows charges to be raised on emissions to the environment, subject to the
consent of the Minister.

Chapter 2 argued that industry should be charged for damage costs,



A FORMALISED APPROACH TO CAPITAL CHARGES 87

whether or not discharges are subject to public treatment. The presence or
absence of such treatment is in any case usually out of the control of the
individual firms in question. The charge should reflect the cost of the
damage of the next unit of pollution. Charges provide an incentive for
industry to reduce its pollution, and this process should apply to all firms
that cause, or have the potential to cause, damage. There may be exceptions
to charges if it is shown that no damage would ensue, bearing in mind,
however, the important fact that absence of a charge in a particular area may
encourage location there by other firms. In practice the problem of assessing
damage costs could prove troublesome and the system could be perceived as
unfair. In addition, these may be small dischargers and costs of
administration might be high, though such dischargers would be subject to
monitoring charges. In practical terms, if receiving waters are graded into
categories which are "sensitive" and "less sensitive", the charge might be
graded correspondingly. This would seem fair and implementable. In any
event, the number of firms which discharge where there is no existing or
proposed treatment plant is probably small.

Where firms already self-treat, the level of the charge will probably be
quite low, and may even be nil, so this proposal should only materially affect
those firms discharging untreated effluent to waters. Indeed, the charge
should be levied on local authorities themselves in those instances where
they are also dischargers of pollution to water. This might suggest that the
charge be levied by a central body, perhaps as a source of funding for future
capital investments. While such "earmarked taxes" would be considered to
have disadvantages in economic terms, there is a case to be made here for
the revenue from these charges to be earmarked. There is clearly a
programme of construction to be funded and firms will have less
reservations about paying where there is no treatment if they know that they
are contributing to future treatment, in their own region or elsewhere. The
Department itself could be such a central body.

On the related question of whether the rate of charging should reflect
the level of treatment, the concern is whether a firm should be charged for

BOD and sludge reduction (i.e. secondary treatment) where only primary
treatment is provided. For much the same reasons as apply where there is no
treatment, the charge should probably not reflect the level of treatment. It is
largely out of the control of dischargers whether they discharge to a primary
or secondary treatment plant, so it can be argued that a charge differentiated
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by treatment level would be inequitable. Also, if there is a pollution charge
the local authority is likely to have to pay more to discharge from a primary
plant, and it will have to recover this extra cost from its customers. A further
point is that, under the Urban Waste Water Directive, most discharges will
have to be subject to secondary treatment in the near future, so that any lower
charge for primary treatment would only be temporary.

It is worth noting some recent proposals made in a report to DG XI
(1994). In the context of a potential scenario (called INT) in which
environmental objectives are integrated into sectoral economic policies,
suggestions for a charge on effluents discharged to surface waters are
described:

The INT scenario assumes the imposition throughout the EU of a charge
on effluents by manufacturing industry into surface waters... The level of
the charge was based upon the charge levels in the Dutch water effluent
charging system, and was set at ECU 23 per pollution equivalent (p.e) in
1995 (converted in purchasing power present parity equivalents in all
Member States), gradually rising’to ECU 30/p.e. in the year 2000 and
remaining stable afterwards. The phase-in of the charge over a number
of years allows for an announcement effect in industry, which enables
companies to minimise the expost cost of the measures. ¯

These proposals amount io £18.70 and £24.40 per PE in 1995 and 2000
respectively and are for discharge to surface waters, that is, not to treatment.
By comparison, our figures from Table 4.3 based on annualised marginal
cost for capacity are £8.50 to £13.80 - given that collection, conveyance
and operating costs are not included in our figure, our prices would appear to
be reasonable in relation to those proposed in DG xrs report, which being
based on Dutch figures would tend to be high. They are but assumptions
used in an analysis of different options. In actual implementation one would
prefer there to be some flexibility, to enable local conditions to be taken into
account and, in particular, incentive signals to be relevant to the location.

(d) Method of payment
We saw that the predominant situation will be that in which new

treatment plant will be constructed and that firms will be stating the capacity
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at the authorities’ plants that they wish to reserve. The numbers of units of
capacity, in terms of flow, COD and SS loads per day, are the measures under
negotiation. The local authority will want to have a clear indication of the
amount reserved for each firm, prior to construction. It will also want, if
possible, to have this indication renewed each year subsequently, so that it
can plan ahead. If firms indicate a reduction in use in the years ahead, the
local authority can set about finding other potential customers. In general,
therefore, the charging method should entail annual capacity payments, of
the charges per unit outlined above. This will cause the firm to assess its
capacity requirements, annually.

When negotiations take place concerning reserve capacity, the relevant
measure is the firm’s capacity use at the time of peak operation by the local
authority’s plant. The timing of the peak is for the local authority to
determine since the weather and operational considerations enter into the
arrangements. There will also be a fairly standard margin of reserve capacity,
to provide a degree of security, for which customers should be willing to pay.

(e) Dealing with risk
There is a risk to the authority which is building treatment plant when

a firm’s requirement is very large in relation to the plant size. The risk is that
the firm might reduce discharges or close down altogether, leaving the
authority to pay off the plant costs without the benefit of the firm’s payments.
This risk would be lower, the larger the authority area. If Ireland were treated
as one single water services authority, the risk posed by an individual firm
would be relatively smaller. However, in the present circumstances
authorities need to protect themselves in some manner. The loss would be
related to the length of time that it took for the local authority to find
replacement custom.

There are several courses of action that can be taken and the choice
would depend on the size of risk and other circumstances. The most extreme
course is to require upfront payments. When an upfront charge is raised, the
firm could then be required to pay correspondingly less or no capital charge
for a while. A similar method is to require payment of a deposit; the firm
then receives credits against the charges that it pays in the normal course of
events. In another approach, some authorities abroad require a legal
guarantee of payment over a number of years. This entails arranging a formal
legal agreement, but it presumably cannot guarantee total security for the
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authority. A method which may be increasingly used is recourse to a risk
intermediary. Here the firm is required to take out a bond with an
intermediary who bears the risk and the authority is thereby guaranteed
payment. In consequence, the firm pays a somewhat higher amount but the
authority receives payment in the normal way.

(f) Charging for current costs
We have already mentionedthat current costs should also be charged

for on an economic basis, and that for practical purposes average costs will
be a satisfactory approximation of marginal current costs (Section 2.6) in
this case. This charge could be collected on the same bill as the capital
charges, but would have to be calculated separately. Unlike the capital
charge, current costs should be based on the actual flow of effluent, rather
than on the capacity reserved. This approach better reflects the nature of
current costs.

4.7 Revenue from Proposed LRMC Charges
How much revenue would our pioposed LRMC charges raise? From

Table 1.2 we estimated industry’s total BOD which might be treated at local
authority plant, at 23,000 tonnes per annum. This is shown in the first
column of Table 4.4 below. However, we do not know thetotal flow and
loads of Suspended Solids associated therewith. If we make the assumption
for these calculations, that the make-up of the effluent of these firms as a
whole conforms to the combination of flow and load that is associated with
the given definition of PE, then we can estimate the approximate PE
equivalent of the given BOD figures. The PE equivalents are shown in the
second column. We can calculate the likely revenue arising on the basis of
present discharges. It should be remembered that this does not allow for a
price effect, in the sense that some firms will rethink their processes when
confronted with charges and alter their requirements. In the penultimate
column, the charge relating to large plant is applied and in the final column
the small plant charge is applied, uniformly in each case. Total revenue from
the LRMC charge (not annualised) lies between £110 million and £181
million.

Information from the Department of the Environment and Forbairt
helps us to narrow down this range of revenue. Knowledge of the location of
present dischargers and the fact that discharging to relatively large plants
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would tend to be in firms’ interests lead one to deduce that some 90 per cent
of discharge will go to large plants and the remaining 10 per cent to small
plants. Applying these proportions to the 23,000 tonnes of BOD gives a

more likely estimate of revenue from the LRMC charge at £117 million.

Table 4.4: Approximate (Non-Annualised) Revenue frora Charging Industrial

Effluent at Marginal Capacity Cost.

Current Destination Potentially Approx Revenue: Revenue:
Chargeable Equivalent All at All at
BOD PE (000) £105/PE £172/PE
(O00t/year) (£ million) (£ million)

Treated by local authorities 3 137 14.4 23.6
Discharged to the environment:

via sewer systems 8.5 388 40.7 66.7
via other outfalls 11.5 525 55.1 90.3

Total 23 1050 110.2 180.6

Note: 1,000t BOD/year is approximately equivalent to 45,662 PE, given that 1 PE is
associated with 60 gm BOD/day. The prices £105/PE and £172/PE represent marginal
costs applicable to large and small plants respectively, from Table 4.1. Figures in
Column I are from Table 1.2.

AS an aside, it is interesting to note that the likely total cost of
treatment plant, based on the share of the plant required to treat industry’s
effluent is some £133 million, if one applied average costs rather than
LRMC. Industry’s share amounts to something less than a quarter of total
costs for about a quarter of the total capacity (total costs being £615 million
while industry’s share of capacity is 1,050,000 PE out of a total 4,098,580
PE). This is to be expected since industry, compared to the domestic sector,
discharges proportionately more to large plant. As already mentioned the

actual requirements of industry may be considerably less. In particular those
firms discharging via sea outfalls may undertake their own treatment.

The potential revenue figure of £117 million from charging marginal
cost is equivalent to a 20 year annual figure of £9.4 million (discounted at 5
per cent). However, the actual revenue over time could be higher because, in
the nature of LRMC pricing, the charge would continue indefinitely, possibly
with revisions every few years.
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4.8 How to Set the Local Part of the Charge
Up to this point we have stated that the remainder of the charge, which

would be required to enable the authority to recover the capital costs incurred
on industry’s behalf, could be raised in the manner which local authorities
choose. First we should define what the costs incurred on industry’s behalf
are likely to be.

There are in fact two possible approaches, first a "share" or "average
cost" approach and secondly an "incremental" or "avoidable cost" approach.
In the text we have at times given the cost of industry’s "share". The average
cost was used to evaluate industry’s capacity. The total cost of capacity to
treat industry was then proportional to industry’s share of total capacity. The
remainder of this share after the LRMC charge has been raised would be
some 25 per cent or less, the LRMC price having raised 75 per cent or more
of industry’s share of the plant’s costs.

The second approach is to say that the local authority incurs on
industry’s behalf only the incremental cost of adding industry. This is the
cost of the plant with industry minus the cost of the plant without industry.
Owing to economies of scale implicit in the cost formula used: Cost = 2,500
PEo.75, the difference between the approaches can be sizable. The plant
without industry will be relatively more expensive for its size, so that the
cost of adding industry will be less than given by the share approach above.
This is also sometimes called the "avoidable cost" approach, in the sense
that, while municipal treatment cannot be avoided, industry could locate
somewhere else, reduce discharges or self treat. A feature of this approach is
that the order of arrival does matter for the calculation of avoidable cost. If
industry were established first and the domestic sector arrived later, the
relation between their costs could be reversed. On the face of it, the share
approach seems fairer, since it spreads the benefits of economies of scale
evenly among all users. However, the incremental approach may reflect the
situation more accurately in so far as the addition of industry is indeed
avoidable. Appendix A4. 1 shows the total recoverable cost under the two
approaches and the amount which has to be raised by the Local part of the
charge, under each approach. Note that the choice of approach has no effect
on the LRMC charge for capacity recommended in this study, which is
charged anyway.

The difference between the two approaches matters in the sense that
the total amount to be recouped from industry will differ, as will the cost
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attributed to the municipal part of any public scheme. Sometimes the
situation is not clear-cut. A possible influencing factor could be a desire to
keep charges high to encourage firms to install own treatment, or indeed a
desire to avoid such encouragement. Apparently the former would be the
case in Germany, the latter in France. In any event, the final wording on any
financial arrangements would need to be clear on whether the share or
incremental approach is being applied. Generally speaking it should be the
incremental approach which determines the total amount to be recouped
from industry in the local authority area. The authority is readily able to
calculate this from its knowledge of the cost of the plant without industry
and the cost of the plant with industry. The Local part of the charge would
simply make up the required amount after the LRMC charge had been raised.
A diagrammatic representation of the revenue arising from the LRMC
charge and from the Local charge based on the incremental approach is given
at the end of Appendix A4.1.

The manner in which the Local charge is raised would be left to the
local authority’s discretion. It could be added as a fixed charge to the waste
water treatment bill. Another possibility is to raise it from industrial rates. It
could also be spread out over a shorter or longer number of years. In effect
this charge can be set by local authorities to reflect local circumstances. In
general it should not be related to capacity or volume of treatment as this
could distort the incentive effect of the LRMC charge. However, in some
cases local circumstances relating to capacity might be very different from
the national norm reflected in the LRMC charge. This needs to be signalled
to customers in the Local charge. Then the Local charge can be charged on
capacity, like an additional but local LRMC charge.

Some authorities, which have existing plants that art already paid for
by the Department, will recover a surplus above the costs incurred. What
should be done with these amounts? One alternative is to have a central
agency collect them. It could then equalise the surpluses and deficits arising
from LRMC pricing, and refund the required amount to each local authority.
In this way the Local charge could be reduced for some authorities. This
might be fairer to those areas facing major investment in the future, in
relation to those that have already had their treatment plants built. A possible
disadvantage of this approach is that by taking the matter out of the hands of
the local authorities it might reduce the incentive on them to minimise their
capital costs. If, on the other hand, the surplus were kept by the authority to
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reduce rates or to spend on something else, this might give an unfair
advantage to areas where plant had already been funded by the Department.
The preferred alternative is for any surplus to flow back to the Department,
as a return on its past investment.

Where a local authority has no treatment plant, it will not in fact earn a
surplus. This is because we are recommending that local authorities
themselves be subject to charges for their discharges to the environment.

The Local part of the charge would be the vehicle for charging for
desired spare capacity. The authority might reckon that it was justified in
building spare capacity because the marginal cost is low and it expected or
wished to entice new firms to the area. Many authorities would not wish to
risk doing so, but they should not be denied the option if they so wished and
felt that existing industry was supportive. Alternatively in some areas of high
unemployment spare capacity may be justified on the grounds that new fh’ms
will be encouraged to locate there. In these areas the Department should be
responsible for funding the spare capacity - otherwise the Local charge
would be unjustifiably high in an already depressed area, giving the wrong
price signals. It would need, however, to be shown that this was preferable to
directing firms to where there was previously existing spare capacity. In
general regional policy should not entail subsidising one particular factor,
but rather should be factor neutral.

This discussion has been based on the assumption that the department
will continue, as in the recent past, to finance entire plants initially, with the
expectation of reimbursement from the local authorities for that increment of
the plant built to accommodate industry’s effluent. An alternative
arrangement may be for the Department to finance only the municipal part
of future plant, leaving the authority to finance the industrial increment and
recoup its investment via charges. The finance might be raised through the
introduction of something similar to the Local Loans Fund, which had the
benefit of low rates of interest. Charges to industry would be as already
described, with an LRMC charge and a Local charge. The merit of this
approach is that the Department is not required to finance and be reimbursed
for new industrial capacity - local authorities would have responsibility for
this element. They would also have an incentive to minimise the. capacity of
plant to treat industrial waste water.
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4.9 Arrangements for Phasing in Capital Charges
Charges could be implemented in one fell swoop, but this might create

problems. Indigenous discharging industry would be relatively unfamiliar
with environmental arrangements and sudden charges could impose large
costs on them without giving them time to find ways of reducing their
effluent. If they were then to reduce their levels of discharge significantly,
that could leave the sanitary authorities with excess capacity and a reduction
in their revenue base. Experience in Northern Ireland and in CoPenhagen
would strongly suggest that careful preparation is required. The following
elements would probably need to be included in any implementation
process:

(i) announcement of new charges well in advance of implementation;
(ii) a publicity campaign to raise awareness of the need for charges;
(iii) consultation with industry to give firms an indication of the likely

charges they will face, and to allow them to determine their likely
response in terms of changes in production processes, reductions in
discharge, etc.;

(iv) possibly a phasing-in of the full charge over a number of years.

Consultation is especially important in the context of large increases in
treatment capacity, as will occur in Ireland over the coming years. The
determination of the industrial requirement will be a large part of planning
the overall capacity to be built. If this element is over-estimated, as happened
in Copenhagen, the result will be the building of expensive excess capacity.
The nature and level of charging also needs to be the subject of consultation.
It is worth noting that industry has permanent representation on the regional
water organisations in both the Netherlands and France. In the UK the
charging system was agreed between the water authorities and the
Confederation of British Industry as far back as 1976. This approach was
highlighted and recommended by O’Flynn in the context of developing a
charging system for Ireland (1988, p. 15).

Another question that needs to be considered is whether this
consultation should be carried out on a local or centralised basis. Each has
advantages and disadvantages, but one determinant will be whether charges
are to be levied by a central agency or by the local authorities. If a central
agency is responsible it should probably organise the process on a national
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basis. There should be a national campaign either way, to ensure a uniformly
high level of consultation. Where charges are calculated locally and reflect
local conditions, it will also be necessary for the individual sanitary authority

to consult with its industrial customers, to determine what will be the
reaction on the ground.

The phasing in of full charges over a number of years will give
industry time to adjust its production processes or install own treatment,
without too high an initial cost penalty. It will also make practical
implementation of charges politically easier. Phasing in is recommended by
the OECD (1987, p.102) and was the approach used in Northern Ireland as

described in section III, and also in France and the Netherlands.

4. I0 An Example of all Charges, Capital and Current, Including
Conveyance
We have outlined a proposal to levy capital charges on industry. The

purpose of this sub-section is to set the proposal in the context of the other
elements of cost for waste water treatment, to give an indication of the full
costs that firms might face. The equivalent charges in some other countries
are also listed, for comparison. For this purpose we will use the example
firm described in sub-section 4.3. To recapitulate, the firm reserves the
following capacity in a municipal treatment plant:

200 m3 flow/day
400 kg COD/day
300 kg SS/day

We will calculate the charge for discharging to both a small and large
plant. The annual treatment costs facing this firm will have three components
(monitoring costs are not considered), which will be summarised in Table

4.5 below:

(i) plant capital costs, levied by means of a use-related LRMC charge and
a lump-sum Local charge;

(ii) collection and conveyance costs, both capital and operating;
(iii) plant operating costs.

The LRMC charges are based on the data in Table 4.3. The LRMC
charge is calculated as -



A FORMALISED APPROACH TO CAPITAL CHARGES 97

Smallplant: 12.19 x 200 + 23.06 x 400 + 36.91 x300=£22,735
Large plant: 7.45 x 200 + 14.10 x 400 + 22.56 x 300 = £13,898

Table 4.5: Annual Charges for Sample Firm

Element of cost Small Plant Large Plant

£ £

1. Capital - LRMC 22,735 13,898
2. Capital - Local charge 5,684 731
3. Collection & conveyance - capital 1,638 1,638
4. Collection & conveyance - operating 1,206 1,206
4. Plant operating 28,928 10,321

Total £60,191 £27,794

The Local charge is designed to recover the difference between the
LRMC revenue and the incremental cost of adding industry to a municipal

treatment plant. This will vary from case to case, depending on the actual
size of the plant and the incremental cost of adding capacity to treat
industry’s effluent. All we can say is that the amount to be covered by the
Local charge will be greater than zero and less than 25 per cent of the
incremental cost and the local authority will know the exact amount.
However, we can make a rough estimate of the charge. For the small plant
we will assume that the amount is 20 per cent. This implies that the LRMC
charge will recover 80 per cent of the incremental cost. Since this charge is
£22,735, the Local charge will be £5,684. For the large plant, we can assume
that the amount is 5 per cent, giving a Local charge of £731.

The collection and conveyance cost will vary enormously depending
on the geology of the location and the distance of industry from the treatment

plant. It is impossible to calculate a charge for this based on available
information, so we will use as an example the charges levied in Lothian
Regional Council, i.e., £8.19 per m3 per day of peak flow for capital costs,
and £0.0348 per m3 for operating costs. This yields for our example firm a
capital charge of 200 x £8.19 = £1,638. To calculate the operating costs we
will assume that the firm operates for 260 days per annum, and that its peak
flow is one-and-a-half times its average flow. This will give an annual flow
of 34,667 m3, and an annual operating charge of 34,667 x £0.0348 = £1,206.
These should not vary by reference to size of treatment plant.
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Finally, operating costs must be calculated. The Department of the
Environment (1993), in an illustrative exercise related to engineering design
implications, estimated the cost of operating a small treatment plant (15,000
PE) at £11.38 per PE per annum, and a large treatment plant (94,000 PE) at
£4.06 per PE per annumt6. These costs are not split down into flow, COD
and SS elements, so it is difficult to calculate a charge for our firm. However,
we can express the firm’s individual effluent components as PE
"equivalents", and calculate an average, to which we can apply the charge,
as follows:

Flow:
COD:

SS:

200/.681 = 294 PE
400/.12 = 3,333 PE
300 / .075 = 4,000 PE

An average of the PE values is 2,542 PE. Therefore the operating cost
charge might be

Small plant: 2,542 x £11.38 = £28,928
Large plant: 2,542 x £4.06 = £10,321

The total annual charge for waste water treatment for our example firm
can thus be calculated (Table 4.5). We see that the firm would pay about
£60,000 if discharging to small plant and about £28,000 if discharging to
large plant.

How does this compare with the equivalent charge in other countries?

One interesting comparison would be with Lothian, where the capital charge
structure is similar to that proposed in this study. The capital and operating
charges in Lothian for our example firm are calculated in Tables 4.6 and 4.7,
and amount to stg£52,348. Given an exchange rate of stg£0.9869 = £1
(19/9/94), this equals £53,043. This is somewhere between the large and
small plant charge for Ireland, and closer to the latter. Given that the Lothian
charge is an average for all its treatment plants, one would expect it to be
weighted towards large plant costs. Hence it would appear that the Lothian
charge is somewhat higher than our proposed charge. Charges in other UK
regions are by-and-large higher than in Lothian, as Appendix A 1.2 indicates.

16 These exclude administration costs, and generally appear to err on the conservative side, However,

we use them here for illustrative purposes.
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Table 4.6:     Example of Capital Charges in Lothian

Element of Charge stg£1Unit Per Applicable Units Annual Charge
Day (Peak) stg £

Reception/conveyance 8.08 200 m3 flow 1,616
Primary Ixeatmcnt 7.40 200 m3 flow 1,480
Biological treatment 55.31 200 k8 BOD 11,062
Sludge treatment 15.87 300 k8 SS 4,761

Total 18,919

Source: Lothian Regional Council.

Note: Lothian calculates the biological treatment capital charge by reference to BOD rather
than COD. We assume that BOD is half the COD.

Table 4.7: Example of Operating Charges in Lothian

Elemeaz of Standard Avg. Actual Actual Applic. Actual Charge
Charge Raze kg/mJ kg/m3 /Avg. Charge Flow stg£

stg£ stg£/m3 m3

.034342 34,667 1,191

.031089 34,667 1,078

.696458 34,667 24,144

.202406 34,667 7,017

Reception/
conveyance .034342

Primary
treatment .031089

Biological
treatment .117005 .336 2 5.95

Sludge
treatment .032385 .24 1.5 6.25

Total 33,430

Source: Lothian Regional Council.

Another comparison is with Copenhagen. Here the charge is specific

to one large treatment plant, and so should be comparable with the large Irish

plant. The charge, calculated in Table 4.8 (based on Table 3.5), amounts to

about £65,000 - considerably higher than our proposed charge. This may be
because the Copenh~[gen plant has considerable over-capacity, resulting in

higher charges for existing customers. Higher labour costs may also be a

factor.
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Table 4.8: Example Charges in Copenhagen (VAT exclusive)

Elements Quantities Capital Operating Capital Operating Total

of Effluent Rate Rate Charge* Charge* Charge
DKr DKr £ £ £

Flow 34,667 < ......13.12 ...... > 48,906
Excess COD 1.4 0.70 0.97 3,653 5,062 8,715
Excess SS 1.1 0.67 1.23 2,747 5,043 7,791

Total 65,412

* DKt 9.3 = £1

In summary, while the above comparison is not very wide-ranging, it
appears that our proposed charging system for Ireland is reasonable
compared with systems overseas. It should not therefore in itself damage the
competitiveness of Irish industry.



Chapter 5

SUMMARY AND RECOMMENDATIONS

This study is concerned with describing a potential charging system
for local authorities’ waste water treatment services used by industry. Most
emphasis has been placed on establishing a charging system for the capital
costs. Theoretical economic considerations have much to offer in this field,
so the initial task was to outline important aspects of theory which should
inform us in our task. It was also important to review current charging
practices in Ireland since it is on these that the future system will be built. A
further review of how authorities elsewhere charge for capacity was very
informative. In the light of theory and experience, a proposed system of
charges is outlined, which can be phased in easily and quickly.

Theory

In theory, there are two important concepts to be taken into account
when considering charging. The first is that there are levels of treatment that
are justified by reference to the costs of the damage which the untreated
pollution would do, and cost benefit studies should throw light on this. The
costs of treatment should be borne by the polluter. The polluter should also
pay where there is no treatment, if there is damage or if an extra unit of
discharge causes damage.

The second important concept, which should inform utilities when
setting price for capacity, is allocative efficiency. This basically implies
setting prices in the recognition that they affect people’s actions. We saw
how charges resulted in reduced industrial demand at some undertakings.
Demand is responsive to price because firms have alternative courses of
action. They can do their own treatment, improve their production processes,
instal cleaner technology or undertake recycling. Quantitative studies in the
US and elsewhere have shown that demand is responsive to price. Society is
better off if the people who can abate pollution most cheaply, do so. Correct
charging will help this to happen. Marginal cost pricing is recommended as
the correct method for current charges, though average cost pricing will be

101
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broadly satisfactory, because they tend here to be similar. The method
recommended for capacity charges is long-run marginal cost (LRMC)
pricing. That is, the price confronting firms, as they use an extra unit of
capacity, should signal to them the costs incurred by the authority for that
extra unit of capacity, in the long run. Basing the charge on the long-run cost
means that the price is somewhat smoothed. The customer can compare the
charge with the cost of alternatives, such as own treatment. When faced with
rising or falling demand, the authority knows that these are true indicators
that it should consider expanding or contracting its capacity. Also, because
of the long-run or smoothed pricing, customers will not face widely different
prices owing to their order of arrival. To capture these advantages we
recommend that the price for waste water treatment capacity reserved by
industry be based on the notion of LRMC.

Charging Practice in Ireland

The Irish waste water service is decentralised, being undertaken by 88
authorities which can set their own charges, subject to charging only for
costs incurred. The service has traditionally been under-priced, the balance
of operating costs being obtained from rates, the Rate Support Grant and
other sources. The capital costs have been funded largely by the Department
of the Environment, except in the case of twelve authorities which,
according to our survey, received contributions from industry. Contributions
were usually made upfront, but the system for payment had to be negotiated
case by case, in the absence of a formal procedure.

Charging Practice Abroad

Most waste water undertakings in our review are self-financing or
nearly so, and in general charge for capital costs on a pay-as-you-go basis.
Many apply standard capital charges throughout their regions, which in some
cases are larger than the whole of Ireland. Criteria for charging for capacity
are usually the flow of waste water and pollution content, in terms of COD
or BOD and suspended solids, although other criteria are also used. There
were considerable variations in detail between undertakings and some salient
characteristics - Lothian charges industry by reference to capacity reserved -
many others charge by reference to flow - Severn Trent requires a legal
guarantee of payment from firms on whose behalf relatively large capital
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costs were to be incurred - Northern Ireland carefully phased in its new
charging programme - and the Netherlands and France raise a charge even
where there is no treatment, which is in fact a pollution tax. In a number of
cases the introduction or increase in charges had resulted in a decline in use

of the treatment service, in some cases causing financial problems for the
undertaking.

A Proposed Charging System

As well as trying to satisfy the need for allocative efficiency, which is
particularly important at this early stage of a large construction programme,
the proposed charging method also aims for cost recovery, for fairness, and

for simplicity (which was repeatedly cited as essential). A satisfactory
compromise has to be devised because of the conflict between simplicity
and the desire for an accurate reflection of costs in each situation. The capital
charge from industry, in total, should yield sufficient revenue to cover the
incremental expenditure incurred by the authority to accommodate industry.
We suggest raising the capital charge in two parts: (l) an LRMC charge and
(2) a Local charge to recover the balance of costs, according to a procedure
to be decided at local level. Industrial users would be invited to reserve
capacity for waste water treatment, and to renew the reservation annually.

The LRMC charge can be calculated from recent experience of
construction of treatment plant, and can be given for broad size categories:
we show an example of the LRMC price for small plant and for large plant.
The charge is expressed per PE of peak-time capacity that the firm wishes to
reserve, the timing of the peak to be determined by the authority. We
illustrate how the charge can also be broken down into components of PE,
namely into flow and pollution rate (in cubic metres per day and kilograms

COD and suspended solids per day), where the firm’s discharge does not
conform to the standard PE. The charge can be annualised - a life of 20 years
and a real discount rate of 5 per cent were used. In these preliminary
calculations, uniform LRMC charges per PE were £172 for small plant and
£105 for large plant (translating into annual charges of about £13.80 and
£8.50 respectively per PE). This would be at least 75 per cent of the total
treatment charge for capacity, the remainder being raised in a Local charge.
Collection and conveyance capacity also have to be charged for, and can be
calculated by using similar principles.
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Recommendations

The following recommendations arise from the study.

All industrial waste water discharges to existing or proposed treatment
plant should be charged for. Waste water discharged where there is no
treatment, or no proposed treatment, should be charged, possibly in
relation to the "sensitivity" of the receiving waters, or some other

basis.

,

Pricing of capacity should aim to reflect approximate long-run
marginal cost (LRMC). The method outlined in this document is a
practical approach which should be simple to apply and easy to
understand. It should be regularly updated.

.

LRMC charges should, in general, be for capacity use, that firms
reserve, at peak time. The timing of the peak should be determined by
the authority in consultation with interested parties.

.
The LRMC charge should be per unit of capacity reserved, that is per
PE if this is the appropriate measure of the firm’s effluent. When a
firm’s effluent does not conform to a standard PE measure, the firm
should be charged per cubic metre of peak flow per day, per kg of COD
(or BOD) and suspended solids per day and per unit of any other
pollutant, such as nitrogen or phosphorus, requiring additions to
treatment capacity.

.
The charge should in general be levied on an annual basis, using a
discount rate which reflects public sector borrowing costs and on a
realistic lifetime for the asset. Being raised annually on the capacity

¯ which the firm decides to reserve, the charge will provide a regular
incentive to the firm to assess its discharges.

.

In situations where the authority would be subject to financial risk
because high costs were incurred to accommodate a firm, the charge
can be raised upfront or as a deposit, or else a legal guarantee or
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recourse to a risk intermediary can be agreed. The same would apply if
there was a significant risk that the firm would default, for whatever
l’~ason.

.

The total capital costs of treatment plant incurred by an authority on
industry’s behalf should generally be estimated as the incremental cost.
This is the cost of the treatment plant with industry minus the cost of
the plant without industry.

.
The Local charge can be raised by authorities to cover any shortfall if
the revenue from the LRMC charge does not cover the incremental
cost (mentioned in 7 above). Revenue from the LRMC charge will
cover at least 75 per cent of the incremental cost. It will cover a higher
proportion in larger plant.

o The Local charge can be raised in a manner and at the discretion of the
authorities, as a flat charge added to the LRMC bill, or on the basis of
rateable valuation, or it can be added to industrial rates. The timescale
for recovering the remainder of costs could also be at the authority’s
discretion. The Local charge ought not to be raised on the basis of
capacity. An exception might be if there was tight capacity or a lot to
spare. Under these conditions the Local charge could be added to or
subtracted from the centrally determined LRMC charge per unit of
capacity.

10. Where there is existing plant which the Department has already paid
for, the LRMC charge should still be levied and returned to the
Department for its past investment.

11. Firms which have already made a capital contribution could have their
contribution refunded or credited against their annual payments,
subject to considerations of risk, outlined in 6 above.

12. Where surplus revenue arises because there is as yet no treatment, this
revenue should be transferred to the Department, possibly to fund
future plant construction.
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13. The charging system should be announced early on during the
planning stages of the construction programme, to enable f’u’ms to
assess the relative costs of the options open to them and make a
realistic estimate of the capacity which they wish to have built on their
behalf.

14. Any legal impediments to these proposals need to be addressed.

Equally important recommendations arising indirectly from this study
are as follows.

15. Because evasion of charges is also an "option" for a few firms,
monitoring by the authority and/or the EPA will also take on a central
role and will have to paid for by industry.

16. Comprehensive national figures need to be collected and published on
a regular basis. These should cover waste water discharged and treated,
and prices charged.

17. The bulk of water pollution arises from agriculture. Ways to counter
this and other water pollution should be addressed as an environmental
priority.
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APPENDICES

Appendix AI.I: Summary of Waste Water Services Capital Expenditure, 1984 to 1993,
and Planned Expenditure to 1999 (in constant 1993 prices)

Year Total Expenditure Sources of Funding:
(Constant 1993 prices)

Irish EU
£m £m % £m %

1984 48.7 42.0 86 6.7 14
1985 47.0 31.6 67 15.4 33
1986 44.0 33.0 75 11.0 25
1987 39.1 31.6 81 7.5 19
1988 39.2 30.6 78 8.6 22
1989 39.0 12.8 33 26.3 67
1990 41.9 14.9 36 26.9 64
1991 38.3 6.8 18 31.4 82
1992 43.2 5.5 13 37.7 87
19q3 65.7 23.8 36 41.9 64

sub-total 446.1 232.6     52 213.4 48

1994 75.1 20.9 28 54.2 72
1995 64.7 17.2 27 47.4 73
1996 65.9 17.2 26 48.6 74
1997 69.0 18.5 27 50.5 73
1998 64.0. 14.8 23 49.3 77
1999 64.7 15.4 24 49.3 76

sub-total 403.3 104.1    26 299.3    74

Grand Total 849.4 336.7 40 512.7      60

Notes:

1. Expenditure and funding for 1984 to 1993 are based on data from the Department of
the Environment and have been converted to 1993 constant prices using the
Consumer Price Index.

2. Expenditure for 1994-1999 is based on the National Development Plan, pp.155-158.
Private sector expenditure, amounting to £22m of total environmental services
expenditure, is included in the Irish figures.
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3. Industry’s contributions to the end of 1993 amount to approximately £5 million.
Future contributions are unknown, although our survey shows £18 million pledged.
None is included above.

4. The total expenditure figures are inclusive of VAT, since local authorities are not
registered for VAT.

Appendix A1.2: The Mogden Formula as Used in the UK

The Mogden formula charges for trade effluent by relating the costs of
treating the effluent in question to the costs of treating average strength effluent
(defined by specific parameters for COD, denoted Os, and suspended solids,
denoted Ss). Standard charges are set for each element of the cost of treatment.

Where an effluent is of average strength the related charge will be the sum of the
standard charges for each element. The formula, which combines capital and
operating charges, is as follows:

Charge = R + ([V + VB] or VM or M) + B(Ot/Os) + S(St/Ss)

where:
R =
V =
VB =
VM =

M
Ot =
Os =
B =
St =
Ss =
S =

reception and conveyance charge
volumetric and primary treatment cost/cubic metre
additional charge for biological treatment
treatment and disposal charge for’sea outfalls

............................................... for designated long sea outfalls

COD of effluent
COD of raw sewage
biological oxidation costs/cubic metre of settlement sewage
total suspended solids of trade effluent
................................... of raw sewage
treatment and disposal cost of primary sludge/cubic metre of sewage
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Charges in Various Water Company Areas (pence)for 1993/94

05
mg/I

Anglian 443
Dwr Cymru 500

Northumb. 386

North West 393
Sev. Trent 397
Southern 452

South West 829
Thames 445

Wessex 802
Yorkshire 965

N. Ireland 480

Scotland 316

Ss R V
mg/l IgmJ p/mJ

365 7.28 11.40

350 7.46 6.03
187 15.83 7.76

235 7.90 6.40

350 10.64 9.76

512 16.10 11.77

489 25.98 24.96

336 6.02 7.40

313 6.09 9.80

331 15.41
340 10.00 8.00

213 8.47 5.57

Average
VB VM M    B    S Strength

IgmJ p/mJ IgmJ p/mJ p/m3 Effluent

]fireJ

2.20 5,65 0,46 12.90 6.01 45.90
2.40 6.38 9.17 13.91 9.79 55.14
0.00 0.00 0.00 11.80 5.99 41.38

0.80 0.00 5.90 6.90 4.70 32.60
0.00 0.00 0.00 29.61 19.47 69.48

13.67 8.16 2.08 34.31 20.74 106.83
0.00 0.00 4.39 45.94 28.03 129.30
0.00 0.00 0.00 11.67 14.86 39.95
0.92 5.57 10.4 26.85 39.62 99.32

0.00 0.00 0.00 16.13 9.43 25.56
0.00 0.00 0.00 10.00 g.00 36.00
0.00 0.00 0.00 10.95 3.76 28.75

Source: Water Services Association, 1993.
Note: The first two columns give average regional" strength.

Example of calculation for Northern Ireland where average regional
strength is 480 and 340 for Os and Ss respectively:

Charge = 10 + 8 + 10(?/480) + 8(?/340)

Where a firm’s ettluent is of average strength, that is actual COD is 480 mg/1
and actual suspended solids are 340 rag/l, the charge will collapse to 36p per
cubic metre, as shown in the final column.
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Appendix A2.1 : How Marginal Cost Pricing Maximises Society’s Welfare

Society wishes to maximise net welfare gain from a project, such as a waste
water treatment plant. Setting externalities aside, net welfare is the difference
between total benefit and total cost so that the aim is expressed as follows

maximise: welfare = total benefit - total cost.

In turn, total benefit is the sum of total revenue of the treatment plant and the

consumers’ surplus of its customers, giving:

maximise: welfare = total revenue + consumers surplus - total cost

or, using symbols, maximise: W = TR + CS - TC

or W = (TR -TC) + CS

which is producers’ surplus plus consumers’ surplus, all these variables being
functions of the level of service or output, Q.

To maximise welfare, W is differentiated with respect to output Q and the
result is set equal to zero, giving us the conditions for an optimum, thus:

The demand curve is P(Q). TR + CS is the area under the demand curve or
the integral over 0 to Q of P(Q)dQ. The derivative of the integral of P(Q) is P(Q),
this being the resulting first term on the right hand side.

The derivative of total cost is marginal cost, Me.

The condition for the optimum therefore is:

OW = P(Q)- MC = 0

dQ
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or P(Q) = MC

This says that price is set to marginal COSL

Second order conditions will show that this optimum is a maximum. We
therefore have maximum welfare gain where the consumers’ valuation of the last

unit produced equals the marginal cost or benefits forgone of the resources (Webb,
1976).
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Appendix A2.2: Some Methods for Calculating the Price of Capacity Based on
Long-run Marginal Cost

The capital charge must be calculated for each of the major compOnents of
capacity, that is collection, conveyance, treatment et cetera. It can be expressed in a
variety of ways, as the marginal capacity cost per cubic metre of waste water and
per kg of BOD and of suspended solids or other pOlluting material (i.e. per unit of
flow, or pay-as-you-go), hdternatively the charge can be expressed per thousand
cubic metres per day and per kg per day (i.e., per unit of capacity which could I)e a
once off payment or spread out over a number of years). These and the length of
time for paying off the marginal cost can be determined by suitable alteration of the

denominators in the following calculations of the long-run marginal cost of
capacity. Three well-known methods are outlined here.

(1) The first method assumes that a central estimate or "most likely" development
plan has been determined as well as another development plan slightly "higher"
than the most likely one. We then have:

present woa-th of the capital present worth of the .capital
Marginal Capacity Cost = costs of the higher case costs of the most likely case

Present worth of the difference in quantifies treated

The discounting in the denominator, to give "present worth" of the difference
in quantities treated can be explained as follows. If the denominator were brought
over to the other side, to multiply the Marginal Capacity Cost, then both sides of the
equation are values expressed in present worth terms, which is necessary for
consistency.

The result in (1) is the long-run marginal capacity cost per unit of waste water

treated. It can be described as an average marginal incremental capacity cost.

(2) In the event of there being no estimates other than the development plan, that is
with no sensitivity testing of costs to different levels of demand, then the calculation
is as follows:
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Present worth of the development plan’s capital
Margitml Capacity Co~t = expenditm~.s which are sensitive to quantity treated

~t worth of the steam of incremental
quantity treated resulting from the plan

A variant is to calculate the difference in costs arising from deferring
investment by one year.

(3) In a variant of the above, an estimate of long-run marginal capacity cost can be

obtained by estimating the equivalent costs per unit treated in the next outlay of

capital expenditure:

The armual value of the omt of next invcstmem outlay in

Marginal Capital Cost = year k (having been anauitised ove* the life of the invesm~nO

Increase in annual quantity treated in year k

This is described as the textbook long-run incremental cost.

All methods require a discount rate and an idea of the length of life of the

capital structures, to be used in the calculation. They are further discussed in OECD

(1987 and 1989), Hanke and Wentworth (1981), the World Bank (1977) and "Purvey

(1976).
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Appendix A3.1: Tariffs in England and Wales Applied to Effluent of Standard
Strength for Comparative Purposes

Water Company Charge/lO00 rtl3 of Effluent of Strength COD 750 rag/l

(Ot) & SS 350 mg/l (St)
stg£

Anglian 484.85
Dwr Cymru 465.55
Northumb. 577.39
North West 352.70
Sev. Trent 394.34
Southern 627.62
South West 1125.67
Thames 485.66
Wessex 508.15
Yorkshire 379.22

Source:CRl(1993), p. 57.

Note: The above figures are based on a standard effluent sU’ength, applied to each water
companies’ tariff structure. From Appendix AI.2 it can be seen that each water
company has its own "avera8eM strength by reference to which it calculates its
charges. Therefore the above figures will not correspond with those in the final
column of Appendix AI.2.

Appendix A3.2: Capital Charges in Lothian

Specifically, Lothian’s capital charges to the firm are made up as

follows, where the subscript c indicates that this is a capital as opposed to

operating charge:

Cc = (Rc + Vc) Q1/Q2 + Bc (O1 / 02 ) + Sc(S1 / $2 )

where

Co= Annual capital charge to be paid by the firm, in £ (note that all

annual capital costs or charges include interest payments).

R¢ = Annual capital costs incurred by the authority for reception and conveyance,

based on cost of sewers and pumping stations forming the system, in £.
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Sc

Q1=

Q2=

Or=

02=

Sl=

$2=

Annual capital costs incurred by the authority for primary treatment
plant and other plant designed on a volumetric basis; namely
preliminary treatment plant, pumping stations, and rising mains
discharging directly to the works, tertiary treatment plant and
effluent ouffalls, in £.

Annual capital costs incurred by the authority for the biological
treatment plant inclusive of plant for the treatment and disposal of
secondary sludge, in £.

Annual capital costs incurred by the authority for the primary
sludge treatment and disposal plant, in £.

The firm’s maximum permissible volume of trade effluent to be
discharged to the system, as given in the Consent, in m3 per day.

The design dry weather flow of the authority’s plant, in m3 per day.

The firm’s maximum permissible BOD loading, as given in the
Consent, in kg per day.

The design BOD loading of the authority’s plant, in kg per day.

The firm’s maximum permissible suspended solids in the trade
effluent, as given in the Consent, in kg per day.

The design sludge handling, treatment and disposal capacity of the
authority’s facilities, in kg per day.

The capital costs of the authority are updated annually and are based
on estimates for the current financial year, that is they are not yet actually
"incurred".
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Appendix A4.1 : Total Recoverable Cost - Share Approach or Incremental
Approach

We will take as an example a municipal plant of size 80 000 PE. The
following results emerge, using the cost formula, Cost = 2500 PE°ns, which
is used as an example in the main report:

80,000 PE municipal plant:
Total cost: £11.89 million
Average cost: £148.65 per PE
Marginal cost: £ 111.49 per PE

Next we assume that capacity of 20,000 PE is added to treat industry,
giving the following:

100,000 PE plant including industry:
Total cost: £14.06 million
Average cost: £140.59 per PE
Marginal cost: £105.44 per PE

The total cost of adding industry can be calculated by each approach:

(1) as a share:
(2) as an increment:

£14.06 x 0.2
£14.06 - £11.89

= £2.812 million
=£2.17 million

The breakdown of total charges raised from industry can thus be given
for each approach. The LRMC charge will be the same in either case.

LRMCcharge:20000x£105.44 =£2.11 million

LOCAL charge
(1) based on share: £2.812m - £2.11m
(2) based on increment: £2.17m - £2.11 m

= £0.702 million
= £0.06 million
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In the circumstances, the second approach should be applied in
general. This is because municipal treatment of industry’s waste water is
likely to be an avoidable cost, in that industry can undertake its own
treatment, use cleaner technology or move elsewhere.

A diagram illustrating the incremental approach is given below. The
vertical axis gives costs, in £, and the horizontal axis gives size of plant, in
PE. The LRMC curve exhibits the decline in marginal costs as plant size
increases, tapering to a constant marginal cost, described in the text.

Diagram of total co~ts of plant to treat municipal and industrial emuent and revenue

from LRMC and Local charges.

\
C

LRMC

A

Indu=trlal

PE

The area C, under the LRMC curve, represents the total cost of
building the treatment plant to satisfy municipal needs only. The areas A
plus B represent the cost of the increment in the plant’s capacity required to
treat industry’s effluent. In particular, area A is the revenue to the authority
from charging the LRMC price for industry’s effluent and it is calculated by
multiplying industry’s PE by the LRMC price. Area B is the revenue to be
raised from the Local charge, which the authority can calculate from its
knowledge of the incremental cost, A + B, of adding industry, and its
knowledge of the LRMC revenue, A, given the amount of PE reserved by
firms.
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That said, prior to construction, both parties may occasionally revise
their estimates during negotiations. When confronted with the proposed
LRMC and Local charges, firms may revise their estimates of PE required.
In turn, on consideration of the revised PE requirements, authorities will
revise the Local charge (the LRMC charge being expected to be fixed and
uniform within size category of treatment plant). Negotiated price and
quantity will converge to a consistent outcome.

In the case of large treatment plants, where the industrial portion is
likely to be to the right of that shown in the diagram above, marginal cost
may be constant for the industrial portion. Area B therefore disappears and
the LRMC charge is the only relevant charge. Agreement simply has to be
reached on the capacity that firms wish to reserve at this charge.



GLOSSARY OF TERMS AND MEASUREMENTS

Agglomeration An area where the population
and/or economic activities are
sufficiently concentrated for urban
waste water to be collected and
conducted to an urban waste water
treatment plant or to a final
discharge point (Council of the
European Communities, 1991).

Assimilative Capacity The capability of the environment
"to take wastes and to convert
them back into harmless or
ecologically useful products"
(Pearce et al., 1990). Alternatively,
in the current context, the amount
of pollution a body of water can
absorb without discernable
damage.

Biochemical Oxygen Demand (BOD) The quantity of oxygen removed
from a water sample due to
bacterial action over a specified
time period, usually five days
(BODS). It is either reported as
concentration, ie, mg/1, or as a total

mass loading rate, e.g: kg/day.
(O’Donoghue, 1994)..

Effluent See "Industrial Waste Water".

124



GLOSSARY OF TERMS AND MEASUREMENTS 125

Chemical Oxygen Demand (COD) This relates to the amount of strong
oxidising agent utilised in reaction
with a water sample. It is
expressed as an equivalent amount
of oxygen used and can be reported
as concentration, i,e, mg/1, or as a
total mass loading rate, e.g.,
kg/day. (O’Donoghue, 1994). As a
rough rule of thumb, the COD
level of domestic sewage is usually
twice the BOD level.

Ground Water Water from underground sources -
wells aquifers, water tables etc.

Industrial Waste Water Any waste water which is
discharged from premises used for
carrying on any trade or industry,
other than domestic waste water
and run-off rain water (Council of
the European Communities, 1991)

Load The physical quantity of pollutants
flowing to a treatment plant, e.g.,
kgs of BOD, SS, etc

Non- settleable solids See "Suspended Solids".

Nutrient Removal Treatment to remove nitrogen and
phosphorus from effluent. See
"Tertiary Treatment".
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Population Equivalent (PE) The organic biodegradable load
having a five-day biochemical
oxygen demand (BOD5) of 60g of
oxygen per day (Council of the
European Communities, 1991) or
21.9 kg per annum.

The following are alternative
definitions of one PE, used for the
purposes of this report:

In terms of oxidisable materials,
one PE =

0.12kg COD per day

= 43.8 kg per annum.

In terms of volume, one PE =

0.227 m3/day average dry weather

flow (DWF)

= 82.9 m3 per annum;

or

0.681 m3/day peak flow (= 3 X

DWF)

= 248.6 m3 per annum.

In terms of suspended solids, one
PE =

0.075 kg suspended s61ids per day

= 27.4 kg suspended solids per
annum.
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Primary Treatment Treatment of urban waste water by
a physical and/or chemical
process, involving the settlement
of suspended solids, or other
processes in which the BOD5 of
the incoming waste water is
reduced by at least 20 per cent
before discharge and the total
suspended solids of the incoming
waste water is reduced by at least
50 per cent (1bid).

Secondary Treatment Treatment of urban waste water by
a process generally involving
biological treatment with a
secondary settlement or other
process which will reduce -

(a) BOD5 by 70-90 per cent (or its
concentration to 25 mg/l 02);

(b) COD by 75% (or its
concentration to 125 mg/l 02);

(c) Total suspended solids by 70-
90 per cent (or its concentration to
35-60 mg/1); this requirement is
optional (Council of the European
Communities, 1991). Note the
usual Irish standard for secondary
treatment is reduction to 20 mg/1
BOD and 30 rag/1 SS or what is
termed "20:30". This standard is
higher than that prescribed in the
Directive.
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Settleable solids That fraction of solids that settle
out of suspension over 60 minutes
under quiescent conditions.

Sewage Waste water, usually referring to
domestic waste water.

Sewers~Sewerage The pipes/system of pipes used to
convey sewage and other waste
water.

Sludge The solid waste remaining after
waste water has been processed by
a municipal or industrial treatment
plant.

Strength The concentration of pollutants in
a volume of effluent, e.g. mg per
litre.

Surface Water Rivers, lakes, estuaries, reservoirs,
etc.

Suspended Solids (SS) Those solids that are retained on a
specified filter (usually of pore size
1 ram). They are then dried at
105°C and weighed.

Tertiary Treatment This can refer to any further
treatment to reduce effluent
concentration to less than those
achievable with conventional
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secondary treatment. This could
refer to BOD and SS removal
(usually by filtration), nitrogen
removal (usually as a modification
of the secondary treatment
process), or phosphorus removal
(usually by chemical
precipitation). (O’Donoghue,
1994).

Waste Water Sewage and Industrial Waste
Water.

MEASUREMENTS

One cubic metre

One gallon

One kilogram

One lb (pound)

= 1000 litres = 220 gallons

= 0.0045 me -- 4.545 litres

= 2.205 lbs

= 0.4536 kg
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