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THESIS SUMMARY
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A DISAGGREGATED BEHAVIOURAL ANALYSIS OF
CONTRIBUTORY FACTORS

PAUL ANTHONY LE-PROVOST CAPENER
DOCTOR OF PHILOSOPHY
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This research identifies factors which influence the
consumption of potable water supplied to customers property

A complete spectrum of the customer base is examined including
household, commercial and industrial properties. The research
considers information from around the world, particularly

demand management and tariff related projects from North
America.

A device termed the Flow Moderator was developed and proven,
with extensive trials, to conserve water at a rate equivalent
to 40 litres/property/day whilst maintaining
standards-of-service considerably in excess of Regulatory
requirements. A detailed appraisal of the Moderator
underlines the costs and benefits available to the industry
through deliberate application of even mild demand
management. More radically the concept of a charging policy
utilising the Moderator is developed and appraised.
Advantages include the lower costs of conventional fixed-price
charging systems coupled with the conservation and
equitability aspects associated with metering.

Explanatory models were developed linking consumption to a
range of variables for customers of all classes. In
particular the models demonstrated that households served by a
communal water service-pipe (known in the UK as a shared

supply) are subject to associated restrictions equivalent to
-180 litres/property/day.

The research confirmed that occupancy levels were a
significant predictive element for household, commercial and
industrial customers. The occurrence of on-property leakage
was also demonstrated to be a significant factor recorded as
an event which offers considerable scope for demand management
in its own right.

KEY WORDS:- Demand Management, Flow Moderator, Standards of
Service, Leakage.
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PART ONE

THE RESEARCH BACKGROUND
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1.0

1.1

CHAPTER 1

INTRODUCTION

BACKGROUND

This thesis is based on research undertaken within South
Staffordshire Water PLC. For the seven year period
commencing October 1985. The work is a product of the
authors initiative with the support and sponsorship of
South Staffordshire Water PLC and the academic supervision
of Aston Business School.

AIMS OF THE RESEARCH

The aim of the research was to identify factors affecting
or influencing consumption of water on customer property.
Surveys undertaken, particularly on households, show large
variation without necessarily conforming to expected
trends. For example it would be reasonable to assume that
single person households consume less water than family
residences. Research tends to support this theory but, in
practice, the relationship can be seen to diverge. Highest
order consumption can be recorded at single person houses
and vice-versa. Such an example indicates other factors
can significantly influence consumption.

The purpose in undertaking this investigation was to
improve base knowledge, which is implicitly required to
undertake realistic water audits and forecasting, and to

provide an assessment of targets for the concept of demand
management.

Three approaches were developed as tools to prosecute this
research and as such represent additions to the literature
on factors influencing water consumption particularly in

the UK. The three areas of research overlap but are
fundamentally described as:-

w215



1.2

1. A contingent valuation methodology applied, using
formal interview and questionnaire approach, to
"metered" customers.

2. An assessment of social and physical factors
influencing household consumption and

3. The application and assessment of an imposed physical
demand management device applied to households.

One half of daily water production at South Staffordshire
Water PLC is consumed by unmetered households and one
quarter by metered customers of all classes. Thus, when
combined, the population considered by this research
accounts for three-quarters of daily supplies.

Experiences outside of the UK, particularly from North
America, proved instrumental to the formulation of
methodology and analysis. However climate, consumption,
economics and social attitudes are considered
significantly different between, for example, England and
America to de-value direct comparison of both absolute
values and relationships.

Original specifications for the research were essentially
practical and the results must therefore also be
considered for their practical merit. That is not only as
an original insight to consumption influencers or

determinates but also as a methodology for application
elsewhere.

THE UK WATER INDUSTRY

The UK water industry provides services to households,
agriculture, industry, commerce, other public utilities,
local and national government bodies. In short to the
complete spectrum of U.K. consumers.

=22



An extensive range of services are offered including piped
water supplies, which form the focus for this research.
The Centre for the Study of Regulated Industries (1990),

divided Water Services into the five following
classifications:-

1. Water Resources

2. Water Supply

3. Sewerage Services

4. Effluent Discharge and Environmental Services
5. Flood Defence and Land Drainage

This research concentrates upon the specific element of
Water Supply, being the end-of-chain delivery, upon
demand, of water to customers at their properties.

The UK water industry probably offers the most
comprehensive range of services in the world. The Centre
for the Study of Regulated Industries (1990/91)pp 9, shows
that some 99.6% of the 57.3 million UK residents receive
direct water supplies and 97.2% are connected to a main
sewerage system. Substantial direct use is also made of
rivers, lakes and boreholes etc. to augment supplies to
industry and agriculture. Tables 1.1, 1.2 and Figures 1.1
and 1.2 provide details of population, supply area and
service infrastructure for England and Wales.

Prior to 1974, water services were the responsibility of
either quasi government organisations, in the general form
of District Councils, or a handful of 1long standing
private, statutory, companies such as South Staffordshire
Water. From 1974 Ten Regional Water Authorities were

created to cover water service responsibilities in England
and Wales.
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Twenty eight statutory water companies, predating the
reorganisation, remained in existence supplying water only
and operating as agents for the all embracing water
authorities. In total there was therefore, from 1974, 38
water utilities covering England and Wales. Scotland and
Northern Ireland continued to administer operations
through either Regional Councils or DoE. Figure 1.3
provides a summary of the post 1974 position.

In its summary on privatisation the Government (HMG, 1986)
estimated that, prior to the 1974 reorganisation, some
1600 local undertakings had evolved to meet the water
supply needs of England and Wales. This is echoed by
Buchanan and Verry (1989) who mention around 1400
predecessor boards and authorities.

The water authorities were responsible for complete river
basin catchments which provided the water resource
available for their respective areas. As such, more
focused care was given to environmental issues affecting
resources. In particular the release of additional, i.e.
previously unlicensed, resource was actively discouraged

and only considered after substantial, and often public,
debate.

At this time (1974) customers started to become aware that
water services were chargeable, rather than being "hidden"
on a council’s rate demand. This was a direct result of
the enacting legislation’s requirement for separate water
service bills. Consequently, for the first time in the
UK, water bills were provided directly to customers homes.
Public opinion began to be heard in protest against
charges for "a God given resource". This in turn gave
impetus to customer intentions to "save water".

-28=
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Then and now, most UK customers, particularly households,
pay for water on an arbitrary basis. Dependence being
modelled around taxation in the form of domestic rateable
value (R.V). This method provides an approximation between
property value, potential for water use, and hence the
size of water bill. Industrial customers generally pay for
potable supplies by volume, through water meters. The same
meter provides a basis for effluent disposal charges.

Commercial customers continue to fall into either
category, some metered some not. A national mandatory
metering scheme, for commercial customers, has been in
existence, since April 1983, but many thousands still
remain on open (un-metered) supplies. Generally, all new
commercial establishments are metered and all existing
unmetered commercial properties are required to be metered
by the year 2000.

Household customers retain the option to request
installation of a meter through the Meter Options Scheme.
Thus a safety valve has been provided for aggrieved
customers. In practice only a minority of household
customers have elected to pay by volume. In general,
therefore, household metered customers tend to be those
who recognised that savings could be achieved through
water metering. As such, traditional household metered
customers exhibit a pronounced bias towards either low
consumption, high R.V or some combination.

Recently, November 1989, the Industry entered a new phase:
The Authorities were sold into the private sector. The
enabling legislation, the Water Act 1989 also established
the Secretaries of State for the Environment and Wales,
the Director General of the Office of Water Services
(OFWAT) and the National Rivers Authority (NRA) as the
principal regulators of the industry.
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The responsibilities of the Secretaries of State include
regulation of drinking water, those of the Director
General include economic regulation and those of the NRA
include the management of water resources.

The establishment of the Director General for Water
Services provided parity with the regulatory controls of
other utilities. The primary duty of the Secretaries of
State and the Director General, in this respect, are to
ensure water, and sewerage, functions are properly
undertaken and financed. Subject to these conditions being
satisfied there is a secondary requirement to stimulate
responsiveness to the customer through “"yardstick"
performance comparison and the establishment of direct
competition.

The 1989 Water Act was also the instrument which removed
the traditional Rateable Value Charging mechanism as an
option. This mechanism now only remains in place, as a
transitional arrangement, for existing customers until the
year 2000.

Alternative charging frameworks must therefore be
investigated, confirmed and set in place before this
deadline. It is 1likely that several options will be
available for customers, at the utilities discretion.
These may be designed to reduce consumption or to
facilitate rapid and low cost charging mechanisms. A
consequence of the changes has been the widespread
adoption of metering for most new customers throughout the
country. Whilst this has created a large customer group,
for whom detailed consumption records exist, this sample
is biased in favour of "new supplies" . These do not,
however, necessarily reflect patterns of consumption for
older and perhaps less well provided properties.
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The Water Act 1989 re-focused responsibility for water
charges, for council tenants, from Local Authorities
directly to water utilities. Previously a single invoice,
for all council owned and tenanted property, was served to
the respective Town Hall. Each separate Authority was
then responsible for paying the bill and recovering monies
from its own tenants. This was normally achieved by
including water service charges with periodically
collected property rentals.

Subsequently this has created significant awareness and
substantial short term payment defaults for this specific
group of households. In turn this has created substantial
national media interest both in the revenue recovery
process and, more generally, in the water industry.

Socially this fact mirrors the national reorganisation
changes, of 1974, in that another large sector was
suddenly faced with separated direct billing and is
reacting negatively to change. The reaction is seen as a

response to the fact of the charge and not the size of the
bill.

Measures currently before industry appear to be directing
future charging policies towards metering. The rights and
wrongs of this specific "debate" are not at issue within
the bounds of this research. However aspects of metering
relating to influencing on-property consumption are

examined and can be considered as essential to the
context.

In extending the Governments philosophy of "The Citizen'’s
Charter” to the water industry two new elements have been

injected into the traditional sphere of waterworks
practice.
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Introduced with the privatisation legislation of 1989,
were Licences granting water utilities the right to
operate. Under condition J of the Licence, companies are
required to provide information on Levels of Service.
These are designed to protect customer rights and
expectations in the following categories:-

DGl. Raw Water Availability.

DG2. Pressure of Mains Water.

DG3. Interruptions to Water Supplies.
DG4. Water Usage Restrictions.

DG5. Flooding From Sewers.

DG6. Response to Billing Queries.
DG7. Response to Written Complaints.

Levels of Service Indicators relevant to the research are
discussed in the main text of the thesis.

The second element refers to the Governments Competition
and Utilities Act 1992. Designed to promote the potential
for large customers to obtain competitive supplies. The
legislation provides a mechanism which can permit existing
water companies to connect to customers beyond traditional
boundaries. The possibilities of new players coming into
existence through "Inset Agreements" is also encompassed.

With reference to competitive bids, for large customers,
current thresholds for qualifying are; those customers
consuming in excess of 250 Ml/year. In this respect
aspects of the research, identifying factors which assist
in predicting consumption of major trade customers, may
prove of secondary benefit. Water utilities adopting an
aggressive marketing approach may be better able to

predict which customers, beyond limits of supply, qualify
for competitive bids.
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1.3

SOUTH STAFFORDSHIRE WATER PLC

The origin of the UK water industry had its roots in the
mid 19th Century when, enteric, water borne disease
became epidemic. In Staffordshire, records show that the
massive death rate due to cholera, in the 1800’s, was soO
overwhelming that authorities were forced to provide
remote overspill burial grounds. Elwell (1979) reported
that the Government Sanitary Inspector, in 1810, wrote
that "in no part of England and Wales is the work of human
extermination carried out so successfully as in the
district round Dudley".

There was an increasing number of industrial enterprises,
a rapidly expanding population and excessive pollution
which all contributed to human casualties. However the
report concluded that "the biggest single cause, of human
extermination, was the almost total lack of a constant and
plentiful supply of pure water".

Feeny (1880) described the area; "in nearly all places the
supply available for household purposes was woefully
deficient". Inhabitants were reduced to drink the foulest
contents of canals and coal pits. "The people gladly
bought water drained from pits and engines at a cost of
from 6 to 10 shillings per week. At Tipton almost the
entire population, of 21000, were dependant for water on
the canal from which the local beer was also brewed".

The consequences were inevitable. Elwell (1979) stated
that " not only were there frequent out-breaks of cholera
but typhus, opthalmia and every sort of fever were rife.
Moreover when the only drinkable liquid was alcoholic the
risk of addiction must have been abnormally high".

The public were naturaly concerned but at that time

generally unable to insist upon, or even recognise,
suitable solutions.
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Apart from public personal loss of life, industrialists
felt the effects upon their respective businesses. Whilst
labour may have been cheap the loss of reliable and
skilled operatives was, at the very least, inconvenient.
Further it was being recognised that the provision of
welfare for workers, and their families, induced some
loyalty and forged ties to employers.

Water was also being used in ever greater quantities for
commercial and industrial purposes. Locally won supplies
were available but becoming scarce and polluted, a need
for more convenient and reliable supplies was evolving.

The Dudley Waterworks had been established in 1834 and the
Wolverhampton Waterworks in 1845. Plans to extend and
improve the supply of water rested with these two
companies. After two abortive attempts from the rival
companies a collaborative effort finally received Royal
Assent on 4th August 1853 and South Staffordshire
Waterworks Company came into existence.

The late John Robinson McClean is generally credited as
the founder of the Company. McClean had also constructed
and become the Lessee of the South Staffordshire Railway.
Using this convenient land route, engineers provided the
distribution system taking water from Lichfield through
22" cast iron pipes some 15 miles to the industrial
heartlands of Walsall, West Bromwich, Dudley and
Wolverhampton. Elwell (1979) prefers to credit Samuel
Holden Blackwell as the founder of the Company. Pointing
to his substantial diplomatic skills in merging rival
plans and obtaining the Act of Parliament

The Company was originally formed to deliver bulk supplies
of water only, leaving retail distribution to existing
water supply companies and particularly Boards of Health.
In practice, however, Local Boards of Health showed a
marked resistance to provide and develop local

distribution systems, preferring to wait for others to
carry the investment and risk.
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In 1860, only some 5685 properties were connected to the
South Staffordsire Waterworks system.

The 1866 Act of Parliament increased the area of supply to
250 square miles covering an estimated 400000 population.
The majority of customers, however, either did not want or
could not afford piped water. In 1878, at Smethwick, 928
householders out of 948 visited considered themselves
sufficiently supplied from existing, non-piped, means.

In 1869 it was reported (Van Leerzem and Williams, 1990)
that "20000 houses were supplied". Bulk supplies to
Tamworth were completed by 1881. At an 1873 meeting,
Walsall Town Council heard that "a quarter of inhabitants
were totally unsupplied, one eighth imperfectly supplied
and many partially supplied”. By 1875 Directors of the
Company had taken the view that "it was their positive
duty to provide a supply to the many populous places still
without water".

Bateman (1876) identified the need for "the provision of
twenty gallons per head per day for domestic usage" at a
pressure of fifty feet head above street level in Dudley".
The Companies then Engineer in Chief, William Vawdrey is
reported by Van Leerzam and Williams (1990) as describing
the Companies principle mains in 1875 as "A twenty inch
main, Lichfield to Brownhills. A six inch main,
Brownhills to Chasetown. Twenty inch main, Brownhill to
Walsall and Wednesbury. A fourteen inch main, Wood Green
to West Bromwich. An eighteen inch main Wednesbury with a
twelve inch branch to Tipton and Dudley. A twenty four
inch, Wood Green to West Bromwich. A twelve inch to
Oldbury, a six inch to Smetwick and a six inch connecting
Oldbury to Smethwick. The consumption at this time was
five million gallons per day".
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By 1878, 30962 services were connected directly to the
company system. The average number of houses sharing a
supply was three and one quarter with 16 properties to one
service recorded as the maximum. Trunk mains totalled
eighty one miles in 1882 with one hundred and eighty nine
miles of service pipe.

Van Leerzem and Williams (1990) reported that following a
precedent set in a case, heard by the House of Lords,
Dobbs v Grand Junction Water Company 1883 The Company
altered their practices and charged for water on the rate
of net annual property value.

By 1893, 81000 services had been laid and connected
accounting for some seven million gallons of water per
day. Records show that in 1896 the number of connected
services had reached 92007, consuming 12 million gallons
per day. The limits of the supply area encompassed a
population of 565000.

One of many drought periods occurred in 1899 causing
consumers to correspond with the Company and local press.
Of greater consequence customers were tempted to use
unsafe water from wells long since abandoned in favour of
Company supplies. Accounts for the year 1903 show that
services connected were 117035.

A gross expansion of industrial use occurred as a result
of the war effort, supplies for household usage were
severely impaired. Large areas experienced supplies being
deliberately shut off each day from seven in the morning

until seven at night thus ensuring water for munitions and
ordnance works.

Subsequent to the armistice, demand was prevented from

returning to normal due to severe frost in 1918/1919
causing great wastage, (Van Leerzem and Williams, 1990).
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1.4

In 1925, 989 miles of main was recorded as supplying
158000 houses and 4200 trade supplies. Special efforts
had been made by the Company to reduce water lost through
leakage and waste. Thus during the years 1922 to 1927 it
was reported (Van Leerzem and Williams, 1990) that "ninety
four waste detection meters were installed and thirty
additional inspectors engaged as waste detection staff".
Anecdotal evidence indicates that ladies undertook some of
the duties of waste detection which were considered
relatively unstrenuous.

1975 and 1976 saw drought conditions return to the
country. Waste detection duties were carried out night and
day by many employees. A drought order was obtained under
the Drought Act 1976 prohibiting the use of all
non-essential supplies. By 1979 daily consumption had
risen to 71 million gallons.

Today the Company supplies some 600 square miles (1554
kmz) from Halesowen to Deryshire and Kinver to
Burton-upon-Trent. Average quantities of water supplied
are 79 million gallons per day (360 Ml/day) through 3384
miles (5446 km) of mains. Topography, varying from 40 to
285 metres above sea level, dictated the development of a
complex distribution system with substantial re-pumping
and pressure control required to maintain supplies.
1216000 people living in 478000 households are connected
to the network together with 30000 metered customers.

Charges for water remain as the second lowest in the
country.

ORGANISATION OF THE THESIS

The thesis 1is organised to reflect the practical
progression of the research from conception to
conclusion. Split into five parts representing
progressive stages, each can be consulted as a self
contained element to suit readers requirements. Cross
referencing between sections is included to assist with
the location of supporting evidence.
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1‘4.1.

1.4.2.

PART 1

The thesis commences by Providing an insight into the
water industry in general and South Staffordshire Water
PLC in particular. The information is presented to set the
scene for the research and to underline the reasons and
scope for demand management in the UK.

The aims of the research are stated including a brief
summary of principle methodology adopted.

Significant findings from an extensive and prolonged
literature review are distilled and presented as Chapter
2. The methodology employed to establish and obtain
relevant literature is recorded for reference. Details of
literature referred to in the thesis are included
immediately before the Appendices.

The review focuses upon charging policy and pricing,
demand management, water consumption trends and
methodologies adopted, for both survey and analysis,
elsewhere.

Part 1 is completed with a summary of salient points from
the literature review carried forward to shape the
research.

PART 2.

Taking account of the review, requirements for research in
the field of demand management and consumption variables
are identified and developed. Part Two represents the
combined influence of the literature review and personal
experiences, applied to shape the direction of this
research. Variables, potentially influencing consumption,
are considered in detail for inclusion in subsequent
methodology, if appropriate. This element of the research

concludes by stating developed objectives and formulating
hypotheses.
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1.4.3.

1.4.4,

PART 3.

Part three progresses the research by presenting the
development of a suitable methodology to test the
hypotheses, taking account of criteria identified in
preceding chapters and particularly the case-studies
described in section 2.7. Chapter 5 describes the research
undertaken to identify a suitable mechanism to modify
household customer consumption, then concludes by
developing and testing the device in practice.

Chapter 6 takes the development of the methodology further
by considering how to assess the influence of the device
(Moderator) upon household consumption. Implicit in the
approach is the parallel development of methodology to
determine influence exercised by a multiple of other
variables. Chapter 7 provides a detailed description of
the household sample obtained, by applying derived
methodologies, for subsequent analysis.

In a similar manner Chapter 8 develops a methodology for
obtaining a sample of metered customers.

PART 4.

Analysis of information obtained for the two groups,
identified as household and metered, is presented and
analysed in chapters 9 and 10. Chapter 11 presents an
appraisal of the "Moderator" device, developed to
deliberately influence customer demand. Part 4 concludes
with chapter 12 discussing findings and detailing
conclusions for all customer groups and recommending
additional research to answer identified queries.

The thesis concludes with references and appendices
provided to complement the research.
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2.0

CHAPTER 2

LITERATURE REVIEW

OBJECTIVE OF THE REVIEW

The literature review was undertaken to enable this
research to be placed in context with previous works.
It is an integral part of an evolutionary process, taking
account of principles and experience reported elsewhere,
to influence and ultimately shape the direction taken by
the author in adding a relevant contribution to the
market place.

The specific objective of the literature review was to
identify and examine recent academic works which have
progressed measures identifying or influencing on
property demand for water.

SIGNIFICANCE OF TOPICS COVERED

In recent years the U.K. Water Industry has recognised
that there are alternatives to the conventional,

on-going, development of water resources. This trend has

occurred because of a combination of economic, physical,
climatic and particularly social constraints including a

growing environmental and political awareness of the
issues involved.

Away from these shores, similar requirements began to
occur, due in part to climatic and cultural differences,
more than 30 years ago.

As a result the topic of "water conservation" has
received considerable academic and professional exposure,
particularly in North America. Many authors have examined

and reported on their experiences and literature is
extensive.

-41-



2,2

This review provides a summary of relevant theory and
practice. Where multiple text’s occur, either the latest
or most relevant literature has been described.

SCOPE OF REVIEW

The research assumes that the requirement for controlling
demand can be justified, either per-se or for individual
projects. Reference is made to such issues, only to
place this work in context. No account is therefore
given to either the requirements of ‘economic’ pricing,
to maintain viability of an organisation, or an
examination of environmental arguments. In practice these
considerations may force political rather than economic
Oor even conservation solutions.

Significant works have been undertaken and reported
covering the areas of distribution network conservation,
particularly control of system pressure and leakage.
Each measure can yield significant water conservation and
are rightly being recognised as worthy of equality with
conventional water resources management. Both topics
are, however, considered to be outside the area covered
by this thesis except specific aspects impacting directly
with on-property conservation. These are; water savings
generated through the repair of on-property leakage and
the associated causal reduction of on-property water
usage when subject to reduced pressure.

Both the thesis and this review specifically investigate
approaches ultimately intended for the control of
on-property water consumption.

The research is intended to break new ground,
particularly in the UK, by examining variables which can
affect household, commercial and industrial water
consumption. The review allows comparisons to be made

with findings from this research and those reported
previously.
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2.2.1.

A unique aspect of the research concerns the
application of an external physical influencing device
specific to each property.

Charging policies and practices are considered in detail
with respect to their use as a potential demand
influencer.

The work is not intended to be purely narrative. It is
designed to incorporate a level of applied mathematical
rigour likely to be found in the industry.

However this has to be consistent with robust examination
of the relationships involved whilst providing the

necessary standard to be acceptable for academic
research.

Applying this specification, the review was targetted
towards contributions from authors who have sought to
report an insight to the theoretical and practical
aspects of on-property water conservation.

The literature review covers solutions and mechanisms,
applied to test solutions, theory and practice of
customer behaviour variables. Many aspects of the review
are summarised as anecdotal case studies. Limited
background information is given where necessary to aid

contextual understanding.

The review is divided into the following elements:

CHARGING FOR WATER SERVICES

An examination of historical, international and
political constraints and experiences that together have

created current UK practice and will shape future
direction.
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2.2,2.

2.2.3.

2.

2.4.

Charging options are identified and briefly commented
upon. Detailed examination of relevant issues in this
respect are considered by examining the actual effects
of each option under the section entitled "Demand
Management”.

The assessment of price-elasticity for water supplies is
examined through the consideration of tariffs and
competition. This is particularly applicable to control
of demand through fiscal measures and the use of a
physical demand restrictor as a basis for charging
strategy.

DEMAND MANAGEMENT

A review of demand management theory and practice is
undertaken by examining four distinct approaches. The
majority of '’point-of-use’ conservation measures are
taken from North American experiences. The review
concludes by presenting combinations of applied measures
taken from case-study examples.

COMPONENTS AND TRENDS OF WATER CONSUMPTION

To provide a comparison with U.K. and International water
consumption, particularly European and north American, a
review of trends is undertaken. This ultimately puts into

context the desirable and actual 1levels of UK
consumption.

COMPARISON OF SURVEY AND ANALYSIS METHODOLOGIES

This review provides information on variables considered
to influence consumption and provided major assistance in
the research design. Reviews of approaches to customer
surveys and analysis methodology were also undertaken. A
number of case studies are presented as models of
conceptual approach and analysis. Results of analytical

and empirical forecasting are detailed for later
comparison.



2.3

The implications of the literature review are considered
in Chapter 3, detailing research design.

METHOD OF LITERATURE REVIEW

The literature search which formed the basis of the
review in this chapter was undertaken over seven years.
Many of the articles collected either became irrelevant
to the research, as its direction became focused, or
superseded by later literature. This is considered to be
a natural and healthy element of a long term research
project. Examination of the relevant literature collected
during the first, and formative, year, Capener (1986),
shows that almost no works, from this early period, have
been included in the final submission.

Initially the literature search was undertaken using
manual methods at local public and university libraries.

A substantial amount of documentation was also generated
either from personnel knowledge of the subject or via the
Water Research Centre’s libraries at Swindon and
Medmenham.

Reference to the; Social Science Citation Index, Index to
Thesis, Current Contents and Index to Scientific and
Technical Proceedings provided a wealth of literature.
Articles so derived assisted particularly in providing
information on the research from a ’social sciences '
rather than engineering perspectives.

As the research progressed it became apparent that the
most relevant articles were available from the WRc,
conference proceedings and current journals, which had
been identified during the initial search. Therefore
abstract updates, post 1988, were concentrated in these
directions. A small number of articles proved difficult
to obtain but in each case the WRc or staff at the
British Lending Library were able to assist.

-45-



2

4.2

CHARGING FOR WATER SERVICE

INTRODUCTION

Having established the fundamental requirements for a
convenient and safe water supply the review can now be
extended. The availability of piped water supplies, with
a reliable yield, is taken for granted in most countries.
How then are these services charged for? In particular
how do the various charging methods influence customers

willingness to control, or even think about, their use of
water?

This section reviews methods employed to apportion
charges for the provision of water services and
identifies options under consideration, in the UK, as
alternatives to traditional Rateable Value approaches.
These, as explained in section 1.2, must be phased out by
April 2000.

Evidence on the price-elasticity of demand for water is
examined to assist in placing in context customers
behavioural reaction to the control of demand for water.

Assessment of the effects of applying charging options to
influence consumption are, however, considered separately

in section 2.5, Demand Management.

DEVELOPMENT OF CHARGING METHODS

Returning to the origins of the Water Industry, described
in Chapter 1, individuals were originally not called upon
to pay directly for water services; rather their
employers provided a service that suited their own
commercial needs (Elwell 1979). It is however certain
that costs were recouped using a variety of methods, some
relating directly to individuals or commerce and yet
others directed towards the community.
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In the report on report on Public Utility Charging Policy
(Thackray, 1988) examined in detail the argument that
water could, in fact, be a free community service. It was
recognised that this would save the cost of separate
billing and, in principle, ensure availability to all.
Operating costs would still, however, have to be met,
most probably through community taxation. A free service
would "also be likely to be wasted by the careless or
unscrupulous, without penalty."

The report considered that an alternative would be to
meet all costs from direct charges for services provided.
This represents: "an increase in costs due to
administration, billing, debt recovery and queries.”
However it still does not provide a direct incentive for
customers to control their demand. This approach is akin
to the traditional Rateable Value method which has
provided the basic charging mechanism in the UK.

Customers may request water supplies but, if given a
choice, would they wish to fund expensive treatment of
used water? "It is likely that many customers would be
quite happy to just get dirty water away from their
premises, perhaps into the river or sea, and leave the
environment to deal with it" (Thackray, 1988). 1In such a
scenario the community, by default, would be responsible
for paying rather than the individual.

Commonly it is the case that water supply and resource
costs are funded as direct charges, by individuals, but
that drainage, used water and environmental services are
met by the community. In this respect Thackray (1988)
commented that: "This may, at best, be through funding
works from community taxation or, at worst, by accepting
and living with the costs of environmental damage."
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The Water Companies of England and Wales are required to
recover almost all costs directly from the customer.
This is stated as being; "unique in the developed world"
(Cranston, 1988). Conversely, in Northern Ireland,
almost full recovery through taxation is practised,
including household supplies. A mixed solution, somewhere
between the two, remains as the most common form of cost
recovery throughout the world.

The split between direct apportionment of charges and
those levied through community taxation was argued
(Cranston, 1989) as: "clearly affecting the bills people

pay and, in consequence, their material assessment of
service costs."

In setting charging policies, UK and overseas water
undertakers attempted to achieve "a wide range of
objectives" (Director General, 1991). These were itemised
in the "Paying For Water" report as:-

i) Financial
1%) Economic
1i1) Equity
iv) Public Health

v) Environmental Protection
vi) Economic Development and Employment Generation
vii) Administrative simplicity.

The criteria selected to determine charging policy
depends upon "the importance attached to each of these
objectives". The report also commented that: "Given this
range of objectives it is hardly surprising that there is
no one charging system that commands universal approval."

In those countries with strong British links "the most
frequently used base for annual water fees was property
values." The logic supporting this approach was that
"the value of a family's property was a good proxy for
its wealth." Alternatives were "chosen because it was
thought that they provided a surrogate for consumption".
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2.4.3

In particular the report (Director General, 1991)
commented that:-

"The key disadvantage of all flat rate payment
schemes 1is that consumers pay the same
irrespective of their actual consumption and
irrespective of the costs of providing them with
water services. Once this annual charge is paid,
water becomes a free good; customers have no
incentive to conserve water and may indeed be

extravagant in their use to ensure that they ’‘get
their money‘’s worth’."

It was stated (Thackray ,1988) that, with respect to
subsidised water supplies, "Governments tend to subsidise
rich and poor alike". The report considered that this
would "easily lead to the better placed receiving more by
way of subsidy than the poor". Further it was stated
that "partial charging approaches give considerable
competitive advantage to heavy use customers, such as a
business using wet processing in textile manufacture".

UK CHARGING METHODS 1973 to 1989

A number of key ingredients were embodied in the UK Water
Act 1973 and its subsequent modification by the Water
Charges Act 1976; specifically (Thackray, 1988):-

a) A charge can only be levied in return for a
service, or when a right or facility is provided.

b) With effect from 1/4/1981 charges must have
regard to cost.

c) From 1/4/1981 charges must not wunduly
discriminate between classes of (legal) persons.

d) Major tariff structure changes should be phased
in over 5 years or less.
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These Acts not only provided the legislation for
unprecedented organisational change, in the UK Water
Industry, but also provided the framework for charging
customers directly (Thackray, 1988). The study also
considered the impact of the Public Utility Transfers
Act (1988). The following statement was made:

"It seems likely that this (legislation) could
lead over a period to less variation and use of
local initiative in devising tariff structures,
and on the basis of government’s track records
in specifying other economic criteria , to
sudden and relatively erratic shifts in policy
rather than the gradual but uneven evolution
usually found in a group of less fettered
utilities".

A detailed review of the 1988 Act reveals that duties of
the Water Companies were changed from ; "having regard to
the policies of the (then) Water Authorities in whose
region they are" to ; " having the same duties and
centralised control regime" thus reinforcing Thackray'’s
(1988) concerns about loss of regional variation and

hence creative development through system evolution to
meet local circumstances.

Evidence of government influence attempting to dictate
charging policy appeared in 1986, during the
"privatisation" debate. Evans (1986) stated; "the crucial
issue is the 1level of investment needed by the water
industry in the years ahead. Several authorities argue
that they have a mounting backlog of work following
Treasury-imposed economies". The report went on to
describe how the Chairman of Thames Water was so
infuriated by Treasury tactics in forcing steep rises in
water charges, to increase government revenue, that he
floated the idea of industry privatisation.
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In 1986 "Thames had planned a rise of just 2% but was
forced to increase the Treasury impost on London’s 11
million water users by 6%". A similar battle had occurred
in 1984/5 when "a 3% rise was sought but government
forced 10%". Thames was therefore in credit but the
Treasury had been extracting substantial profits.

From the government’s point of view, the move towards
privatisation had been a deliberate and successful drive
to water industry self sufficiency. Evans (1986) noted
that "in 1974 the industry borrowed almost as much as it
invested but moved to be 60% self financing in 1980 and
90% in 1986/87".

Between 1974 and the move to privatisation in the mid to
late 1980's the Goverments pursued the concept of
"Economic Equity". Applied rigorously, (Thackray, 1988):-

"this concept involves the customer paying the
full economic cost (or opportunity cost) of the
service he receives, regardless of social,
historical or even financial considerations."

Economic equity was steadily weakened, by legislation and
regulation, in favour of the concept of a rate-of-return

during the run up and implementation of privatisation
(Thackray, 1988).

For example (Evans, 1986) for the year 1986-87 the rate
of return on assets was set at 1.6%. This criteria was
used to limit investment to £910m during the year which
was 13% lower than the industry required. Rate of returns
in previous years were 1.4% (1985/86) and 1% (1984/85).

Between 1981 and 1985 the average UK water bill rose by
43% compared to a gross rise of 20% in RPI. Fig 2.1.
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Chesworth (1991) reported that between 1985 and 1991
water bills had risen by 57%, measured against RPI of
32%. In 1985 water and sewerage bills averaged £86
compared to £134 in 1991. From 1/4/91 they were £150.
This was due to the requirement to raise £26b to fund
proposed investment programmes over the next decade. The
article quotes OFWAT as indicating that: "water bills

would soar by more than 50% above inflation in the
current decade."

Roland Boyes MP, presented Labour Party concerns,
during an interview (McNab, 1986), by outlining
opposition to either metering or licence fees and
advocating its "fair rates" policy.

Green (1989) argued that due to the complexities of the
interlinkages between water industry, user, environment
and the time dependency of these costs a pricing
Structure with sufficient "requisite variety" would be
difficult to devise. Further if water metering were
adopted and customers charged on the basis of water
consumed, then this would hit those PLC’s which currently
had surplus capacity.

The article observed that "not only industry but also
households and the environment are engaged in inputting,
processing and discharging water. Consequently setting
charges to the customer , solely in terms of a price per

unit of water supplied to them, would be unlikely to
result in a system optimum".

Bringing the debate to a national level OFWAT launched
its "Paying For Water, a time for decisions ( Director
General, 1990) document as a consultative paper. The

document examined issues relating to methods of charging
and tariff structures.
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In its introduction (p5) OFWAT made reference to the fact
that not only were: "most domestic customers charged on a
tariff related to rateable value" but that: "Generally
metered customers are subject to a standing charge which
differs throughout the country." The report also pointed
out that the mix of a high proportion of standing charges
and high levels of minimum consumption "fixed charges"

presented customers with minimal incentive to control
their water demand.

The consultation document highlighted that charging
policies need to achieve fairness, equity, sensible
incentives, simplicity and comprehensibility. In a
separate element of the same report, OFWAT reiterated
that "charges for water and sewerage are not taxes, and
sO0 ability to pay would not be a good basis for them."
The report stressed the philosophy that: "charges should
be based on costs". '

Hansard, (20.2.89), confirmed the Government'’s intention
to abolish domestic rates as a mechanism for water
service charging. Nicholas Ridley stated "Although the
Government regards metering as potentially the fairest
method of charging, it will be up to each undertaker to
decide how it wishes to charge". In practice the concern
expressed (Thackray, 1988) appeared to be confirmed, i.e.
freedom of choice with respect to charging practices was
being eroded in favour of metering.

There was and is, however, some freedom to consider
options other than metering and the following list
provides alternatives, compiled from numerous sources:-

a) Fixed charge £RV
b) Metering

c) Licence fee

d) Charge per adult
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e) Licence fee plus charge per adult

f) Charge per property area
g) Number of rooms

h) Water using fittings

i) Income/expenditure tax

National debate and practical constraints selected just
two options for detailed consideration. Thus the
exhaustive list of 9 options was, in the UK, reduced to
two possibilities considered practical. These were:-

a) Metering
b) Licence fee

The remainder were rejected due to either the cost of
collecting and maintaining a suitable system or the
non-correlation between consumption and charge. Further
the "no discrimination " rule was considered to be
flaunted by relating many options to an ability to pay.

At South Staffordshire Water the Licence Fee approach has
been expanded into a banded licence fee (Thackray, 1990),
which in general appears to be an acceptable alternative
to the industry. However whilst there may be some
correlation between size of property and quantity of
water consumed, such a method does not provide incentives
for customers to control consumption. Nor does such a
system regulate use and payment. The system does however
reflect the argument that services comprise a high
proportion of fixed costs (Hodges 1988). In other words,
generally it costs as much to make services available to
small properties as to large ones (in the short run) and

banded licence fees are cheaper to administer than
metering.
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Through its Customer Service Committees OFWAT, in 1991,
questioned the public over preferred criteria for water
service charges. The total response was low (Rees 1992)
The returns published by the Director General (December
1991) showed a preference for payment according to use.
Customers were asked if they preferred:-

1. A flat rate licence fee per household.

2. A household charge that would depend on the size
and characteristics of their property.

3. Water metering.

In a article which was broadcast on the national radio
and TV networks the National Consumer Council’s Deputy
Director, Mr Simpson (July 1992), criticised OFWAT's
meter survey as misleading. The article, and subsequent
national debate, suggested that consumers had not been
informed about cost implications of household metering
and therefore the widespread support inferred from the
survey was flawed. A preferred option would be to invest
in reducing water lost to leakage. This would be of
greater benefit to customers and the environment and

would avoid an expensive and potentially harmful social
measure.

This view was refuted by the Director General in person
(Byatt, 1992) who stated that "it is Mr. Simpson who is
misleading the public in suggesting that OFWAT wants a
crash programme of universal metering". Also Mr. Simpson
has "not understood the relationship between metering and
leakage" in that "of the 25% of water lost through

leakage, possibly up to half that figure is lost from
customer’s own pipes".
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The water industry considers metering as something of a
dilemma. External installation is preferred for access,
maintenance and as a clear definition of the
customer/company boundary. However it is also the most
costly installation point. The National Metering Trials
(WRC 1990), confirm the fact of lower operating costs for
external meters.

Buchanan et al (1989) stated that:

"an additional £30 or 32% would be added to
average annual water bills to fund costs of meter
installation, maintenance, billing and reading".

Welsh Water (Brain, 1988) reported that:

"the additional cost of reading and billing
customers equated to £2.70/year/account. Further
the maintenance repair and replacement cost of
meters would be at least £10/year".

For Wales, the article computed that, these costs would
jointly represent a 9% increase in overall charges.

The high costs of metering can, potentially, be offset
against reduced consumption. However substantial savings
are only achieved through the deferment of capital
projects. To achieve such savings reductions in demand of
20 to 30% are required (Hodges, 1988). The article
reports that records revealed savings of approximately
10% could realistically be achieved. This would appear to
render the metering option a non starter. Demand
management linked to metering and the philosophy of price

elasticity are reviewed separately in sections 2.5 and
2.4.4 respectively.
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The "Paying for Water" document (Director General, 1991)
agreed that; "the impact of metering on demand is
unlikely to be sufficiently great for the savings in
resource costs to exceed the costs of immediate general
installation of meters." It was further argued that the
balance would change with increasing cost of water,
improvements in meter technology, customer groups who
could reduce demand substantially and for areas where
resource shortages are most pressing.

The most extreme combination of all of these factors was
employed in examining the case for water meters in South
Staffordshire Water (Capener and Carnell ,1992). The
study modelled the economic effects of an installation
programme in two separate geographical areas. The
locations were selected to present conditions most likely
to enhance the economic benefits of metering, i.e. where
resource supplementation was both most required and most
costly. Surprisingly, even at these extremes, in excess
of a 17% reduction in preceding year’s average per capita
consumption was required for investment to break even.
This model analysis was based on zero standing charge for
metered customers and installation rates close to half of
current costs. Without these variables being set to
grossly favour metering it is estimated that consumption
reductions, through metering, in excess of 30% would have
been required. The report concluded that:

“i1f not viabie for the selected areas, and
treated with the most optimistic installation and
running costs, metering is not considered to

currently be an economic prospect for any area of
the Company."

The Metering Report (Watts, 1985) determined that with
the advent of metering "the majority (of water customers)
would neither gain or lose". The Chairman of the National

Metering Trials (Gadbury, 1991) stated that "Metering had
never been intended as ‘universal’ "

-
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At the 15th African Water Engineering and Development
Conference, the subject of paying for water was debated
(Usman et al, 1989). It was postulated that "willingness
to pay" was based upon the findings identified by
Whittinton et al (1988) namely:

1. Perceived health benefits

2. Convenience

3. Amenity

4. Time savings and economic benefits
5. Levels of service

6. Existence of alternative sources
7. Income

8. Price

9. Different uses

10. Different determinates

11. Value of womens time and

12, Family size.

Schelette et al (1991) examined the price elasticity of
urban water supplies. The report summarised that three
characteristics generally affect the price elasticity of
a product. These were stated as being:

The quantity and availability of its substitutes

2. The importance of the product in the buyers
budget.
3. The number of its uses.

Schelette continued by stating that: "These
characteristics do not necessarily work to influence
price elasticity in the same direction. For example,
water has many uses, implying elastic demand. The lack of
substitutes and the fact that it represents only a small
part of household budgets however cause the overall
tendency to be inelastic."
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As an example of price elasticity, of demand for water,
Schelette reported that from study of American
"increasing block rate charging structures", reported in
1980, the demand for water was: "generally inelastic,
ranging from -0.27 to -0.61".

Usman et al (1989) reported African average day price
elasticity demand for water ratios of between -0.2 and
-0.4. This suggests that as price is doubled
consumption drops by 20 to 40%.

Schelette et al (1991), stated that; "most potable water
use, drinking, cooking and bathing is a necessity with
little room for elasticity. As water consumption becomes
more discretionary i.e. irrigation, car washing and
recreation, its demand becomes more price elastic." and
customers have the 'freedom’to adopt a direct choice
about its usage.

The report continued: "The determination of price
surcharge effects, upon customers, requires delineation
between necessary and discretionary use. Seasonal
variations can result in corresponding price elasticity
impacts. For example when the season dictates water usage

for garden watering, greater sensitivity to price can be
expected".

However Usman et al (1989) also found evidence in Africa
that individuals were willing to pay only if they
perceived the level of service to be acceptable. He
indicated that if the service was acceptable then low
income communities would readily pay between 3 and 5% of
their income for water. The report, however, suggested
that some levels of service were very basic yet customers

continued to pay between 3 and 5% of their income for
water.
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Supporting this sentiment from further practical
experience; Usman etal (1989), reported that Cairncross
(1988) found:

"the poorest groups in Khartoum were having to
pay 120 times more for water, from street
vendors, than the better off paid from piped
connections".

This sentiment was also echoed in Okun’s (1988)
examination of Water Prices in developing countries. He
provided evidence of water being sold by Entrepreneurs in
containers, from 20 to 2500 litres, at prices between 20
and 100 times the rate for piped supplies. This affected
typically 8 to 10% of the population. The study also
showed that water utilities, in general, did not receive
any income from such ventures.

TARIFFS

Laugeri (1988) pointed out that:
"the objective of tariffs is to ensure optimum
use is made of water resources whilst not
compromising the water utilities financial

situation".

Several approaches to Tariff fixing were discussed by
Usman et al (1989). These are summarised as:

a) Increase Tariffs in 1line with inflation
(politically and socially acceptable)

b) Set tariffs to recover operation and maintenance
costs plus full amortization of capital costs.

c) Set tariffs to provide a target rate of return on
fixed assets employed.

d) Use long run marginal costing, which is a method

of considering and fully funding future costs of
expansion schemes.
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The UK water industry is reported to consider the
following criteria, for tariff design, as desirable;
(Garrett, 1987):-

a)
b)

c)
d)
e)

Easily understandable by the customer.

Practical and appropriate to available
technology.

Capable of expansion for wider, future, use.

Must satisfy charging legislation.

Income recovery, must have acceptable risk of
income loss.

Examination of these criteria have resulted in five
suggested forms of tariff:-

a)
b)
c)
d)

e)

Flat rate.
Rising Block.
Declining Block.
Seasonal Tariff.
Peak tarifff

Usman et al (1989) offered the argument that:

"it would be beneficial if rates charged
reflected the value of resources rather than
historical cost. Rates should signal costs of
incremental services. Hence the customer is aware
of the costs of his choice and can influence his
willingness to consume at that rate".

Marginal costs are a measure of:

"additional costs for the next unit of output.
For the short run they are based on variable
operating costs. For the long run they include
necessary investment costs".
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OFWAT (Director General,1991) defined short-run marginal
costs as:

"the cost changes experienced immediately
following a change in demand."

Long-run marginal costs were defined as:

"cost changes experienced once the industry has
adjusted to a different level of demand, and in
particular adjusted its capital stock."

Usman et al (1989) continued:

"The use of the 1long run marginal costing
approach appears to be unacceptable because it,
in general, leads to very high tariffs. A
compromise solution is to incorporate the
marginal rate as the second or third in a block
rate structure. Initial consumption providing for
basic need would be charged at a lower rate and
higher or discretionary consumption at the
marginal rate. In general water is charged at a
rate which does not reflect full costs of the
next incremental service step".

When considering charging strategy for the UK household
market OFWAT (OFWAT, 1991) stated that: "water charges
need to be related to the full continuing cost of

supply." Further this was fully identified as including;
environmental costs, capital costs and operating costs.

The National Metering Trials (WRC, 1990) include tariff
investigations to determine the benefits of each. To
permit the trials to be undertaken Section 30 of the 1973
Water Act was specifically repealed. Details of the

effects upon water consumption are studied in section
2.5.
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The Director General (Byatt, December 1991), considered
that UK fixed charges were too high; particularly when
compared to other utilities. He suggested that standing
charges should be forced down to cover "customer related

costs" such as billing and directly associated activities
only.

This stance was reinforced in the Paying For Water
document (Director General,1991) which stated: "OFWAT
is sceptical of the argument that ’‘fixed costs should be
recovered through capital contributions or a standing
charge and variable costs through a volumetric charge’.
Neither is it convinced by the argument that the
use-related component should be based on estimates of
marginal cost which take a short term view of the future
capital programme, with the balance of accounting costs
recovered from the standing charges."

For comparison the current proportion of standing charge
to average UK household bills are: water 49% ;gas 1l1%
and electricity 12%.

The Watts Report (1985), concluded that:

"the industry incurs substantial investment to
meet peak demands. In general, charges do not
reflect this".

The report also determined that:

"the costs of delivering water, in particular at
times of peak demand, are higher than previously
recognised. The industry can continue in this
manner, providing capital works to meet increased
demand, which encourages customers to use more.
Alternatively, use could be discouraged, thus
obviating the need for capital investment and
offering some environmental protection".
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The aspect of "discouraging use" relates to control of

customer demand. This is discussed extensively in section
2.5.

An article, considering UK resource capacity, (Chesworth,

1991) emphasised the need for control of demand and
reported that:

"l in 5 of the (UK) population were exposed to a
high risk of water shortage in 1991. Nearly half
of the population were subject to restrictions on
water use in 1989/90. With water shortages
becoming increasingly common, a way of
encouraging water preservation is needed".

Thackray (1988) argued that "to a much greater degree
than any other utility, the water industry provides
capacity, available night and day, for the customers
convenience. It 1is this capacity reservation and
availability which costs money that requires paying for".

Warnings of rising costs of water services, particularly
when 1linked to incentives positively encouraging
customers to conserve water caused NALGO (1986) to
comment that: "water is not an optional commodity".
Concern was expressed about prohibitive costs of water
forcing consumers to take either, less water than

required to meet health and hygiene standards or, at
worst, face having supplies cutoff.

Currently, in the UK, disconnection for non-payment is a
major issue, but under the 1989 Water Act it is the
courts who decide who can and cannot be cutoff. "This is
as it should be . The industry is coming under stricter
controls, particularly financial, is not in the public
sector and should not be required to act as a Social
Agency" (Herrington, 1990). The statement continues by
making the observation that "customers will appear to
double up uncomfortably in their alternating roles of
water customers and friends of the environment".
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DEMAND MANAGEMENT.

INTRODUCTION.

In a very public manner water resources are becoming
increasingly overloaded. Frequently water companies in
the UK report shortage, implementation of hosepipe bans or
application for drought orders; for example Water Bulletin
(1991). That this should even be so over winter periods

is alarming and indicative of a mismatch between resources
and demand.

Measures are becoming necessary to prevent permanent
shortage and resource depletion. Water wutilities
contemplating this position must make a choice between

increasing resource capacity or conserving existing
supplies.

With increasing environmental concern being voiced from
pressure groups, NRA, OFWAT and the water industry
itself. Utilities will be forced to make, in simple
terms, existing supplies go further. This element of the
research examines options available to achieve such an

objective and reviews achievements relating to demand
management.

The management and protection of water, soil, forest and
wildlife resources were discussed by OECD Environment
Ministers (OECD, 1989) at a meeting in 1985. An
integrated approach to the management of resources was
recommended to ensure long term environmental and economic

sustainability. The resulting report, OECD (1989),
included a chapter on " Improved Water Demand
Management". Three ways of satisfying increasing customer

demands for water were identified:-

1) 1Increasing supplies of the basic service.
These "may however be increased by the construction of

more treatment, storage and transportation
facilities."
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2) Supply-management.
" A given supply system may be made more efficient by,
for example, artificial recharge of reservoirs and,
where appropriate, giving lakes and reservoirs new
river regulating roles. In this manner more output
may be obtained from a given system;"

3) Demand management.
This " term embraces all those measures which seek to

bring demands into line with supplies rather than
vice-versa."

In the appendix on "Guidelines for Water Demand
Management" (OECD,1989) it was stated that: "There is
significantly more scope for policies to implement demand
management than for supply reallocation."

Binnie (1992) described Demand Management as "measures
which reduce or reschedule water use. The main reason for
demand management is that it is expensive to meet all water
demand all of the time".

A classic definition of Demand Management was made by J F
Flack (1981):-

"making more efficient use of existing supplies through
structural, operational, economic and sociopolitical means"

In a study of Denvers "bluegrass lawns" (Wiley, 1983)
revealed householders using an average of 3.8 to 5.0 cm per
week to water gardens when only 1.7 cm was required. In
this study, garden watering represented 80% of residential
summer consumption. "The potential to influence overall
consumption through behavioural change of just one factor",
the article concluded, "is very significant". Denvers
Water Department were looking for demand reductions of 20%

From experimental work at the Building Research
Establishment (Rump,1978) it was considered that: "One of
the most promising areas for applying demand management is
in the domestic sector as domestic usage accounts for
almost half of the national (UK) water supply.”
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2.5.2

Finally in this respect the desirability of, and mechanisms
to, achieve water conservation through "demand management"”
were identified by the United States National Water Council
(Flack 1981) who declared:-

"In planning to meet future demands for municipal and
industrial water, full consideration should be given to the
possibilities for reducing water withdrawal by metering, by
imposition of pricing systems that encourage more efficient
use of water, by changes in building codes, by reducing
leakage, and by other measures as an alternative to

increasing supply, or as a means of minimising the
necessary works."

These approaches are examined in detail in the following
section

REVIEW OF ESTABLISHED METHODS

The Water Resource Management report (OECD, 1989)
categorised five principle policies through which Demand
Management could be pursued. These included pricing,
regulation, education and operational control. The fifth
element was described as "increased flexibility in water
use rights". This was considered to provide an mechanism
through which "a water authority would be relieved of the
responsibility of devising, implementing and administering
a charging scheme or other rationing system." As described
it parallels supply management practices and was therefore
not considered as appropriates for this research.

Overlap can occur between the four remaining categories
i.e. a tariff pricing scheme can be designed to penalise
excessive consumption. In such an example the customer
retains the choice of usage; He may however volunteer to
reduce consumption in order to actively reduce water
bills. This example serves to illustrate overlap between
educational and pricing policies. Combined approaches are
examined further at the end of this section. Each of the
four identified categories are reviewed separately.
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2.5.3 EDUCATIONAL POLICIES

A voluntary appeal to customers has the affect of achieving
conservation through education and co-operation. It can be
particularly powerful when widespread media interest is
involved. April 1992 saw Water Companies in Southern
England using established personalities to sell their
message. Of particular note was the input by David
Bellamy, the well known environmentalist, on behalf of
Three Valleys Water, (Three Valleys, 1992). It is expected
that such representation will add authority and a note of

impartiality to a method which loses its impact with time
and repeated use.

Voluntary restraint, through education and mass "appeals",
has been used as a first defence when water utilities are
faced with a crisis. At South Staffordshire Water, this
has occurred twice, in recent history, once during the 1976
drought and again as a result of the 1982 strike (Capener,
1992). Binnie (1991) reported that appeals to the public
for voluntary restraint achieve typical savings of 15-20%.
However the conclusion is also drawn that "With a
privatised industry and changed public perception, the
response may be less in the future."

Similar problems of water shortage occur globally Ishibashi

(1991) described 20 to 25% savings achieved through
voluntary appeals in Japan.

In the UK, under condition J of each company’s Instrument
of Appointment, the Director General sets levels of service
for water availability. With respect to major publicity
campaigns, requesting voluntary savings, this is
interpreted as occurring, on average, not more than once in
20 years. The Standards DGl and DG4 embraces this aspect
of interruptions to water supplies and are monitored
closely to ensure compliance.
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REGULATORY POLICIES

First in the list of U.K. Legislative measures is the
hosepipe ban. The provision for such a restriction
initially appeared in the 1945 Water Act, Section 16, and
has been maintained through successive legislation. It is

now to be found in Section 76 of the Water Industry Act
1991:

The provision is intended to prohibit the use of water,
through a hosepipe, for watering gardens and washing
private cars. Reference to the use of this legislation
indicates how widespread its effects can easily become:
"During 1990, 18 million people in England and Wales were
subject to a hosepipe ban." (Binnie, 1991). Further to
strengthen its effects a "Water Company in Southern England
announced that it had introduced a fine of up to £2000 per
incident to strengthen the imposition of its drought
order." (Water Bulletin, July 1992).

The second stage, through legislation, is the "Drought
Order". This authorises the use of measures which have
limited effects on water courses. Favourites are firstly a
reduction in the release of, impounding reservoir,
compensation supplies to maintain downstream river flow.
Secondly an agreed increase in, licensed, abstraction
rates. The due process involves publication of the
proposals in the press. Objections can delay or prevent
the application being granted by the Secretary of State.
The National Rivers Authority will normally only support a
drought order if a hosepipe ban has been imposed.

In extreme circumstances a third conservation measure is
available: The Secretary of State can specify a list of
restricted water uses. This provision, available through
Section 74 of the 1991 Water Resources Act, includes
prohibitions on washing of buildings, watering of public
gardens and golf courses, car washes etc.

.



The same order also allows for such drastic measures as
"rota-cuts" and restricting communal supply via
standpipes. The national drought of 1976 saw rota-cuts
introduced in South Wales and standpipe supplies in South
West England.

Each Company sets its own standards of service, in this

respect. A typical expectation, interpreted from the
Standards DGl and 4, would be:-

TYPICAL MINIMUM STANDARDS

* HOSEPIPE BANS once in 10 years
APPEAL FOR VOLUNTARY RESTRAINT

* DROUGHT ORDER FOR COMPENSATION once in 15 years
WATER, ADDITIONAL ABSTRACTION

* DROUGHT ORDER FOR NON-ESSENTIAL USE once in 20 years

* EMERGENCY DROUGHT ORDER FOR once in 100 years

ROTA CUTS, STANDPIPES ETC

Source, Jack 1992.

2.5.5 OPERATIONAL CONTROL POLICIES

The conservation of on-property water usage, through the
application of physically restrictive devices, can be
approached in two ways. The first and most widespread,
particularly in the US, relates to the introduction of
equipment at the point of use. This may be a modification
to an existing appliance, i.e. reduced toilet flushing by
permanently displacing water held in the cistern using
"toilet dams or bags". Alternatively brand new, low water
usage equipment may be installed either to replace
inefficient fittings or, as standard, to new properties.
I.e. The replacement of a conventional 10 litre flush
toilet with a 7.5 litre flush system.
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The second option is to influence the entire household
supply. This may be achieved due to plumbing design or
altering standards of supply, i.e. pressure and perhaps
flow. For example, in the UK, anecdotal evidence suggests
that this was commonly achieved, accidentally , through
the use of indirect plumbing systems, i.e. using storage

tanks to feed all appliances except kitchen cold water
taps.

The most common forms of remote demand management are
pressure control and leakage control. Both have the
potential to conserve water and both are pursued without
the customers involvement. Remote demand management
discussed in this section is considered as complimentary
to such standard operational practices.

It is implicit that the application of conservation
measures for potable water permit the consumer to retain
acceptable standards of supply, apart from times of
crisis. The interpretation of "acceptable" remains to be
defined and will be subject to influence dependent upon

availability of water resource and climate throughout the
world.

As described, in chapter 1, OFWAT have set a range of
standards-of-service for the UK. With reference to
conserving water, through the use of demand management,
sections 2.5.2 and 2.5.3 presented interpretations of
standards-of-service relating to educational and
regulatory policies. Standards-of-service were also
developed to provide an indication of the adequacy of the

distribution system to meet customer needs. These are DG2
and DG3.

The DG2 reference level is defined as 10 metres head of
water pressure at a flow of 9 litres per minute measured
at the properties boundary. This is further specified as

achievable under normal operating conditions and is
considered reasonable for normal daily usage.
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DG3 is the standard which monitors properties which have
supplies disrupted for more than 12 hours without prior
notice. This excludes properties were failure was
indirectly associated to an unplanned incident,such as a
burst main. Table 2.1 summarises performance against

relevant DG standards for England and Wales during
1990/1991.

To determine what measures are available an extensive
review of practices, split into “"point-of-use" and
"remote" physical conservation methods, was undertaken. A
wealth of information was available, the remainder of this
section is devoted to presenting a flavour of experiences
linked to these two identified categories.

2.5.5.1 CONSERVATION AT POINT-OF-USE
(REDUCING WATER CONSUMPTION IN DWELLINGS)

This section considers the potential to influence
consumption through outlets in the property. Certain
appliances operate with preset volumes of water i.e.
washing machines and toilets. Other items are dependent
upon customer behaviour such as washing hands under a
running tap, filling the bath or watering the garden.
Either category presents opportunities to influence water
usage, by limiting flow throughput or reducing the
required quantity. Thus showers can be throttled and
toilets designed to operate with lower flush volumes.

Before considering a variety of outlets and appliances in
detail, an overview of household usage is presented to
indicate relative volumes consumed for a range of normal
activities. Binnie (1992) reported upon water usage and
appliance ownership for a household in South East England.
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HOUSEHOLD WATER USAGE.

ACTIVITY LITRES / PERSON / DAY
WC Flushing.seeesesecosesnsnsns 35
Clothes Washing......... E—— 20
Dishwasher..ccosrsoercncoonsevoe 11
Personal Washing...ceeeeeesseas 36
Qutside US@...ccovoconsnaoms — .9

Miscellaneous Cooking,
cleaning drinking etc. ).vieeeann 35

HOUSEHOLD APPLIANCE OWNERSHIP

Appliance  Ownership Use Consumption Consumption
Level % Litres/Use Litres/Day

w.C

Full 80 4 /day 9 29

Dual 20 4/day 7:5 6

CLOTHES WASH

Auto 65 4.75/hr/wk 102 17
Non Auto 22 1.9/hr/wk 90

Manual 13 1.9/hr/wk 50 1
DISHWASHER

Machine 15 6/hr/wk 45 2
Manual 85 20/hr/wk 10 9

(Source adapted from Binnie, 1992)
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It can therefore be seen that, as a single item, toilet
flushing accounts for almost 25% of UK household
consumption. As a consequence this appliance has received,
probably, the greatest attention from manufacturers and
the water industry

2.5.5.2 TOILETS:

The successful operation of low-flush toilets relies upon
a combination of cistern, bowl and trap design.
Successful combinations allow a lesser quantity of water
to scour the bowl and siphon the contents out. Lillywhite
et al (1987), undertaking research into low-flow toilets,
concluded that it was feasible to operate a standard 9
litre flushing toilet with 6 litres. Site performance was
adequate regarding pan clearance and also flow in drains.
Flush volumes below 6 litres would work, but specialist
pan design became critical to ensure clearance. An
estimated 2640 Ml/day was wused just for toilet flushing
in England and Wales during 1986.

Rump (1978) reported that a Swedish close-coupled suite
gave good results with a 2.5 litre cistern.

Prior to the introduction of U.K. Model By-laws in 1986,
an alternative to low-flush WCs, the dual flush toilet,
had become a bye-law requirement. These WCs discharge
either the full, conventional, cistern volume of
approximately 9 litres or a reduced amount of
approximately 4.5 litres. Selection is made by the user
depending upon flushing requirements. In practice
anecdotal evidence indicates that consumers tended to
misuse dual flush toilets and in general even more water
was consumed than with conventional toilets.
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The move to enforce the use of dual flush toilets was
abandoned in favour of the current bye-law requirement
which requires new toilets to use a 7.5 litre flush, by
19835 Lillywhite (1987) concluded that "the most cost
effective method of reducing the domestic component of
water consumption was to fit low-flush toilets".

Maddaus (1987) reported that non-conserving, older design,
toilets used from 19-26 litres/flush. Whereas Low-flush
toilets use no more than 13 1litres/flush and very
low-flush units, 5.7litres/flush. When applied to the
average residential rate of 4 flushes per person per day
this represents a saving of 30 litres per person per day,

low=-flush, and 60 litres per person per day, very
low-flush.

It became apparent as a part of the work undertaken by
Maddaus (1987) that specialist firms installing retrofit
equipment to blocks of established apartments also
discovered that 20% of the aged non-conserving toilets
leaked. It was estimated that each leaking toilet
accounted for 91 litres per day.

Numerous other studies confirm the water conservation
available when retrofitting or replacing toilets with low
water use fixtures. Examples are: Vickers (1990)
estimated 57 to 78% savings in this category of plumbing.
The article also reported that Siegrist et al (1981),

measured savings of 75% excluding toilet leakage, which
was separately estimated as 20%.

White (1990) reported that a study in Germany produced
savings of 22% in total consumption when “modern"
point-of-use fittings were installed in a block of flats.
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Further in this respect OECD (1989 p73) reported that:
"toilet economy measures treated as investments have been
found to give annual rates of return of up to 60 per cent
in England and Wales." Finally, in the same report, OECD
stated that: " the largest single appliance or habit
consuming potable water is probably the toilet; it is
estimated to be responsible for about 20% of the public
water supply in England and Wales."

2.5.5.3 SHOWERS:

Maddaus (1987) reported on the savings generated by
"low-flow" showerheads. He found that average shower time
was 4.8 minutes per-person-per-day. That low-flow shower
heads saved 27.3 litres-per-person-per-day and in doing so
required less energy to heat the water. This translated
to a saving of $8 per person per year for gas heating and
$26 per person per year for electric. In addition
customers also benefited from the direct savings in water
consumption. Typical costs, at 1987 prices, for providing
retrofitting equipment were $15 per household. Vickers
(1990), also reported on low-flow showerheads, finding a
net reduction in throughput of 34 to 50 % per annum.

Demand management using controlled shower emissions was
discussed by Environment Ministers (OECD, 1989, p75).
Very high shower use(40l1/hd/day) was reported for USA and
Australia. California is the only location reported as
having plumbing codes regulating shower-flows. Methods of
controlling flow were reported as being: "limited to
supply restrictors, air compressors and the introduction
of ’'misting’ showers with very fine sprays." This latter
method was indicated as being uneconomic and creating
"dissatisfaction" in the UK.

The benefits of atomised shower sprays was also considered
by Rump (1978). In testing on a team of 15 individuals
the atomised shower used 41% 1less water than a
conventional shower. This was despite a (15%) longer
period being spent in the atomised shower.
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2.5.5.4 TAPS:

Vickers (1990) examined the benefits of low-use taps. She
concluded that combined kitchen and bathroom taps account
for 15% of American indoor consumption. Replacement of

conventional equipment was estimated to produce 15 to 45%
water saving.

OECD (1989 p 75) concluded that "Because tap ’Continuous
flow’ uses were probably small relative to ’'volume’ uses,
the scope for savings is limited." The report went on to
state that "The prospect for economies are much better in
commercial and public buildings where the reason for tap
use is often limited to hand-washing."

2.5.5.5 DOMESTIC APPLIANCES

In addition to bathroom fixtures (Maddaus, 1987) it was
reported that domestic appliances such as clothes-washers
and dishwashers used significant amounts of water, much
was hot and therefore required energy for heating.
Dishwashers available in America incorporating low-water

usage in their design produced savings equivalent to 4
litres per person per day.

Clothes washers used about four times the volume of
dishwashers and efficient designs consumed water at a

rate of 6.4 litres per person per day 1less than
conventional designs.

Table 2.2 indicates savings that can be generated by
installing water conserving appliances to new properties.

Binnie (1992) provided an example of variations in water
usage by washing machines. Consumption, for similar
cycles, varied from a German machine requiring 68 litres
to a UK manufactured machine accounting for 163 litres.

=



OECD (1989 p75) reported that for domestic appliances "the

only reported enforceable codes laying down maximum use
data were in California."

Whilst investigating the components of household demand,
Thackray et al(1978), determined that automatic washing
machines were “"associated with a higher average

consumption" whilst any other washing machine were not
related to a higher domestic consumption.

2.5.5.6 COMBINED WATER SAVING POTENTIAL

Maddaus (1987) combined the savings from his studies to
conclude that American internal residential use would be
reduced by 10% if low-flow toilets, shower-heads and taps
were fitted as replacement appliances.

Vickers (1990) is more ambitious, estimating that
retrofitting, which is substantially cheaper than
installing new appliances , the estimated 250 million
American residences would yield internal (only) savings of

25% This represents savings of 3.4 to 8.4 billion
(US)gallons per day

Figures 2.3 and 2.4 compare 1987 average water use in a
conserving and non-conserving American home.

Figure 2.5 illustrates water use before and after
retrofitting seven apartment buildings in Washington DC

Note the savings include repairs to leaking toilet
fixtures.

Table 2.3 indicates savings that can be generated by
retrofitting devices to existing American homes.
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As a drastic alternative, Rump (1978), considered in
detail the possibility of domestic water recycling to the
point of being totally autonomous in water. The
conclusion was drawn that whilst technically feasible,
especially if integrated with usage of rainfall, then:
"complete autonomy in water is not a method that can be

realistically proposed to effect a significant nationwide
reduction in water demand.

2.5.5.7 REMOTE PHYSICAL CONSERVATION MEASURES

Conventional remote conservation methods are applied at
district level by controlling flow or minimising leakage.

Both have a very significant role in the operation of a
water supply system.

Studies undertaken in three American cities, Maddaus
(1987), confirms that water pressure influences water
use. Typical water pressure of 80psi was reduced by 30 to
40%. Savings varied but showed between 3 and 6%
reduction in normal usage. Reducing water pressure also

saves the utility costs due to less power being required
for pumping.

A sophisticated distribution pressure control system,
developed by South Staffordshire Water PLC, repeatedly
demonstrated savings when applied to areas already under
existing pressure control. The system allows customers to
dictate, within derived tolerances, the flow of water on
to the district. Yet at times of low demand the control

optimises flow throughput. Savings are attributed
particularly to 1leakage reduction either on customer
property or on the distribution system. Savings are

attributed particularly to leakage reduction either on
customer property or on the distribution system.
Continuous monitoring of the system did, however, also
indicate that genuine consumption patterns altered.

Savings approaching 50% flow at night and 30% during the
day were noted (Goodwin, 1993).
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2.5.6 PRICING.

Apart from the on-going National Metering Trials, evidence
of the design and experience of price based demand
management is provided from outside the UK. In this
respect the reader should be aware that UK per-capita
water use is considerably less than most of our European
neighbours and the United States (section 2.6). The
scope for absolute reduction increases with consumption
rising above basic needs. This is particularly so for
countries with arid climates where outside usage is high.

It is usually assumed that increasing prices results in
larger bills to customers and provides the temptation to
conserve water. 1In practice the expected does not always
happen. Palmini et al (1983) reported that "Apparently
the public just does not respond to the substantial dollar
savings on energy bills from installing (low-flow)
showerheads". The following brief section is included to
place in context customers perception and behavioural
reaction with respect to the purchase of water

2.5.6.1 SUPPLY AND DEMAND.

A perfect market consists of "only one market and one
market price" (Whitehead 1992). 1In practice “"customers
do not have perfect knowledge and those prepared to pay
more can be charged more". If an item costs £1 and some
customers would have been prepared to pay £2 then they are
said to "enjoy a consumer’s surplus of satisfaction".

Similarly company surplus is achieved by sale price in
excess of cost.

Cromwell (1988), provided a summary of the basic economics
of piped water supplies and investigated consumers
willingness to pay. Cromwell refers to Adam Smith’s
treatment of "the paradox of value" in "The Wealth of
Nations". Smith was puzzled about how water could have so

many practical and essential uses and yet be taken for
granted as though valueless.
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At the time, 1776, water was either inexpensive of free
because it was in great abundance. Thus its value in
market exchange was very low. However a little water is
an essential of life for everyone; they would be prepared
to pay very high prices for the first few units if they
had to. Therefore, in normal conditions all people buying
water experience very high consumer surplus at the going
market price. Hence even doubling or trebling its price

would use up only a small part of the consumer surplus to
which it gives rise. '

Cromwell surmised that the same relative cost environment
persisted well into the Twentieth Century shaping
attitudes and expectations accordingly. Safe drinking
water became taken for granted. Cromwell concluded that
"taken together the downward effect of the supply curve
induced by rationalising charges and the upward effect on
the demand curve induced by public information could
eventually outweigh past imperfections and allow a true
measure of willingness to-pay to become evident". He
advocated that "programmes of public education and rate
reforms would, eventually remove historically derived
'flawed pricing’and ’imperfect information’ which have
created the current social attitudes towards the value of
water". As evidence Cromwell pointed to the expansion in
the "unflawed" bottled water market in the USA.

In 1988, the market for bottled waters expanded by 15
percent. This, as currently in the UK, was despite the
fact that substitutes cost 500 to 1000 times as much as
tap water. The evidence available indicated that market
share began to grow in the middle to late 1970’s. This
period coincided with increased public awareness of toxic
chemical health threats. Cromwell believed it "more

accurately represented the customers willingness-to-pay
for safety" in drinking water.
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The subject was considered by Environment Ministers (OECD,
1989) who concluded that the principle reason which had
caused supply-management to be the option automatically
favoured by member countries was: "the huge scale of
subsidisation by central, regional and local government.
This has encouraged the perception, held by both consumers
and suppliers, that the basic water services are very
cheap. The result has been overbuilt systems, public
funds wasted and resources misallocated."

A further statement was made (Cromwell, 1988): "Excessive
consumer surplus is being eroded in the U.K. and people
are becoming more sensitive to price. Massive capital
projects are being undertaken to fund years of neglect in
the Water Industry". He suggested that these necessary
works coupled with high wvalues attributed to

'environmental protection’ are likely to receive blame for
reducing consumer surplus."

2,5.6.2 DEMAND MANAGEMENT AND WATER METERING

A study of water conservation measures (Maddaus, 1987)
gave particular attention to savings achieved through
water metering. 65 single residence homes in Denver were
compared to a control sample of 77. Each residence was
about 20 years old and all were of similar construction
and in the same block. Metered customers used less water
with savings ranging from 2% in winter to 25% in summer.
This range represents the seasonal need to irrigate
gardens. Overall average savings equated to 20%.

Schelte et al (1991) examined the price elasticity of
water and determined that: "demand for water is generally
price inelastic ranging from -0.27 to -0.61". There was no
indication of either market sectors, countries or years to
which the quoted elasticities related. The study
concluded that; "no firm assurance could be given
regarding how water consumption may change in response to

higher rates because many other factors influence
consumption patterns".
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Binnie (1992) reported that "in areas where current
consumption and climatic conditions are broadly similar to
those in Britain, average daily reductions in consumption
are typically 10 to 15%", table 2.4.

Early estimates of savings attributable to metering from
The National Metering Trials are presented as Table 2.5.

Evidence from the National Metering Trials (Binnie, 1992)
showed an increasing trend in consumption reductions.

First year reductions were reported as 10% with the second
year achieving 13% savings.

The Malvern and Mansfield Studies (Thackray et al, 1978)
looked at household consumption in two towns. The first,
Malvern, where consumption had traditionally been metered
and charges levied by volume and the second, Mansfield,
where customers paid by rateable value. The data shown in
the report indicated broadly similar overall average
consumption for both data sets. When this was re-cast into
properties defined by social class, however, the
conclusion drawn was that: "The average difference between
the consumption of the two towns which could be attributed
to charging by meter is of the order of 10%."

The recorded consumptions for both towns split by social
group was:-

SOCIAL GROUP MALVERN MANSFIELD
(pay by volume) (pay by R.V)

1lhd lhd

A. Professional 149.7 120
B. Managerial 113.8 116.6
Cl. Clerical 104.6 100.4
C2. Skilled 80.5 97.7
D. Unskilled 74.4 92.8
E. Unclassified 104.5 15.7

(Source Thackray et al, 1978,p47)
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An examination of the survey and analysis methodologies
from the Malvern and Mansfield study is presented in
section 2.7.2

The growing importance of establishing impacts of peak
demands upon supply systems was considered by OECD (1989).
The report concluded that: " tariff structures do seem to
affect peak ratio’s strongly (United states’ evidence)."
The report went on to comment: "that only in Australia had
this been taken into account for demand-forecasting."

Australian average day use fell by 20 to 30% with peak day
consumptions falling by 50%

To provide experience of the application of water meters
to customers homes the DoE and UK water industry organised

the National Metering Trials. Four objectives were
identified (WRC 1990):-

1. To measure household demand for water at each trial
site taking into account various climatic areas and
housing types.

2. To identify any change in demand through metered
charging.

3. To identify the effect on demand of different metered
tariff structures, including peak demand.

4. To determine the effect of meter location on
consumption and levels of leakage.

Twelve trial sites were identified to provide a

representative sample and to enable the effects of
identified variables to be measured. The largest trial

took place covering some 50000 households on the Isle of
Wight. 11 other smaller scale sites, typically 1000

properties, were selected representing different parts of
the country.
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Initially, for the period 1lst April 1988 to 31st March
1989, districts were monitored prior to individual
domestic meters being installed. Equivalent daily demand
figures were calculated by subtracting daily minimum night
flows from daily supply totals.

Following installation, metered charging began on 1st
April 1989. Data collected during the first year of the
trial allowed comparison to determine effects upon
consumption of charging by meter.

The range of daily consumption varied from 174 to 527
litres/property. The mean across all sites for the year
equated to 371 litres/property/day. Analysis of data
showed that peak demands occurred in the evening during
the warm summer periods of 1988. These were attributed to

garden watering and proved to be nearly twice the average
hourly demand.

Subsequently with meters installed and properties in
charge average consumption, for each trial site, varied
from 271 to 480 litres/property/day. Overall average
equated to 350 litres. Analysis by property type showed
that most water was consumed in detached houses at an
average of 430 litres per day and the least in flats and
maisonettes equating to an average of 200 litres per day.
Consumption was shown to be dependent upon occupation.
Average figures were 168 and 550 litres/property/day for
one and five occupant households respectively. From the
Isle of Wight only, a gross difference in trial averages,
amounting to 32 litres/property/day, was recorded between
internal and external metered properties. Later debate
concluded that this represented a measure of water leakage
from underground supply pipes.
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2.5.7 DEMAND MANAGEMENT IN PRACTICE

Examples of 2 studies where demand management was
practised to deliberately cause water to be conserved are
reported in this section. These differ from cases
reported so far, such as Malvern and Mansfield and the
National Metering Trials, whose primary intention was not
focused upon imperative need to manage customers demand.

2.5.7.1 EAST BAY MUNICIPAL UTILITY DISTRICT

In May 1990 the American organisation, East Bay Municipal
Utility District, reported on measures implemented to
combat second and third year drought (Gilbert et al,
1990). A mixture of legislative, voluntary, physical and
fiscal measures were introduced to the water using public
in an attempt to achieve demand reductions of 25% and 15%
in 1988 and 1989 respectively. 1987 saw the introduction
of a voluntary (only) conservation programme with a goal
of 12% reduction. The opportunity was also taken to
acquaint the consumers (340,000 accounts) with mandatory

conservation measures that could be introduced if drought
condition did not improve.

As a result of the voluntary programme the 290,000
single-family residential accounts decreased consumption
by 4%. Multi-family residences and non-residential
consumption decreased by 3.5%. The programme was
introduced from June to September to coincide with maximum
demand. The combined result of the 12% programme was a
very disappointing 3.5% decrease on 1986 levels.

It was apparent that if drought conditions persisted over
winter a full scale conservation programme going way

beyond voluntary measures would be required to balance
shortfalls.

The drought did continue, with only 56% of normal
precipitation.
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The magnitude of the water shortfall was predicted to be
25% of normal summer consumption. Conservation targets of
20,25 and 30% were considered for feasibility and hardship
to customers. The 25% level being selected as the minimum
to meet the required consumption reduction. The target
reduction was distributed amongst account groups in
proportion to summer use in excess of average winter use.
This reflected the peaks normally created by customers
irrigating gardens, parks and golf courses etc. For
single family residences this translated into a 32%
reduction in normal summer consumption.

Achieving the targeted conservation levels would have
resulted in a pro-rata decrease in water rate income to
the utility. To compensate, the unit charge would have
needed to be increased from $0.71/cu ft to $0.95/cu ft.
However the $0.71/ cu ft charge was retained to moderate
hardship on customers meeting essential needs. This was
particularly so for low income customers who were believed
to be conservers already because of income restraints.
This support programme increased the revenue neutral rate
beyond the calculated flat-rate charge of $0.95/cu ft. To
compensate, a ceiling of 200gpd was introduced at the
$0.71/cu ft conventional rate and a charge of $1.05/cu ft

levied thereafter for single family residential
customers.

To provide further financial incentive to customers an
inclining block rate structure was established. A total
of 5 steps ranging from the $0.71/cu ft, for 0-200gpd
consumption, to §3.00/cu ft for water in excess of
1200gpd. The East Bay Municipal Utility District surmised
that "price elasticity would have little impact in drought
conditions" and that "the fiscal programme was intended to
reinforce the total community conservation package".
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An extensive advertising campaign was conducted using
radio, billboards, newspapers, shopping-mall displays and
presentations at educational establishments. Legislation

was passed requiring customers to comply with onerous
conditions such as:-

"shut-off nozzles to be used on hosepipes.

= No laying of new turf.

*  Only drought tolerant planting allowed.

New service connections must adhere to a drought
compliance order.

% Enforced installation of flow restriction devices in
the event of prolonged non-compliance

55000 conservation kits were issued containing low-flow
shower heads and toilet tank inserts. A survey conducted

later indicated that 90% of the population installed these
devices.

Single family residences exceeded their 32% target and
returned a 38% reduction.

Overall targets of 25% for 1988 and similarly 15% for 1989
were exceeded returning 30% and 27% respectively.

Four out of five customer groups achieved targets. Only
the irrigation group was off target. It was later
realised that 70% of this groups consumption occurred
during the summer months with very little consumption
taking place during the winter base period.

$2.5 million was spent just on advertising and publicity
campaigns

The administration of the mandatory programme resulted in
68000 phone calls and 56000 letters asking for information
on variations from targeted consumptions. The computer
system for implementation of the inclining block rate

structure required 40 person months during the two three
month trial periods.
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2.5.7.2 EDWARDS UNDERGROUND WATER UTILITY DISTRICT

In response to its <conservation programme The Edwards
Underground Water Utility District, Texas (Olsen et al,
1987), conducted a survey to determine attitudes towards
water conservation. The conservation programme had
produced an estimated reduction in water usage of 8%. The
subsequent survey assumed that this saving had been

achieved with negligible effort by customer groups to
conserve water.

A random sample of 303 consumers were selected and

questioned over the telephone. Results were analysed
using the standard statistical package for social sciences
(SPSS).

50% of the respondents indicated that water conservation
methods could be moderately effective in deferring new

resource development. 22% stated that conservation would
not be effective.

To make intelligent decisions regarding water resource and
conservation issues, it was recognised that citizens must
be in possession of the facts. The survey showed that 90%
of the respondents had heard about the conservation
programme on television, 77% newspapers and 56% radio
sources. Other sources included public presentations 39%
and brochures 29%. When asked how much information
respondents had absorbed 52% stated very little and 32%
only some. An inconsistency, noted during the survey, was
that despite the disappointing lack of knowledge absorbed,
respondents showed almost no inclination to change their
source of information. The survey indicated that
participative information sources, such as workshops,
enabled the respondents to be most prepared.
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When asked about the measures actually implemented the
tendency was for respondents to undertake practices
requiring minimal effort. B88% had checked for leaks, 82%
reduced garden watering, 72% reduced car washing, 19%
fitted toilet bags but 36% had installed flow restrictors
to showers. These last two items were supplied in
conservation kits issued free of charge. 80% of
respondents believed that they had generally used between
5 and 10% less than the previous summer.

53% of respondents indicated support of conservation
oriented rate increases, 33% opposed such measures and 14
% were either neutral or undecided. From the group in
support, 25% favoured a 10% rate increase and 25% favoured
a 100% increase. When asked what effect a 100% rate
increase, approximately $10/month, would have on their
consumption 50% stated no or little impact and 43% of
respondents would try to reduce consumption.

Survey responses were cross-tabulated with respondents
socioeconomic characteristics. Analysis showed that there
was a perceived need across all groups and attributes for
additional water supply in the region. However greatest
response to requests to undertake conservation measures
came from groups with lower years of education and also
lower income. Conversely the majority of higher income
groups and particularly white, ethnic, groups indicated
they had heard of the conservation operation.

A noticeably higher positive response was evident from
long term residents for implementing conservation measures
requiring greater effort such as toilet bags, low flow
shower devices etc. Similar patterns also followed
education levels and household income.

Newcomers to the study region were more receptive to rate
increases. Long term residents and respondents with fewer
years of formal education were opposed to rate increases.

Also higher age brackets, lower income, Hispanic and black
respondents opposed rate increases.
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Almost identical responses were made concerning whether

respondents would use less water if rates were subject to
a 100% increase.

In summary: Respondents clearly indicated mandatory
control, requiring the implementation of conservation

programmes, as a prerequisite to seeking funding for
capital resource projects.

The cost of conservation measures would have to be
absorbed by the water using public but this would be small
compared to capital funding and has the advantage of
political acceptance. The majority of respondents

indicated that they would accept rate increases in this
respect.

The author concluded his study by stating that
"conservation measures are worth having and represent
better value than conventional resource development
projects. Water conservation must however be given water
resource status". This implies that water conservation is

assessed in the same economic terms as any other water
resource.

From an engineering point of view the author stated that:
"water conservation is perhaps the most flexible resource
available because it can rapidly be brought on-line to aid
deferment of capital resource programmes. To be most
effective conservation programmes require vast publicity

campaigns, repeated frequently, to support the mandatory
and voluntary measures".
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3.6

2+641

COMPONENTS AND TRENDS OF WATER CONSUMPTION

INTRODUCTION

A brief examination of international and UK trends in
quantities of water consumed allows possible savings to be
put into context. For example, simple comparison reveals
the fact that North American per-capita consumption is
three times that of UK. This is despite water metering
being the normal method of charging. Consequently, unlike
the UK, customers pay by volume but this does not prevent
consumption of, comparitively, vast quantities of water.
Conversley UK customers can consume what they want,
without penalty, but consumption is relatively low.

How do the costs of water delivered to customers in the UK
compare with other countries. What has driven acceptance
of the "norm" higher in one country than another. This
section examines some of the issues through literature.

Park (1985) sets the scene by introducing the concept of
‘demand’ (for water) being outside the precise economic
definition . Data available is in fact a measure of how
much water was supplied, or fulfilled demand, ie the
customer may require supplies in excess of those actualy
availabile. This is an important consideration having both
positive and negative implications for Demand Management.

Agriculture remains as the worlds largest consumer of

water accounting for 55% with industry 35% and domestic
trailing at 10%.

Individual coutries are subject to very different trends.
The UK with its climate and established industrial

background is dominated by industrial and domestic water
consumption rather than agriculture.
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2.6.2

2.6.3

INTERNATIONAL COST COMPARISONS

To illustrate the UK position, with respect to demand for
water and the provision of resouces to service future
demand, it is relevant to examine prices levied for
water. Stadtfeld et al. 1988, undertook such an exercise
and extended the comparisson beyond direct unit costs.
In 1988 prices ranged from slightly more than $0.22 /m3 in
Italy to $1.0/m3 for Germany. At that time UK costs were
shown as $0.5/m3 (approximating to £0.25/m3). A range of
European prices are shown as figure 2.6.

When pursued further, the absolute ranking of UK costs,
which appear to be 'average’, can be seen as misleading. A
comparisson of European water costs as a percentage of
household income reveals a range from 0.3% , Norway, to
1.0% in Austria. The UK equivalent was 0.3%. It can be
seen from examination of figure 2.7 that UK water bills
therefore represent a smaller proportion of household

income than most of our European neighbours.

HISTORIC CONSUMPTION TRENDS

Park (1985), provided a review of overall apportionment of
water consumption and considered why UK demand across
principle categories had shifted with time.

In 1985 the DoE, cited by Park (1985) reported that the
bulk of 1973 water consumption, 63%, in England and Wales
was accounted for by industrial purposes. Agricultural
demand accounted for 0.5% and the remainder, 36.5, was
consumed by households. The total demand was 42000Ml/day
of which 42% was consunmed by C.E.G.B.
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Ten years later total demand had dropped by 20% to 33000
Ml/day. Industrial demand represented 49%, domestic
consumption had risen to 50% and agricultural use to 1%
C.E.G.B demand had fallen to 36% of total but this
represented a massive 75% of the industrial component.

The observed fall in total demand was attributed to the
overall reduction in industrial consumption. This is
partialy accounted for by rationalisation of abstraction
by C.E.G.B and limited increase in efficient industrial
water use. However the principle reason for the decline
in, non C.E.G.B, industrial usage ,52% over ten years, was
shrinkage in traditional industry due to recession. Peak

decline occured, with respect to water consumption, 1n
1979 and 1980.

Over the same ten year period unmetered consumption
increased by 26%, for England and Wales. This was assumed
to be due to increased domestic consumption. However
because households were not metered both absolute values
and trends are estimated. 1985 saw estimated per-capita
domestic consumption averaging 125 litres/person/day.

Figure 2.8 demonstrates the rising trend of overall UK
consumption for the period 1961 to 1990. Figure 2.9 more
clearly defines that the latter part of the same period
produced an overall decline in metered (trade) consumption
from 1974 onwards. This is despite a growing element of
metered households in this category.

Household usage in 1983 comprised 32% WC flushing, 17%
bathing and showering, 12% clothes washing and 39%
miscellaneous. The latter item includes hand washing,

drinking, cooking, cleaning, luxury appliances and garden
use.
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Pygall et al (1978) attempted to establish if social and
economic factors influenced trends in water consumption
between 1961 and 1975, analysis was split into metered
customers (which included some households) and unmetered
(which included a number of commercial and industrial
properties.

In both cases a simple time trend explained more than 95%
of the variations. However the study pursued variables
which could explain the time related consumption trend.

Nationally, for metered customers, the results indicated a
substantial relationship between industrial production and
metered water consumption. Factors considered apart from
time included; employment, investment, weather, and the

price of water. 1In conclusion the best fitting equations
included output and employment.

When examining unmetered consumption the report pointed
out that this category was determined by subtracting
national metered consumption from total water into
supply. The remainder, therefore, included not only the
majority of household and all unmetered commercial

consumption but also leakage from the distribution
systems.

Variables considered included gross domestic product,
personal disposable income, average earnings, customer

expenditure, numbers of domestic properties, population,
climate and employment.

The resulting equation took the form:-

U = =-7.067 + 0.0007587D -~ 0.001397SR + 0.0003427NXIP
(Rsg=99%)
where, U= unmetered consumption.

D= number of dwellings for rateable value
purposes.

SR=summer rainfall
and NXIP = employment in the non-industrial section.
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The report noted that multicollinearity amongst the
variables was evident. This was ascribed to the variables
generally being related to "a clear time trend." None of
the income and expenditure variables performed well. It
was determined that numbers of dwellings and the
co-efficients of income and expenditure were too closely
related for their separate influences to be identified.
The preferred variable, which clearly exhibited most
stability, was the number of dwellings.

Regression analysis of unmetered per capita consumption
demonstrated that the number of persons per dwelling and
average summer rainfall were significant variables. In
addition either an income variable or the number employed
in the service sector was significant.

In the following sections of this chapter I have
atttempted to examine issues specific to either industrial
or houshold customers. The approach was deliberately
chosen to avoid elements of confusion which may be
generated by, for example, elements of household in the
metered category and commercial in the unmetered category.

INDUSTRIAL FACTORS

Smith (1985) detailed changes in industrial consumption in
North West England for the period 1982-1984.

CATEGORY MEASURED DEMAND CHANGE
1982-1984 (Ml/day)
FOOD DRINK & TOBACCO -15.7
CHEMICALS -25.4
ELECTRICAL ENGINEERING -4.4
TEXTILES -4.5
OTHERS -9.2

TOTAL.-..........-59.2

Total measured demand relating to this data, in 1983, was
754 Ml/day.
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Out of some 100000 metered customers 35% of consumption
was accounted for by 100 customers. Much of the change in
total metered demand was shown to be accounted for by
changes in the top 100,

The same study also examined relationships between
industrial consumption and site size.

Conclusions drawn were that typical commercial and light
industries consumed water at a rate of 0.01 to 0.17
litres/second/hectare. Large water users tended to occupy
large sites and have high rates of unit consumption. Each
of the 38 top wusers consumed more than 0.1
litres/second/hectare. 30 of this group in-fact consumed
more than 1 litre/second/hectare.

DOMESTIC SOCIO-ECONOMIC AND DEMOGRAPHIC FACTORS

From information published by Central Statistical Office,
Park 1985, identified socio-economic factors affecting UK
water demands. These included rising population levels,

changing demographic factors, increasing standards of
living and economic changes.

Two particular elements, considered to be of major
significance with respect to water consumption, concerned;

1 The fall in average household size from 3.09 in 1961
to 2.64 in 1982. This fact is explained by an
increase in one person households, a declining birth

rate and a fall in households with six or more
- members and;

2 The increase in water using appliances, such as
automatic washing machines, dishwashers and
improvements in household ammenities.
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2.6.6 HOUSEHOLD CONSUMPTION

Table 2.6 shows a breakdown of household water
consumption, 1977-78, for South West England.

To present a wider flavour, figure 2.10 shows how UK
per-capita consumption, for 1973 and 1983, compared to
other european countries. Consumption varied from 105

l/person/day for Belgium to 264 1/person/day for
Switzerland.

This provides a contrast with McLellon (1990), who
reported that average North American consumption was taken
as 560 l/person/day. Of this quantity, 400 litres per
person is consumed within the house rather than the
garden. Ishibashu (1991) suggested average daily Japanese
per-capita water use of 230 litres, this, by inspection,
compares to the top end of reported European consumption.

Assuming that household consumption accounts for 60% of
combined urban/industrial use Smyth et al (1990) reportd
that Australia’s domestic consumption equated to 320
litres per person per day. 1985 household consumption in
Jeddah, Saudi Arabia is detailed as 350 litres per person
per day (Rizaiza 1991).

The figures above contrast with the OECD (1989) forecast,
to the year 2000, per-capita saturation levels of 220 1lhd

for Sweden 260 lhd for Switzerland and 280 lhd, indoor use
only, for the united States.

OECD (1989) also reported that domestic per-capita
consumption split into three distinct bands for its member
countries. The highest (USA, Canada, Switzerland and
Australia) was a band in excess of 250 1hd. The report
concluded that this level of consumption was due to a

combination of garden irrigation (63% in Australia) and
high standards of living.
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It is important to note that reported household
consumption may not include on-property leakage. This is
particularly true in the UK where either internal metering
or the summation of components has commonly provided the
basis for whole house consumption. Both approaches have
been in regular usage and both ignore the external buried
pipework.

This element, which is termed the Service pipe, has
recently been shown to account for water losses of 32
litres /property/ day, Goyal (1992). Growing evidence from
this research and elsewhere in the UK indicates that this
figure is a conservative assessment.

In its report based upon member countries OECD (1989)
stated that: "All forecasters would be advised to make
explicit the forecasts of leakage often implicitly
included in public water supply predictions." The report
suggested that by separating "leakage" from customer
demand the background demand-supply gap could be better
identified and appropriate solutions considered.

The results of a six year survey, Hooper 1985, provided an
early relationship between consumption and a survey of
household charecteristics. Per-capita consumption was

found to be related to social class, represented by the
following groups:

Class 1 Professional occupations
Class 2 Intermediate occupations
Class 3 Skilled, non-manual
Class 4 Skilled, manual

Class 5 Partly skilled

Class 6 Unskilled

Figure 2.11 shows per-capita consumption trends and
variations across three groups 1, 2 and 3. From the same
survey Table 2.7 provides analysis of growth in appliances
between 1977 and 1983. The survey demonstrated the
disproportionate usage of such appliances across the

survey group. This fact was taken as accounting for the
variations in consumption.
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From evidence collected as a direct element of the Malvern
and Mansfield studies Thackery et al (1978) it was
concluded that: "average consumption in new housing is
relatively high." This information was also pursued and
confirmed from a separate study, on 50 new properties, the
findings of which were also reported in "Malvern and
Mansfield." Data presented in the report demonstrated
that "average household consumption was 97.7 and 98.2 lhd
in Malvern and Mansfield respectively. This compared to
an average consumption for new properties, of similar size
in the same geographic region, of 109 1lhd.

In the report on social factors influencing water
consumption (Pygall et al, 1978) the following comments
upon upon the dissproprotionate effects of new housing
stock (ppl0) were made: "The results suggested that a 1%
increase in housing stock was associated with a relatively
larger increase, from 1.1 to 2.3% in unmetered water
consumption."

CLIMATE

Whilst undertaking an analysis of whole system forecasting
with respect to engineering considerations, Coulbeck et al

(1985), determined that there was significant correlation
between demand and temperature.

Bland (1985), commented that "peak demands were usually
associated with hot, dry months and occasionally in winter
months following long periods of very low temperatures".

Water Bulletin, 516 10 July 1992, reported that
exceptionally hot weather together with early visitors had

already caused demand to increase by 10% in Devon and
Cornwall.
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Garden watering is cited as the main cause of peak demands
from May to September by (Bland 1985) particularly in
drier eastern regions of England.

The individual effects of rainfall, temperature, soil
moisture deficit and trade (to domestic) ratio were
combined into a multiple linear regression equation
(Carnell 1986). Individual examination of the variables
revealed the following relationships:-

Increasing rainfall corresponded to decreasing peak
ratios.

Increasing temperature corresponded to increasing peak
ratios.

Increasing SMD corresponded to increasing peak ratios

Increasing trade ratio corresponded to decreasing peak
ratios.

Temperature proved to be the most significant factor
influencing the actual peak day ratio. SMD was taken to

be more closely related to rainfall intensity than
rainfall volume.

When considering effects of weather upon unmetered
consumption Pygall et al (1978) concluded that "of the
three variables representing climate, summer rainfall

proved consistently the best, being the most likely to be
significant and giving the highest values of Rsqg."

Finally, with respect to UK climate, the Malvern and
Mansfield Study, (Thackery et al, 1978) recognised the
potential effects of climate upon household consumption.

The survey was undertaken in May, June and July 1976, the
drought year.
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There was some evidence reported that measure invoked to
combat the drought did affect household consumption. For
example the data contained in table 6 of the study pointed
out the discrepancy between household known to have
hosepipes or sprinklers and the very small number of
customers (5 and 6) who actually used them. In the
subsequent discussion document it was stated that the
reduction of 7% between 1976 and 1975 household
consumptions was due to hosepipe restrictions. This
aspect was expressed as a concern, relating to the studies
findings, by several correspondents in the discussion
document. It was further suggested, by R G Sharp
pp488-489, that not only was 1976 an untypical year but
that 1975 was also untypical. Therefore comparison

between the two years was flawed in comparison to "normal"
climatic conditions.

An interesting observation, during the discussion, was in
relation to the declining trend of household consumption
during the 10 week trial period. This was contrary to the
drought conditions which were prevailing. The authors
stated that "it seems plausible that in hotter weather the
loss of body moisture through increasing perspiration
could occasion a lower frequency of toilet flushing."

One of the reports findings was summed up in the statement
that: "there is evidence to suggest that the overall
average consumption during the 10 week (trial) period is
similar to that of the winter/spring period." This
contrasts to data submitted in the discussion for South

West Water, that average consumption increase by 12%
between March-April and June-July.
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2.7.1

24742

COMPARISON OF SURVEY AND ANALYSIS METHODOLOGIES

INTRODUCTION

The function of this literature review has been to examine
the published work in the subject area, with a view to
ensuring that this research complements and extends
(rather than repeats) existing studies and to ensure that

the findings of this research can be set in the context of
previous results.

The final section of this literature review examines the
survey and analysis methodological approaches which have
been used in previous research. It is therefore intended
to provide a benchmark for customer surveys and a
framework for rigorous data analysis. Whilst strictly
outside an examination of methodologies, summaries of
associated relevant results have been included to provide
relevant context and assist in determining strengths and
weaknesses of the various methodologies.

ESTABLISHING DETERMINATES OF DEMAND

Schneider et al (1991), reported that numerous studies had
been undertaken to investigate total municipal water use
and an even larger number to examine residential water
use. Relatively few studies have, however, examined demand
using a dissagregated approach. Examples are Dziegielewski
et al (1989) and Williams et al (1986). This fact is
despite the trend of adopting dissagregated projections to

build forecasts that are perceived to be inherently more
realistic.

Schneider et al (1991) continued by deriving price

elasticity for six categories of metered water
consumption. These were:-

1. residential
2. commercial
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3 industrial

4, government
5. schools
6. total

The analysis methodology adopted generated eight
generalized least-square, linear regression models,

composed of 5 causal variables. Schneider identified these
as;

l. water price

2. income

3. population density
4. housing composition
5. precipitation.

The dependant variable remained as metered consumption,
totaled for each community.

The conclusion was summarised as:

"that of the five independent variables water price had
the most significant effect upon demand, in all user
categories. However income, population density, housing
composition and precipitation should be included in
models for water demand forecasting". |

The results of an analysis (Murdock et al, 1991) also
indicated that sociodemographic and socioeconomic
variables affect per capita residential consumption and
could be important in predicting water demand. This is in
contrast to the conventional across-the-board per capita
forecasting approach expounded by, for example, Howe and
Linaweaver (1971) and subsequently by an extensive body of
identified researchers. (Consult Murdock, 1991) for
detailed listing).
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Suggested characteristics were:-

) 8 total numbers of housing units
2. proportion of minority groups in population
3. age of housing stock

4. extent of urban development and
5. the socioeconomic resources of population.

The conclusion was drawn from a study of 677 towns in
Texas which included a 15 minute telephone survey of 800
addresses. The interviewee questioned respondents about
water use, conservation, water costs, type and size of
housing units and the use of water for bathing, washing
clothes, dishes, toiletry, in hot baths and swimming

pools, for lawn watering, for gardening and vehicle
washing.

To assess the extent of multicollinearity among identified
variables Murdoch et al (1991) adopted the procedure
suggested by Gordon (1968).and computed inter-correlations
accordingly. Each set of variables correlated at 0.6 or
greater was subject to further analysis. This approach
resulted in a reduction of 57 to 32 variables. The
variance inflation factors were then computed for the 32

variables, after the procedure credited to Neter et al
(1985).

The procedure involved regressing each independent
variable with all other independent variables. The average
variance inflation factor was determined for each variable
across all regressions. High mean variance inflation
factors (i.e. those greater than 1.0) were indicative of
possible multicollinearity and should be investigated.
Four more variableswere removed leaving 28.
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The analysis indicated that "people residing in small
households used nearly as much water as those living in
large houses". Therefore, on aper capita basis it was
possible to determine from the study that;residents of
small houses used twice as much water as those in large
houses. A summary of the conclusions was that this was due
to more efficient use of appliances in large houses and
lawn care and similar activities requiring similar amounts
of water in either size property.

The study concluded that “"demographic and other
socioeconomic factors do affect water use and that their
inclusion in projections of residential water use are
likely to increase the accuracy of such projections".

Similar work was undertaken in Oklahoma and Tulsa (Cochran
et al,1985). A model of municipal, residential, water

consumption was constructed using the assumption that
demand was a function of :-

1. price

2, per-capita income

3. precipitation

4, temperature

5. the number of households per unit of population.

The variables were studied individually using a least
squares method. They were then collectively analysed using
multiple linear regression,the maximum r2 technique and
logarithmic regression. The results excluded all but per

capita income as being statistically significant in both
studies.

In a paper presented by Smith (1985), aspects of
dissagregated metered demand were investigated for North

West England. In common with the rest of the UK, metered

demand covers elements of commercial agricultural and
domestic consumption.
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Smith reported that the majority of metered consumption
reflected industrial usage. Table 2.15 represents an
analysis of metered demand from Smiths work based on the
1969 Standard Industry Classification.

A general model was developed to aid forecasting of
industrial consumption. This took the form of:-

Y=X+Db (I)+b (P) +b (U) +E

where. Y = annual change in measured water

I = annual change in the index of manufacturing production
P = annual change in measured charges

U = annual change in unemployment

E = disturbance term

and X and b are constants

The unemployment variable was used as a surrogate which
reflected changes in industrial structure and base.

Subsequent experience saw the model developed to the
following:-

Y = x(x) x(E)
where Y = potable measured demand in year
X = index of manufacturing production in year

X = measured changes in year

E = disturbance term
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The empirical result of this model was presented as:
log Y =1.84 + 0.63 log X - 0.11 log X

By virtue of being logarithmic the coefficients represent
elasticities. Therefore a 1% increase in manufacturing
output would cause a 0.6% increase in water demand.
Similarly a 1% increase in water price would cause a
reduction in demand of 0.11%.

Findings from the Malvern and Mansfield study (Thackray,
1978) were reported in section 2.5.6.2. The study is still
frequently quoted within the UK water industry. A brief

summary of survey and analysis methodologies employed are
provided below.

During 1976 independent market research consultants
liaised between Severn Trent Water and householders of two
towns Malvern and Mansfield. At Malvern customers had been
metered since the 19th century. At Mansfield meters were
installed for the trial (Thackray et al, 1978).

The purpose of the study was to obtain basic data on
components of household water consumption. To establish
usage, cards were placed by each appliance for the
customer to record frequency of appliance usage. Data was
then obtained from manufacturers of, for example, washing

machines to match water consumed to recorded programme
cycles.

Data was analysed, using regression analysis on the days
where no external usage was recorded. This enabled the
volume of water used in baths, showers etc. to be
assessed . The estimated volumes for these variables were
then used to reduce unallocated consumption and hence
provide a best estimate of external consumption.
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Analysis was also undertaken on the frequency of appliance
usage between homes of differing social background. This
element of the study demonstrated marked differences
between, for example, usage of baths and showers in
private and council property. Further, the report
commented upon the fact that the rate of bathing
decreased, generally, with increasing household size.

Regressing average consumption within groups of similar
rateable values followed a reasonable linear trend,
explaining 63% of the consumption. However it was noted
that dispersion was very great. General regression against

a selection of variables explained 61% of consumption
variation.

Classification by social class in Malvern showed a range

of consumption from 76 lhd for class E to 126 lhd for
class A.

CONSERVATION MODELS: CASE STUDIES

A number of classic case studies, external to the UK,
exist. Five are reported in some detail in the following
section to enable survey and analysis methodologies to be
examined against the context of this research. As
explained in section 2.7.1, summarised results, findings

and opinions for the 5 case studies are included for
completeness.

REFERENCE MODEL 1. RESIDENTIAL WATER CONSERVATION

Having undertaken a review of relevant literature Bruvold
et al (1988) used the information to construct a

predictive model combining four conservation measures and
four exogeneous variables.

The dependant variable was selected as estimated

residential per-capita consumption. The adapted conceptual
model is shown as table 2.8 and has 5 components.
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Conservation measures were assumed to impact upon demand
through knowledge variables which controlled customer
response. In addition account was taken of exogeneous
variables, which may also have influenced control over the
dependant variable. Two of these variables were
socioeconomic; income and house size, and two were
climatic; temperature and rainfall.

The model assumed that behavioural responses would
manifest themselves by customers, for example, taking
shorter showers or reducing garden watering frequency.
Structural responses included the use of physically
restrictive measures, i.e. toilet dams etc., to limit
water use. These behavioural variables would be determined
by the customers beliefs and knowledge variables such as;
amount of water normally consumed in the house and in the
garden and views on the need for conservation.

A cross sectional customer survey provided information for
the model which took the form :-

PCDU = f (KU, CB, MP, RS, MT, NH, HI )
where: PCDU = per-capita consumption

KU = knowledge of use coded as a binary variable

(0=no knowledge, l= knowledge)

CB = conservation belief score ranging from a low
of 20 to a high of 100 points.
marginal pricing for the major block of
residential consumption.
RS = rate structure.

MP

"

MT = mean temperature.
HS = household size.
HT = household income.

Analysis of the survey results indicated that most
respondents were in favour of conservation measures but
that a maximum of 40% were aware of their own water
consumption levels.
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Increasing temperature and income were each shown to be
strongly related to increasing consumption. Water price,
precipitation and increasing family size related to lower
per-capita consumption. The knowledge variable was
positively related to the model but the belief variable
was not significant.

Bruvold concluded that "the application of an aggressive
increasing block rate structure and vigorous education
programme would create a synergistic effect upon demand".

REFERENCE MODEL 2. RETROFITTING INDOOR APPLIANCES

The demand for water, even by a single household, is a
function of multiple variables. Attempting to establish
the impact upon demand through the application of physical
measures can therefore be complex. Whitcomb (1990)
recognised this as a problem and applied a multivariate
control group approach to deal with such difficulties.

The adopted methodology compared water use between "test"
households, to which conservation devices had been fitted,
and control groups. Differences in water use were
accounted for by explanatory variables. A winter period

was used to obtain results as this excluded garden
watering.

The model defined consumption as a function of household

occupants, income, method of bill payment and conservation
fittings status and took the form:-

WATER = a*PER * (1 + b*CHILD + c*TEEN + d*SENIOR)
* (1 + e*LOWINC + f*HIGHINC) * (1 + g*WATERBILL)
* (1 + h*LOWSHOWER + J*TOILETBAG) + RESIDUAL

WHERE The nine lower case letters are coefficients to
be estimated, and for each individual household:-
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WATER = daily water use

PER = number of occupants

CHILD = percentage of occupants under 9
TEEN = percentage between 10 and 19

SENIOR =percentage over 65
LOWINC =1 if household income < $20000; otherwise 0
HIGHINC=1 if household income > $60000: otherwise 0
WATERBILL=1 if occupants are not billed
directly 1; otherwise 0
LOWSHOWER=weighted percentage of showerheads that are
low-flow

TOILETBAG=weighted percentage of toilets with toilet bags
RESIDUAL =residual term.

The model was thus set for adults between 20 and 64,
income between $20000 and $60000, bills paid directly,
ordinary showerheads and conventional toilets. In such a
case all variables other than daily water use would be
zero. The coefficients would be greater than zero if the

variable it represented caused an increase in per-capita
use.

The underlying premise of this model was, that the
adjustment variables proportionately change water use.
This contrasts with summation models that assume absolute
changes in water use. For example if water use varied with
a persons age then it is likely that the magnitude of
savings from conservation devices would vary

correspondingly, i.e. greater savings would be estimated
for higher consumers.

Demographic and fixtures information was obtained from a
telephone survey of a random sample of properties in two
areas. Complete data sets from 308 properties were

obtained. There was a 15% refusal rate concerning the
questions to determine income.
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Table’s 2.9 and 2.10 present the mean variable values of
surveyed households and the model results respectively.
Whitcomb 1990, concluded that occupants age and high
household income exerted the most influenceon per-capita
demand. Estimates of percentage savings generated by the
model are converted into volumetric savings in Table 2.11.
Complete installation of low-flow showerheads and toilet

bags was predicted to reduce consumption by 6.4% and 2.1%
respectively.

REFERENCE MODEL 3. A CONTINGENT VALUATION APPROACH

A study (Thomas et al, 1988) provided two very interesting
methodologies developed and applied for survey and
analysis of household water demand in Perth, Australia.

The study considered that "analysis of residential demand
by econometric methods could be flawed". It was reported
that estimates so generated can suffer when colinearity,
non-stationarity, changes in price structure or unclear

identification of either the exogeneous or endogeneous
variables occur

The research adopted a contingent valuation approach for
just such an eventuality and compared results from the
same study analysed using multivariate techniques.

Contingent valuation techniques use surveys asking

customers to state their 1likely reactions to, for
example, price increases.

The technique is sensitive to influence by knowledge and
attitudes adopted by either the respondent or interviewer.
However the same holds true for most interview or
questionnaire approaches and merely serves to highlight

the importance of survey design to obtain an accurate data
set -
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Components of water use were taken to be; kitchen,
bathroom, toilets, laundry, irrigation and other outdoor
use. The contingent valuation investigation obtained, for
each household: Basic demographics and appliance
ownership, estimated external and internal water use and
estimated effects of changes to family composition,
appliance ownership and garden use. Annual consumption
data was obtained by reference to utility records.

During the survey stage two household members were asked
to be present. Normally husband and wife. The second
respondent became a critical and informed observer
removing elements of incorrect or fanciful response. The
questionnaire was designed as an advisory service and it
was considered likely that such an approach would be much
more effective in ensuring customers subsequently applied
conservation knowledge to their households.

Table 2.12 and Figure 2.12 illustrate evaluated components
of water useand a schematic survey flow chart adapted from
the study.. A list of water saving measures applicable to
households is also presented as table 2.13.

Results of the contingent valuation approach indicated a
price elasticity of -0.2. Households having lower price
elasticities included those with private wells, small
volume consumers and high income groups. Econometric

analysis, using regression techniques, indicated price
elasticities ranging from -0.1 to -=0.43.

The research concluded that "contingent valuation is a
feasible approach particularly when trying to estimate
changes without time series data. Further, only basic
information or even substitutes for indoor/outdoor water

usage are required". The detail collected in this study
proved unnecessary.
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The concerns expressed over poor knowledge of endogeneous
and exogeneous information, which 1led to the
identification of the need for a contingent valuation
approach, were particularly centred upon water price. For
this reason I chose to treat price change as a relative
measure (% increase or decrease) in the contingent

valuation approach adopted for metered customers detailed
in chapters 8 and 9.

REFERENCE MODEL 4. RATE STRUCTURE.

Agthe et al (1988) reported results from a survey designed
to establish the effects of rate structure on household
water use. In contrast to the contingent valuation theory,
regression techniques were employed for analysis. However,
since since all households were subject to identical
rates, price as an independent variable was omitted thus
removing the variable which had caused Thomas et al (1988)
most concern.

A linear cross section demand model was developed to
determine socioeconomic influence on consumption:-

Q = DbT + DbT + bO + DbO + bL + DbL +bS + DbS + bH+ DbH +
bI + Dbl + e

where; Q = water use per month
T = length of tenancy
O = ownership l=own O=rent
L =landscape l=arid 0= humid
= swimming pool 1=yes 0=no
= household density
= income 1= < $ 10000 2=> 10000 but <20000 etc
dummy variable 1= informed 2 = uninformed
= regression error
= regression coefficients

o0 U +H I W
]
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The demand model supported beliefs that variables
influencing consumption differ between winter and summer
periods and between customers who are knowledgable about
rate structure and those who are not. The study identified
for example the lack of information about the potentially

‘penalising’ increasing block rate structure shown on
water bills.

REFERENCE MODEL 5.
A DISSAGREGATED APPROACH: THE IWR-MAIN MODEL

In establishing a principle for modelling American water
demand (Howe et al, 1967), identified only two input
variables: water price and housing value. The approach was
reviewed by Howe (1982) but Dziegielewski et al (1989)
adopted and extended the principle to create an algorithm
which forms the basis of the IWR-MAIN (Institute for Water
Resources Municipal And Industrial Needs ) computer model.
The design of this model relied upon the disagregation of
urban water use into as many as 280 categories (SIC
codes). Factors that were assumed to determine both the
need for and intensity of water demand were then
constructed for each category. Total requirements were
analysed by summating each element with respect to time.

In the residential category, factors adopted to forecast
intensity of use were:-

Income; which measured the consumers ability to pay for
water.

Conservation Behaviour; which reflects the consumers

willingness to substitute inconvenience or technological
innovations for water: and

Price; which determines the amount of water a consumer is
willing to pay for.
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The basic model then took the form:-

A= f(P,v,j,w,C,N,E)

where: Q = average daily water use in year
and, P = price of water.
V = market value of housing units, in bands.

H = number of persons per housing unit, in
bands.

W = weather <conditions or climate (in
residential categories)

Q
[}

conservation programs.

=
"

numbers of users. and

E = number of employees (in nonresidential
categories).

Once estimates of water use in individual categories have

been computed, total water use is obtained by summation of
all elements of consumption.

Residential water use is estimated using equations that
utilize a combination of price, income and the stock, per
residence of water-using appliances, household size and
weather conditions. In practice the housing unit-value is
used as a surrogate for income and water using appliances.

Non-residential uses are disaggregated into as many as 280
categories split into the three major sectors; industrial
(manufacturing), commercial/industrial and
public/unattended. Average water requirements are
determined on the basis of water use per employee per day.

Since the intensity of water use in all sectors can be
affected by water conservation measures, the model
contains a procedure for estimating the effectiveness of

up to 18 conservation measures. 14 of which have been
defined as:-

-145-



1) public information/education

2) metering

3) reduction of system pressure
4) water rate policy changes

5) rationing

6) sprinkler restrictions

1) industrial recycling

8) commercial recycling

9) leak detection and repair policy

10) retrofitting to toilets and showers

11) moderate plumbing code compliance

12) advanced plumbing code compliance

13) low-water use landscapes new construction and
14) low-water use landscape retrofit

The impacts of conservation measures are calculated by
considering; estimates of water reduction achieved through
conservation measures, market penetration of measures and
the anticipated interaction between multiple conservation
practices. A formula was then created to generate a factor

for consumption adjustment based upon a range of selected
conservation elements.

A number of factors had to be generated outside the model.
These include population, employment and household income
or its surrogate for each year of forecast.

The application of the IWR-MAIN model was severely
criticised in a subsequent article (Wilson et al, 1990).
Attention was drawn to the degreeof complexity attracted
by up to 280 nonresidential categories. This creates 5600
input values for a 50 year forecast. The paper contrasts
this degree of input, which governs normally less than
half of total consumption, with the "simplistic" approach
to residential consumption.
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Errors were compounded by "unrealistic" estimates of
increasing residential values and non application of
weather adjustments for residential use in an arid region.
Further, in the example the model had assigned, for
example, public parks with office blocks and golf courses

with art gallery; yet separated dance studios into a
unique group. '

Whilst agreeing with the model methodology the critique
concludes that:

"there seems little point in using such a complex system;
a modified per-capita method which divides out residential
and commercial uses, and which is based on explicit
assumptions about matters such as price and
price-elasticity, will serve just as well."
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2.8

2.8.1

2.8.2

DISCUSSION OF LITERATURE REVIEW

INTRODUCTION

The UK Water Industry embraces numerous services. Certain
elements impact daily upon all customers, for example
water supply and sewerage services. Yet other elements are
remote from the customer such as water resource and
environmental protection. There is however an undeniable
link between the two. Whilst customers, in general, expect
their specific needs to be fulfilled, i.e. a safe and
sufficient supply upon demand. There is also a general
expectation that "the environment should be preserved".

Herrington (1990), summarised the dichotomy in his
statement that "at times the public will appear to double
up uncomfortably in their roles of water customers (low
charges desired) and friends of the environment (more
protection means higher charges)". The intention of this
research is to assist in further determining how such
potentially opposing requirements can be satisfied.

This section summarises and discusses the salient points
and referencesfrom the literature review to assist with
the subsequent construction of objectives and hypotheses,

in Chapter 3. Generally, any references or summaries of
references from earlier sections are not referenced again.

CUSTOMER NEEDS AND PERCEPTION OF WATER SUPPLY.

Management of water resource has become a focus of
increasing public scrutiny. This fact has arisen due to a

higher profile being attached to the UK water industry in
recent years.
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The starting point was most probably water industry
reorganisation in 1974. Specifically the consequent
separation of water bills, from general rate demands.
Subsequent droughts, the water strike, privatisation,
abolition of rateable value and metering trials have
continued to maintain media and public interest at a high
pitch.

Due, in part to its climate, North America has been
subject to the need, to control water demand, for much
longer than the UK. Consequently the USA, in particular,
proved to be a major source of review material.

Individuals residing in those communities with the luxury
of piped supplies, tend to exceed the level of basic water
need many times over. In general this becomes the ‘norm’
and supplies get taken for granted. Such customers
typically devote approximately 0.5 to 1% of household
income on reliable and convenient water supplies.
Individuals in low-income countries typically spend 3 to
5% of their income on water which may be of lesser quality
and questionable reliability.

To meet basic needs, individuals are willing to pay up to
120 times more for water from a vendor than the equivalent
cost from piped supplies available elsewhere in the same
community. This is despite the very real health risks

associated with purchasing potentially contaminated water
from a unknown source.

Application of Maslow’s Theory of Hierachical Needs
provides an explanation of this point. Primaeval instincts
to satisfy immediate basic needs are of paramount
importance. Not until ‘comfort levels’ have been achieved,
and are sustainable, will individuals broaden their
horizons to consider ‘nonessential’ factors. In this
context nonessential would include water above basic

needs, disposal of sewage and protection of the
environment.
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In developed communities, customers are prepared to
purchase bottled water even when there is a plentiful
supply of piped water. The reasons for such ’extravagant’
purchases hinge upon concerns over the quality of tap
water coupled with effective marketing strategy. Whatever
the reasons, purchase of bottled water serves to

demonstrate the product’s price-elasticity even outside
of crisis.

In fact as a fundamental requirement for sustaining life
itself, individuals would give everything for the ’'last
drop’ of water. In theory therefore, at very low volumes,
water has a zero price-elasticity. In normal circumstances
the abundance of water means that its market price is low
and therefore users experience a large consumer surplus
from its purchase.

The range of reported daily per-capita water consumption,
105 to in excess of 560 litres, reflects the spectrum of
international variation. This is readily placed in context
when compared with the still comfortable per-capita basic
needs requirement of 20 litres/day (Chandler,1990) Such a
comparison emphasises the extent to which accepted
consumption exceeds minimum requirements.

The purpose of this research is not to identify basic
needs and drive consumption down to such a level. The
stated aims are to establish variables influencing overall
consumption. Consideration of extremes does, however,
serve to illustrate the potential for conservation, if and

when required, using techniques collectively referred to
as Demand Management.

A view is provided by Herrington (1990) whilst considering
UK service standards. The suggestion is offered that:
"examining the cost-benefit analysis of demand restriction
rather than the more usual service standard enhancement",
may be an option available to the water industry.
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DEMAND MANAGEMENT OPTIONS.

Four options were identified for consideration. Two of
these, in the UK, are subject to the Director Generals
'Levels of Service indicators’ on Water Usage
Restrictions. As a consequence typical return intervals of
between 10 and 100 years have been adopted as desirable
for voluntary appeals (education) and mandatory ‘drought
order’ (regulatory) provisions respectively. Both
measures can produce substantial reductions in demand: 3
to 25 % for voluntary appeals and up to almost 100%

reduction for severe legislative bans, such as the
imposition of street standpipes.

Such measures can therefore be seen to be very effective
if correctly ‘sold’ to customers. However voluntary
savings tend to diminish with exposure and levels of
reduction are unpredictable. In addition the costs of
ensuring the customer gets the message, which requires
frequent repetition, can be high. Both voluntary and
legislative measures(drought orders) are excellent crisis

management tools but are not acceptable as sustainable
measures.

The two remaining demand management measures can be used
independently, or, for greater effect, together. They are
the application of operational control, to deliberately
slow demand, or the imposition of pricing measures to

alter price-elasticity and hence invoke additional supply
and demand potential.

For the purposes of this research, pricing measures have
been interpreted as a direct relationship between payment
and recorded quantities, or a surrogate, of water
consumed. Thus fines imposed for example on unlicensed
hosepipe usage are considered as legislative, and

normally, linked to crisis measures rather than deliberate
and planned demand management.
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In the UK most households are not metered. Information
relating to influence upon consumption is therefore
limited. The Water Industry and DoE jointly sponsored a
trial, commencing in 1988, to determine the effects of

metering including measurement of "average" household
consumption.

The same trials also saw tariff experiments introduced to
measure behavioural modification when consumers were
exposed to nonstandard charging schemes. This was
particularly true of tariffs incorporating low standing

charges thus making customer bills sensitive to volume
consumed.

Results of the trials have been encouraging. System demand
in the Isle 0Of Wight reduced by 10 to 20%. Unfortunately
because customers were not independently measured, before
being charged by meter, a true control comparison is not
available. The estimated savings are based on whole
community demand measured as gross system input.

The National Consumer Council (NCC) have criticised trial
results as ’‘misleading’. Claiming that much of the savings
resulted from leakage which was repaired as a consequence
of meter installation. The NCC argued that a programme of
leakage detection and repair carried out with similar

intensity would produce much of the savings at a fraction
of the cost.

In other countries, particularly North America,
significant reductions in individual customer consumption
have been recorded due to volume charging schemes. Typical
savings have been in the order of 25% , but 45% has been
achieved.
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Consumption in these countries is much greater than the
UK. Hence the scope for savings is also greater. This
statement is particularly pertinent when the high
proportion of nonessential water use and particularly
irrigation, is taken into consideration.

The case studies demonstrated that savings can be achieved
through a combination of voluntary restrictions, linked to
education. For example watering the garden for shorter
periods or the use of water efficient appliances.

The fact that many activities waste unnecessary quantities
of water is recognised. Appliances such as Low=flush
toilets and water efficient clothes washers are available.
In the UK and North America ’‘codes of practice’ are being
modified to introduce low usage equipment.

This is fine for newly installed equipment but most water
will continue to be consumed via existing appliances. The
voluntary replacement rate of, for example, toilets is
low. Once installed, with minimal maintenance, they will
last a very long time.

An alternative is to retrofit equipment to existing
appliances. Sufficient scope exists to reduce unit water
consumption whilst maintaining standards of service.
Programmes to conserve water using such techniques have
become very successful particularly in the USA.

Retrofitting of toilets, shower heads and taps can produce
worthwhile savings. Individually, toilets provide the most
significant target due to the frequency of use and
consequent savings that can be achieved. Costs to supply
toilet dams, low flow shower heads and low usage taps are
estimated at $80 per household (1991 prices). North
American experiences indicate overall household savings,
using all of this equipment, of up to 30% when combined
with for example, penalising rising block rate structures.
Used independently the use of retrofit devices would have
an expectation of achieving 8 to 15% savings in America.
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Having supplied the equipment it must then not only be
fitted but also fitted correctly. This can be achieved by
either educating the customer or arranging to undertake
the work directly. Each option carries a cost and
selection is normally decided upon by the merits of scheme
requirements. Installation by customer will normally
entail lower costs but produce fewer installations and
hence reduce the effectiveness of potential conservation.

Retrofitting or replacing equipment, as described, will
allow many appliances and practices to continue to consume
water in an unmodified manner. At times of crisis,
supplying daily peak demand may be the problem. The review
indicated that such peaks often occurred due to climatic
effects upon customer behaviour. It is unlikely that
instantaneous peaks are caused by a substantial increase
in, for example, only toilet flushing. More likely is an
increase in consumption from a combination or range of
activities such as a general increase in the use of baths
and showers, drinking, garden watering, clothes washing
and car cleaning.

Whole property ‘influencing’ will affect all activities.
Pressure control, by reducing distribution system
pressures, directly relates to flow and has been proven
to reduce household consumption by 3 to 6% in the USA.

Systematic pressure reduction is normally approached
through the control of a widespread area with reference to
a critical point. Within a discrete geographic zone such
an identified location is used as a minimum standard of
service indicator. Due to topographical and system
characteristic variables, properties away from the
critical point will, by default, enjoy higher standards of
service. Technological advances allow fine tuning of
pressure control systems to meet continuous variations.
Correctly designed pressure control systems can be self
financing in a very short period. They require devices at
very few locations to control supplies to large areas.
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Greater control can be exercised by reducing district size
and hence limiting variation. Ultimate responsiveness can
therefore be achieved by controlling each properties
pressure with an individual device. This is indeed
possible and provided the starting point of this research.

Property specific installation presents the opportunity to
fine control distribution delivery. 1In addition,
individual customers requiring standards of service
outside of normal specification can, within practical
limits, so choose.

Installation of controls at customers property provides
three options. The first is to enable a specific balance
to be achieved between distribution system
characteristics, property characteristics, and customer
requirements. The second is to stimulate conservation and

the third is to provide a potential mechanism linked to
charging regimes.

Herrington (1990) alludes to such a possibility by stating
that "there may be an incentive for private water
companies to maintain universal standards as low as
possible (the revenue from them will be controlled by
price regulation) and then offer customers gold-star or

premium service outside the basket of services subject to
tariff control".

From the review it was identified that customers in
general, but particularly households, consume water
substantially in excess of minimum needs. It was also
established that customers expect environmental protection
to be an integral element of water resource management.
Further it was shown that reduced consumption can occur,
without detriment to customers. Finally, in this respect,
customers want a satisfactory service at lowest prices.
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2.8.4

METHODOLOGICAL APPROACHES

A number of key methodological approaches were reported
in detail. They were selected to represented preceding
work which influenced the direction of this research.
Details of their subsequent usage as guides and signposts
are included in section 3.3.

Two approaches were described: econometric analysis,
normally utilising 1linear or multiple regression
techniques, and contingent valuation. The latter was
originally utilised to avoid "flawed econometric"”
methods. It was argued that observable flaws appeared to

be generated by "poor knowledge" centred upon water
prices.

The application of regression techniques provided
modelling flexibility with explanations being generated
for between 40 to 65% of cases. Methodologies for checking
on flaws within models were identified by Murdock and

Neter in Section 2.7. Both practices were employed to
prosecute this research.

A number of causal variable were identified and tested.
Schneider determined that water price was the most
significant in his work (2.7.2). Murdock identified that
"demographic and other socioeconomic factors" affect water
consumption. He was thus able to explain why small houses
often accounted for similar water consumption to large
houses. Bruvold provided evidence 1linking increasing
temperature and customers income to increasing consumption
and, conversely, increasing water price, precipitation and

larger family units to lower per capita values of water
consumption (2.7.3).

Whitcomb (2.7.3) identified that occupants age and
household income had the greatest impact upon consumption.
The study demonstrated savings of between 2 and 6% for low
flow apparatus fitted to showers and toilets.
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2.8.5

Agthe et al (2.7.3) demonstrated a model fitting
consumption to several socioeconomic factors. 1In
particular income and housing density. However the study
was principally concerned with charging rate structure and
its impact upon consumption. The study concluded that rate
structures can be tailored to influence consumption. 1In
practice, however, despite substantial educational
initiatives the 1lack of understanding of scheme

information caused customers to abuse conservation
objectives.

The final case study represented what may be regarded as
the ultimate in a dissagregated approach to forecasting,
model 5 (2.7.3). The summation of the 280plus variables
into approximately 25 "types" and the model construction
proved instrumental in early isolation and catergorisation
of variables and analysis. However detailed criticism of
the model indicated that the approach, whilst
fundamentally sound, was overly complex and flawed by a
few inappropriate customer groupings.

SUMMARY

This literature review has considered a range of studies
their results and their methodologies in the area of
demand management. It has therefore provided the context
for the hypotheses which are developed in this research
and some options for investigating and testing these

hypotheses. The refining of hypotheses and methodologies
are considered in the next chapter.
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PART TWO

DEVELOPMENT OF RESEARCH

OBJECTIVES AND HYPOTHESIS
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3.0

CHAPTER 3

DEVELOPMENT OF RESEARCH HYPOTHESES

OUTLINE OF RESEARCH ISSUES

The fundamental concern of this research project is that
demand for water can be managed to the benefit and

satisfaction of both water undertakings and their
customers.

Central to this concept is the view that on-property
consumption can in-fact be influenced, whilst maintaining
(UK) regulatory requirements and satisfying customer
demands. The degree of excess water consumption, between
available and potential standards of supply, provides the
scope for conservation or an equitable supply regime.

In practice the research has not been able to examine all
aspects of demand management but a number of key elements
have been investigated.

Demand management is an often used term in the UK but,
unlike elsewhere in the world, very few serious attempts
have been attempted in this country. Notable exceptions
have been droughts, particularly 1975/76, the water
industry strike and, increasingly frequent, regulation
through hose pipe bans. These are examples of “"crisis"
management applications of demand management, cheap and

cheerful, but effective solutions when demand threatens to
outstrip supply in the short term.

This research project has attempted to provide a much more

generally valid approach and application of demand
management to a UK water supply system.
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3.1

The term "demand management" is interpreted in this
research as the attempt to regulate or influence customer
consumption to achieve preset objectives. It is unusual to
use demand management to increase consumption but this
could well be a valid requirement. Demand management is
aset of methods that allow the balancing of supply with
customer requirements.

Demand Management can be implemented to achieve different
levels of water balance :-

a. The reduction of peak demand
b. The reduction of average demand
c. The suppression of any consumption above basic needs.

In practice the separation of peak or average demand
management becomes blurred. Customers use water in
different ways and at differing intervals. What may reduce
peak demand for one customer could readily impact upon
average elsewhere. For the purpose of this research it is
my intention to examine the effects of a trial to modify
customer consumption whilst maintaining standards of
service and hence continue to satisfy customers water
requirements.

EMERGENCE OF ISSUES FROM LITERATURE REVIEW

The study examines the advantages for both customer and
company ©of such an approach. Can the water company
benefit from lower operating costs? Savings might be due
to immediate reductions in supplying to meet peak demand
or longer term deferments of additional resource
development. This would provide the operator with the
opportunity to pass through any cost savings to the
customer and meet customer expectations concerning
environmental care.
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In reality the high proportion of fixed, scheme
installation, costs may force substantive savings to the
long term, i.e. deferment of capital expenditure. There
may still, however, be benefits to be shared: Conservation
on an environmental scale and achieving greater stability
of supply by ironing out, for example, demand peaks and
troughs. The study will investigate aspects of benefit to
customer and company.

Ideally, if a customer requires a differing level of
service he retains the right to upgrade or diminish his
personnel standard of service, subject to application of
an associated cost. For example customers who directly
influence their water bill, i.e. metered customers, can
deliberately choose to consume more or less water and pay
a corresponding sum. The customer has tailored consumption
to meet his needs. This may be dictated by an industrial
process, gardening requirements or the number of people
using a specific property. In each case however the
customer can exert influence. Water using appliances can
be selected for their "water economy", showers consume
less than baths, and gardens can flourish with less water.
In the UK the majority of household customers pay for
water via "direct charges", section 2.4.2. Such customers

are not presented with any incentive to control water
consumption.

In cases where demand management is achieved through
‘physical’ (operational control) measures then the ’cost’
of consequent reduced revenue income must be further
weighed against costs of fixing ‘restrictive’ apparatus.
Further, achieving widespread management of demand
through the application of physical measures can only be
regarded as a long-term option. The sheer practicalities
of installing equipment will not allow short term
conservation to be achieved.
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For the purposes of this study all methods capable of
realizing sustainable savings, including metering, are
considered as ‘demand management’!

This research is however particularly concerned with
consumption of water on-property. In this respect both
flow and pressure are important: Controlling district
pressures is likely to modify on-property pressure and
hence consumption. Limited evidence indicates that
reduction of district pressures might yield on-property
water savings of between 3 and 6%, section 2.5.5.7.

Tracing leakage within a district is likely to reveal some
on-property losses which can be brought to the occupiers
attention for repair.

The author is of the opinion that the point of optimum
control presents itself at customer boundaries. Thus
provision specific to that property can be obtained
without disturbance from upstream demands or requirements.

For example consider an area containing a mix of
households and commercial business. The community is also
host to one large industrial consumer. Conventionally the
system would have been designed to ensure adequate
supplies to this one property. In general all other
customers would have been supplied with a standard of
service considerably exceeding minimum. Without
substantial, and costly, system modification little could
have been achieved to conserve water through the
application of system pressure reduction.

Whilst customer expectations of standards of service were
being met, and considerably exceeded, a number of hidden
issues were occurring. First and foremost, customer
expectations of conservation were not being achieved.
Artificially high standards of service were creating

unnecessary consumption by the majority of customers and
increased leakage on the system.
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In turn, unnecessary costs would have been incurred and
eventually borne by the wider customer base. At extremes,
system flows and pressures, maintained to meet the single
industrial customers demand, could have resulted in
complaints of high pressure.

Large draw-offs by the industrial user would have a
negative effect on the community by reducing pressures in
the distribution system. At certain locations, i.e. high
contour points, this would manifest itself by causing loss
or reduction in supply to households. A secondary,
consequential, effect, 1likely to cause additional
complaints, is that disturbances to steady flow conditions
may create severe discolouration. This could easily be
bled-off, through customer taps, when normal household
draw-off took place.

The above example serves merely to demonstrate system
inter-relationships and the potential effects which could
directly affect customers when applying a broad regional
system control to an area of mixed consumers.

A similar scenario can occur in areas of single category
consumers, i.e. households, when the location comprises
either significant variation in contour 1levels or
particular discrimination as a result of distribution
characteristics. Thus customers living at the base of a
hill or a point of ‘distribution plenty’ can be in receipt
of a service substantially in excess of their neighbours.
The introduction of control at, for example, customers
property boundaries would smooth this element of random or
historic discrimination and establish a degree of
equality.

This approach does not ignore either district control,
adherence to regulations or point of use conservation but
should be considered as complementary. Each has a place in
the sensible usage of water but the application of more

than one approach may stimulate multiples, or additional
savings.
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3.2

No evidence has been forthcoming on the influence such an
approach may yield when specifically applied to complete
properties. Techniques designed to stimulate savings
downstream of application are available, for example
miniature pressure control devices. The review confirmed a
need to undertake research into such an application.

WATER INDUSTRY CONCERNS

The implication of influencing customer supplies is likely
to be perceived as a threat to standards-of-service in
order to maximise utility performance. Despite press
comment to the contrary, responsible water utilities are
in fact very concerned to ensure adequate supplies to
customers and, for example, South Staffs Water has always
been of this persuasion. With the advent of regulatory
control, as discussed in Chapter One, a very active, vocal
and independent body now also sits in judgement on
adequacy, thus providing increased security and enforced
conformity.

In the interests of protecting the customer, South Staffs
Water apply internal policies to exceed Director General
Service Standard requirements, nominally by 50%. Thus
targeted minimum flows and pressures are 15 litres/minute
and 15 metres head respectively.

The elaboration of this aspect was considered worthwhile
to reassure readers that achieving unacceptable
standards-of-service was not the objective of this
research. Nor indeed is such an objective tenable given
regulatory requirements. However a principal objective of
the Regulator is to promote efficiency and avoid
discrimination concerning both customer
standards-of-service and charges.
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The Regulator’s duties may be better achieved, by the
Water Industry,through a greater understanding of the
variables influencing consumption, whether arbitrary or
imposed. Further, the potential to provide a measure of
supply equity may reduce discrimination even within
classes of consumer groups.

Having examined and established the potential and logic
for influencing consumption, two specific market sectors

presented themselves for research application. These
were:-

1) Households and
2) Metered customers,i.e. those already responsive to
charges applied by volume.

The two categories represent parallel charging schemes
commonly maintained by the UK water industry to collect
unmeasured and measured water rates. The data in each set
includes elements of overlap i.e. unmetered commercials
and metered households. The data set for South
Staffordshire Water is represented as:-

SOUTH STAFFS WATER DETAILS OF CUSTOMER CHARGING BASE

@1991

UN-METERED HOUSEHOLD 471000
METERED HOUSEHOLD : 14000
UN-METERED COMMERCIAL 13800
METERED COMMERCIAL 16000
TOTAL:csesseseess 514800

In subsequent discussion customers groups are generally
referred to as either household or trade (or industrial)

customers with the later expression referring to metered
customers.
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3.3

Reearch at South Staffs Water was conducted over the
period 1985 to 1992. Thus, at its inception households,
were charged by rateable value, unless the option to be
metered had been exercised by individual customers. The
question of ’universal metering’ as an alternative to the
rateable value approach was being raised, witness the
'Watts Report’ of December 1985, but water industry
policy, with respect to charging, was undecided.

ESTABLISHING THE KEY RESEARCH QUESTIONS.

The original concept was developed whilst considering two
requirements, these were;

1) the control of demand in a predictable manner and

2) the provision of an equitable charging mechanism to
replace rateable value whilst offering an alternative
or extension to metering.

The research evolved principally around the control of
demand, for the following reasons;

1) It was considered desirable to establish a reliable
demand management control before offering it for

consideration as an equitable charging tool capable
of widespread acceptance.

2) In 1985/86 there was uncertainty concerning what form
the future, imposed, basis for charges would take.
Alternatives to metering were available and if, for
example, retention of the rateable value mechanism
was permitted then the industry would not necessarily
be seeking alternatives.

3) No suitable legislation existed prior to 1988 for the
imposition of charging mechanisms other than rateable
value or meter options. It would therefore have been
problematical to impose alternative charging
mechanisms on an unbiased sample (although this
possibility was initially investigated).
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4) The development of a reliable, predictable, property
specific control mechanism had the potential to also
provide the function of an alternative tariff
mechanism to be used in conjunction with, or without,
a conventional metered supply.

5) The potential conservation advantages from
understanding factors influencing consumption were
likely to be high in their own right.

6) In addition controlling demand and equalizing
potential consumption whilst maintaining customer
standards-of-service had the potential to meet
customer, regulatory and industry approval.

As identified, in section 1.2, the water industry
continues to invest many millions of pounds in its
infrastructure, £2,245M in 1990/91 only. As at the 31st
March 1991 the total UK water industry fixed assets were
valued at £133,520M ,CRI (1990/91). At South Staffordshire
Water PLC the two comparable figures were £5.96M and £650M
respectively.

Much of the asset costs go towards meeting occasional

peak demands experienced as a result of combinations of
exogeneous and endogeneous variables.

For the year 1991/1992 peak day to annualised average
ratios for South Staffordshire Water were 1.25 : 1. This
ratio increases as the number of connections diminishes. A
single connection could theoretically yield a ratio of
100:1 or more. In practice physical restrictions, imposed
by plumbing and aging, tend to reduce the available

potential for peak flow.

Within an established property, excess water, available at
the boundary, is often not sustainable at the point of
use. The terminology "demand" is therefore not correct.

Customers can only receive supplies to the upper limits of
their plumbing systems capacity.
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The fact of meeting individual customer demand is
exacerbated by the cumulative effects of simultaneous
draw~-off. This effect ranges from the interaction of
numerous properties served by a single small bore service
(shared supplies) through to entire communities vying for
limited supplies from a distribution network at its
limits, section 3.4.1.1.

At the extremes of any influencing variables, customers
may be subject to imposed limits or restrictions. 1In
practice this may be on a Sunday morning when, household
generated, system peaks normally occur. Alternatively it
may be during hot or cold periods which cause gross
alterations in either behaviour, system characteristics or
both.

The interaction of such influences tends to occur on a
"random basis". For example customers within a finite
geographical area will have supplies which can be modified
not only by the action of their neighbour but also the
local topography and numerous other determinates.

The combined effects dictate maximum quantities of water
available to the customer at his individual point-of-use.

Generally customers will not be aware of "modifications".
Attitudes and expectations have traditionally been geared
towards the standard-of -service available. There is, for
example, anecdotal evidence that customers, particularly
in isolated or remote locations, keep baths full to

supplement poor supplies; often without comment to the
water utility concerned.

The research assumes that if the "imposed" non-policy
restrictions and inter-relationships were removed then
demand, particularly by customers at extremes, would
increase. This implies that customers absorb and accept

modifications to available water supplies
extremes.

even ¢to
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Such a consideration supports the generalisation that
variations in demand are dampened, by arbitrarily
occurring system characteristics, without the customer
necessarily being aware or adversely reacting.

The notional measure of an adverse reaction is, for the
purposes of this research, taken as: registering a
complaint with the water utility.

Customer consumption is therefore subject to "naturally"
occurring modification. In practice considerable variation
exists even between properties of apparently similar
characteristics subject to similar standards-of-service

The development of this research can now be progressed,
linked to thefollowing questions :-

1) Can consumption be deliberately modified, whilst
maintaining standards-of-service ?

2) could water resource be conserved ?
(thus offering similar justification used to promote
the financing of water metering)

3) would the equalisation of available levels-of-service
yield benefits to the customer, utility or both ?

These questions provided the starting point for this
research. In order to provide answers it is essential to
explore in detail the full range of variables which might
be expected to influence consumption. In the course of
this discussion hypotheses will be developed which will
allow an explicit testing of the role of each variable in
determining water consumption at South Staffordshire

water. The developed hypotheses are summarised in Section
3.6 for convenience.
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3.4.1

VARIABLES EXPECTED TO INFLUENCE WATER CONSUMPTION

From sources detailed in the Literature Review it is
recognised that consumption varies not only across classes
of customer but also within nominally similar groups. This
section examines the variables potentially explaining why
variations in consumption occur. They are a combination of
exogenous and endogenous factors with the common attribute
of potentially influencing on-property demand for water.
Four broad areas were identified to represent impact of
variables on water consumption:-

1) WATER SYSTEM CHARACTERISTICS.

2) SEASONAL DETERMINATES

3) SOCIAL AND CUSTOMER CHARACTERISTICS
4) CONSERVATION POTENTIAL.

Table 3.1 provides an overview of variables considered
within each of these categories. A few variables are

considered to represent aspects covering multiple
categories.

WATER SYSTEM CHARACTERISTICS

3.4.1.1 PLUMBING LAYOUT

For the purposes of this research on property plumbing is
considered as a variable, for households only, in the
following three elements;

* The service pipe, from the utility boundary to the
rising main stop-tap.

* Internal direct feed plumbing and

* Internal indirect plumbing Service Pipe
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CONSIDERATION OF VARIABLES INFLUENCING
HOUSEHOLDS AND TRADE CUSTOMERS

VARIABLE

TABLE 3.1

OUTPUT VARIABLE

MEASURE

CUSTOMER
CLASS

SOCIAL AND CUSTOMER CHARACTERISTICS DETERMINANTS

Consumer Class
Domastle
Commerelal
Industrial

Houae Type
House Size
Strast
Resildeniial Area
Houge Densliy

Appliance Gwrership

Pop Beansliy
Congumer Class
Car Ownship
Education

Efhinle Minarity
Incames

Hateatle Vaiue
Adulte
Chilldren

At Hame/Day
Vald Praperty

Paople Using Site
Relative Size

Cap (ovest

Water Uses,

slllc

Rateable Value

Qccupancy

Equivalent Fulltime

Annual Production
Annual Turnover
Slite Area

Years On Site
Garden Size
Washing

Process
Domestlc
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CONSIDERATION OF VARIABLES INFLUENCING
HOUSEHOLDS AND TRADE CUSTOMERS

VARIABLE

8easonal Varlation
Time Related Variable
Time Related Variabla

Season
Climata
Holldays
Temperatura
Precipitation

TABLE 3.1

OUTPUT VARIABLE

CUSTOMER
MEASURE

Seasonal Production
8hift Working

Working Pattorns

Test Perlod

PHYSICAL eteessncnvenescesssncansenscensesenones PHYSICAL

Aceurasy

Plumbing Style

Madifleation Pstantial

P!umblng Condition
Slan

App!lauw Ownership

Plumblag Qtw@

PlumBing Canditien
Pageity Daslgn
Plaat Type

Diste?guf!on Pcf i -ar

n Potediial
gemand Potential

Nafitiral Riesfriction
Arttficial Re:

Meter Spes Hauge

Prop Age

Years On Site

Maim Age

Inside tiouse Flow
N‘f‘ S\._, S ¢
Size Supplies
Moderated Faclop
Hatigs

Shest 2
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CONSIDERATION OF VARIABLES INFLUENCING
HOUSEHOLDS AND TRADE CUSTOMERS

VARIABLE

TABLE 3.1

OUTPUT VARIABLE CUSTOMER
MEASURE CLASS

CONSERVATION POTENTIAL *eseeeesCONSERVATION POTENTIAL

Price Senasitivity

Potential Savings
Conservation Senslilvity

Know BIll

Pay by Meter

Assessment of Bill Trade/House
Water Price

Last Appeal

Conservation Measure Trade
Pressure

Volume

OUTPUT VARIABLE sikeis 0w wirwa st w0 o OUTPUT VARIABLE

Annual Consumption

Annual Water Bill

Baily Caonsumption

Production Measure

Water Used

& Trade
Cost

L/Prop/Day
LiCaonnectlon/Day Hosue
L/Person/Day

Annual Output Trade
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A small-bore underground pipe connects properties to the
water-main, which normally runs in the road. Ownership of
this pipe, known as the service, changes from that of the
utility to that of the customer at the property boundary.
In most instances this occurs at the rear of the footway.
Households and most commercial property are fed through
services of, for example, half inch diameter.

Service laying practices have changed over the 150 year
history of the UK water industry particularly with respect
to pipe material. In practice small-bore service pipe
materials are most commonly found as lead, copper or
plastic. Since 1988, at South Staffs, new and replacement
services have been laid in Medium Density Polyethylene.

In anticipation of long-term potential for increases in
customer requirements iarger bore pipework has been
adopted as a minimum standard. Minimum service sizes now
being laid approximate to 3/4" nominal bore (25mm 0.D).

Once past the property boundary the service continues, as
the customer’s responsibility, laid by the builder. The
majority of households retain the on-property element of

the service pipe laid when the house was originally
constructed.

Blocks of houses, typically referred to as "terraced",
have commonly been laid with one service feeding multiple
properties. Such layouts are termed "shared-supply". This
is assumed to be a factor of significant influence upon
household consumption, because the supply available from
one small-bore pipe has to be shared amongst multiple
properties. Influencing the situation further are the
facts that:
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¥ multiple simultaneous draw-off is likely to occur.

* that the properties and service pipes are likely to
be old and hence in poor condition and

* that pipe runs will by necessity be long to reach the
most distant house.

Variation experienced at South Staffs range from single
supplies, to newer and/or "higher-class" houses, through
to sixteen properties sharing one 1/2" service.

For these reasons 1 have assumed that properties supplied
by a shared service are likely to consume less water due
to the physical restriction of the shared service and the
local influence of simultaneous draw-off.

Detail of properties per connection is readily obtained by
inspection at the property boundary.

It is conjectured that the combined restrictive effects
imposed upon customers served by shared services are
greater than influences that would be developed through
the use of deliberately applied demand-management.

INTERNAL PLUMBING

The service pipe continues into the house and, normally,
terminates at the rising main stop-cock, conventionally
located in the kitchen. A direct supply feeds to the
kitchen sink tap thus providing a direct connection to
external water supplies. Measurements of flow, pressure
and, when required, water quality taken at this point
provide the most accurate correlation to utility
standards-of-service within the house.

Beyond this point the plumbing layout will reflect the
method practised by the builder or modifications imposed
during the properties’s life.
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Other appliances may be fed directly by cold water at
mains pressure. In a direct system, most common in the
North of England, baths, instantaneous showers, wash
basins and toilets would be included. Hot water systems
would be fed via cold water storage tanks (cisterns) in an
indirect manner.

Where hot, and most cold water, appliances are fed
indirectly, via tanks, the system is termed indirect and

this system is traditionally to be found mainly in
Southern England.

Recent plumbing practices are changing with, for example,
the advent of direct feed heating units such as unvented
hot water systems and combination boilers.

It is considered likely that, under similar conditions,
indirect plumbing systems would use lower quantities of
water. The logic for this statement is based upon the fact
that more appliances would be supplied at lower pressure,
through cisterns on indirect systems. If correct this
would provide further support for the assumption that,
without customers being aware, potential consumption is

modified, whilst demand expectations continue to be
satisfied.

The potential for modifications, subsequent to
construction, increases with property age. In this respect
modifications are commonly made without regard to original
design or current bye-law approval. Determination of
actual internal layout is therefore impossible without a
full internal inspection.

Experience at South Staffs has shown that customers are
unwilling to subject themselves to plumbing inspections
which may result in property damage and bye-law
enforcement. Generalisations can be made but ' are
considered 1likely to yield misleading information

particularly on older property.
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PLUMBING SUMMARY

It has been assumed that properties of similar age and
design within any given street would be subject to similar
internal plumbing. Original development inspection records
held by South Staffs Water confirmed this as correct. A
sample of four properties were inspected to assess actual
internal plumbing layout. This confirmed the view that
subsequent modifications rendered knowledge of original
plumbing layout practically worthless as a reliable
predictor. This uncertainty was compounded by the degree
of difficulty experienced whilst attempting to determine
current plumbing layouts. The most notable proble