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Waterwise

1. INTRODUCTION

There is increasing pressure on water resources in the UK. In the last 15 years there have
been several periods of drought which have resulted in water restrictions or increased
measures to reduce demand in an effort to avoid restrictions. A twin-track approach to water
resource planning means that both new resource development and demand reduction
approaches must be considered when balancing supply and demand.

The UKWIR study O0A framework for valuidggit\hes of
sound best practice guidance for planning and implementing a water efficiency programme.

However, the water industry and its regulators agree that more robust economic evidence is

needed to support the development of water demand management measures as options in

their own right. This is especially important when the demand management measures are

compared with new resource development options in the water resource planning process.

The Evidence Base project will produce a set of scenarios for large scale water efficiency
programmes based upon the best available knowledge currently in existence. There has been
a step-change in the number of large-scale water efficiency projects in recent years, and the
Evidence Base project will analyse around 20 of these. The scenarios developed from them
will contain robust, best available cost and benefit information which can be used to inform
water company investment in water efficiency with particular relation to the Periodic Review
(PR0O9) and Water Resource Management Plans (WRMP). The scenarios will look at different
approaches to delivering water efficiency and will present various logistical options and their
influence on the costs and benefits, for example the methods used to identify households for
retrofit and the staff used to carry out the work.

The project is being led by Waterwise and overseen by a Steering Group (see 1.4).

The final report of the Evidence Base project will be in October 2008. This timetable was
agreed by the Evidence Base Steering Group to enable the use of best available evidence in
both the PR09 and WRMP processes.

1.1 Project objectives

The objectives for the Evidence Base project are:

e To extract information on costs and benefits from UK and international water efficiency
pilots and programmes, including the UKWIR database.

e To filter these projects in terms of local conditions and practicality of replication and
transferability and statistical robustness.

e To develop a table of water efficiency options and to produce optimised possible cost
benefit figures for different classifications of water efficiency project.

e To describe the range of water efficiency devices and approaches available for projects.

e To develop a set of different water efficiency scenarios and to produce cost benefit
analyses for these scenarios.

e As far as possible, to translate cost-benefit figures into alternative accepted accounting
figures, such as AISC (Average Incremental Social Cost), LRMC (Long Run Marginal
Cost).

e Map the project outputs and timescales onto the PR0O9 timescales.
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1.2 This Report

This report analyses evidence from 11 water efficiency trial reports. The report summarises
the methodology used (Section 2) and presents data from the 11 trial areas (Section 3). The
report then presents an example Long Run Marginal Cost (LRMC) calculation to illustrate how
the data will be used in subsequent reports.

1.3 Future work

The reports are timed to enable their use by water companies and regulators in PR09 and in
the Water Resource Management Plan process. This interim Evidence Base project report is
work in progress. As new water company water efficiency trials deliver they will be analysed,
disaggregated and added to the d&vidence Based See Appendix D for details of the projects
due to be analysed for the final Evidence Base report which will be issued in October 2008.

lllustrative examples (also termed scenarios) have now been developed by Waterwise and
WRc and are included in this report. These examples will show how the evidence derived by
this project can be used to determine the best, most effective water efficiency scheme in
terms of planning, implementation, optimising cost benefit and maximising yield. They will also
inform a gap analysis and recommendations for potential future water efficiency projects by
water companies.

The end result of the Evidence Base project will be a consistent source of information across
the industry to enable water efficiency schemes to be designed in the most effective way. This
will enable an iteration of the water efficiency sche mes proposed withi
Water Resource Management Plans, and can be used to inform water company investment
and determinations in the forthcoming Periodic Review.

1.4 Steering Group

This work is being led by Waterwise for Workstream 2 of the Water Saving Group. WRc are
the consultants developing the Evidence Base for large scale water efficiency schemes. A
Steering Group of key stakeholders has overseen the project as it has progressed and will
continue to review the project as it delivers. The methodology outlined in this interim report
has been approved by the Steering Group.

The Steering Group is chaired by Jean Spencer, Regulation Director at Anglian Water, and
includes representation at a senior level from the following organisations;

Communities and Local Government (CLG)
Consumer Council for Water

Defra

Environment Agency

Ofwat

UKWIR

Water UK Regulation Group

Water UK Water Efficiency Network
Waterwise

WRc Ref: UC7766.04/14852-0 DRAFT 2
July 2008

n

wat



Waterwise

2. METHODOLOGY

2.1 Summary

The methodology described below aims to use existing evidence and best practice cost
benefit procedures to allow the costs and benefits of demand management interventions to be
estimated. The methodology relies on three main pieces of best practice:

e UKWI R WR25A ASustainability of wathedonfidehcé
grading system for water efficiency evidence has been used.

e UKWI R WR2BBmMméwork for valuing the options

which the cost benefit analysis procedure and spreadsheet tool have been used.

e AEconomi csanciohg B&8ULppl y €EBID), Whcm & rulindately used to
develop the optimum mix of resource and demand interventions to balance supply and
demand. The outputs generated from the WR25B spreadsheet tool are designed to be
used in the EBSD process.

The calculation of AISC in this project will be consistent with the WR25B approach, the EBSD
and the Water Resource Planning Guidelines.

The inclusion of environmental and social (external) impacts will be considered, as will the
carbon impact (for example measures that save hot water use). However, unless evidence of
these impacts can be derived from the projects, the quantification of these externalities is
beyond the scope of this study.

Evidence will be obtained from water efficiency projects carried out by water companies, and
collected and assessed by Waterwise. The overall process will be to:

e Collect the evidence

e Extract the costs and water savings from individual water efficiency measures from the
evidence

¢ Allocate confidence grades to these individual measures (in line with WR25A)

e Construct scenarios as example projects to demonstrate the application of the cost and
benefit data

¢ Analyse the costs and benefits of these scenarios using the spreadsheet tool (from
WR25B)

e Produce outputs that can be used in the EBSD process

This will provide a set of useable evidence, a methodology and output format. These are
flexible enough to allow companies to apply their own scenarios, using standard tools, to
provide outputs for the EBSD consistent with Ofwat& guidance on cost benefit analysis.

The text below sets out the basic methodology. Ideally, there would be hard evidence for each
of the input variables into the process. Unfortunately, however, this cannot be the case and
therefore each input variable will be assigned a confidence (accuracy and reliability) grade.
The Steering Group has agreed that the best available evidence is sufficient in this exercise.
Some of the inputs will be derived from expert judgement until there is sufficient evidence to
replace the assumptions made. Where this is the case, the methodology explains the process
used for applying expert judgement, which will ensure a consistent approach.
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The method of calculating and presenting the costs and benefits will be transparent, clear and
robust, so that it can be applied to other measures in the future.

The presentation of the results will be in the form of tables which project forward in time the
costs, impacts and water savings, along with an AIC (Average Incremental Cost), or AISC
(Average Incremental Social Cost) value.

2.2 Demand management measures and sub measures

There is a range of devices and interventions which can be classed as water efficiency
measures (WEM): for example cistern displacement devices, tap inserts, water efficiency
promotion and water efficient showerheads. There are constant technological developments
of devices to improve performance, desirability and cost. Some measures have sub
measures: for example, there are several different WEM associated with WCs.

Below is an all-encompassing list of WEM currently available on the market. Any of these
devices or a combination could be incorporated into a large scale water efficiency programme;

e WCs
- Cistern displacement devices
- Retrofit dual flush
- Retrofit low flush
- Replacement dual flush
- Replacement low flush

e Taps
- Tapinserts
- Low flow - restricted
NB. Alternative options associated with taps include push taps and infrared taps but
these measures are considered to be unlikely in a domestic setting

e Showers
- Low flow shower heads
-  Lowflowi restricted

e Reuse
- Rainwater recycling
- Grey water recycling
- Water butts

e External Use
- Hosepipe flow restrictors
- Spray guns
- Drip irrigation

e Water Audit
- Audit of water consumption
- Action to reduce water consumption

e Metering
- Metering
- Metering with sophisticated tariffs

WRc Ref: UC7766.04/14852-0 DRAFT 4
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e Water Efficient White Goods
- Washing machines
- Dishwashers

e Publicity
- Water efficiency publicity and promotion

e Other
The above is a comprehensive list of single water efficiency measures. In reality it is likely that
multiple demand management measures ( a fibasket of measur eso) wo u

water efficiency programme.

2.3 Disaggregating the evidence

2.3.1Measures and scenarios

To quantify the costs and water savings associated with each individual measure and to allow
the construction of scenarios, Table 1A and B need to be populated. Information is required
about the individual measures, the context of the trial, and the implementation and scaling of
the project.

Table 1 A and B Information required from evidence to enable the disaggregation
of individual water efficiency measures

A Most | Worst | Best B Most | Worst | Best
measures likely | case | case scenarios likely | case case
Costs Costs

A Capex A Capex

A Opex A Opex

A externals A externals

Yield Target Population

Half life Uptake rates

Where possible, the information will be obtained directly from evidence extracted from the
projects and trials reported and supplied to Waterwise. If the evidence is derived from a
project which contains only one WEM then the data can be extracted into Table 1 A and B.
However, many of the projects are multi-tWEM ( or O6basketsd of measures
the evidence derived from micro-component data to disaggregate the costs and yields will be
required. There is a wealth of knowledge of individual micro-component use in the home, and
this can be used to ensure robust assumptions are made. The Market Transformation
Programme (MTP) gives good evidence of the frequency of use and replacement of water-
related products. In addition to the MTP research, a confidence grade can be allocated to the
evidence which has been estimated based on UKWIR WR25A methodology, as shown in
Appendix A.

The outcomes of the application of disaggregation and confidence grading will be used to
populate Table 2.

WRc Ref: UC7766.04/14852-0 DRAFT 5
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Table 2 Example of o utcomes of disaggregation of evidence and application of
accuracy and reliability bands
Basket of measures
Measured
Yield Confidence grade
WCs A
Taps B
Showers B
Advice X
Total Al

Table 2 is an example of the disaggregation that must be undertaken. In this example a
basket of water efficiency devices were installed into a measured property. As a result, the
total water saving scores an A for reliability and 1 for accuracy as it is based on an actual
measured value. The composite devices for this yield have not been individually measured
and so require some estimation in order to disaggregate the individual information from the
sum of total water savings.

Devices associated with WCs, such as cistern displacement devices, are considered to be
reliable in delivering consistent water savings per use - e.g. 1 litre every flush. WCs would
therefore be assigned a high reliability score. There is uncertainty regarding the frequency of
use, but there is good evidence from MTP and other research to help to reliably estimate this.

Water savings from taps and showers are more uncertain as they rely on more varied volume,
duration and frequency of use than WCs. The water saving can be quantified in theory, but
depends on a more varied volume, frequency and duration of use and higher uncertainty than
WCs, and thus scores a B for reliability.

The water savings in an unmeasured property will be more uncertain than in a measured
property because they are based on estimates and assumptions rather than any
measurements from meter readings.

The evidence for single measures will be built up from multiple measured projects with a
range of different costs and water savings and will help inform the estimates of best case,
worst case and most likely scenarios. This is described in more detail in Section 3.

From the above methodology, Tables 1 A and B can be populated, and this data will then be
used to populate the spreadsheet tool and calculate the AISCs for each WEM. This process
is illustrated in the worked example in Appendix B. Scenarios will be developed by Waterwise
and the WRc project team and entered into the spreadsheet tool to calculate AISC.

2.4 Introduction to the spreadsheet tool 1 used to calculate AISC

For each step in the spreadsheet tool where data is entered, uncertainty is accounted for by
having a range of values: a best estimate (most likely), best case (an optimistic result) and
worst case (a pessimistic result). For example, for costs, the best case will be the lowest cost
and the worst case will be the highest cost; the best estimate is the most likely cost.

The spreadsheet tool is a six stage process as described below:

WRc Ref: UC7766.04/14852-0 DRAFT 6
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2.4.1Stepl: Target Households

Step 1 requires the input of the projected household numbers (target households) for up to

four subgroups of households in each zone. These can be used to represent the data for the

scenarios. These sub-groups can vary from each other either in the water savings made or

costs incurred. For example, the target population may be split between metered and

unmetered households or between urban and rural households. Each sub-group can be

treated individually with regard to scheme uptake, costs and water savings. However, each

household sub-group must be mutually exclusive in order forthe To t a | Househol dsdé vy
AISCs calculated in the spreadsheet tool to be meaningful.

2.4.2Step 2: Scheme Implementation Type:

Any scheme being assessed canflBeormplPeméodéed dom
AOne-of f i mpl ementation assumes that the scheme i
years to complete, with no re-implementation. Periodic implementation allows the planner to

implement the scheme as many times as is required throughout the 25 year planning period,

in order to maintain savings. Periodic implementation can also be used to allow uptake to be

delayed until scheme set up is completed, if scheme set up is deemed to take more than two

years.

Scheme Life/ Projecting Water Savings forward in time

If there is evidence of the change in water savings over time, then this can be used in the
spreadsheet tool. However, for most of the projects there will be limited time series data -
typically only one or two years. Therefore the spreadsheet tool uses a method of projecting
water savings forward in time which allows for decay in savings which may be due to
behaviour, customer intervention (removing the device), and device under-performance. This
method is described below.

Projecting water savings forward in time

A water saving measure (device, appliance, number of devices or other intervention) is/are
installed in multiple households. The measure results in a volume of water saved. It is
assumed that the volume saved in year 1 is known. The savings are a sum of multiple
households (not a single household). After this time we cannot know what the water savings
will be: they may continue at the same level, or they may decrease. The reason for the
decrease may be that a proportion of households each year remove the water saving
measure, or that a proportion of the measures deteriorate such that their water saving is
reduced. The reduction in water saving may start immediately; therefore the volume should
take into account any fall off in water savings during the first year.

The water saving measure is assigned a 'half-life' after which time the water saving is halved:
i.e. the half-life is the length of time in which half of the measures will be replaced or
abandoned. When the measure is replaced, abandoned or deteriorates, no future water
savings are gained.

Using this approach, wat er saving projections are madge for
ABest Caseodo and fAiWorst Caseo.
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The half-life needs to be estimated for each of these cases. Time series evidence can be
used, if available, to estimate the half-life. However in most cases this will not exist. Therefore
guidance has been developed and applied to ensure consistency. This is:

e The "Best estimate" or "Most likely" value is given by a half-life equal to half the asset life
e The "Best case" is given by a half-life equal to 2 times the asset life
e The "Worst case" is given by a half-life equal to one quarter of the asset life

For example:

A water saving measure may have an asset life of 10 years, after which time it is expected
that the water saving from this particular water efficiency intervention will become zero. The
starting water saving is 400 (units not important in this example).

Using the process set out above, the result is illustrated in Figure 1, where the half life for
Amost | ikelyo is 5 years, so t ha&athsendadfyeags a

This element feeds into the uptake rate calculations and determines how quickly the number
of households which take up the scheme are

International evidence on longevity of savings will be considered in the Evidence Base project
for the October report.

Uptake Rate

The uptake rate is the percentage of the target population that participates in the scheme.
Uptake rates used in the scenarios will reflect the range of uptake rates from the evidence
base (projects/studies from WR25B database). In most cases the uptake rate of a scheme is
fundamental to the water savings which may be made and, given the unpredictability
associated with human behaviour, the uncertainties around this element are in many cases
the most significant.

e hal

retur

In developing scenarios,t he assumptions need to be easlredar | y s

households are usually assumed to achieve a higher uptake rate for water efficiency schemes
than unmeasured due to the financial incentive to save waterd @ ptake rate is assumed to
be closely related to what the scheme offers in terms of subsidies for water-saving devices
and their installation, and the extent to which the scheme is promoteda

The possibility of disaggregating uptake rates for each water efficiency trial within the
Evidence Base will be explored for inclusion within the October report. This would be useful
for the design of future water efficiency schemes because it would aid the consideration of
different methods encouraging uptake - enabling the most effective scheme to be planned so
that the optimum uptake rates are achieved.
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Water savings

=== Most likely = Best case Worst case
400
350 A
300 A
250 +
200 +
150 +
100 +
50
0 T
1 2 3 4 5 6 7 8 9 10
Years
Figure 1 Water saving and half life of a water saving device

2.4.3Step 3: Costs

The Evidence Base will be used to estimate the range of costs (best estimate, best case and
worst case) for each scenario. Each measure will have an associated unit cost, as shown in
Table 1. Thus, by knowing what basket of measures constitutes each scenario and how many
of each measure will be needed, it is possible to calculate the cost of the measures/devices.
This cost can be adjusted for economies of scale or for any subsidy, if necessary.

The cost of fitting will depend on whether the scheme includes free professional installation,
subsidised professional installation, or if the customer is expected to fit the device themselves.
If the company employs a plumber to install the device(s) then the cost of installation is
equivalent to the cost of employing a plumber to carry out the fitting. The cost of the
installation will then be based on the average hourly rates and the average time it takes to fit
the device.

Customer recruitment costs apply to the entire target population (regardless of whether they
participated in the scheme or not).

2.4.4Step 4: Water Savings

Step 4 requires the input of the worst case, best estimate (most likely) and best case water
savings (yield) per household per day for each target population. Each scenario will have a
basket of measures. Each measure will have an associated saving. Therefore, the water
saving associated with the scenario can be estimated.

WRc Ref: UC7766.04/14852-0 DRAFT 9
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2.4.5Step 5: Social and Environmental Costs

If data is available, social and environmental costs should be considered in order to include
externalities such as the benefit of the water remaining in the environment, and the impact of
schemes on householders. The environmental savings/costs and the social costs/benefits
may be entered as the best case, best estimate and worst case savings per megalitre and/or
per installation. The net savings/costs are entered with savings applied as a negative value.

There are no data on environmental and social impacts (externalities) available in any of the
projects examined for this report. Therefore a draft list has been compiled, noting
environmental and social impacts that should be considered for inclusion in the cost benefit
analysis (CBA) for water efficiency projects.

An 06 ext er n adirancigl &ostios berefit thab may be environmental or social. The
EBSD includes advice on quantifying environmental and social costs under stage 5 and

Appendi x A of the Main Report. The Environment

advises on the types of externalities to be considered and defines externalities as follows:

iBecause impacts on environment al resources
t

commonly referred
consideration of these O0ext er ndsobial @dtsfoe ehedts
arising from a scheme. External costs and benefits include those corresponding to the range
of environmental, human health and other non-market social impacts, and occur when the
actions of one individual/firm cause a loss in wellbeing (or satisfaction) to another
i ndi vidual/firm, and no compensation has b

The list below is a starting point for agreeing what should be included in terms of
environmental and social costs and benefits for water efficiency projects. The impacts can be
expressed as value in monetary terms or in some cases as an increase in greenhouse gas
emissions which can converted to a value using the shadow price of carbon.

External costs

Transportation Travel for installation and monitoring (pre and post) of projects.

Results in extra traffic, resulting in extra energy/fuel and CO,

emissions.
Embedded emissions Emissions embedded in plastics, metals, paper etc.
Disruption to customers Disruption caused by entry to property, installation of fittings,

disruption to supply.

Customer dissatisfaction The experience of the water efficiency intervention may leave
some customers dissatisfied.

! Defra website: http://www.defra.gov.uk/environment/climatechange/research/carboncost/pdf/simon-dietz.pdf
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External benefits
Customer benefits Reduced water charges (if on a water meter).

Reduced energy charges (if water saving device reduces the
use of heated or internally pumped water).

Reduced carbon emissions (reduced water use, saving on
treatment and pumping, plus carbon use in the home if the water
saving device reduces the use of heated or internally pumped
water).

Positive customer liaison; the customer may be left with a more
positive disposition to the water company.

Reduced abstraction Less water may be abstracted from the environment, resulting in
recreational, amenity and non-use (biodiversity) benefits.

This list will be updated for the October report with feedback from the industry and after
examination of the Water Resource Management Plans and the Ofwat guidance for inclusion
of externalities in leakage control®.

2.4.6Step 6: Results

The results worksheet displays the AISCs and yield and cost profiles over the 25 year
assessment period for each of the target household groups, as well as the total households.
The spreadsheet tool allows planners to see instantly how cost-effective spend is in different
areas by looking at the change in the AISC.

2 Providing Best Practice Guidance on the Inclusion of Externalities in the ELL Calculation, Ofwat RD02/08
February 2008
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3. EXISTING EVIDENCE

There are numerous sources of evidence available in the form of trials and projects which
some water companies have undertaken in recent years. This evidence will be collected and
assessed by Waterwise to determine its suitability for inclusion in the Evidence Base analysis
in terms of quality of data.

Ideally, the information contained within the Evidence Base will be able to populate Table 3.

Table 3 Data required from water efficiency projects
Water Yield Confidence
efficiency grade
measure
a a a
b b b
c c c
Total X X

However, most water efficiency trials to date have used baskets of measures rather than one
single device: for example, water audits combined with retrofit installations for cisterns and
showers. A basket of measures is likely to have a total cost that is not equal to the sum of the
individual measures.

The individual costs must therefore be disaggregated with care from the total costs given in
the project reports. In addition, the water savings will also be a sum of the devices installed
and these too must be disaggregated from the individual components. A worked example of
the disaggregation methodology is given in Appendix B.

Table 4 shows the water efficiency trials which were available for analysis during this phase of
the work.

Note: A great many of the projects analysed in this June Interim Report were carried out by
Essex and Suffolk Water, which has been a leading force in the design, development and
implementation of large-scale water efficiency projects for a number of years. Because some
of the projects relied in part on assumptions rather than measured savings, they have been
awarded, according to the Evidence Base methodology, a lower confidence grade. However,
Waterwise would like to underline the importance of these and other Essex and Suffolk
projects not only in their own right, in terms of results for analysis for this project, but also in
the key role they have played in the iterative process of the design of an effective water
efficiency scheme, across the industry.
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Table 4 Existing water efficiency evidence used for disaggrega tion

# | Water Company Title of Trial Status Section in this
report

1 | Essex & Suffolk (2007) Retrofitting variable flush toilets Follow-up from EA n/a
2 | Essex & Suffolk (1998) A Household water audits in Moulsham Analysis complete 3.1.1
3 | Essex & Suffolk (2006) Sustainable water audits research Analysis complete 3.1.2
4 | Essex & Suffolk (2004) Home surveys in Brentwood Analysis complete 3.1.3
5 | Essex & Suffolk (2002) Home surveys in Witham Analysis complete 3.1.8
6 | Essex & Suffolk (2006) Thurrock Homes survey Analysis complete 3.1.9
7 | Essex & Suffolk (2007) Toolkit (1000 homes visit and fix) Analysis complete 3.1.4
8 | South West Water (2007) Water Efficiency Trial Analysis complete 3.15
9 | Thames Water (2008) Liquid Assets (PHASE 1 - draft report only) | Analysis complete 3.1.6
10 | Environment Agency | (2004) Retrofitting of variable flush devices Analysis complete 3.1.7
11 | Southern Water (2007) Single measure retrofit - toilets Analysis complete 3.1.10
12 | Tynemarch Paper study follow up from trial Not analysed n/a
13 | Essex & Suffolk (2008) H,eco i Water Audits Analysis complete 3.1.11
14 | Essex & Suffolk (2007) ecoBETA study in Chelmsford Analysis complete 3.1.12
15 | Sutton & East Surrey | (2007) Preston Water Efficiency Initiative Analysis complete 3.1.13
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