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Executive Summary

The current Water Resources Planning Guideline identifies the need for water companies to
use methods for supply and demand analysis that are appropriate to the level of planning
concern in their water resources zones (WRZs).

In the 2014 Water Resources Management Plan (WRMP14) South Staffordshire Water was
able to demonstrate that there was no deficit forecasted in deployable output for the planning
period out to 2039/40.

The demand forecast in WRMP14 was based on expected housing growth of 118,000 new
properties to be built by 2040. The expected growth for WRMP19 is now approximately
128,000 new properties by 2045.

The ‘problem characterisation’ for the single water resource zone (WRZ) of South
Staffordshire Water should be ‘moderate’. A separate detailed problem characterisation
exercise was undertaken by the Company, and has confirmed the ‘moderate’ status. A
baseline household consumption forecast has been produced for the South Staffordshire
Resource Zone using micro-component modelling and forecasting, which is suitable for a zone
with a moderate level of water resource planning concern.

The micro-component model has been developed using best available data from local and
national datasets. The model is segmented by property type using unmetered, new build
metered and free optant metered households. The model is based on per household
consumption (PHC), and includes linear modelling of key micro-components against
occupancy to reflect the variation of PHC by occupancy within each household type. The
model forecasts are developed from historic industry and UKWIR micro-component datasets
and Market Transformation Programme predictions (these are explained in the report).

The results of the micro-component forecast give a 24.27 Ml/day increase in household
consumption for Dry Year Annual Average consumption, this is a 13.96% increase. This is
largely driven by a 24.00% increase in the property forecast. Average PHC and PCC decrease
throughout the forecast period, this is partly due to decreases in component demand due to
market transformation, but mostly due to the shift from unmeasured to measured, properties.
Average household PCC (mean of all household types) reduces from 131 to 127 |/person/day.

The model contains forecasts for Normal Year Annual Average, Dry Year Annual Average and
Critical Period; with a breakdown of micro-components for each year of the forecast.
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1 Context

The current Water Resources Planning Guideline identifies the need for water companies to
use methods for supply and demand analysis that are appropriate to the level of planning
concern in their water resources zones (WRZs). It has been decided to develop a new micro-
component forecast for WRMP19.

Micro-component models have been used for water demand forecasting in England and
Wales from the late 1990s. They quantify the water used for specific activities (e.g. showering,
bathing, toilet flushing, dishwashing, garden watering, etc.) by combining values for
ownership (O), volume per use (V) and frequency of use (F). This study makes use of a national
micro-component survey of 62 properties, alongside survey data which was collected at
property level for the monitoring period.

The micro-component model is combined with property, population and occupancy forecasts
in a unigue way in that the micro-components vary with occupancy. Certain components have
a valid relationship with occupancy, and others don’t. This method is used to calculate base
year OVF PHC values, which are then calibrated to the zonal normal year PHC values.

Forecasts of the property, population and occupancy are established by household segment
via a model to allow for various assumptions and mathematical calculations as the company
tends towards 100% meter penetration. Each household segment has a different base year
OVF table / calculation, these are based on both measured differences between measured
and unmeasured households, as well as assumptions made about devices within new
properties and optant properties.

Micro-components are then forecast using a combination of longitudinal micro-component
data and future market transformation programme derived micro-component values. These
trends are applied to the normal year micro-component values. An additional occupancy
specific trend is also added, to ensure that the varying occupancy within each of the household
segments is captured.

Data from national studies was used to update previous micro-component estimates (from
surveys, the Market Transformation (MTP) scenarios and other, older sources), and to
consider upper and lower consumption forecasts.

Relevant data, existing survey results, and consumption data from metered customer billing
records were all analysed and investigated, along with data collected in the 2016 UKWIR
behaviour integration study, to estimate base year micro-component estimates.

Household customers were segmented based on meter status (measured/unmeasured), with
sub-divisions for meter type (existing metered, free meter optants, new property). Data was
used to determine how to account for differences in consumption between segments and also
the effect of meter switching.

Normal year and dry year adjustments were made to the base year consumption and the
consumption forecast.

Artesia ref: AR1242 © Artesia Consulting Ltd 2018
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A scenario approach to modelling uncertainty was used, to reflect the various uncertainties in
consumption forecasts.

Best practice guidelines (detailed in Figure 1) have been followed in deriving the baseline
household demand forecast.

Figure 1 Best practice guidelines for household demand forecasting
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2 Method selection

The current Water Resources Planning Guideline! identifies the need for water companies to
use methods for supply and demand analysis that are appropriate to the level of planning
concern in their water resources zones (WRZs).

In the 2014 Water Resources Management Plan (WRMP14) South Staffordshire Water was
able to demonstrate that there was no deficit forecasted in deployable output for the planning
period out to 2039/40.

The demand forecast in WRMP14 was based on expected housing growth of 118,000 new
properties to be built by 2040. The expected growth for WRMP19 is now approximately
128,000 new properties by 2045.

The ‘problem characterisation’ for the single water resource zone (WRZ) of South
Staffordshire Water should be ‘moderate’. A separate detailed problem characterisation
exercise was undertaken by the Company, and has confirmed the ‘moderate’ status. This will
be a factor in the choice of method for forecasting household consumption, as described
below.

1 Water Resources Planning Guideline: Interim Update April 2017
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2.1 Approach

Guidance on the selection of appropriate household consumption forecasting methods were
developed by UKWIR (UKWIR, 2016), along with guidance on the application of these
methods.

The UKWIR guidance identifies nine criteria and a weighting and scoring framework, set out
in a ‘RAG Matrix’2. The guidance recommends that practitioners adapt the weightings and
scores in this matrix to reflect their own situation, in order to identify the most appropriate
methods for forecasting household consumption. In particular, the matrix should be amended
to reflect the level of planning concern in a particular WRZ.

South Staffordshire Water has used the RAG matrix, with amendments to reflect the status of

its single WRZ to shortlist preferred methods for household consumption forecasting. The
assessment that has been undertaken is presented in the following sections.

2.2 RAG matrix and comments

Figure 2 illustrates the results of the RAG matrix.

2 Red Amber Green Matrix, used to highlight which methods score best to worst
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Figure 2 South Staffordshire Water RAG Matrix for household consumption forecast
method selection
i . Micro- Macro- Trend-
South Staffordshire . ... |Regression Variable flow
We|ght|ng component | component based thod
Water (Moderate) models | models models models | Mm%
Acceptance by stakeholders 20 6 8 7 5
Exolici
xplicit freatment of 14 8 6 6 5
uncertainty
Underpinned by valid data 14 6 6 7 5
Transparency and clarity 10 6 8 7 4 4
Appropriate to level of risk 10 8 7 6 5 4
Logical and theoretical
& 4 8 8 8 6 4
approach
Empirical validation 3 6 7 7 6 5
Explicit treatment of factors
. . 2 6 7 7 6 4
that explain HH consumption
Flexibility to cope with ne
Xi |.| Y pe wi w 1 3 g ; a a
scenarios
Weighted score 526 551 526 388 267
Rank 2 1 2 4 5

Table 1 provides comments on the justification for the scores presented in Figure 2.

Table 1

Criteria

Acceptance by stakeholders

Justification for RAG Matrix scoring

Comment

Based on current methods (using national data and forecasts to
develop trend-based m-comp projections), the micro-comp
approach should score more highly. Macro-comps should also
score well given the context. Regression could be an option
although data is likely to be an issue

Explicit treatment of
uncertainty

Regression models do this best, so should score more highly.

Underpinned by valid data

The quality of data available e.g. from SODCON for PCC/PHC is not
sufficient for regression models - so this is marked down. There
are limited regional micro-component data, therefore the macro-
component approach could be more appropriate, so is scored
higher. Trend data is probably stronger at the macro level.

Transparency and clarity

Using macro or micro-components underpinned by trends based on
observed and forecast (MTP) trends will provide the appropriate level of
transparency and clarity for this WRZ, given the lack of data

Appropriate to level of risk

Methods should score relative to each other left to right across the matrix

Logical and theoretical
approach

Given the level of concern and the data available, all most viable options
score equally.

Artesia ref: AR1242
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Empirical validation Whilst the regression model should be better at this, the data won't allow
it. The micro-component BY demand model can be calibrated against the
BY reported PHC values; these also feed into the start of the macro
forecast. The same approach can be tested on the model 5 years ago to
see how it would turn out against the current PHC values to validate the
forecast.

Explicit treatment of factors Same comment re data availability and the regression - so marked down.
that explain HH consumption | The micro and macro models pick up the main technological trends and
personal bathing trends without the data requirements of the regression

model.
Flexibility to cope with new Regression models do this best, so should score more highly, macro-
scenarios comps is more flexible than micro-comps.

The weightings used in the matrix are based on industry standards, amended where
appropriate to reflect the South Staffordshire Water position.

The scoring reflects the relevance of the methods to the South Staffordshire Water situation
— particularly with regard to the level of planning concern in the WRZ and the availability of
company-specific data, particularly for regression modelling.

Based on this, there are two viable candidate options — micro-components and/or macro-
components, as there are insufficient company-specific data to proceed with regression

modelling.

A micro-component forecast, has been selected, as per the RAG matrix. This will be based on
recent national micro-component data to establish a base year model of consumption.

3 Review data availability

3.1 Base year data

The base year selected for the Draft model is 2017/18.

Base year figures have been extracted from Table 10 of the June returns and billing system.
South Staffordshire Water has one water resource zone (WRZ).

Measured and unmeasured property and population figures are also extracted from the June
returns. In the base year South Staffordshire Water has 198,066 measured properties and
336,034 unmeasured properties. Due to some discrepancies between the population figures
in AR17 and AR18 we were not able to take population figures straight from the reported
figures for base year 2017/18. After consultation with South Staffs Water it was decided to
use a combination of the total population across all household types from AR18, but that the
split between measured and unmeasured would be taken from occupancy survey results.
Population within the measured households is estimated at 458,614, with a resulting
occupancy of 2.32, the population of unmeasured properties is estimated at 866,593 with a
resulting occupancy of 2.58.

The calculated per capita consumption (PCC) values post MLE for measured households is
125.37 litres/property/day, unmeasured PHCis 132.98. The calculated per household

Artesia ref: AR1242 © Artesia Consulting Ltd 2018
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consumption (PHC) values for measured households is 290.29 litres/property/day,
unmeasured PHC is 342.95. This is calculated from the reported post MLE PCC figures
combined with the survey/reported occupancy figures.

3.2 Other data

South Staffordshire water supplied Artesia with some other data sources which are either
used in the forecast, or for validation of the model. This data includes historic trends from the
June Returns, the WRMP14 forecast, CACI forecast for population and properties. Artesia
were also supplied with a peak factor report from Atkins, and following some analysis at South
Staffs a Dry year was also provided.

In addition to the data provided by South Staffordshire several national datasets are used to
increase the understanding of historic, present and future micro-component consumption.
Historic micro-components are extracted from the WRc CP187 report, current micro-
components are extracted from UKWIR 16/WR/01/15 Integration of Behaviour Change and
future projections are extracted from the Market Transformation Programme (MTP).

3.3 Measured micro-component data

By ‘measured’ we mean micro-component data that has been collected by measuring the
different micro-components used within the household (as opposed from survey questions
and assumptions). This allows ownership (O), volume per use (V) and frequency of use (F), to
be calculated for each micro-component. There are two main sources of data for this:

e 2015-16 data collected using the Siloette system:

o a sample of measured billed households, which has associated occupancies
and demographic information on the households, collated during an UKWIR
Study? (this contains 62 households from around England and Wales),

o a sample of RV billed households, which does not have associated
demographics (collated from other anonymous Siloette studies carried out by
Artesia Consulting, from England and Wales).

e 2002 - 2004 O, V, and F data collected using the Identiflow system (a sample of RV
billed households, reporting in WRc Report CP187%).

Both the Siloette and Identiflow systems measure the flow into a property and compute the
individual micro-components through pattern recognition (although the detailed
methodology of the two systems is different).

The Siloette system uses a Siloette logger that is connected to the pulsed output from a meter
via a pulse unit, as illustrated in Figure 3.

3 Integration of behavioural change into demand forecasting and water efficiency practices,
UKWIR 16/WR/01/15, 2016
#Increasing the Value of Domestic Water use Data for Demand Management, WRc, March 2005

Artesia ref: AR1242 © Artesia Consulting Ltd 2018



Artesia
South Staffordshire Water Consulting

Figure 3 Siloette logger installed in a boundary box

The logger records the flow through the meter at sub 1-second resolution. Once downloaded
an algorithm is applied to the data to create a high-resolution flow trace of the flow into the
property, as illustrated in Figure 4.

Figure 4 lllustration of Siloette logger output
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Each water-using event in the house has a flow-rate profile characterised by the time, duration
and volume of water per use. Siloette takes the data from the logger and uses pattern-
recognition software to disaggregate and quantify the individual micro-component events and
provide information on time of event, flow rates and volumes. In Figure 4 the bottom trace
shows the time-series of the flow profile, and the top row shows the resulting events that
have been characterised, with each event type shown in a different colour (for example, baths
are coloured green in Figure 4.)

The three sources of data described above are shown in Table 2 to Table 4.

Artesia ref: AR1242 © Artesia Consulting Ltd 2018
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Table 2 Micro-component summary data from 2015/16 metered billed households

2015/16@Meteredbilledthouseholds
“BNeighted® MeanBperthousehold@ised

Micro-component O e VolumeBeraised|) Frequency®flised#/day) (I/prop/day) Percentage®fPHC
Toilet 1.00 7.26 7.83 56.83 23.92
Shower 0.92 62.36 0.86 49.54 20.85

Bath 0.43 104.60 0.24 10.61 4.47

Tap 1.00 5.66 11.61 65.72 27.66
Dish@Washer 0.42 16.70 0.50 Bi53) 1.48
WashingMachine 0.95 54.19 0.55 28.44 11.97
WaterBoftener 0.02 52.06 0.97 0.98 0.41
Externaliise 0.18 285.18 0.07 3.34 1.40
Plumbing@.osses 0.22 37.20 15 12.86 5.41
Miscellaneous 0.95 1.63 3.74 5.78 2.43

Table 3 Micro-component summary for 2015/16 RV billed households
2016/16@RVbilleddhouseholds

Micro-component oa‘:z‘f:;;‘,’,m Volumebpertisedl) FrequencyBfiisel{#/day) Meanﬁ:le/:ilrn::/s:::)ldlilse Percentage®fPHC
Toilet 1.00 7.58 8.86 67.15 22.53
Shower 0.94 54.82 0.94 48.69 16.34

Bath 0.54 113.65 0.36 22.35 7.50

Tap 1.00 4.56 17.91 81.62 27.39
Dish@Vasher 037 19.68 0.28 2.02 0.68
WashingMachine 0.94 56.36 0.66 34.59 11.60
WaterBoftener 0.09 112.02 0.24 241 0.81
External@ise 0.51 183.03 0.19 17.58 5.90
Plumbingosses 0.30 75.84 0.65 14.76 4.95
Miscellaneous 0.93 1.56 4.75 6.85 2.30

Table 4 Micro-component summary for 2002/04 RV billed households
2002-20043from@VRCELP187)
Micro-component “Beighted? Volume@erisel) Frequency®fiise#/day) Meanfperthouseholdiisel Percentage®fPHC
Ownership” (I/prop/day)
Toilet 1.00 9.40 11.52 108.29 29.19
Shower 0.85 25.70 1.46 31.97 8.62
Bath 0.88 73.30 0.95 61.35 16.54
Tap 1.00 2.30 37.90 87.17 23.50
Dish@Washer 0.37 21.30 0.71 5.60 1.51
WashingMachine 0.94 61.00 0.81 46.30 12.48
WaterBoftener 0.02 182.50 0.39 1.14 0.31
Externaliise 0.65 46.70 0.89 27.10 7.30
Plumbing@.osses 0.00
Miscellaneous 0.19 20.40 0.53 2.08 0.56
.
3.4 Market transformation data

Defra’s Market Transformation Programme produced product summaries for various water
using appliances in 2011°. These provide predictions of water use for appliances and devices
in 2030 for three scenarios:

e Reference scenario (equivalent to baseline forecast)

e Policy scenario (assuming more effective implementation and accelerated take-up of
more sustainable products)

e EBP or early best practice (which assumes a more positive impact than the policy
scenario and an early take up of innovative water efficient products).

5 http://efficient-products.ghkint.eu/cms/product-strategies/subsector/domestic-water-using-
products.html#viewlist
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4 Property segmentation

Most companies report consumption figures for measured and unmeasured properties. To
fully explore the complexity of different household segments and the difference in their
consumption, behaviour and future trends Artesia calculates the forecast with the measured
households split into existing properties, new properties, free optants as well as Compulsory/
Selective/other metering programme. Existing are in fact a combination of these, but will be
termed existing and remain as a constant segment throughout the forecast from the base year
value. An illustration of the breakdown of the measured and unmeasured households are
shown in Figure 5. From base year the number of new properties increase based on property
forecasts taken from CACI, and the switch between unmeasured to optant depends on the
forecast optant rate. The optant forecast rate is calculated using a combination of the
WRMP14 forecast and the historic reported optant numbers. Property and optant forecasts
are both inputs into the segmentation model.

Figure 5 lllustration of property breakdown within the company, forecast from base year
to the point of 100% meter penetration

Existing new connections

Existing free optants

Free optants

Some key assumptions made in the segmentation model;
e New households will always be metered
e Free optants move directly out of the unmeasured property segment.

e Voids are forecast to remain constant throughout the forecast period, in that there
are no further voids added beyond the base year. Voids have not been included in the
baseline forecast due to their negligible consumption.

e The point at which 100% meter penetration occurs is based on the meter optant
forecast.

e Despite 100% penetration being unlikely in practice, the year in which this point is
reach is needed for mathematical calculations in order to balance the population
figures. In practice, this point is beyond the forecast period. The subtleties of final
meter penetration rate may need further work in future forecasts.
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Further to mapping properties into each of these segments, population must also be
distributed.

Figure 6 lllustration of the change in occupancy as meter penetration tends towards 100%

Low Occupancy

Existing free optants

Free optants

High Occupancy

In order to successfully distribute the population between the segments, certain assumptions
and knowledge of the segments must be assessed. Occupancy is only reported for measured
and unmeasured. Measured households generally have lower occupancy than unmeasured
households. New properties are assumed to have company average occupancy (this assumes
that occupants are moving into new properties from a range of existing properties, measured
or unmeasured, either within or from outside the region, and hence have a company average
occupancy). Occupancy of new properties and optant properties are inter-dependent, in that
the sum of new and optant population within the existing measured households must equal
the total for measured household population. Optants have a low occupancy, however this is
highly dependent on meter penetration. Figure 6 demonstrates that as meter penetration
increases, the occupancy of the unmeasured and optants increase until 100% meter
penetration. Throughout the forecast the sum population for the optants plus unmeasured
remains the same (this assumes that each year optants come from the unmeasured pool).
Meanwhile the average occupancy of all the segments must follow the change in occupancy
from the CACI property and population forecasts. These assumptions provide an estimate of
the change in occupancy within the household segments over time; in reality there will be a
complex movement of population within these segments, reflecting births, deaths, people
moving into the region, people moving out of the region, and people moving within the region.
Each year the segments are calibrated to take into account the company level occupancy
changes throughout the forecast period. There is a slight decrease in company occupancy of
the next 25 years, and this is attributed equally across all household segments.

To ensure the segmented households and populations sum to the company forecast various
calibration steps and data validation checks are also included in the calculations. South staffs
water agreed with Artesia that an additional step would be applied, so that the optant
properties would convert to existing measured five years after opting.
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5 Household consumption forecasts

5.1 Approach to micro-component forecasting

Micro-component models have been used for water demand forecasting in England and
Wales from the late 1990s. They quantify the water used for specific activities (e.g. showering,
bathing, toilet flushing, dishwashing, garden watering, etc.) by combining values for
ownership (0), volume per use (V) and frequency of use (F). For example, per-capita (PCC) or
per household consumption (PHC) can be modelled as:

PCC or PHC = 3i(0i x Vi x F) + pcr
Where

‘O’ is the proportion of household occupants or households using the appliance or
activity for micro-component ‘i,

V' is the volume per use for V',

‘F" is the frequency per use by household occupants or households for ‘i’,

pcr is per capita residual demand.
By applying this together with the population or property data, a water demand model can be
formed. By forecasting changes in each of the variables (O, V, F or daily water use for each
micro-component) over time, a water demand forecast can be created. Hence the micro-

component forecast model requires estimates of changes in these variables, to reflect future
changes in technology, policy, regulation, and behaviour.

This report describes how the inputs have been generated for:

e Base year micro-components from a micro-component occupancy model.

e Final planning year micro-components from an occupancy model. This allows a rate
of change of micro-component daily water use to be derived due to the change in
occupancy over the planning period.

e Technology, policy and behaviour trend values for micro-components (based on

historic analysis of trends and future predictions from the Market Transformation
Programme).

5.2 Basic inputs required

To build the micro-component forecast model, we need the following inputs:

e Base year household consumption broken down into micro-components.
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e Reported base year household consumption (from water company annual return
data).

e Rates of change in micro-components across the planning period.

5.3 Selection of the basic unit of consumption

Two commonly used methods of consumption forecasts are based on Per Capita Consumption
(PCC) and Per Household Consumption (PHC). Linear modelling can use either approach.

In the case of PHC modelling, occupancy needs to be included as an explanatory variable, and
PHC is composed of a consumption allotted to the house on the basis of its characteristics,
and an additional consumption assigned to each occupant.

PCC modelling assigns a different consumption value per person on the basis of the
characteristics of the property they inhabit.

In the former case, the model is property driven, which aligns with the data collection based
on household meter reads.

The latter case introduces all the error associated with the household occupancy figure into
the model at the very first step. If the model is based on PCC, the PCC is calculated from
estimated occupancy (for which there is an error), so there is no part of the consumption
modelling that is independent of occupancy error; all the error in population forecasting is
propagated through the zonal forecast if it is based on PCC.

Modelling by PHC makes occupancy-driven household consumption components implicit in
the model whereas PCC-driven modelling would need to incorporate a correction for changing
occupancy rates in PCC forecasting.

For these reasons PHC is used as the basis for aggregating up to a zonal consumption forecast.
The Environment Agency require that the micro-components are reported in the WRMP

tables in units of occupancy, i.e. per capita consumption; and the model converts the PHC
micro-component values at the zonal level to PCC by dividing through by occupancy.

5.4 Micro-component occupancy model

Whilst we carry out the forecast model at household level, there is an influence on a selection
of the micro-components from occupancy. Therefore, in calculating the base year and final
year PHC values, we use a set of linear models that relate either daily use or frequency of use
to occupancy in each year. The model is also used to provide the base and final year values
for different metered property types: existing metered, optant metered, new property
metered and selective metered.

The UKWIR 2015/16 micro-component data for measured billed households was used for the
modelling because this dataset had a complete set of occupancy data for each household over
the logging period. The total number of households in the sample was 62.
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Figure 7 Each micro-component daily use plotted against occupancy
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Figure 7 shows the average daily use (or contribution to per household consumption) for each

of the following micro-components:
e WCflushing,
e Shower use,
e Bath use,
e Tapuse,
e Dish washer use,
e Washing machine use,
e Water softener use,

e External use, and

e Miscellaneous use (including internal plumbing losses).

Each of the micro-components were investigated to determine whether the daily volume per
use, frequency of use or ownership varied significantly with occupancy. The following micro-
components showed relationships where occupancy was a significant factor:

o  WC flushing,
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e Shower use,

e Bath use,

e Tapuse,

e Washing machine use.

For each of these micro-components (WC, Shower, Bath, WM and Taps) we developed a linear
model using occupancy as the predictive factor.

Figure 8 shows the variation of WC flushing frequency per day with occupancy, with the mean
frequency of use per day plotted against occupancy. The model is a log relationship of
frequency of use against occupancy with the following equation:

Frequency of use (uses/day) = 6.143 + 3.744 * In(occupancy) Equation 1

Figure 8 Variation of WC flushing frequency (uses per day) with occupancy
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Figure 9 shows the variation of the water used for showering each day with occupancy, with
the mean water use per day plotted against occupancy. Shower use was also explored in
terms of frequency of use per day, but a more robust model could be built with volume used
per day. This is probably because with increased occupancy there is increased variation in
length of showering. The model is a log relationship of volume used per day against occupancy
with the following equation:

Shower volume used per day = 15. 47 + 57.47 * In(occupancy)  Equation 2
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Figure 9 Variation of shower volume used per day with occupancy
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Figure 10 shows the variation of the water used for bath use each day with occupancy, with
the mean water use per day plotted against occupancy. The model is a linear relationship of
volume used per day against occupancy with the following equation:

Bath volume used per day = 7.181 + 7.378 * occupancy Equation 3

Figure 10 Variation of bath volume used per day with occupancy
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Figure 11 shows the variation of the water used for tap use each day with occupancy, with the
mean water use per day plotted against occupancy. The model is a log relationship of volume
used per day against occupancy with the following equation:

Tap volume used per day = 27.92 + 62.89 * In(occupancy) Equation 4
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Figure 11 Variation of tap volume used per day with occupancy
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Figure 12 shows the variation of the water used for washing machine use each day with
occupancy, with the mean frequency of use per day plotted against occupancy. The model is
a log relationship of frequency of use per day against occupancy with the following equation:

Frequency of use (uses/day) = 0.3242+ 0.43705 * In(occupancy) Equation 5

Figure 12 Variation of washing machine (frequency of use per day) with occupancy
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For each property type the model variables shown in Table 5 are also changed depending on
the meter status of the property.
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Table 5

Micro-component variables that change with meter status

Property type WC flush | Washing Dish washer Woastage
volume (mean | machine volume/use plumbing
I/flush) volume/use (mean I/use) losses

(mean |/use) (frequency of
occurrence)

RV billed | 7.58 54.19 16.7 1.5*1.55

household (HH)

Existing 7.26 54.19 16.7 1.55

measured HH

Optant 6.0 54.19 16.7 0.5*%1.55

measured HH

New build | 5.5 50.0 15.0 0.5*1.55

measured HH

Selective 7.58 54.19 16.7 0.5*1.55

metered HH

Combining all the relationships and

defined in Table 6.

Table 6

Micro-
component

Weighted
Ownership ‘O’

variables, the micro-component occupancy model is

Volume per use
‘V’ (1/use)

Micro-component occupancy model parameters

Frequency of
use ‘¥
(uses/day)

DETY
(I/prop/day)

use

WC flushing 1 See Table 5 See Equation1 | O*V*F
Shower use See Equation 2
Bath use See Equation 3
Tap use See Equation 4
Dish washer 0.42 See Table 5 0.5 O*V*F
Washing machine | 0.95 See Table 5 See Equation 5 | O*V*F
Water softener 0.02 52.06 0.97 O*V*F
External use 0.18 285.18 0.07 O*V*F
Plumbing losses | 0.22 37.2 See Table 5 O*V*F
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Miscellaneous 0.95 1.63 3.74 O*V*F

The model can then be used to calculate the micro-component daily use (and hence the per
household consumption ‘PHC’) for the following property types based on the occupancy
assigned to each property type, in the base year and in the final year of the forecast:

RV billed households

Existing metered billed households

Optant metered billed households

New build metered households

e Selective (or compulsory) metered billed households.

Application of the occupancy model in the base year and final year are shown in Table 7 and
Table 8 respectively. The base year in Table 7, which shows the occupancy, PHC derived from
the micro-component occupancy model, and the calculated PCC. Also shown is the PHC and
PCC calibrated to base year (normalised to NYAA).

Artesia ref: AR1242 © Artesia Consulting Ltd 2018

18



South Staffordshire Water

Artesia
Consulting

Table 7 Micro-component occupancy model parameters — Base year (adjusted to NYAA)
PHC PCC Base year (NYAA) Base year
H hold t (0]
ousehold types ccupancy (modelled) (modelled) calibrated PHC calibrated PCC
RV billed HH 2.58 328.07 127.77 328.07 129.19
Existing metered 2.32 298.65 128.71 279.31 120.38
billed HH
New build metered 2.49 285.19 114.70 265.55 106.80
HH
Optant metered HH 2.06 258.65 125.77 241.51 117.43

Table 8 shows the modelled PHC and PCC figures based on the final year occupancies. These
figures are without the forecast trends applied so is to demonstrate the impact of the
changing occupancy over time of each of the household segments. RV billed occupancy
increases with a resulting increase in PHC and decrease in PCC. The measured properties have
a decreasing occupancy over the forecast period with a resulting reduction in PHC and small
increase in PCC.

Table 8

Micro-component occupancy model parameters — Final year (NYAA)

Household types Occupancy PHC (OVF calculated) PCC (OVF
calculated)

RV billed HH 2.74 399.90 123.89

Existing  metered 2.19 288.20 131.36

billed HH

New build metered 2.23 266.00 119.08

HH

Optant metered HH 2.08 260.66 125.34

Using the base year and final year PHC values, a rate of change in PHC due to occupancy
change can be calculated for each household metered status. This is in addition to the
technology and behaviour trends described in the following section.

5.5 Micro-component trend model — baseline scenario

To investigate trends in individual micro-components due to technology change, policies and
regulation, and behaviour change, we have used the data set from 2002/04 (Table 4) and the
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2015/16 datasets (Table 2 and Table 3). For future projections of trends we have generally
used the forecast water use values from Defra’s Market Transformation Programme.

5.5.1 WC flushing

For the trend we assume that ownership and frequency of use for WC flushing remains
constant, with the volume per use changing due to market transformation.

Using data from the WRc micro-component report CP187 and data from the UKWIR 2016
study, we can create a histogram of the volumes per flush from 2002/04 and 2015/16. These
are shown in Figure 13 and Figure 14. This shows that for 2002/04 the mean flush volume
was 9.4 I/flush, with a range of flush volumes from 5 litres to > 15 litres. In 2015/16 the mean
flush volume had reduced to around 7.3 litres with a range from 3 litres to about 13 litres per
flush.

Figure 13 Histogram of WC flush volumes from 2002/04 and 2015/16
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The reason for the reduction in flush volumes from 2002/04 to 2015/16 is due to the
replacement of larger volume WC cisterns with smaller volume cisterns, due to market
transformation based on regulatory policies. The schematic in Figure 14 shows the change in
maximum flush volumes over time due to changes in regulation. From 12 litres in 1910 to 6
litre single flush or 6/4 or 6/3 litre dual flush in 2000 to date. The reason why we see larger
flush volumes in the histogram is due to incorrect setting up of the fill height or over filling
during the flush period.
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Figure 14 Regulatory changes in flush volumes
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The latest MTP projections for WC flushing volumes® in 2030 for the reference scenario is 4.8
litres/flush. Figure 15 shows the mean 2002/04 (CP187), the 2015/16 flush volumes
(Existing_mHH and Existing_umHH), and the flush volume from the MTP scenarios in 2030.
The blue line shows the linear fit from the 2002/04, 2015/16 and MTP Reference scenarios.

If we assume that the market transformation continues at the current rate (a reasonable
assumption for baseline forecasts, as there are no planned regulatory changes in WC flush
volumes), then the flush volume in 2028 will be approximately 5.1 litres (shown by the
intersect of the grey lines in Figure 15). This provides some confidence in the MTP Reference
scenario for WC flush volumes.

6 Source: http://efficient-products.ghkint.eu/spm/download/document/id/954.pdf
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Figure 15 Historic, current and future flush volumes
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We have created future trends for WC volume per flush (see Figure 16) using:

the base year volumes per flush in Table 5 for different property types,

e the 2030 projection for WC flush volume from the MTP reference scenario,

e anassumption that all property types will have achieved the MTP Reference scenario
between the forecast base year and 2030 (for the baseline forecast assuming no

change to current WC flush regulations)’,

e and an assumption that the volume per use will then remain relatively constant until
2045,

"This is a reasonable assumption given the rate of change in average flush volumes observed from
micro-component study data between 2002 and 2015, which indicates that approximately half the
current stock of toilets are now low flush.
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Figure 16 Trends for WC flush volumes
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From these trends, annual rates of change have been produced for each of the property types.
The rates of change are then incorporated into the model.

5.5.2 Showering

To investigate showering trends, we have used the overall daily water use (per household)
from shower data. This is because shower use is a complex mix of behaviour (showering time),
technology (shower flows), as well as frequency of use and occupancy.

Figure 17 shows the following data points on daily shower volumes (I/day):

e 2003 from WRc CP187 report,

e 2016 from Table 2 (Existing_mHH) and Table 3 (Existing_umHH), both are
approximately 49 |/day,

e 2030 from the MTP reference, policy and early best practice scenarios.

These data points assume an average occupancy for households in their specific years. The
blue line shows a linear fit from the 2003, 2015/16 and MTP reference scenario. This shows
arising trend, which is consistent with the observations that shower use is increasing (in terms
of ownership, frequency and flow rate).

We have chosen not to fit trend line through the MTP Early Best Practice point as this assumes
a very high proportion of water efficient showers being installed in new and existing
households (which is not evident in current practice).
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Figure 17 Trend of daily volume of water used for showering
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Using the trend line from Figure 17 and assuming that shower volumes per day plateau at the
MTP reference scenario in 2030 and remain flat over the rest of the planning period, we have
produced a predicted trend for shower use as shown in Figure 18. There is no evidence for
different house types having different trends, so the same trend is used for all house types.

Figure 18 Future trend for daily volume of water used for showering
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From this trend, annual rates of change have been produced. These are used for each of the
property types. The rates of change are then incorporated in the model.
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5.5.3 Bath use

For bath use trends, we have used the overall household daily water use from baths. Like
showering, bath use is mix of behaviour, frequency of use and volume per use. Figure 19
shows the evidence for daily volume of bath use from the following data points (I/day):

e 2016 from the bath use in Table 2 and Table 3,

e 2030 from the MTP reference, policy and early best practice scenarios.

Figure 19 Trend of daily volume of water used for bath use
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The blue line in Figure 19 is a linear fit of the 2016 and 2030 data. Using this trend, and
assuming that bath use then levels off at 2030 to the end of the planning period, we have
created the future trend shown in Figure 20. We have assumed that all household types show
the same trend.

From this trend, annual rates of change have been produced. These are used for each of the
property types. The rates of change are then incorporated in the model.
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Figure 20 Predicted trends of daily volume of water used for bath use
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5.5.4 Washing machine use

For washing machine use, the following evidence has been used to derive an historic trend in
volume per use:

e Waterwise data on washing machine volume per use from 1999 and 2003,
e Washing machine volume per use in 2016 from Table 3.

This data was used to produce a linear trend over time shown in Figure 21 (blue line). The
volume per use has a trend over time to reflect the improvement in technologies to reduce
energy and water use.

For the future trend in washing machine volume per use, we have extrapolated this trend to
the end of the planning period (assuming continuous developments in technology). This trend
is applied to all household types except new properties. These are assumed to have a starting
point of 50 |/use in 2016. The resulting future trends are shown in Figure 22. Rates of change
are then computed from these trends and incorporated in the model.
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Figure 21 Historic trend in washing machine volume per use
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Figure 22 Future trend of washing machine volume per use
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5.5.5 Dish washer use

For dishwasher use, the following evidence has been used to derive an historic trend in
volume per use:
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e Waterwise data on washing machine volume per use from 1999 and 2003,
e Washing machine volume per use in 2016 from Table 3.

This data was used to produce a linear fit over time shown in Figure 23 (blue line). The volume
per use has a trend over time to reflect the improvement in technologies to reduce energy
and water use.

Figure 23 Historic trend in dish washer volume per use
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For the future trend in dish washer machine volume per use, we have extrapolated this trend
to the end of the planning period (assuming continuous developments in technology). This
trend is applied to all household types except new properties. These are assumed to have a
starting point of 15 |/use in 2016. The resulting future trends are shown in Figure 24. Rates
of change are then computed from these trends and incorporated in the model.
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Figure 24 Future trends of dish washer volume per use
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5.6 Micro-component trend model — alternative scenarios

Two scenarios based on micro-component trends are added to account for variations within
the future predicted rate of change in consumption.

Firstly, sustainable development, in this most extreme efficiency scenario, we have assumed
that water saving is driven by both technological advancements and attitudinal changes.
Sophisticated filtration technology would allow recirculation of shower water saving both
energy and water. Waste water and washing functions are fulfilled by greywater recycling,
aided by hydrophobic frictionless surfaces. Bathing is pretty much obsolete.

Secondly, market trend, this scenario assumes that the projected trend in micro-components
does not continue beyond 2022. This would require a situation such as Brexit where UK
building regulations may be decoupled from current standards and the logical decline in flush
volumes is curtailed. The observed upward trend in showering continues to increase.

The variation in the trends are shown in Figure 25 for measured and unmeasured household
PCC. These upper and lower scenarios may be used in the demand forecast uncertainty
component of headroom.
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Figure 25 Variation in base line (DY) PCC trends
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5.7 Base Year Calibration

For each of the household segments, the OVF models are applied using the base year
occupancy values. The OVF calculated PHC is then calibrated to the normal year annual
average (NYAA) value. Further details of the NY calculations are described in section 6,
however it is important to note that the NY factor is applied within the base year (BY)
calibration to ensure that the rate of change over time for each component is not affected by
annual variation that might by contained within the BY. The zonal reported measured and
unmeasured BYAA are factored to NYAA. The zonal PHC values for the non-reported figures;
existing measured, new properties measured, optant measured and selective/compulsory
measured are calculated proportionally based on the NYAA measured value using the OVF
calculated PHC in each segment.

5.8 Climate change

Climate change impacts on consumption have been calculated in accordance to UKWIR
13/CL/04/12 Impact of Climate Change on water demand. Median percentage climate change
impacts on household demand at 2040, relative to 2012 are published for each river basin
within the UK. South Staffordshire Water sits entirely within the Severn Basin. Therefore, the
annual average forecasts have a 0.92% increase in consumption over that period. As the base
year is now 2017/18 and the final forecast year is 2044/45 the percentage change is shifted
along as there has been no further evidence since this report. If the forecast were to be run
under a critical period scenario the percentage affected by climate increases from 0.92% to
2.42%. When critical period is selected the appropriate climate change factor is applied in a
linear fashion across the forecast period.
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The model includes functionality to output forecasts with and without climate change factors.
The additional demand from climate change is added to the external use micro-component
only. The volume attributed to climate change is displayed in a separate row in the top section
of the outputs.

6 Consumption uplifts for normal, dry year and
critical period

The application of NYAA was touched on in section 5.7. In this section, the full methodology
and application is explained. The methodology for the NYAA and DYAA factors comes from
the UKWIR guidance report number 15/WR/02/9 — household consumption forecasting.

Dry year was determined in a separate piece of work carried out by South Staffordshire Water.
The dry year uplift was kept the same as WRMP14, the year selected is 2006, and the factor
is kept the same at 4.1%.

Figure 26 Reported PCC trend - measured properties (dry year indicated in blue)
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Figure 27 Reported PCC trend - unmeasured properties (base year in yellow)
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The trend lines for measured - Figure 26 and unmeasured - Figure 27 are calculated using all
points except the dry year, which is 2006. When assessing these figures, the importance of
the normal year adjustment becomes clear. Both the measured and unmeasured PCC is higher
than expected, so is therefore dropped down to the trend line via a multiplication factor
(modelled divided by actual). Measured normal year factor is 0.958 and the unmeasured
normal year factor is 0.971.

A report on peak factors for the use in calculating Critical period calculations were completed
by Atkins, which is provided separately. Artesia peer reviewed the report. Whilst some aspects
were questioned, including the change in peak demand based on metering penetration, the
modelling and report provided were used to define the peak demand in the base year. The 1
in 40 figure was used, which is a demand of 255 MI/d. This was applied to the work carried
out by Artesia, with a resulting peak factor of 1.5379. WRMP determined the base year 1 in
40 year PWHH event to be 272 Ml/d, which when applied to NY demand equate to a 1.606
peak factor.

Application of the NY factor is different to the DY and CP factors. The base year to normal year
is applied before the calibration of the OVF calculated PHC, the reported figures are adjusted
prior to this step so that the forecast is run from the normal year. Once the normal year
forecasts are calculated the DY and CP factors are applied. These factors are independent of
each other in that they are both applied to the NY forecast. Either option can be selected
within the model. The baseline forecast for South Staffordshire is as a DYAA. CP can be
selected as an alternative scenario.

A summary of the NYAA, DYAA and CP factors are summarised in Table 9.

Table 9 Summary of factors applied in the household forecast
Factor WRMP19 WRMP14
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Normal to Dry vyear factor (all |4.1% 4.1%
households)

Base to Normal year factor (measured | -4.2% Normalised to account
households) for leakage

Base to Normal year factor | -2.9% Normalised to account
(unmeasured households) for leakage

Normal to Critical period factor (all | 53.8% 60.6%

households)

7 Household consumption outputs

Graphical outputs for the property forecast only are shown in figures 32 and 33.

Figure 28 Total number of households, split by household segment
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The total number of households, shown in Figure 28, increases from 534,099 to 662,256, so a
24% increase over the forecasting period.
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Figure 29 Total household consumption (Ml/d), split by household segment
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Total company household consumption increases from 173.87 Ml/day to 198.15 Ml/day,
which is a 14.0% increase in demand over the forecast period, shown in Figure 29.

Figure 30 Company level PHC, split by household segment
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PHC decreases over the forecasting period, this is shown in Figure 30. The total average PHC
decreases from 325.55 |/property/day to just below 299.20 |/property/day. Each of the
household segments have different trends, with the unmeasured households increasing from
346.82 |/prop/day to 352.81. The optant segment shows a slight rise, the new properties a
slight rise and then fall, the existing a slight downward trend. These are dependent on the rate
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of change developed from measured and MTP figures. The overall decrease in PHC is a
function of the unmeasured households converting to optant properties with a lower PHC and
a combination of the measured segment trends.

Figure 31 Company level PCC, split by household segment
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Company level PCC has a similar trend to PHC, with a slight decrease from 131.20 to 126.77.
Unmeasured PCC shows a negative trend which is different compared to the PHC trend, this
is due to the increase in occupancy within this segment, shown in Figure 32. The lower
occupancy properties convert to optants, while the higher occupancy properties remain in the
unmeasured segment. The measured segments show a rise until 2030, this is based on
predicted increase in personal washing and then level off. The unmeasured properties have a
similar trend in personal washing, but they have increased reductions due to whitegoods and
WC flush volumes being at a higher starting point.
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Figure 32 Company level occupancy, split by household segment
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Figure 32 shows the trends in occupancy, the unmeasured rise is most notable, and as
described before this is the impact of optant properties coming from the lower end of the
occupancy distribution within the unmeasured households.
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Table 10 DYAA household consumption forecast
AMP6 AMP7 AMP8 AMP9 AMP10 AMP11

Company Consumption (MI/d) 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2029/2030 2034/2035 2039/2040 2044/2045
Total company 173.87 175.87 177.44 178.82 180.14 181.49 183.03 184.54 189.65 192.37 195.26 198.15
Measured 57.33 60.49 63.61 66.66 69.64 72.65 75.67 78.66 92.48 103.43 113.08 121.18
Unmeasured 116.54 115.38 113.83 112.16 110.50 108.84 107.36 105.88 97.17 88.95 82.18 76.96
Company PHC (I/prop/day) 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2029/2030 2034/2035 2039/2040 2044/2045
Company average 325.55 324.10 322.73 321.46 320.30 319.23 318.26 317.38 313.96 308.41 303.34 299.20
Measured 289.45 287.54 286.00 284.77 283.81 283.07 282.52 282.13 281.93 278.14 275.01 272.87
Unmeasured 346.82 347.25 347.68 348.11 348.55 348.99 349.42 349.86 352.04 353.11 353.44 352.81
Company PCC (I/head/day) 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2029/2030 2034/2035 2039/2040 2044/2045
Company average 131.20 130.88 130.59 130.33 130.11 129.93 129.79 129.67 129.54 128.49 127.59 126.77
Measured 125.01 124.88 124.82 124.85 124.94 125.09 125.29 125.53 127.21 126.79 126.30 125.64
Unmeasured 134.49 134.26 134.04 133.82 133.60 133.38 133.16 132.93 131.84 130.52 129.42 128.59
Measured PCC (I/head/day) 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2029/2030 2034/2035 2039/2040 2044/2045
WC (toilet) flushing 28.09 27.27 26.49 25.77 25.10 24.46 23.85 23.27 20.66 20.64 20.58 20.44
Personal washing 53.25 54.37 55.47 56.56 57.64 58.72 59.78 60.84 66.08 66.63 67.07 67.25
Clothes washing 15.55 15.50 15.44 15.39 15.34 15.29 15.24 15.19 14.93 14.45 13.93 13.36
Dishwashing 12.27 12.31 12.35 12.38 12.42 12.44 12.47 12.49 12.59 12.64 12.67 12.65
Miscellaneous (internal) use 14.45 13.98 13.56 13.19 12.85 12.54 12.27 12.01 10.98 10.25 9.65 9.35
External use 1.40 1.45 1.50 1.55 1.59 1.64 1.69 1.73 1.96 2.18 2.40 2.60
SUM 125.01 124.88 124.82 124.85 124.94 125.09 125.29 125.53 127.21 126.79 126.30 125.64
Unmeasured PCC (I/head/day) 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2029/2030 2034/2035 2039/2040 2044/2045
WC (toilet) flushing 30.10 29.22 28.34 27.47 26.60 25.74 24.88 24.02 19.83 19.41 19.07 18.82
Personal washing 56.59 57.23 57.87 58.50 59.13 59.75 60.37 60.98 63.99 63.16 62.57 62.28
Clothes washing 16.22 16.08 15.93 15.79 15.65 15.50 15.36 15.22 14.53 13.76 13.07 12.44
Dishwashing 12.85 12.80 12.76 12.71 12.66 12.62 12.57 12.52 12.30 12.09 11.93 11.83
Miscellaneous (internal) use 17.36 17.53 17.70 17.87 18.04 18.21 18.37 18.54 19.35 20.06 20.56 20.80
External use 1.37 141 1.45 1.49 1.53 1.57 1.61 1.65 1.84 2.03 2.22 2.42
SUM 134.49 134.26 134.04 133.82 133.60 133.38 133.16 132.93 131.84 130.52 129.42 128.59
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The increase in company level household demand is largely due to the increase in the number
of properties throughout the forecast period. PHC and PCC decline slightly which is largely
based on the impact of increasing meter penetration. The PCC in the final year of this forecast
is 126.77, with a total company household consumption of 198.15 Ml/day.

8 Conclusions & Recommendations

A baseline household consumption forecast has been produced for the South Staffordshire
Water Resource Zone using micro-component modelling and forecasting, which is suitable for
a zone with a moderate level of water resource planning concern.

The micro-component model has been developed using best available data from local and
national datasets. The model is segmented by property type using unmetered, new build
metered and free optant metered households. The model is based on per household
consumption (PHC), and includes linear modelling of key micro-components against
occupancy to reflect the variation of PHC by occupancy within each household type. The
model forecasts are developed from historic micro-component datasets and Market
Transformation Programme predictions.

The results of the micro-component forecast give a 24.27 Ml/day increase in household
consumption for Dry Year Annual Average consumption, this is a 14.0% increase. This is largely
driven by a 24.0% increase in the property forecast. Average PHC and PCC decrease
throughout the forecast period, this is partly due to decreases in component demand due to
market transformation, but mostly due to the shift from unmeasured to measured,
properties. Average household PCC (mean of all household types) reduces from 131 to 127
|/person/day.

The model contains forecasts for Normal Year Annual Average, Dry Year Annual Average and
Critical Period; with a breakdown of micro-components for each year of the forecast.
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