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Science at the
Environment Agency

Science underpins the work of the Environment Agency, by providing an up to date
understanding of the world about us, and helping us to develop monitoring tools and
techniques to manage our environment as efficiently as possible.

The work of the Science Group is a key ingredient in the partnership between research,
policy and operations that enables the Agency to protect and restore our environment.

The Environment Agency’s Science Group focuses on five main areas of activity:
¢ Setting the agenda

- To identify the strategic science needs of the Agency to inform its advisory
and regulatory roles.

e Sponsoring science

- To fund people and projects in response to the needs identified by the
agenda setting.

e Managing science

- To ensure that each project we fund is fit for purpose and that it is executed
according to international scientific standards.

e Carrying out science

- To undertake the research itself, by those best placed to do it — either by in-
house Agency scientists, or by contracting it out to universities, research
institutes or consultancies.

¢ Providing advice

- To ensure that the knowledge, tools and techniques generated by the
science programme are taken up by relevant decision-makers, policy
makers and operational staff.

Steve Killeen

Head of Science
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Executive summary

In this report, WRc on behalf of the Environment Agency, independently assessed the cost
of compliance with the water use aspects of the Code for Sustainable Homes. The specific
aims of this report were to:

e assess a range of fittings necessary to comply with levels of the code against four
levels of 130, 120, 100 and 80 litres per head per day;

e assess the costs of meeting these levels;

e estimate how these costs might reduce in time with a wider take-up of water
efficiency measures, based on available information on market transformation.

Section 2 of the report outlines the levels to be costed. The baseline used for comparison
was 150 litres per head per day, and the relationships between occupancy, water
consumption and bedspace were explored.

The report also reviewed the availability and cost of water efficient products, as explained
in Section 3. These products all hold current Water Regulations Advisory Scheme (WRAS)
approval (or equivalent) and where possible, feature on the Water Technology List'.
Product cost information was sourced from manufacturers, suppliers and the House
Builders Federation. We have quoted costs as both retail or wholesale and inclusive and

exclusive of VAT.

Section 4 describes the scenarios developed, along with the current costs for each
scenario, as shown in the table below. A spreadsheet model was created to develop

scenarios for achieving each water efficiency level.

Scenario/Target

Cost £ (exc VAT

level Cost £ (retail inc Extra over Cost £ (retail exc [+ 20% trade
(litres/head/day) [VAT) baseline VAT) discount)
Baseline (150 ) [£508 £0 £432 £346
130 £677 £169 £576 £461
120 £697 £189 £593 £475
100 £792 £284 £674 £539
80 £3,737 £3,229 £3,180 £2,544

" Water Technology List is a list of products that attract a tax break - see http://www.eca-water.gov.uk
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The report also established a method for future projection of costs, given in Section 5. The
modelling of future costs was based on known changes in energy goods. Projected costs
are shown in the table below.

Scenario/Target Current cost of 2016 cost of compliance
level compliance Upper bound Lower bound
(litres/head/day) (retail inc VAT) |(best case) (worst case)
Baseline (150) £508 £406 £508
130 £677 £406* £615
120 697 £406* £627
100 792 £406* £687
80 3,737 £884 £2,543
*Upper bound meets discounted baseline - i.e. no additional cost over and
above the provision of the fixtures and fittings.
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1. Introduction

Developers of new homes often want to build more sustainably, and purchasers of new
buildings want to buy more sustainable homes. In addition, the government is committed
to reducing water consumption in new developments. The Code for Sustainable Homes
was first issued for public consultation in December 2005 with the intent of achieving this.

The government is seeking voluntary compliance with the Code, with the exception of all
new homes that receive government funding which will be required to meet the Code. In
the consultation paper, Proposals for introducing a Code for Sustainable Homes (ODPM,
2005), there are six key elements, one of which is water. Minimum standards are expected
to be set for energy and water for each level of the code.

The Code will be performance-based, which means that there is no indication or
prescription of how to meet the various proposed levels (although guidance is likely to be
provided in the future). The consultation paper estimates that the cost of building to the
minimum standards of the Code would be £608 per home (of which no costs are
associated with increased water efficiency).

While the water-saving benefits of compliance with the Code are relatively simple to
estimate (based on maximum the use set for each Code level), the costs to developers of
raising water efficiency standards have not been comprehensively assessed and are
subject to speculation.

In this report, the Environment Agency independently assesses the costs to developers of
achieving water efficiency compliance with the new regulatory level and the different code
levels. The four levels specified for modelling in this study are presented in Section 2. The
report also examines how these costs may change over time as water efficient fixtures,
fittings and appliances become standard.

Section 3 of the report sets out the data and sources used in the cost modelling. Section 4
presents the method of calculation and costs of meeting the Code. Section 5 covers the
future costs of meeting the Code.

This work was undertaken before the final code was published, therefore the scenarios
included within it should be taken as indicative of the costs associated with the Code
rather than the Environment Agency's view on what the cost will be.

The cost information in this report is likely to rapidly become obsolete as demand for water

efficient equipment increases, resulting in increased supply and the price of the current
best available white goods drops.
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2. Proposed levels

The consultation paper, Proposals for introducing a Code for Sustainable Homes (ODPM,
2005) set out a proposed minimum standard and five additional levels.

The proposed minimum standard or Code threshold is 125 litres per head per day

Additional code points could be gained by reducing water usage to 42, 37, 34, 32 and
30 m® per bedspace per year. The relationship between occupancy and bedspace is
discussed in Section 2.2.

The Environment Agency responded that the code should be simplified to three levels and
a regulatory level should be introduced at a figure higher than level one. These levels
should be set at 130 I/h/d (regulatory), 120 I/h/d (level 1 and 2), 100 I/h/d (level 3 and 4)
and 80 I/h/d (level 5). Consequently, these are the levels that this report has determined
the costs for.

Modelling costs to these levels does not mean that other levels can not be achieved. Nor
should the costs of achieving a value in between any of the level be assumed to be
linearly in-between the two modelled costs. This is especially evident with the step
change in price caused by the introduction of greywater or rainwater systems needed to
reach 80lI/h/d.

Within the water element, developers will be free to chose how they will reach the design
level and therefore the fixture, fittings and appliances that have been used in the modelling
in this report should not be taken as a definitive list of how to reach each level

2.1 Occupancy and water consumption

Several studies have shown that there is a strong and clear relationship between
occupancy and per capita consumption (pcc): as occupancy increases, pcc decreases.
The values generated from three major studies are shown in Table 2.1.

Table 2.1 Per capita consumption versus occupancy
litres / head / day
Occupancy WRc 2005 Scottish 1999 Edwards and Martin 1995
1 205 193 222
2 173 162 158
3 144 130 133
4 119 99 122
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For the purposes of the scenarios developed in this report, frequency of use for appliances
have been used for an average occupancy of 2.4 (Ofwat, 2005).

2.2 Occupancy and bedspace

BRE's Ecohomes calculator (on which the code for sustainable homes is based)
calculates water consumption per bedspace; however, this term is not defined. Bedspace
could be taken to mean the number of bedrooms within a property, the number of beds
within a property, or the number of people within a property. For this reason, until further
guidance on the definition of ‘bedspace’ is available, scenarios have been calculated on
an occupancy (litres per head per day) basis.
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3. Review of best practice

3.1 Introduction and basis for product selection

Toilets, taps, baths, showers, washing machines and dishwashers all contribute to
household water usage. Each of these was reviewed to establish the range of water
consumption by currently available products, any information on products under
development and, finally, the costs associated with each type of appliance.

It is essential that water efficient products perform satisfactorily so householders do not
replace them with products which give better performance, but might use more water. For
this reason, performance standards (such as British or European Standards) need to
reflect the testing of products at lower water flow rates. The Market Transformation
Programme Test Methodologies Advisory Group is currently addressing this issue, to
ensure ‘water efficient’ is not associated with poor performance.

Product water usage information has been sourced from:
e Market Transformation Programme (MTP) information sources;
¢ Water Technology List (Enhanced Capital Allowance Scheme);
¢ WRCc’s Identiflow microcomponent studies (WRc, 2005).

The Water Supply (Water Fittings) Regulations 1999 (HMSO, 1999) make provision for
preventing contamination, waste, misuse, undue consumption and erroneous
measurement of water supplied by a water undertaker. Regulations 3 and 4 impose
general requirements in relation to water fittings. Water fittings must not be installed,
connected, arranged or used in such a manner that they are likely to contravene these
regulations. Regulation 10 requires that the water undertaker enforce the requirements of
the regulations (Water Regulations Guide, WRAS, 2000).

Only products shown to comply with the regulations by, for example, being Water
Regulations Advisory Scheme (WRAS) approved and listed in the Water Fittings and
Materials Directory (WRAS, 2006, www.wras.co.uk) were considered in this report. The
products selected were also, where possible, included on in the Water Technology List
(WTL) (www.eca-water.gov.uk)

In selecting products for the cost scenarios relating to the levels, products that
would not affect customer behaviour or perception were considered first. For
example, a lower flush toilet that performs correctly will use less water but there will be no
change in performance observed by the user. Similarly, lower flow rate taps with an
appropriate spray pattern will provide the same amount of washing capability.

Only when these were all incorporated were products that might require a change in
behaviour by the customer (ongoing maintenance, use of water from butts in preference to
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outdoor tap) or have an impact on the customer (such as small bath volumes, lower flow
showers) included in the scenario. The inclusion of electric showers was avoided until
such a point where the Code level could not be met without changing from a mixer shower
or gravity shower to electric. Note that recent experiences with the use of water butts in
the drought of summer 2006 have demonstrated that, given a sufficient driver or profile,
customer behaviour can be changed during peak periods.

The use of grey water recycling, as the most complicated and technologically demanding
option, was avoided in all scenarios. Also, with increasing water efficiency the volume of
available grey water would decrease, whereas rainwater yield would remain unaffected by
any such measures.

Section 3.2 highlights developments which are known about but have not yet sufficiently
progressed to the market place. This is not intended to be a view of possible
developments.

Product cost information was sourced from:
e manufacturers and suppliers literature and websites;
o water efficiency and green building products websites;
e the Home Builders Federation.

Product installation will be carried out for new homes at the time of building construction.
The costs of installation (other than for rainwater harvesting or grey water systems) are
not likely to be different to those of the base scenario and were therefore not included.
Currently developers do not commonly install grey water recycling or rainwater harvesting
systems, however the cost of construction into a new build would not be as significant as
retrofit.

Some products will require maintenance to retain performance throughout their lifetime.
This might be simple maintenance such as descaling or tap washer replacement, or more
routine such as the addition of chemicals to dishwashers and grey water recycling
systems. Maintenance costs were not included for any products; this report focused
primarily on the initial cost of meeting the Code for Sustainable Homes.

Future trends in design / performance (as opposed to cost) information was sourced from
the Market Transformation Programme.

3.2 Water usage

3.21 Toilets

To compare toilets with different flushing mechanisms, the concept of ‘effective flush’ is
used. The maximum effective flush permitted under the Water Supply (Water Fittings)
Regulations 1999 is six litres, offered by a six litre single flush toilet.
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To allow dual flush toilets to be compared with single flush toilets, a standard ratio of full to
part flushes must be used. There have been a number of trials to determine this ratio and
these are summarised in Table 3.1.

These trials have shown the ratio of full to part flush to be in the range 1:0 (only full flush
used) to 1:2 (one full flush to two part flushes). This varies from the ratio used as a
benchmark in the trials and from the ratio currently used for the Enhanced Capital
Allowance Scheme which is 1:3.

Table 3.1 Trials to establish a flush ratio against a theoretical benchmark of 1:4
Trial Nominal Theoretical Flush Actual flush | Size of
flush flush volume ratio sample
volume volume (at measured in | (full: part)
1:4 ratio) trials
Seattle 6/3 3.6 473 3:2 40
Oregon 6/3 3.6 4.92 3:2 50
Canada 6/3 3.6 4.20 2:3
Bradford 6/3 3.6 4.6 1:1 6
Bradford 4/2 24 4.6 1:1 4
Hereford 4/2 24 3.83 2:5 1
Hereford 4 4 3.74 1:3 1

Source: The economics of water efficient products in the household. Report for the Environment
Agency by Elemental Solutions, June 2003.

Further evidence to support using an effective flush ratio of one full flush to one part flush
comes from a study by Portsmouth Water in 2001 that shows an average 5.4 litres per
flush from a 6/4 dual flush toilet. Further support comes from a report by the Building
Research Establishment for Essex and Suffolk Water (2003) which shows that although
the 6/3 litre toilets installed for the trial had a flush ratio of approximately one full flush to
four part flushes, the total number of flushes increased when a dual flush was installed.
Taking into account the volume of water used for this apparent double flushing of the part
flush, the actual volumes support the 1:1 ratio argument.

For the purpose of this report, we have used a ratio of 1:1. This means that a 6/4 litre dual
flush toilet has an effective flush of five litres, a 6/3 litre dual flush toilet has an effective
flush of 4.5 litres, and a 4.5/3 litre dual flush toilet has an effective flush of 3.75 litres.

Toilets currently available on the market include six and 4.5 litre single flush and 6/4, 6/3
and 4.5/3 litre dual flush. The recently available 4/2.6 litre dual flush toilet manufactured by
Lecico, which contains a WRAS approved Dudley valve was not included as it was still
undergoing testing at the time that the modelling was conducted.

Waterless toilets are also available, but are not included within this study as it was felt that

(a) composting toilets would require a significant change in behaviour and design and (b)
the water benefits of vacuum or incinerator toilets would be offset by their energy use.
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However, provided these issues are addressed they are a viable way of meeting the code
levels.

Dual flush 6/4 toilets are currently installed as standard by developers (HBF), although
some still install six litre single flush toilets.

The measurement of toilet flush volumes is well established in the UK against European
Standard BS EN 997. It is assumed that toilets are correctly installed and adjusted to flush
the correct volume.

Future Developments: In the future, toilets with flush volumes lower than 4.5/3 litre dual
flush will be more widely available on the market. Some lower flush toilets already exist for
niche markets along with prototypes in development, such as 1.5 litre flush toilets
(http://www.propelair.com/). These might be expected to be more widely available in the
future, but have not been included in the scenarios.

3.2.2 Taps

Taps can be divided into the following:
¢ bath taps for bath water usage, covered in Section 3.2.3;
e basin taps for bathrooms, cloakrooms and kitchens;
e mixer taps for kitchen sinks.

These taps may have adapters or fittings to modify the water consumption or spray
pattern.

Taps currently available on the market include spray taps, aerated taps, variable flow rate
taps (those with a ‘brake’ of flow between water efficient and standard flow rates) and
outside taps, along with basic non-restricted taps for a wide variety of application in
kitchens, bathrooms and cloakrooms. Also available are tap inserts designed to reduce
flow rates in any tap.

The measurement of tap flow rates is well established in the UK against British Standard
BS 5412. However, current UK and European requirements for flow rates in taps are
based around minimum rather than maximum flow rates, so there is a conflict between the
existing specifications and any water conservation measures. Data on maximum flow
rates is not therefore always available.

Future Developments: No significant developments in tap technology that could reduce
water consumption per use are expected in the future, although sensor taps could rise in

popularity within houses, decreasing reliance on the user to switch taps off, particularly in
bathrooms or cloakrooms. This would alter the duration of use, rather than the flow rate.

3.2.3 Baths

Baths are available in a wide range of shapes and volumes. None of the current standards
include a test method for determining the volume of a bath. There is no agreed method of

Assessing the cost of compliance with the code for sustainable homes 14



testing for the volume used, therefore data is not always available. The Water Supply
(Water Fittings) Regulations 1999 require measurement of the volume to the centre of the
overflow.

The Market Transformation Programme (MTP) shows that the level of water use per bath

is significantly lower that the specified capacity to the overflow. This varies according to
the type of bath, as shown in Table 3.2.

Table 3.2 Bath water consumption by product capacity

Bath type Capacity to Usage (litres) Percentage of
overflow Capacity Used
(litres)

Undersize 165 65 39%

Corner 140 65 46%

Shower 250 100 40%

Standard 225 88 39%

Roll top 205 80 39%

Whirlpool/spa 225 88 39%

Outdoor large spa* 400 300 75%

Source:

http://www.mtprog.com/ApprovedBriefingNotes/BriefingNote Template.aspx?intBriefingN

otelD=356

* Reference is made to Section 4.2 of this report on the inclusion of luxury

products.

Future Developments: No significant developments in bath technology are expected in the
future that could see reductions in the volume of water used.

3.2.4 Showers
Showers can be divided into three categories: electric, mixer, and bath/shower.

The domestic shower is perhaps the most complex type of water fitting to assess and
compare in terms of water efficiency. The flow rate through a shower itself can be
measured quite easily in a similar way to the assessment of flow rate through a domestic
tap, however the very function of a shower means that flow rate alone cannot be the only
criterion against which showers are assessed. Other criteria such as the spray pattern and
the pressure of the water droplets on the skin must be considered. In addition, showers
come in a variety of different designs that makes comparison problematic.

Data collected by ARUP for use in the MTP modelling (MTP, 2006) gives figures derived
from manufacturers’ estimates of flow rates for different types of shower - see Table 3.3.
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Table 3.3 Flow rates for showers

Overall flow rate (litres/min)

Electric shower Mixer shower Bath/shower

MA 6 L— ML
MI 68— M1 8
MY 66— M6
+M 0L
Aneib - Joxipy
dwnd |esbaju
Upm JaxiiN
dwnd ejeledss
— JaxI\
pasLnssa.d

— JoxXIN

Jaxiw
Jamoys/yieg

3.46 3.96 4.52 4.99 7.88 |9.85 11.82 11.82 6

Source: ARUP 2006 for MTP (forthcoming)

For electric showers, flow rate is limited by power input.

For gravity showers (those supplied from a gravity system without the assistance of a
pump), the appropriate choice of showerhead and the use of restrictors can decrease flow

rates.

For pumped and mains pressure showers, dynamic flow regulators can be used to restrict
flow rates.

Overall consumption per visit is calculated from flow rates (in Table 3.3 above) applied to
a length of showering. This length is taken from ARUP 2006 for MTP (forthcoming) and is
based on consumer research and varies for different types of shower. Overall
consumption is shown in Table 3.4.

Table 3.4 Shower water consumption per visit

Overall shower water consumption per visit (litres)

Electric shower Mixer shower Bath/shower
N ® © 3 S [Z £ 4= [ 3SE 3D
2 2 2 = 5 |& 5|83 | 28 o
| | | 2 v S < | 87 = T g
~ o © Q - = @ > o)
© © © 0 c - o o) s
= = = < © 3
21.26 24.68 28.37 31.34 48.72 56.23 67.47 67.47 37.96

Source: ARUP 2006 for MTP (forthcoming)

Power showers are currently installed as standard by developers, either as a direct mains
connection or an electric pumped system (HBF). Bath/shower mixers remain popular in
the new housebuild sector (MTP, 2006).
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Future Developments: Systems under development that could be available on the market
in the future include recycling showers. This technology allows water once used in the
showering process to be held in a storage tank and recycled during a portion of the
showering process in place of fresh water. The technology allows fresh water to be used
for the final rinse’.

3.2.5 Washing machines

Machines with various water consumption specifications are available on the market,
ranging from 45 litres to 68 litres. The MTP Performance Specification Information Base
for washing machine consumption has a class average usage of 50 litres per cycle, and a
class leader of 43 litres.

Washing machines are not installed as standard by developers (HBF).

3.2.6 Dishwashers

Machines with various water consumption specifications are available on the market,

ranging from 11 litres per cycle up to 20 litres per cycle (for domestic sizes). The MTP
Performance Specification Information Base for dishwasher consumption has a class

leader with 11 litres per cycle.

Dishwashers are not installed as standard by developers (HBF).

3.2.7 Rainwater harvesting

Water butts ranging in capacity from 100 litres to 300 litres are widely available on the
market.

Rainwater harvesting (RWH) systems are tailor-made to suit individual property
requirements. Systems generally consist of many components including a tank, filter,
gauge, overflow trap, inlet, ball valve and pump.

Rainwater systems are generally simpler than grey water systems as they can be
operated without a disinfection process.

Water butts are only routinely installed in Housing Corporation and English Partnership
homes. We believe that the installation of rainwater harvesting systems in new build
properties may be growing, but is not routine.

There is a potential issue for communal RWH/water butts where individual gardens exist
and where properties are individually metered. The proportion of rainwater used by
individuals cannot be regulated and the rainwater could be used disproportionately by one
householder, leaving others to use metered water for the garden or toilet flushing. This
would be less of a problem with communal gardens for apartments.
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3.2.8 Grey water reuse

Grey water systems are not currently widely used in domestic situations, but can be safely
used for toilet flushing and therefore could save 20 to 25 per cent of mains water use in a
dwelling.

Installation is skilled; grey water must be collected in such a manner that there is no
possibility of back-contamination from soil pipes or the sewer. The recommended
approach for grey water collection is to connect the basins, showers and baths feeding the
grey water system to a separate, vented grey water stack.

There is a need for ongoing maintenance of systems. Packaged systems are generally
offered with an annual maintenance agreement.

We are unaware of any developers installing grey water reuse systems into new
properties.

3.3 Product costs

This section provides the product costs for different levels of water efficiency for each
device.

Trade buyers would receive discounts of five per cent (offered trade cards at most trade
outlets) plus VAT exclusive prices, saving a total of 22.5 per cent off the base costs
quoted in this report. Major developers who have nationally agreed frameworks for
purchasing products could receive up to 20 per cent savings (HBF). However, most major
developers are regionally fragmented and still purchase through regional buyers so
discounts might not be so large. Medium-sized developers would receive similar
discounts. Therefore as a worst case scenario we have assumed no mass purchase
discount is available. It should be noted that many developers are small or medium-sized
enterprises and would therefore receive little mass purchase discount.

For each scenario we have shown the actual cost, cost without VAT and cost without VAT
and a 20% trade discount.

3.3.1 Toilets

A vast range of toilets are available on the market. For each available volume, the lowest
priced product has been selected. Only products which are WRAS approved (Water
Fittings and Materials Directory, www.wras.co.uk/directory, see also Section 3.1 of this
report) have been considered. Wherever possible, products on the Water Technology List
have also been selected.

Twyford toilet 61 from £67 (www.showerright.co.uk)

Twyford Elite toilet  6/41 from £163 (www.boundarybathrooms.co.uk)

Express Bathroom 6/31 from £119 (www.thatbargainshop.com)
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SE-ES4000/1 ES4 451 from £275 (www.thegreenbuildingstore.com)

Tribune SP toilet 4.5/31 from £120 (Chris Stevens Ltd. 0207 2721228)

3.3.2 Taps

Mixer taps for kitchen/bathroom

A basic type of basin mixer tap with pop up waste in chrome costs approximately £42
(www.boundarybathrooms.co.uk). This tap has no water efficiency features.

A basin monobloc mixer tap with pop up waste in chrome, and a six litre aerator fitting or
1.7 litre spray fitting built in, costs approximately £60 (www.greenbuildingstore.co.uk).

A basin monobloc mixer tap with pop up waste in chrome, and an Ecotop cartridge limiting
flow initially to five litres per minute (aerated) but allowing an increase to 13 I/min, costs
approximately £77 (www.boundarybathrooms.co.uk).

To lower water consumption, aerator and spray fittings that can be attached to existing
taps can be purchased for £4.95 each. With these aerators, a basic monobloc mixer tap
could obtain flow rates of 5 I/min, 3 I/min, and 2.5 I/min. To enable the fitting of a pressure
compensating aerator to most circular tap outlets, an additional adapter can be bought for
£3.

Individual taps for bathrooms/cloakrooms
A basic set of taps for a bathroom or cloakroom basin costs from £10

(www.homebase.co.uk). Aerators to reduce flow can be attached to these taps for the
same price as kitchen taps.

3.3.3 Baths

For comparison purposes, baths produced by Armitage Shanks (www.armitage-
shanks.co.uk) of varying size have been selected from their standard ranges.

Note that bath volume is not an indicator of price.
Prices from www.heatandplumb.co.uk.

Nisa 140 | available at £455

Tiffany 160 | available at £198
Sandringham 200 | available at £118

Montana 290 | available at £171
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3.3.4 Showers

Showers can be divided into three categories: electric, mixer and bath/shower.

Electric: Indicative costs including VAT for electric showers of different power ratings are
shown below (Mira Sport range, www.plumbworld.co.uk).

7.5 kW £142
9 kW £158
9.8 kKW £170

10.8 kW £184

Mixer: For mixers, a standard Mira Gem 88 Mixer Shower has a price of £184, with the
option to add a pump to the system at an additional cost of £125 (www.plumbworld.co.uk).

Aerated shower heads can be added to a standard mixer shower. An Aqualogic aerated
shower head, with a flow rate of six litres per minute for use on a standard mixer system,
costs from £15 (Source: Aqualogic, www.aqualogic-wc.com).

Pressure reducing valves providing low outlet pressure can be used to reduce the flow
rate of gravity showers. Pressure reducing valves can cut the outlet pressure to as low as
0.5 bar (http://www.plumbworld.co.uk/343-1897), or the minimum pressure required for a
particular shower to operate. These cost from £25.

Bath/shower:

A basic bath/shower mixer with hand shower attachment costs from £25
(www.homebase.co.uk). Prices range up to approximately £79 (www.plumbworld.co.uk).
3.3.5 Washing machines

Indicative costs for machines of different water consumption are shown below

(www.comet.co.uk). Note that the models compared have similar specifications, apart from
the water consumption.

Bosch 145S Logixx 431 £435 Energy rating A+
Hoover HNL7146 45| £280 Energy rating A+
Whirlpool AWM5145/5 491 £244 Energy rating A
Indesit WIL133 531 £230 Energy rating A
Hotpoint WF321G 601 £262 Energy rating A

Samsung J1253GW/XEU 681 £230 Energy rating A
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Washing machines are not generally installed by developers, except at an additional cost
to the purchaser; therefore, changing the requirements for water efficiency in these
products would not place an additional financial burden on the developer.

3.3.6 Dishwashers
Note that models compared have similar specifications, apart from the water consumption.

Indicative costs for other machines of different water consumption are shown below
(www.comet.co.uk)

Beko DWD5410 161 £190 12 place settings Energy rating A
Indesit IDL530 181 £200 12 place settings Energy rating A
Bosch SGS43T52 141 £250 12 place settings Energy rating A
Whirlpool ADP4404/5 201 £250 12 place settings Energy rating A
Bosch SGS46E12 121 £350 12 place settings Energy rating A

Dishwashers are not generally installed by developers, except at an additional cost to the
purchaser; therefore, changing the requirements for water efficiency in these products
would not place an additional financial burden on the developer.

3.3.7 Rainwater harvesting

The cost of rainwater harvesting varies widely from the cost of a simple water butt to a full
RWH system. The HBF confirmed that developers would purchase water butts in bulk, but
that if a rainwater downpipe and overflow drainage was not present, costs would increase
by approximately £100.

Indicative costs for water butts / storage tanks of different capacity are shown below
(www.which.co.uk).

Ward 120 | Water Bultt 1201 £18
Sankey Standard 136 | Water Butt 136l £20
Wickes 200 | Water Butt 200l £22
Harcostar Child Safe 227 | Water Butt 2271 £45
Blackwall Giant Water Column 300l £200
Harcostar Water Tank 700l £240
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The cost of a full rainwater harvesting system will depend upon the size of the house and
the capacity of the storage.

A quote was obtained for the DIRECT system supplied by Rainharvesting Systems Ltd on
a typical two-bedroom house. The system is included on the Water Technology List and is
WRAS approved.

System parameters:

e Available roof area 60 m?

e Annual rainfall 700 mm

¢ Recommended storage capacity 1,500 litres (one-piece GRP tank)
Cost including VAT but excluding all installation costs came to £2,000. This cost was for
the fitting of rainwater harvesting to a single property, as is likely to be the case for
retrofitting. If, however, a group of houses decided to install a communal rainwater
harvesting system, the overall cost per house could be lower.
A quote was also obtained from Freerain, who worked with Gusto Homes on the

Millennium Green development. Cost including VAT but excluding all installation costs
came to £2,000. Cost for installation including VAT were estimated at £235-350.

3.3.8 Grey water reuse

The cost of a full grey water recycling system will depend upon the size of the house and
the capacity of the storage. A typical retrofit system including installation and treated water
storage would cost from £3,700 (Aqua Reviva Grey Water Treatment System,
http://www.aquareviva.com.au/prices.asp).

As grey water systems are not being installed by developers, cost information is not
available for ‘new build’.

There will be an ongoing maintenance cost for a grey water recycling system. This has not
been included in the initial costs of meeting the code.

If a group of houses decided to install a communal grey water recycling system, the

overall cost per house could be lower. However, work on public attitudes to water
efficiency has highlighted that this may not be sociologically acceptable.
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4. Meeting the code levels

4.1 Calculation method and matrix

4.1.1 Basis of work

The Environment Agency asked WRc to provide a cost scenario for a regulatory minimum
of 130 litres per head per day and three additional Code levels of 120, 100 and 80 litres
per head per day.

The baseline was selected as 150 litres per head per day based on the industry average
pcc at average household occupancy (OFWAT, 2005).

The Code for Sustainable Homes is performance-based and therefore does not specify a
method for determining these levels. However, reference is made to the Ecohomes
Scheme (www.breeam.org/Ecohomes.html). Table 4 of the Ecohomes Developer Sheets
for internal potable water use provides a set of product ranges. These have been referred
to in the development of the matrix for this report.

In addition, WRc were able to draw upon work carried out for the Department of
Communities and Local Government (formerly Office of the Deputy Prime Minister) in the
proposal to introduce water efficiency standards into the Building Regulations.

The method for calculating the contribution that a fitting makes to household water
consumption is to:

¢ identify the water usage (volume) of the product to be installed;
¢ identify the proportion of the fitting type that it represents in the property;
¢ identify the frequency of use of that fitting in the property per day;

e multiply volume by proportion of fitting by frequency of use of fitting per property
per day to give water consumption per household per day.

To simplify the identification of water usage of the product to be installed, a matrix of
possible options was drawn up.

WRc were asked to develop the matrix based as far as possible on Ecohomes criteria.
Two issues with this approach were identified:

o Ecohomes uses the definition of ‘bedspace’ rather than property or person(see
Section 2.2);
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¢ Ecohomes only allows the selection of water use by a number of standard bands
for each fixture or fitting as opposed to allowing the input of the actual flow or
volume data.

This project has used average occupancy to convert per property use to per person use.
Water use per fixture, fitting or appliance is based upon actual consumption.

4.1.2 Defining ‘option’ categories

Information on the water consumption of products available on the market has already
been collated (see Section 3.2 of this report), therefore the maximum and minimum water
consumption has been defined.

The method of devising categories for each fitting is outlined in Table 4.1

Due to the maximum allowable water consumption defined by the different levels of the
code, it was not possible to include in any scenarios high water-using luxury products such
as very high flow showers, water softeners, external hot tubs and similar. These devices
often use tens to hundreds of litres of water per use, and as such are unlikely to be
installed in properties meeting any of the levels of the code.

Table 4.1 Method of identifying categories
Product Method used to characterise Other Comments
products
Toilets Products currently available on the Allowance for up to three different
market and approved by WRAS. specifications of toilet per household
Also categories recognised by MTP. | was made. This allows for different
toilets being installed in en-suite and a
family bathroom. Effective flush
volumes of one full to one part flush
was assumed for dual flush (see
Section 3.2.1).
Basin taps Water efficient products available on | Allowance for up to four sets of basin

the market currently, assuming a
maximum flow rate of six I/min
(based on WRc'’s Identiflow 2005
studies)

WRc’s Identiflow studies (WRc,
2005) suggest that the mean
average flow rate for taps is 3.3
I/min, and mean maximum flow rate
is 6.6 I/min.

This data was extrapolated to
provide average flow rates for taps
with more water efficient maximum
flow rates. As maximum flow rates
decrease, the average flow rate

taps of different specification was
made. Average length of time for each
tap use was assumed to be 40
seconds, which with an average flow
rate of 3.3 I/min gives an average
consumption per use of 2.3 litres (the
value from Identiflow).
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Product

Method used to characterise
products

Other Comments

tends towards the maximum.

Kitchen sink | Water efficient products are Allowance was made for up to two
available on the market currently. sets of kitchen taps of different
The maximum flow rate is from a tap .specific'ation per household, Wij[h one
with two settings: a water efficient in the kitchen anfj onein the ut|I|ty_ ,
setting and a faster flow rate for room. The total kltphen consumption
filling basins etc. is .madg up of the kitchen tap and the
utility kitchen tap (see 4.1.3).
As no evidence is available on the There are separate cateqories for
frequency of use of the different houses usin pdishwashegrs as the
settings, a ratio of one efficient use ; fg \ ’
to one full use was used to calculate | ' cauency orusevaries.
an effective flow rate. Other (lower)
categories are based on the same
efficiency categories as for basin
taps.
Electric Categories were based on the Allowances were made for up to two
shower electrical power of the shower, with electric showers of different

average consumption per use for
different powers based on MTP’s
latest research (as yet unpublished).
This takes into account variations in
length of time in the shower due to
flow rates and so on. These tie in
with Ecohomes categories.

specification per household.

Mixer shower

Categories were based on those
identified within MTP, and average
consumption per use for different
types of mixer shower based on
MTP’s latest research (as yet
unpublished). This takes into
account variations in length of time
in the shower due to flow rates and
so on. These tie in with Ecohomes
categories.

Allowances were made for up to two
mixer showers of different
specification per household.

Bath Categories were based upon Actual volume per use of bath was
products available on the market, taken from MTP (based on AMAX
and these tie in with Ecohomes research).
categories.

Washing Categories were based upon Actual volume per use is assumed to

machine products available on the market. be the median consumption of each
One extra category was added category.
above the Ecohomes specification
for better resolution.

Dishwasher Categories were based upon Actual volume per use was assumed

products available on the market.

to be the median consumption of each
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Product

Method used to characterise
products

Other Comments

One extra category was added
above the Ecohomes specification
for better resolution.

category.

External taps

A nominal value of 12 litres per
household per day external tap
consumption was included.

External tap consumption varies
widely between properties, with some
households using no external tap
water and others using many
hundreds of litres.

Water butts The water saved by installing a There is no evidence available on the
water butt was assumed to be impact water butts have on per capita
equivalent to the water consumed by | consumption of water?; the amount
external taps. demand is reduced by depends on the

size of butt, the number installed,
participation, and weather patterns.
However, for the sake of simplicity
and because Ecohomes separates
internal and external water use (and
therefore the code may), a complete
offset has been assumed.

Water A category for water softeners was This category was unused in the

softener included in the matrix, at 182.5 litres | scenarios calculated for this project as
per day based upon WRc'’s they are not widely installed. But it
Identiflow data (WRc, 2005). was included in the matrix for future

use.

Integrated The water saved by installing an In reality, it is possible that this value

rainwater integrated rainwater harvesting would vary depending on the size of

harvesting system was assumed to be storage tank, the frequency of rainfall,
equivalent to: the number of uses of the toilet per
. . day and what other functions
* 25% toiletflushing harvested rainwater is used for.
e 25% clothes washing External use would already be zero if
. 225% external tap use® a water butt was installed as well.

Grey water The water saved by installing a grey | In reality, this value would vary

reuse water reuse system was assumed to | depending on the size of storage tank,

systems be equivalent to 30 per cent of the type of treatment the grey water

water consumed by toilets within the
property.®

underwent, the frequency of personal
bathing and the number of uses of the
toilet per day.

2 A limited study has been carried out by Essex and Suffolk Water and Southern Water

3 http://www.mtprog.com/ApprovedBriefingNotes/PDF/MTP_BNWAT19_2006September1.pdf
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4.1.3 Defining proportion of each product in a dwelling

The proposed calculation of per household consumption takes into account different types
of the same appliance installed in a property, for instance two toilets. If two identical
device are installed, then the proportion that one fitting represents is 0.5, if three identical
devices are installed the proportion is 0.33 and so on.

4.1.4 Frequency of use

The frequency of use per household, is based on data from WRc’s Identiflow work (WRc,
2005) and Ecohomes data. For some fittings (namely basin taps, kitchen taps with a
dishwasher, and kitchen taps without a dishwasher), values for frequency of use were
derived by combining the Identiflow and Ecohomes data. In these cases, Identiflow data
was compared to the Ecohomes frequency of use per bedspace for basin taps, kitchen
taps with dishwashers and kitchen taps without. Details of the calculation can be found in
Appendix A.

The frequency of use of a particular fixture, fitting or appliance varies according to the
occupancy rate of the house. However, it is impossible to predict the occupancy rates of a
new property (except for the constraint the number of bedspaces imposes). Therefore in
this report we have assumed frequencies of use relating to the average occupancy rate of
2.4 people per house (Ofwat).

4.1.5 Calculating daily usage volume
The daily usage volume per household was calculated from the volume per use (or in the

case of taps, the flow rate multiplied by a time of 40 seconds), multiplied by the proportion
multiplied by the frequency of use.

4.2 Proposed matrix

Table 4.2 shows the matrix populated with options and frequency/use. The matrix is
intended for comparison of the proposed scenarios rather than selection of products for a
new house.

The total per household consumption was calculated using this matrix and is converted to
per capita consumption by dividing by 2.4 (average occupancy).

Examples of the completed matrix are given in Section 4.3 for the various scenarios.
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4.3 Develop scenarios for achieving compliance

In selecting products for scenarios for the proposed levels, only products currently on the
market were used. Generally, standard products were retained until such a point where
the Code level could not be met without changing.

Products with greater water efficiency were introduced as they would be required to meet
the next proposed target level.

Products that would not impact on customer behaviour or perception were selected first
(see Section 3.1). Only when these were all incorporated were products that might require
a change in behaviour or impact on the customer included in the scenario.

For toilets, the baseline scenario included a six litre single flush toilet, which meets the
minimum requirements of the Water Regulations. In the regulatory scenario (130
litres/head/day), a 6/4 litre dual flush was introduced and more efficient toilets for the more
stringent levels.

For showers, the baseline scenario included a mixer shower. The inclusion of electric
showers was avoided until such a point where the Code level could not be met without
changing from a mixer shower or gravity shower to electric (at 100 litres/head/day).

A standard bath was retained until such a point where the Code level could not be met
without changing to a small volume bath (at 100 litres/head/day).

An outside tap was always included, given the potential health risk associated with the
removal of a tap and connection of a hose pipe to an inside tap without adequate backflow
protection. A water butt was always included to offset the water use associated with an
outside tap.

The use of grey water recycling, as the most complicated and technologically demanding
option, was avoided in all scenarios.

4.3.1 Scenarios

An example home was devised with average occupancy and average ownership of water
using devices.

The example house had:
e one bathroom with toilet, basin, standard bath with bath/shower mixer
e one kitchen with washing machine and dishwasher

e one cloakroom with toilet and basin
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4.3.2 Baseline (150 I/head/day)

The following appliances are commonly installed in a property to give the baseline
scenario figure of 150l/head/day (for new properties):

e six litre toilet

¢ five I/min basin taps

e six I/min kitchen mixer tap

e outdoor tap
e mixer shower

e standard bath

e mid-range washing machine

e mid-range dishwasher

These scenarios reflect products currently on the market. Putting these appliances into the
matrix gives an average pcc of 150.63 litres. The completed matrix for this scenario is

given in Appendix B.1

The cost of meeting this baseline level is given in Table 4.3.

Table 4.3 Cost of meeting baseline scenario (150 litres/head/day)

Fitting Product |Price Total Price Basis of costing
Toilets — two in house |6 | toilet £67 x 2 £134 Twyford
Basin taps — two sets
in house 5 I/min £10x 2 £20 Homebase
Kitchen taps 6 I/min £42 £42 Basic monobloc
Outdoor taps £10 £10

48.72
Mixer shower I/luse £184 £184 Mira
Bath Standard £118 £118 Armitage Shanks Sandringham
Scenario cost inc VAT £508
Scenario cost exc VAT £432
Scenario cost exc VAT with 20% discount £346
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4.3.3 Regulatory scenario (130 I/head/day)

The following appliances could be installed in a property to give the scenario figure of 130

litres/head/day:

e 6/4 litre dual flush toilet or five litre single flush

e 2.5|/min basin taps

e 3 I/min kitchen taps

e outdoor usage

e mixer shower with low flow shower head

e standard bath

e mid-range washing machine

e mid-range dishwasher

Putting these appliances into the matrix gives as average pcc of 128.01 litres. The
completed matrix for this scenario is given in Appendix B.2.

The cost of meeting this regulatory level is given in Table 4.4. This represents an
increase of £169 over the full cost of the baseline house.

Table 4.4 Cost of meeting regulatory scenario (130 I/head/day)
Basis of
Fitting Product Price Total Price costing
Toilets — two in Sorrento Close
house 6/4 1 or51toilet | £120x2 £240 Coupled
Basin taps — two Homebase with
sets in house 2.5 1/min £20x 2 £40 spray fittings
Basic monobloc
Kitchen taps 3 I/min £60 £60 with aerator
Outdoor taps £10 £10
Mixer shower Mira plus low
with low flow flow shower
shower head 31.34 l/use £184 + £25 £209 head
Armitage
Bath Standard £118 £118 Shanks
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Sandringham
Scenario cost inc VAT £677
Scenario cost exc VAT £576
Scenario cost exc VAT with 20% discount £461

434

Level 1 (120 I/head/day)

The following appliances could be installed in a property to give the scenario figure of 120
litres/head/day:

6/3 litre dual flush toilet or 4.5 litre single flush
3 I/min basin taps (spray type)

3 I/min kitchen taps

outdoor tap

mixer shower with low flow shower head
standard bath

mid-range washing machine

mid-range dishwasher

water butt

Putting these appliances into the matrix gives an average pcc of 120.33 litres.

The completed matrix for this scenario is given in Appendix B.3.

The cost of meeting this suggested level 1 is given in Table 4.5. This represents an
increase of £189 over the full cost of the baseline house.

Table 4.5 Costs of meeting level 1 (120 I/head/day)

Basis of
Fitting Product Price Total Price costing
Toilets — two in 6/31or4.51 Express
house toilet £119x 2 £238 bathroom
Basin taps — two Homebase with
sets in house 3 I/min £20 x 2 £40 spray fittings
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Basis of

Fitting Product Price Total Price costing
Basic monobloc

Kitchen taps 3 I/min £60 £60 with aerator

Outdoor taps £10 £10

Mixer shower Mira plus low

with low flow flow shower

shower head 31.34 l/use £184 + £25 £209 head
Armitage
Shanks

Bath Standard £118 £118 Sandringham
Armitage
Shanks

RWH Water butt £22 £22 Sandringham

Total cost for scenario £697

Total cost for scenario (exc VAT) £593

Total cost for scenario (exc VAT + 20% discount) £475

4.3.5 Level 3 (100 /head/day)

The following appliances could be installed in a property to give the scenario figure of100
litres/head/day:

4.5/3 litre dual flush toilet or 3.75 litre single flush
1.7 I/min basin taps

3 I/min kitchen taps

outdoor tap

7.5 kW electric shower

small bath (65 litre usage — corner or undersize)
mid-range washing machine

mid-range dishwasher

water butt

Putting these appliances into the matrix gives an average pcc of 99.35 litres. The
completed matrix for this scenario is given in Appendix B.4.

The cost of meeting this suggested level 3 is given in Table 4.6. This represents an
increase of £284 over the full cost of the baseline house.
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Table 4.6 Costs of meeting level 3 (100 I/head/day)

Basis of

Fitting Product Price Total Price costing

Toilets — two in 3.7510r4.5/31

house toilet £120 x 2 £240 Tribune SP toilet

Basin taps — two Monobloc with

sets in house 1.7 l/min £60x 2 £120 aerator
Monobloc with

Kitchen taps 3.0 I/min £60 £60 aerator

Outdoor taps £10 £10

Electric Shower | 7.5 kw £142 £142 Mira Sport range
Armitage

Bath Small £198 £198 Shanks Tiffany
Wickes 200 |

RWH Water butt £22 £22 water butt

Total cost for scenario £792

Total cost for scenario (exc VAT) £674

Total cost for scenario (exc VAT + 20% discount) £539

4.3.6 Level 5(80 I/head/day)

The following appliances could be installed in a property to give the scenario figure of 80
litres/head/day:

4.5/3 litre dual flush toilet or 3.75 litre single flush
1.7 I/min basin taps

1.7 I/min kitchen taps

outdoor tap

8.5 kW electric shower

small bath (65 litre usage — corner or undersize)
low use washing machine

low use dishwasher

water butt

rainwater harvesting
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Level 5 cannot be achieved without the use of a rainwater system. Putting these
appliances into the matrix gives an average pcc of 80.33 litres. No other changes were
made over level 3, although introduction of the rainwater system does give the ability to
increase the power of the shower included.

The completed matrix for this scenario is given in Appendix B.5.

The cost of meeting this suggested level 5 is given in Table 4.7. This represents an
increase of £3,229 over the full cost of the baseline house.
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Table 4.7

Costs of meeting Environment Agency suggested level 5 (80

I/lhead/day)
Basis of
Fitting Product Price Total Price costing
Toilets — two in 3.7510r4.5/3 |
house toilet £120 x 2 £240 Tribune SP toilet
Basin taps — two Monobloc with
sets in house 1.7 l/min £60x 2 £120 aerator
Monobloc with
Kitchen taps 1.7 I/min £60 £60 aerator
Outdoor taps £10 £10
Electric Shower | 8.5 kW £157 £157 Mira Sport range
Armitage
Bath Small £198 £198 Shanks Tiffany
Washing
machine Low use £280 £280
Dishwasher Low use £250 £350
Rainwater Wickes 200 |
harvesting Water butt £22 £22 water butt
Rainwater
Rainwater Harvesting
harvesting System £2,300 £2,300 Systems Ltd
Total cost for scenario £3,737
Total cost for scenario (exc VAT) £3,180
Total cost for scenario (exc VAT + 20% discount) £2.,544

4.3.7 Summary

The cost of meeting the levels proposed by the Environment Agency show a gradual
increase in cost over the baseline until the introduction of a rainwater system is required to
meet 80 litres/head/day, at which there is a step increase. Figure 4.1 and Table 4.8
provide a comparison.
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Figure 4.1 The costs of meeting the proposed Code for Sustainable Homes

Table 4.8 Costs of meeting the proposed Code for Sustainable Homes

Scenario/Target Cost £ (exc
level Cost £ (inc Extra over Cost £ (exc VAT + 20%
(litres/head/day) | VAT) baseline VAT) discount)
Baseline (150 ) £508 £0 £432 £346

130 £677 £169 £576 £461

120 £697 £189 £593 £475

100 £792 £284 £674 £539

80 £3,737 £3,229 £3,180 £2,544
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5. The cost of meeting the code in
the future

This section provides a justification and forward projection on how costs could change
over time as the market in this area matures.

5.1 Modelling strategy

At the outset of this study, it was known that no information was available on long-term
price changes for water efficient goods, as the market for these is too immature. This
study therefore developed novel approaches to deal with this lack of information.

5.1.1 Background to the evolution of a product price

The price of any new product will change over time depending on a number of factors,
including:

e the consumer need for the product;
¢ the extent to which competitors can supply alternative products;

¢ the degree to which improvements in manufacturing and design can either reduce
production costs (learning by doing),or add further desirable features and qualities
(feature growth).

The interaction between these factors will dictate when and/or whether the product
becomes a low cost commodity or maintains a premium price. Once the customer need for
the product is established, firms will compete for sales either on:

e price, by becoming better at producing a product of a given quality and features;

e quality and value for money, by adding new features or improving the durability or
performance of the item.

Frequently, increased design and process competence will allow firms to both develop
features and reduce costs simultaneously. However, firms will wish to maintain gross
revenues and are likely to attempt to use feature growth to maintain pricing, rather than
pass on cost reductions to customers. Of course, competition will challenge this strategy
and force market players to compete on price also, but feature growth will act to restrain
this.

At some point the item will become saturated with features beyond the ability of the

consumer to meaningfully use them and at this stage, price competition will drive the
market. Intense competition of this type will lead to consolidation of supply into a few
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highly efficient players and the product will become a commodity item, sold on a ‘cost plus
basis.

5.1.2 Product life cycle

The evolution of the product price is also influenced by the rate and degree to which the
marketplace adopts it. Individuals differ in their acceptance of product risk and this leads
to a new product being adopted by different types of individuals at different points in time,
leading to differing levels of market penetration and consequently demand. Figure 5.1
shows the involvement of different types of adopting individuals through the product life
cycle. Innovators will try new products (many of which fail), whilst late majority and
laggards wait until a product has been well proven before adoption.

A

Laggards 1606

Late majority 34%

Early majority 34%

Cumulative adoptions

Innovators 2.5% Early adopters 13.5%

Time

Figure 5.1 Involvement of different types of individuals through the product life
cycle

The influence of individuals on the adoption of a product can be combined with the
following factors to produce a classical life cycle from introduction to maturity of a product:

¢ design and process competence (learning by doing) leading to reduced costs;

Assessing the cost of compliance with the code for sustainable homes 39



e competition in the market place through features growth.

The classic life cycle from introduction to maturity of a product is shown in Figure 5.2.

Development Introduction Growth Maturity Decline
Stage Stage Stage Stage Stage
] 1
1 1
]
I
; Sales
3 Volume

Money

Time

Figure 5.2  Classical product life cycle

The final stage of the classic life cycle is a decline as the product is superseded by newer
alternatives, and probably only the market laggards are still purchasing it.

The product life cycle concept can be applied to a brand or to a class of product that
supplies a need. However, it rarely applies directly to an underlying consumer need for a
service. This need tends to be basic in nature and different product classes and brands
experience life cycles in their quest to satisfy this need.

5.1.3 Differences in price trajectories between products

The starting price for a product and its transition to a commaodity price basis differs from
product to product. The desirability of the product and the degree to which competitors can
innovate to differentiate their version from the existing products drives this.

For a rapid price evolution example, the most extreme examples are found within
consumer electronics. New models of feature-rich mobile phone handsets are typically
introduced at the top of the price bracket, and within two years are found in the bottom
pricing bracket. With rapid advances in cost reduction and miniaturisation of useful
electronic functions, manufacturers are able to manage this process to their advantage by
introducing new models to replace the older ones. This process is expected to continue

Assessing the cost of compliance with the code for sustainable homes 40



unabated for another ten years or so, until even basic handsets contain all the features
required by users. At this point some radical technological or market change will be
required to maintain desirability and pricing.

Even where market players entirely own specialist pieces of technology, they are aware
that revenue maximisation depends upon not only revenue per item but also market
penetration and the number of items sold. In addition, they will not wish to stimulate
searches for alternatives to their approaches. Consequently, their key technology will be
made available and licensed to others in a relatively cost effective way.

At the other end of the scale is slow price evolution, where a product is desired for a basic
need only and has no fashion attributes, and where innovation in performance has played
out. Simple industrial fasteners are a good example of an engineered commodity product,
manufactured using widely-available process technology. Their pricing is dictated by
underlying cost drivers for materials, energy, labour, equipment and local regulatory
compliance. Their prices remain linked in a relatively direct and stable fashion to the
underlying commodity markets. Changes in price are driven by improvements in labour
and equipment productivity over time.

5.1.4 Water-using products

Products which consume resources during use are no different to any other product,
except that an extra dimension is added to consumer decision making: consumers will, to
a greater or lesser extent, factor in their future expenditure (resource price) depending on
the efficiency of the product.

However, this resource-related cost of ownership will often be considered alongside a
range of other product attributes during the purchasing decision. A matrix can be
employed to illustrate this. Figure 5.3 shows the relationship between the contribution of
quality and resource price to the decision whether or not to buy it.

The position of the product in the matrix is different depending on the consumer
perception of that item under consideration. For example, the underlying energy price
signal (the influence of ongoing cost of fuel on the purchase decision) is much stronger for
the heavily-taxed fuel consumed by a luxury car than it is for a light bulb. However, as
experienced by the decision maker, the desirability of the car is governed by sociological
drivers and features, and fashion-related quality outweighs ongoing cost implications.
Hence, the actual energy price signal within the specific decision for the luxury vehicle is
much weaker than it is for the light bulb.

Figure 5.3 shows that energy-using basic products tend to have a strong underlying
resource price signal, because energy is always fully charged to consumers. Water-using
devices generally have a weaker signal in the UK because of the low penetration of water
metering and the lower relative cost of water.
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Figure 5.3  Decision-making matrix for purchase of products using example
products

5.1.5 Differentiating between classes of water using products

It is assumed for the purposes of this study that water will be metered, as all new buildings
are metered as standard.

Based on the approach outlined above, it is possible to roughly divide resource-consuming
products into two categories:

¢ Commodity-related: where the device consumes water and has limited aesthetic
desirability. Water efficiency will be a relatively strong component of adoption
decisions.

¢ Fashion/function-related: where the device has particular desirability based on
looks or quality of delivery. Water efficiency will be a relatively weak component
amongst the elements of the adoption decision.

In this system, a low flow shower head would sit close to the water-saving tap insert (see

Figure 5.3) in the class of decision making processes, whilst the dishwasher, washing
machine, low flush toilet and power shower are more within the fashion/function class.
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5.1.6 Data availability and proxy case studies for price changes

Unfortunately, there is very little data available on the way in which the price of water-
using goods has changed over time. This is because at present, there is little in the way of
regulatory drivers, labelling of products for water efficiency, little choice and consequently
no market for water efficient products. In the case of simple commodity products such as
water saving tap inserts, the data is simply not kept, except in an unreliable anecdotal
sense. In addition, products may be too new to have built up a price reduction record. For
other products, particularly in the fashion/function field, price changes related to water
efficiency are masked by the growth in features and quality, as mentioned earlier.

Consequently, it is necessary to employ proxy data to evaluate the trend in price changes
over time. Two cases have been investigated: a commodity-type product proxy and a
fashion/function-type product proxy.

Commodity-type product proxy

For a simple commodity-type product which consumes resources with a clear price signal,
the best data proxy is that of the compact fluorescent lamp (CFL). This product delivers
light, is relatively free from aesthetic influence issues, and the commodity which it
consumes is well known to be expensive. CFLs have been widely available since the early
1990s and have experienced a significant reduction in prices over time. Due to their
ubiquitous nature, it was known at the start of this study that data could likely be obtained
to plot price trends. CFLs do have the drawback, however, that their price change over
time is dictated by the development of electronics production technology. This
development of cost-reducing technology is much more rapid than the more physical
products which are typical of water efficient goods and CFLs are therefore likely to give an
upper bound to the likely fall in prices over time.

After some detailed research, data was acquired from a range of sources, allowing the
plotting of a curve from 1992 to the present day, from which the real rate of price reduction
could be derived.

Fashion/function-type product proxy

There is no reliable price trend data available for fashion/function-related water-using
equipment. Water consumption is only a component of the decision-making process for
these items, and in addition, there is not likely to be any simple fall in prices, as
manufacturers continually innovate to maintain product pricing points and revenues. A
good example of this type of product is the pillar tap, which is now available in a wide
range of profiles and is chosen on the basis of aesthetics.

In addition, proxies for pricing trends associated with water efficiency are not available, as
the decision-making framework for any such products is inherently too complex to
separate.

Consequently, a different approach was taken to evaluate the price change for this
category of water-using products. In this alternative approach, the basic premise was that
markets for equipment such as washing machines are driven by issues such as build
quality, the addition of new functions and the final wash performance. While these
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complicate the purchasing decision, they necessarily also complicate the design and
performance strategies of manufacturers.

For washing machines, water efficiency has certainly improved over time along with
reliability, energy efficiency and performance. This means that it is not meaningful to talk
of the price of water efficiency as a product feature that is purchased separately, but that it
is possible to examine water efficiency within a bundle of quality and function-led issues.
Within this it is probably also reasonable to link together improvements in general quality
and efficiency, such as reliability, energy consumption, water use and detergent efficiency.

Research revealed data on how the water efficiency of European dishwashers has
changed over time. From this a trend could be plotted to assess the time taken for the
highest quality and most efficient machine to be matched in water performance by the
poorest machine of a future time. This enabled the derivation of the underlying rate of
improvement in performance value at the lower pricing point for water-using appliances.

By combining the rate of change of quality with current market pricing information for
budget and high quality washing machines (for which good data was available), it was
possible to derive the monetary value associated with the change in purchased quality
over time. This figure for the change in quality value was expressed as a percentage of
the difference in the machine price per year. Of course, this performance value
improvement combined a range of qualities experienced by consumers, including
longevity and reliability. It was then necessary to disaggregate these influences in the
following manner.

The value added for the machines was held to be a function of reliability, longevity, water
efficiency, energy efficiency and detergent efficiency. These were disentangled as follows:

¢ Brand value, strongly linked to reliability and longevity, was removed from the mix
by discounting for the relative lifetime of the top of the range model compared to
the budget choice.

o Detergent, energy and water efficiency could then be compared according to their
proportions of running costs. This assumes that the consumer would treat all costs
equally perfectly or imperfectly in making a purchasing decision.

This gave a final figure for the rate at which quality value is added for water and energy
efficiency over time.

Long run price changes

The price reduction models outlined above include all efficiency improvements in
manufacturing. If efficient items are being compared to a baseline level of equipment, it is
unlikely that the cost of the enhanced efficiency items will ever fall below those of the
baseline equipment. Therefore, the cost reductions for measures should be permitted to
fall within the models until they equal the baseline efficiency measures, then they should
track these prices. However, it is likely that the baseline level of equipment will also be
subject to improvement in manufacturing productivity over time. This rate of price
reduction in real terms is extremely difficult to derive, but can be modelled by examining
the decline in the amount of time necessary to work and earn sufficient money to purchase
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representative items. This was done for this study by taking figures from a US paper which
discusses this issue.

5.2 Comments on data availability

ICF International sought information from a large number of external sources for this
study.

A crucial reference was translated from the original German and provided the vital data on
the rate of change of appliance consumption over time.

5.3 Results of the models

5.3.1 Application of the upper and lower bound price change curve

Because of the extremely complex and imperfect decision-making process surrounding
the purchase of water-consuming products, it was decided not to attempt to segment the
products according to the class to which they belonged, that is, between commodity type
and fashion/function type. Instead, it was proposed that an upper and lower price change
curve should be applied to all products in order to accommodate uncertainty. The
commodity price change curve was used as the upper bound for price reductions, while
the fashion/function price change curve was used as the lower bound.

The long run price reduction was applied once the price of the enhanced efficiency
product fell to that of the baseline item.

5.3.2 Derivation of the upper bound for price changes

Compact fluorescent light bulb (CFL) price changes were derived using US data over the
period of 1992-2005. The real price curve for the device has exhibited classic s-curve
behaviour over this time, as would be expected from the standing start of a new consumer
technology. As manufacturing technology underlying CFLs is less mature than for most
items of water-using equipment, it was decided that the main price change figures should
be derived from the start of the mass adoption plateau to today’s prices. Over this period,
price changes have been associated with improvements in manufacturing technology,
relocation of manufacturing to lower cost economies and increased competition. This nine-
year elapsed time was associated with a relative fall in price per year of 14.8 per cent on
average, with a maximum fall of 24.5 per cent and a minimum of 6.1 per cent.

5.3.3 Derivation of the lower bound for price changes
Data from the product survey carried out for this work indicates that the current price

differential between a top performing washer in all categories (class leader) and a poor
performing washer is £208 (real 2005), as shown below.
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Pricing point Average price (UK real 2005)

High cost model £435

Budget model £227

From Section 5.1.4, value added was held to be a compound of reliability, longevity, water
efficiency, energy efficiency and detergent efficiency.

Historical data indicates that it takes on average 10.2 years for today’s best performing
premium washer to be equalled in performance by tomorrow’s worst performing budget
washer. These changes are as a result of changes in energy use. We have to assume
that future water efficiency, driven by voluntary and regulatory measures, will be similar.

Assuming that strategies and capabilities for feature incorporation and build quality
(reliability and longevity) are closely interlinked in the design philosophy of manufacturers,
low price washers will improve their value added relative to the top in class benchmark by
£20.39 (real 2005) per annum at today’s prices.

Value added = (average price high cost model — average price budget model) / period

The reliability and longevity element can be discounted by a factor derived from the
relative lifetimes of the machines: 12 years for top range and nine years for low price
models. This is calculated by reducing the value added proportionately to the relative
lifetimes of the two classes of machine.

Value added consumption component = value added * (9/12)

This reduces the value added to just the component due to consumption (water, electricity,
detergent), namely £15.29 per year in real 2005 money, or an annual reduction in price of
five per cent compounded.

If water efficiency, as well as being overshadowed by the reliability and longevity issue,
was also subsumed within the energy, water and detergent consumption cost driver, this
basic figure would be valid as the value change per year.

However, if water efficiency is split away from energy and detergent efficiency on a pro-
rata basis according to the relative running cost influences, this leads to a lower rate of
annual value improvement of £4.50 per year (real 2005). This is calculated by discounting
water costs against its estimated pro-rata contribution to running costs given below:

Resource category Consumption per wash £ per wash
Power 1.09 kWh 0.11
Water 64.4 litres 0.10
Detergent 86 grams 0.13

Water efficiency will be swept up within the overall resource efficiency driver, so the
reduction percentage per year should be taken as the total, namely five per cent
compounded.

Assessing the cost of compliance with the code for sustainable homes 46




The model employed to generate these reduction figures for fashion/function-oriented
devices will bring the initial cost down to the baseline cost in 10.2 years, and cannot be
employed for valid extrapolation beyond this time.

Derivation of the long run change in price of the baseline equipment

After 10.2 years, devices will be subjected to improvements in price linked to the long term
decline in the real cost of manufactured goods. This final figure is extremely difficult to
estimate as it is linked to changes in purchasing power over time. However, if the
measure of productivity is taken as the amount of time required to earn sufficient income
to purchase a particular item, then the average decline for four types of household device
are given by Cox and Alm (1998). They examine some common products over the 27
years to 1997. The exact figures they propose are as follows: dishwashers, 60% decline;
vacuum cleaners, 56% decline; refrigerators, 40% decline; and lawnmowers, 39% decline.
The average of these is 49%, and de-compounding this rate of decline gives a real long
run figure for the average real price decline for mature household goods of 2.45% per
annum.

5.3.4 Use of upper and lower bounds and long run prices

The upper and lower bounds for the price change are only approximate, as they are
derived from low resolution data. In particular, the approach taken to generate the lower
bound is extremely innovative and relies upon assumptions concerning the way in which
manufacturers balance their design policies.

In addition, the upper and lower bound figures should be applied differently because of the
ways in which the two figures are derived.

e The upper bound is derived from the rate of change of the price of an overall product
over time, and is applied to the cost of the whole water-saving item.

e The lower bound is derived from the difference between an efficient and an inefficient
item over time, and is applied to the difference between the prices of the efficient item
and the baseline item.

The figures have been given as real percentage changes and will be additional to retail
price index inflationary figures.

Both figures are to be used to discount the price of water efficient features and goods on a
compounded basis. This will, of course, lose validity as the approach is extended into the
future and it is not recommended that these figures be used beyond a ten year forward
prediction. If it is required to take the figures in these models beyond 10 years into the
future, it is recommended that the long run manufacturing cost reduction figure of 2.45%
per annum should be employed on the residual prices from the models after 10 years. The
caveat in this recommendation, however, is that over the long run the market will be
increasingly likely to be subject to the development of disruptive technologies. These
unforeseen developments can completely alter the course of a market and cannot be
predicted.
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It is also assumed that the percentage change figures are being applied to goods which
have been in the marketplace for sufficient time for them to have achieved a good level of
market penetration, and for them not to be classed as unproven technology.

9.4 Projections

Upper and lower bound rates for the reductions in the price of water efficient equipment
are 15% and 5% respectively (see Section 5.3.2). These are percentage reductions based
on real values rather than nominal money of the day. In order to convert the figures for
costs to nominal values, they would need to be inflated by the Consumer Price Index of
around 3%.

The long term decline in the price of the baseline water-using equipment is 2.45%.
When the model forces the costs of a particular scenario to drop below the baseline level,
it is assumed that the baseline costs will be the valid pricing for that scenario — it is unlikely

that efficient equipment will ever fall below the cost of inefficient equipment. This is shown
schematically for the 100 litres/head/day level in Figure 5.4.

Future cost projections for 100 I/h/d scenario

500 ] = o= o= omoee o oo L \

Scenario cost (£)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Time (years)

Best case Worst case = = = Discounted baseline ‘

Figure 5.4 Representation of future costs for 100 litres/head/day level

The future costs of compliance are given in Table 5.1.
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Table 5.1 Future costs of compliance

_ Current c_ost 2016 cost of compliance
(litres/head/day) | VAT) baseline (best case) | (worst case)
Baseline (150) £508 £0 £406 £508
130 £677 £169 £406* £615
120 £697 £189 £406* £627
100 £792 £284 £406* £687
80 £3,737 £3,229 £884 £2,543

*Upper bound meets discounted baseline

Note that the impact of future regulation and changes in the price of water are likely to
impact on future costs. However, as these cannot currently be quantified, they cannot be
modelled.
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6. Discussion and conclusions

In this report, a model was developed to assess the costs of meeting proposed target
levels of household water use. This model was based on volumes and frequencies of
water-using products.

To simplify the identification of water usage of the product to be installed, a matrix of
possible options was provided, where total per household consumption could be
calculated from the matrix and converted to per capita consumption (pcc) by dividing by
average occupancy.

Several studies have shown that there is a strong and clear relationship between
occupancy and per capita consumption: as occupancy increases, pcc decreases. For the
purposes of the scenarios within this report, frequency of use for appliances was used for
an average occupancy of 2.4

In deriving the model, the effective flush volume of a dual flush toilet had to be
investigated and it was concluded that the effective flush volume should be based on a
flush ratio of 1:1 for current installations.

The availability of products and their price weres researched. All products included on the
list were WRAS approved and where possible, included in the Water Technology List.

All prices are given as the retail value, including VAT. Where a developer carries out
construction of multiple properties, there will be benefits of scale. Information from the
HBF indicates a saving of five to 20 per cent over the retail price dependant upon the size
of the business. The impact of VAT exclusive prices and trade discounts up to 20 per cent
is shown in the summary tables.

The matrix was used to assess the products that could be used to meet the proposed
target levels of household water use for an example house with kitchen, bathroom and
cloakroom.

In selecting the products to meet the proposed target levels, the following philosophy was
used:

a. The baseline was selected as 150 litres/head/day based on the industry
average pcc at average household occupancy (OFWAT, 2005). The baseline
scenario was built up using products commonly available on the market.

b. Products with greater water efficiency were introduced as they would be
required to meet the next proposed target level. So, although more efficient
products might exist on the market, they were not included unless needed to
meet the target or they were cheaper than less water efficient models.

c. In selecting products for the cost scenarios for the proposed target levels,

products that would not impact on customer behaviour or perception were
selected first.
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d. Only when these were all incorporated were products that might require a
change in behaviour or impact on customer included in the scenario. So,
electric showers were avoided until such a point where the Code level could
not be met without changing from a mixer shower or gravity shower to electric.
Similarly a standard bath was retained until such a point where the Code level
could not be met without changing to a small volume bath.

e. An outside tap was always included, given the potential health risk associated
with the removal of a tap and connection of a hose pipe to an inside tap without
adequate backflow protection.

f. Rainwater harvesting systems were needed to achieve the lowest target (80
litres/head/day).

g. The use of grey water recycling, as the most complicated and technologically
demanding option, was avoided in all scenarios.

h. Pre-market place developments which are underway were highlighted in the
report, but were not used in meeting the proposed target levels. The
development of innovative products would be expected, through market
transformation, to drive down water consumption.

The costs of meeting the proposed target levels are therefore:

Scenario/Target

level Cost £ (inc Extra over Cost £ (exc Cost £ (exc VAT
(litres/head/day)| VAT) baseline VAT) + 20% discount)
Baseline (150 ) | £508 £0 £432 £346

130 £677 £169 £576 £461

120 £697 £189 £593 £475

100 £792 £284 £674 £539

80 £3,737 £3,229 £3,180 £2,544

The cost of meeting the levels proposed by the Environment Agency show a gradual
increase in cost over the baseline until the introduction of a rainwater system is required to

meet 80 litres/head/day, at which there is a step increase.

There is no information on the long term price changes in water efficient goods, as the
market is too immature. A model was developed from other markets to calculate upper
and lower bound (worst and best case) values which can be applied to the costs above.

The long run change in the price of equipment was estimated from four types of household

device.
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The future costs (10 years) of meeting the proposed target levels are therefore:

Scenario/Target

Current cost of

2016 cost of compliance

level compliance Extra over Upper bound |Lower bound
(litres/head/day) (retail inc VAT)|baseline (best case) (worst case)
Baseline (150) £508 £0 £406 £508

130 £677 £169 £406* £615

120 £697 £189 £406* £627

100 £792 £284 £406* £687

80 £3,737 £3,229 £884 £2,543
*Upper bound meets discounted baseline
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Appendix A: calculating tap
frequency of use

Identiflow data (WRc, 2005) shows an average of 37.9 tap uses per day, each of 2.3 litres,
which makes a total of 87.2 litres of water used.

» Ecohomes data shows that houses with a dishwasher use 90 per cent of the
average tap consumption, whilst houses without a dishwasher use 109 per cent of
the average.

» Applying these percentages to Identiflow, this suggests that houses without a
dishwasher use 95.4 litres per day, whilst houses with a dishwasher use only 78.9
litres per day.

> At 2.3 litres per use (see above), this is equivalent to 41.5 individual uses in
houses without a dishwasher and 34.3 uses in houses with a dishwasher.

> From Ecohomes, the ratio of kitchen uses to basin uses in houses without a
dishwasher is 1.4:1, whilst in houses with a dishwasher the ratio to 1:1. These
ratios can therefore be used to calculate the number of uses per day in kitchen and
basin taps, based on Identiflow values.

> In houses without a dishwasher: 24.3 kitchen uses, 17.2 basin uses.

> In houses with a dishwasher: 17.2 kitchen uses, 17.2 basin uses.
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Appendix B: completed matrices
for scenario
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Appendix C  Views of the
House Builders Federation.

The following notes were taken from discussions with the Technical Director of the
House Builders Federation (HBF):

One and two-bedroom houses have a minimum requirement for a bathroom,
kitchen and cloakroom. In addition, an ensuite bathroom might be provided in
two-bedroom properties.

Washing machines are not included in new homes (except at a premium to
the customer) and dishwashers are generally not supplied in smaller houses.
From a recent survey of HBF members, the Technical Director advised that
most new homes incorporate dual flush toilets, but these are not commonly
used for refurbishment work.

‘Power’ showers (showers supplied with water through an electrical pump or
directly from the mains) are incorporated into most homes. Customers now
expect these.

Water butts are currently only routinely fitted for Housing Corporation or
English Partnership houses. For terraced houses, a single rainwater pipe is
fitted to the front and back of the row and water from butts is shared. The
provision of butts on each house would require additional rainwater pipes and
drainage for overflow. Developers are reluctant to include water butts at the
front of properties because of aesthetics.

Very few underground rain water storage systems and no grey water systems
are installed in new developments.
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