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1. Introduction

Water is fundamental to life. Without water people 

will die within a matter of days. The provision of 

safe drinking water is a defining characteristic of 

successful civilisations, and the infrastructure that 

provides it enables cities to exist and grow. Water 

is used for drinking, cooking and hygiene, and for 

transporting human and other waste away from 

human habitation. Unless the abstraction of water 

is separated from the disposal of waste, the risk of 

disease and illnesses is high. 

Access to potable water is taken for granted in the 

UK and the developed world, yet in many parts of 

the world its availability is often compromised by 

drought or pollution. 

Pressure on the global water supply is growing as a 

result of population growth, changing land use and 

climate change. The movement of large numbers 

of people to cities and the subsequent growth of 

slums without the necessary water and sanitation 

infrastructures creates conditions that lead to 

death and disease.

Globally, although access to safe drinking water 

has been improving, approximately one in six 

people in the world will struggle to gain adequate 

access to such resources, and one in four people 

have to exist without proper access to sanitation. 

As a result some 3.4 million people die each year1.

The UK is a country that has well-developed water 

and sanitation infrastructures. The infrastructures 

have, over the last couple of decades, received 

many billions of pounds-worth of investment but 

remain largely based on Victorian engineering. The 

UK has a maritime climate with rainfall throughout 

the year, and yet there are parts of the country that, 

because of population density, receive less water 

per head of population than in Egypt.

Meeting future needs for potable water will require 

strategic action, encompassing reducing the 

demand for water (‘demand reduction’), reduction 

of waste (leaks) and the provision of additional 

supply capacity. As with carbon mitigation, 

demand reduction and efficiency improvements 

offer the most cost-effective approaches.

This report examines the case for one particular 

demand reduction strategy: grey water recycling.

1  World Health Organization (WHO) (2008) Safer Water, Better 
Health: Costs, Benefits, and Sustainability of Interventions to Protect and Promote 
Health; Updated Table 1 ‘Water, sanitation and hygiene deaths by region, 2004’.

Pressure on the global  
water supply is growing“ ”
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2. Executive summary
 

The UK is a country that has abundant water 

resources but, to misquote the much-loved British 

comedians Morecambe and Wise, ‘not always in 

the right place or at the right time’. The UK has 

above-average rainfall intensity compared to other 

European countries. The UK is, however, densely 

but unevenly populated and, as fate would have it, 

the most densely populated region, the south east 

of England, is also one of the driest parts of the 

UK. As a result, this area of England is classified 

as ‘water stressed’, and over 20% of its effective 

rainfall is abstracted2. Interestingly, there is no 

relationship between the cost of water supplied 

to customers and levels of water stress. When 

population growth and climate change are factored 

in, many parts of the UK face an increasingly 

challenging future which will have consequences 

for the population and the natural environment.

The way we view water is slowly changing. The 

UK is moving away from a time when water was 

considered too plentiful and unimportant to measure, 

towards a situation where water is considered to be a 

valuable resource – a fact reflected in its price. 

Significant investment in the infrastructure to 

reduce leakage and increase supply, storage 

capacity and regional connectivity is on-going in 

the UK. Leakage from the supply is considerable 

and is estimated to be between 17% and 25%, 

which, compared with Germany where leakage is 

less than 5%, is poor. 

A key aspect of infrastructure is storage in 

reservoirs, a feature that may well become more 

important as climate change affects rainfall 

patterns, with more rain now falling in winter and 

less in summer. The construction of a reservoir in 

the UK is subject to planning controls and the 

2  Environmental Agency:   (2000Water resources in England and 
Wales - current state and future pressures 
December 2008

failure in 2012 of the Abingdon reservoir planning 

application that started in 1990 highlights the 

shortcomings of the planning system3.

Demand for water is being managed in a variety of 

ways, including taking measures to reduce usage 

through metering, price increases and education, 

together with appropriate building design and 

specification. There are limits to the number of 

demand reduction strategies that can be used to 

ensure flows are minimised, since strategies are 

determined by the need to maintain the standard 

of amenity. Price is important, but publically 

and socially it is a sensitive issue. Experience in 

Singapore has shown that demand can reduce in 

response to an increasing price signal. A higher unit 

price for water can also help the case for investing in 

demand control side measures such as grey water 

systems.

In the UK, design standards, reinforced by Building 

Regulations, planning conditions and voluntary 

codes such as the Code for Sustainable Homes, 

have also been tightened to reduce water use. In 

order to make further reductions, both rainwater 

collection and/or grey water systems need to be 

considered. 

Rainwater systems are widespread in the UK and 

are predominantly used for watering gardens. The 

collection of rainwater for use within the home 

is increasingly applied to new developments, 

particularly those with higher planning requirement 

standards.

3p://news.bc.co.uk/1/hi/england/3215537.stm  
                     [accessed 6 June 2013].
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Grey water systems collect water from washing 

machines, sinks, showers and baths and reuse it 

where potable water is not necessary, e.g. to flush 

toilets. This displaces the need for ‘fresh’ mains 

water and can result in a 33% reduction in overall 

water use.

Grey water systems have had a limited uptake in 

the UK compared to other countries, particularly 

Germany. There are a number of reasons for this: 

notably their cost and the perceived long-term risk 

of cross-contamination with clean water supplies 

in cases where enthusiastic but ill-advised DIY 

homeowners get to work. The principal reason 

that Germany has seen a greater uptake of these 

systems is that it has a higher proportion of self-build 

homes where it is up to the eventual owner to decide 

whether or not to invest long term in water saving. In 

the UK there is no incentive for developers to spend 

the additional sums required for these systems as the 

benefits will accrue to the owner – i.e. the so-called 

‘split incentive’.

Grey water systems benefit from economies of scale 

and can have paybacks of less than five years if tariffs 

are high enough. 

On a national scale, the cost of supply management 

and demand reduction favours other solutions over 

those based around grey water, but as land values 

rise and public opposition to major infrastructure 

investment hardens, more expensive systems such as 

grey water will need to be part of the mix of solutions.

If grey water systems are to become part of the water 

management solution in the UK the following will 

need to be considered:

•	 the benefits of implementing water metering at 
a faster rate to raise awareness of water usage.

•	 a widely signalled increase in water price to 
improve the economic case for water reduction 
strategies. 

•	 a mechanism to overcome the split incentive 
for developers – for example, progressively 
tightening design standards implemented by 
Building Regulations. 

•	 the current Green Deal (the UK government’s 
flagship environmental policy) ‘pay as you save’ 
approach could be used as a mechanism to 
overcome the split incentive or initial capital 
expense barriers.

7



3. Water supply

3.1 Rainfall

Rainfall is variable across seasons and regions. 

Water is abstracted from ground water sources, and 

rivers’ draining catchment areas provide a degree 

of storage. Provided abstraction rates are below 

the long-term average rainfall replenishment rates, 

water can be taken throughout the year, even during 

periods of low rainfall.

As can be seen in Figure 1, the amount of water 

abstracted and used within the built environment is 

relatively small compared to the total UK rainfall.

Fresh water availability is assessed using the 

water exploitation index (WEI), a measure of the 

proportion of annual rainfall that is abstracted. As 

a whole, across England and Wales, about 10% 

of the available freshwater is abstracted. However, 

this varies across the country and in the south 

east of England the index rises above the 20% 

level and is considered to be ‘under stress’2. 

3.2 Comparison with international benchmarks

The United Kingdom has a maritime climate and 

experiences periods of rainfall throughout the 

year. This is illustrated in Figure 3, which shows 

how the UK compares with other countries in 

terms of volume (cubic meters) of rainfall per km2. 

It can be seen that, with the exception of Ireland, 

the UK has one of the highest rainfalls within the 

European climate zone.

For many countries, water sources are not limited 

to rainfall but can include inflows (both river and 

ground water) from other countries. In addition, 

the rate of evaporation varies according to climate 

and land use. For this reason an alternative 

measure, the renewable water flow, is calculated, 

combining both precipitation and net inflows, less 

evaporation and is referred to as ‘the renewable 

fresh water resource’.

The UK has a relatively high renewable resource 

on a km2 basis (Figure 4). However, when the 

comparison is made on a per capita basis (Figure 

5) the UK’s high population density means that 

its renewable water resource per capita is low in 

comparison to other northern European countries 

and, as mentioned before, even Egypt. 

The way we view water 
is slowly changing“ ”
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Figure 2 – Water exploitation index (actual abstraction as a proportion of effective rainfall)

Source – Environment Agency (2010) Water for People and the Environment: Water Resources Strategy for England and Wales. Available at: 
http://a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/geho0309bpkx-e-e.pdf [accessed 6 June 2013].

Source – http://unstats.un.org/unsd/environment/waterresources.htm [accessed 6 June 2013].

Figure 3 – International comparison of rainfall intensity
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3.3 UK climate change

The evidence for climate change is widely 

accepted. The extent and pace of change will 

depend upon many factors, not least the success 

of the global community in controlling greenhouse 

gas emissions and in protecting carbon sinks.

The impact of climate change on the UK has 

been assessed as part of the UK Climate 

Impacts Programme (UKCIP). The latest climate 

assessments are contained in the UKCP09 

projections4. The fifth-generation UKCP09 data 

set provides projections for climate change 

and absolute future climate modeled on:

•	 annual, seasonal and monthly climate 
averages

•	 individual 25km grid squares and pre-
defined aggregated areas

•	 seven 30-year time periods

•	 three emissions scenarios.

Projections are based on change derived from 

1961–1990 baseline average data.

4  UKCIP www.ukcip.org.uk/   [accessed 10 June 2013].

Broadly speaking, the conclusions confirm earlier  

projections: namely that the UK will experience:

•	 warmer wetter winters
•	 warmer dryer summers
•	 an increase in extreme weather. 

The analysis (Figure 6) shows that winter rainfall 

is most likely to increase by between 10% and 

30% by the 30-year period centred on the 2080s, 

although parts of Scotland may see a decrease. 

In a similar fashion, summer rainfall is likely to 

decrease by between 10% and 40% (Figure 7) 

across the UK.

This polarisation of precipitation will exacerbate 

the problems of supply and demand.

The impacts of climate change upon the UK will 

cut across all parts of the economy and country 

and are progressive over time. The principle 

impacts that have a bearing upon the supply and 

use of water in the UK are summarised in Table 1.

 

Table 1 – Climate change impacts

Climate factor

Rise in temperature Increase in evapo-transpiration Increase in agricultural and
gardening demand for water

Increase in winter  
rainfall

Increase in flooding Increase in combined sewer (foul 
water and rainwater) overflow

Soil moisture content increase 
in contaminant concentration 
reducing water quality

Decrease in summer 
rainfall

River flows decrease

More extreme weather
events

Increase in periods of hotter 
weather

Principle change Consequential impact

11
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Figure 4 – Renewable water resource per km²

Source – http://unstats.un.org/unsd/environment/waterresources.htm [accessed 6 June 2013].

Figure 5 – Renewable water resource per capita

Source – http://unstats.un.org/unsd/environment/waterresources.htm [accessed 6 June 2013].
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Figure 6 – Change in winter mean precipitation (%) for the 2080s

Source – www.ukclimateprojections.defra.gov.uk/22104 [accessed 6 June 2013].

Figure 7 – Change in summer mean precipitation (%) for the 2080s

Source – www.ukclimateprojections.defra.gov.uk/22107 [accessed 6 June 2013].



4. Public water supply

4.1 Abstraction

In the UK, water is abstracted primarily from 

two sources: rivers and the ground water table. 

Recently, however, demand has been such that 

desalination has been introduced in order to 

draw water from the sea. Abstraction of water is 

controlled by a licensing system operated by the 

Environment Agency. A license will probably be 

required if more than 20m3/day of water is taken.5

  5  www.environment-agency.gov.uk/business/topics/water/32032.aspx    
   [accessed 6 June 2013].

The amount of water abstracted has decreased 

since 1971 as the demand from heavy industry 

has fallen. However, water demand for the public 

water supply has increased in absolute terms 

from 14 to 16 million m3/day, and in percentage 

terms from 34% of the total water abstracted in 

1971 to 49% in 2007.

4.2 Leakage

The water companies distribute water to customers 

via a network of pipes that in some cases date 

back to Victorian times. Leakage from this network 

amounts to some 22%, a figure that has fallen to 

its current level from a peak of 29% in 1994. 

The majority of this water loss occurs in the water 

company network: 17% of it through distribution 

pipe losses, and 5% occurring within customer 

premises (e.g. supply pipe losses). 

Table 2 provides estimates only. It is difficult to 

calculate exactly how water leakages can be 

determined when only 30% of the population 

pays for water according to how much they have 

consumed. Therefore, the actual level of leakages 

could be either lower or higher, depending on the 

water consumption of the remaining 70% of the 

population who are without water meters.

The UK compares favourably with many 

countries, although it is quite clearly some way 

from being among the best-performing countries. 

The majority of this water loss occurs 
in the water company network ”“
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Figure 8 – Total UK abstraction (1971–2007)

Source – Defra (2009) http://archive.defra.gov.uk/evidence/statistics/environment/inlwater/kf/iwkf12.htm 
[accessed 6 June 2013]. Based on Environment Agency data.

Figure 9 – Public supply-delivered water volume and leakage

Source – Defra (2011) ’Distribution input and supply pipe leakage:1992/93 to 2010/11’. Available at: www.defra.gov.uk/statis-
tics/environment/inland-water/iwfg14-drq/ [accessed 6 June 2013].
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Anglian

Dwr Cymru

Northumbrian (North East)

Severn Trent

South West

Southern

Thames

United Utilities

Wessex

Yorkshire

Northumbrian (Essex and Suffolk)

Bournemouth and Hampshire

Bristol

Cambridge

Dee Valley

Mid Kent

Portsmouth

South East

South Staffordshire

Sutton and East Surrey

Veolia Central

Veolia South East

Veolia East

Industry

215

22 22 22 22 22

200 210 210 210

225

53 54 53 54 53

210 205 195 195

155

13.9 13.4 13.9 14 14.2

145 135 150 155

67

11.3 10.6 10.3 10.3 10.4

68 68 67 67

540

28 - - - -

525 490 490 495

84

30 29 29 30 29

83 84 84 82

93

69 96 96 96 96

82 82 87 95

860

73 73 72 74 74

790 715 700 670

475

24 24 24 24 24

470 460 460 460

73

150 145 140 140 145

72 72 72 74

295

5.1 5.1 5 5.1 5

8 7.8 7.9 7.7 7.8

3,575 3,420 3,290 3,290 3,280

295 295 295 295

Performance (million litres)
Water and sewerage  
companies

2005–2006 2006–2007 2007–2008 2008–2009 2009–2010

Water-only companies 2005–2006 2006–2007 2007–2008 2008–2009 2009–2010

Table 2 – Estimated leakages in England and Wales, 2005–2010

Source – www.ofwat.gov.uk/regulating/reporting/rpt_los_2009-10.pdf [accessed 6 June 2013].
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The UK compares favourably with 
many countries although it is quite 
clearly some way from being among 
the best-performing countries ”

“

Figure 10 – International comparison of public supply leakage

Source – Lallana C and Thyssen N (2003) ‘Indicator factsheet (WQ06) Water use efficiency (in cities): leakage’, 
European Environment Agency. Available at: http://www.eea.europa.eu/data-and-maps/indicators/water-use-
efficiency-in-cities-leakage/water-use-efficiency-in-cities-leakage [accessed 6 June 2013].



4.3 Expanding supply capacity

Aside from reducing demand and leakage there 

are a number of supply strategies that can be 

deployed to increase the capacity of the water 

system to meet the challenges of future demand 

and a changing climate. For example:

Reservoirs: construction of additional storage 

capacity. 

National water grid: construction of a network of 

interconnectors to transport water from regions 

with surplus resources to those with deficits. 

This would predominantly transfer water towards 

the south east of England, where 55% of water 

resources is used, away from areas such as Wales 

where only 3% is used. Transfers already happen 

and government policy is encouraging greater 

sharing of resources.

Desalination plants to process brackish water 

into potable water. This is an energy-intensive 

process that electrochemically separates salts 

from water. The Thames Water development at 

Beckton, East London, in June 2010, was the first 

major desalination plant to be constructed in the 

UK. It has the capacity to deliver 150 million litres 

of water per day. The reverse osmosis plant will be 

available for use during periods of prolonged low 

rainfall – typically during a drought.

Water companies are under an obligation to 

plan for future needs and most will have plans 

stretching to 2035 and will be consulting in 2013 

on plans up to 2040. The plans balance the range 

of options available and the plans developed reflect 

both economic and environmental considerations. 

A report written in 2006 by the Environment 

Agency (EA)6 estimated the investment costs for 

water transfer schemes. The cost of transferring 

water is reported within the EA report (Table 3)

For comparison purposes, it is worth noting that 

the EA report suggests that water company plans 

for enhancing capacity are costed at no more than 

£1,600 per m3/day water supplied.

The EA report highlights the proposed seven new and 

extended reservoir proposals contained in the water 

company plans covering the south east (Table 4).

The Thames Water proposals for a new £1 billion 

reservoir near Abingdon, Oxfordshire, highlight 

the difficulty of new reservoir construction. This 

reservoir was first proposed in 1990 but was finally 

rejected in March 20127. 

6  Environment Agency (2006) ‘Do we need large-scale water transfers 
for south east England?’ Available at: www.environment-agency.gov.uk/static/
documents/Research/grid_1464452.pdf [accessed 6 June 2013].

7  Oxfordshire County Council (2013). For more details, see:   
www.oxfordshire.gov.uk/cms/content/proposed-reservoir-oxfordshire  
[accessed 6 June 2013].

Water companies are under an 
obligation to plan for future needs”“
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Table 3 – The relative costs of large-scale water transfers in the UK

Scheme

Pennines to 
London (560km)

Abingdon 
Reservoir

1,100

- - - - -

- - - -

1,100,000

252,000

£15 billion

£1 billion

£9 billion £14,000

£2,400

£5,000

£4,000

£3,000

£8,000

Mid-Wales to 
London including 
river Severn

Mid-Wales to 
London pipelines 
only

Capacity

(ML per day) M³/day High HighLow Low

Cost (£) Capital cost per 
 (m³/day)

19

Table 4 – Water company proposed new and extended reservoirs

Reservoir name

Broad Oak, Kent Mid Kent Water, Southern Water,
Folkestone and Dover Water

South East Water

2019 42

18

23

380

14

18

50

2015

2020

2020

2015

2008

2014

South East Water

Essex and Suffolk Water

Portsmouth Water

Thames Water

Southern Water, Mid Kent Water

Clay Hill, East Sussex

Havant Thicket, Hampshire

Upper Thames reservoir, 
Oxfordshire

Bewl reservoir 
enlargement, Kent

Total 545 Ml/d

Bray reservoir enlargement, 
Berkshire

Abberton reservoir raising, 
Essex

Water company
Planned 
completion date

Deployable output
Ml/d

Source – Environment Agency (2006) ‘Do we need large-scale water transfers for south east England?’  
Available at: www.environment-agency.gov.uk/static/documents/Research/grid_1464452.pdf [accessed 6 June 2013].



5.2 Water usage in the built environment

The industry has supplied water to its customers 

on an unmetered basis and levied charges using 

proxy measures of demand, thereby reducing 

capital investment requirements but leaving a 

legacy of poor data upon which to base strategic 

planning and analysis. A House of Commons 

report highlighted the wide variation in estimated 

daily demand data3.

Behaviour is a significant factor in the demand 

for water and this is illustrated by the fact that in 

households that have a metered water supply, 

10  House of Commons Committee of Public Accounts  (2007) ‘Ofwat: 
Meeting the demand for water: Twenty-fourth Report of Session 2006–07’, 
together with formal minutes, oral and  written evidence.

demand is on average 13% lower than in non-

metered households, at 133 lpd. Some 30% of 

households (2008) are currently metered but there 

is considerable geographic variation; for example, 

the metering rates in counties such as Cornwall, 

Dorset and Devon are in excess of 50%. Without 

the incentive of a price signal related to usage 

there has been nothing to constrain domestic 

demand. Figure 12 illustrates the difference in 

consumption between metered and unmetered 

water supplies in the UK.

Average potable water consumption in the 

UK is typically assumed to be 150 lpd4. This 

11  See: www.ofwat.gov.uk [accessed 7 June 2013].

5. Water use in the UK
 

The water industry provides drinking water and 

wastewater treatment services and is highly regulated 

in the UK. Ofwat is the economic regulator for the 

water and sewerage sectors in England and Wales. 

The regulating body in Scotland for the industry is the 

Water Industry Commission for Scotland. There are 

26 water and 12 water and sewerage companies in 

the UK (refer to Appendices 1 and 2). 

Water management should be holistic and target 

not only the water industry but also wastewater 

treatment companies and consumers.

5.1 Water demand

The demand for water delivered through the 

public water supply has been increasing for over 

60 years due to an expanding population, rising 

living standards and demographic changes1.

To an extent this rise in water use has been offset 

by a decline in industrial use as heavy industry has 

migrated overseas. In the 30-year period from 

8  Ofwat, Defra (2006): The Development of the Water Industry in Eng-
land and Wales. Available at: www.ofwat.gov.uk/publications/commissioned/
rpt_com_devwatindust270106.pdf [accessed 7 June 2013].

1974 to 2004, total distribution input rose from 

14,356,000m3/day to 15,658,000m3/day, a 9% rise, 

reflecting a 10% rise in domestic demand over the 

same period, while industrial demand decreased 

from 9,000,000m3/day to just over 3,000,000m3/day2. 

Figure 11 shows the distribution of water use 

within the UK and highlights the significance of 

water leakage. 

9  Butler D and Memon F A (2006) Water Demand Management, 
London: WA Publishing. ISBN-13: 978-1843390787.
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daily demand data10.

from 9,000,000m3/day to just over 3,000,000m3/day9.

living standards and demographic changes8.

UK is typically assumed to be 150 lpd11. This 

11  See: www.ofwat.gov.uk [accessed 7 June 2013].
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Figure 11 – Distribution of water use in the UK

Source – Office of National Statistics, ‘Consumption of water resources by industrial sector’.

Figure 12 – Water consumption in metered v. unmetered households

Source – Environmental Agency (2008) ‘Water resources in England and Wales – current state and future pressures’.  
Available at: www.environment-agency.gov.uk/research/library/publications/100582.aspx [accessed 7 June 2013].



figure includes both metered and unmetered 

supplies. The 150 lpd average can be achieved 

if households ensure either that water is used 

more thoughtfully or that the occupiers are more 

aware that they pay for all water consumed and 

are therefore more conservative in their water use 

and more willing to consider installing efficient 

appliances.

One study suggests that metered households 

equipped with traditional fittings and dual flush 

toilets use on average 115lpd5. Interestingly, the 

results were in the range of 61 to 259 lpd, with the 

general trend around or slightly below the average 

(i.e. metered and unmetered) figure of 150 lpd.

By way of comparison, the UK percentage 

breakdown looks very similar to that of Germany, 

12  Hoare Lea (June 2012) Water Consumption Study, Hoare Lea: 
Bristol Office. 

as shown in Figure 15, an ‘international 

comparison of domestic water demand’.

Figure 14 illustrates a typical percentage 

breakdown of water consumption in a dwelling in 

the UK. In terms of a typical grey water collection 

system (including hygiene and final rinse water 

from a washing machine), more than 35% of 

the total water consumed could be recycled for 

supply for toilet flushing and outdoor use – e.g. 

irrigation, car washing or anywhere where drinking 

water quality is not required.

Buildings can be categorised according to their 

specific water consumption patterns. These 

patterns vary throughout the day and also 

between weekdays and weekends.

Table 5 indicates typical potable water demands 

used for design purposes for different building 

types in the UK.

5.2.1 International comparisons

A study undertaken by the Environment Agency 

compared data from a selection of countries 

across the European Union with data from 

the UK, Australia and the USA6. The report 

makes a number of important conclusions and 

observations. It acknowledges that the data 

collected is not necessarily comparable but 

is sufficient to allow broad correlations to be 

drawn from it. The report goes on to identify key 

variables and draws a number of conclusions in 

relation to these, as summarised in Table 6.

The report goes on to conclude that the major 

difference between the EU countries that 

were studied and England and Wales is the 

universality of metering and the scale of demand 

management.

13  EA (2008) ‘Water and the environment: International com-
parisons of domestic per capita consumption’. Available at: http://
a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.
com/geho0809bqtd-e-e.pdf [accessed 7 June 2013].

Figure 15 shows how the UK compares with a 

number of different countries. It can be seen that 

in the UK, where meters are fitted the water usage 

is below the broader ‘developed’ world average, 

whereas when unmetered it is above. Both cases 

exceed the European average, suggesting there is 

room for improvement.

Data from Australia refers specifically to the 

Queensland area and uses data from multi-

occupant residential property7 . The US data 

is based on research by the Water Research 

Foundation in Denver, Colorado8. Both countries 

were included to show the global context of water 

usage. 

14  Stewart J, Turner T, Gardner T and McMaster J (2005) ‘Draft urban 
water use study of south east Queensland’, November.

15   Water Research Foundation (1999) ‘Residential end uses of water’, 
Denver (CO): Water Research Foundation. Available at:  www.drinktap.org/
consumerdnn/Home/WaterInformation/Conservation/WaterUseStatistics/
tabid/85/Default.aspx [accessed 6 June 2013].

toilets use on average 115 lpd12. Interestingly, the

the UK, Australia and the USA13. The report 

residential property14 . The US data is based on 

Denver, Colorado15. Both countries were included to 
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13  EA (2008) ‘Water and the environment: International 
comparisons of domestic per capita consumption’. Available at: http://
a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.
rackcdn.com/geho0809bqtd-e-e.pdf [accessed 7 June 2013].
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Figure 13 – Typical potable water consumption for various supply options

Source – www.bristolwater.co.uk [accessed 7 June 2013].

Figure 14 – A typical percentage breakdown of water consumption in a dwelling in the UK

Source – www.waterwise.org.uk/data/resources/25/Water_factsheet_2012.pdf [accessed 6 June 2013].



Table 6 – Factors influencing water demand difference between countries

Variable

Metering

Occupancy

Component contributions

Demand management

The significance of the UK metering data was perhaps 
overestimated due to the self-selective nature of the UK strategy 
where those households that perceive a benefit are more likely to 
switch to a metered supply

An increase in tariffs in all European countries has been 
accompanied by a decrease in use. However, with the exception 
of Finland, price rises do not appear to have a strong impact on 
demand 

The report identified a number of campaigns run by water 
companies and concluded this was a significant factor in reducing 
water usage because of the impact they have on changing 
behaviour and attitudes

The UK uses significantly more water in toilet flushing than 
other countries. The report concludes this is due to the higher 
proportion of large cistern type toilets in the UK. It is suggested 
that another factor contributing to the higher volume is the higher 
frequency of use of appliances such as dishwashers

This was not a major factor in terms of the differences identified

Tariff

Observation/conclusion
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Table 5 – UK daily water demand design data

Type of building

Dwellings

Hotels

210
130
100
100
120
135
150

135
150
200

45
40

15
20
90

600
250
220
300
140

Schools

Hospitals

Offices / shops / 
factories

1 bedroom
2 bedroom
3+ bedroom
Student en-suite
Nurses’ home
Elderly care home
Prison

Bedroom
Bedroom
Bedroom
Bedroom
Bed space
Bed space
Inmate

Bedroom

Employee

Pupil

Bed

Budget
3 star
4+ star

With canteen
Without canteen

Nursery/primary
Secondary/Sixth form
Boarding

District general
Surgical ward
Medical ward
Paediatric ward
Geriatric ward

Subtype
Daily water
demand (litres) Criteria /unit

Source – The Institute of Plumbing (2002) Plumbing Engineering Services Design Guide. Available at: www.4shared.com/ 
office/L5MDRCAh/Plumbing_Engineering_Services_.html [accessed 10 June 2013].



Water usage depends on a number of factors but 

is mostly dependant on availability, affordability 

and users’ lifestyles. 

To put water usage into context it is perhaps 

useful to consider need. International norms 

set out by agencies such as the World Health 

Organization (WHO) and the United Nations 

Children’s Fund (UNICEF) suggest a minimum 

requirement of 20 litres a day from a source 

within 1km of the household. This is sufficient for 

drinking and basic personal hygiene. Below 

this level people are constrained in their ability to 

maintain their physical wellbeing and the dignity 

that comes with being clean. Factoring in bathing 

and laundry needs would raise the personal 

threshold to about 50 litres a day.

It is interesting to consider that typically in the 

UK we use 39 litres of potable water per day per 

person just for flushing the toilet – twice the 20 litres 

considered necessary to meet basic drinking and 

hygiene needs.

5.3 Future UK water demand

The Environment Agency has looked at the 

impact of a range of water use targets on different 

household activities. It recognises that there are 

limits to these reductions on the basis of simple  

 

 

 

‘levels of service’ (e.g. acceptable shower flow 

rates to satisfy user) and functional effectiveness. 

The work suggests that a reduction from a typical 

150 litres/person/day (lpd) water use to 100 lpd is 

realistic.
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Figure 15 – International comparison of daily domestic water usage

Source – European Water Association (EWA), Yearbook 2002.



6. Demand reduction

 
6.1 Building Regulations, the Code for Sustainable Homes  
and BREEAM

The UK Building Regulations are legal requirements 

laid down by Parliament, based on the Building 

Act 1984. They are approved by the government 

and deal with the minimum standards of design 

for the construction of domestic, commercial and 

industrial buildings.

The Building Regulations ensure that all new 

developments or alterations to existing buildings 

are carried out to an agreed standard that 

protects the health and safety of people in and 

around the building.

The Building Act 1984 stipulates that plans for 

every proposed building shall have a wholesome 

water supply: 

‘Where plans of a house are, in accordance with 

Building Regulations, deposited with a local 

authority, the authority shall reject the plans unless 

a proposal is put before them that appears to them 

to be satisfactory for providing the occupants 

of the house with a supply of wholesome water 

sufficient for their domestic purposes’9.

In England and Wales, the Water Supply (Water 

Fittings) Regulations 1999 replaced the byelaws 

previously issued by water undertakers. Similar 

legislation was adopted in Scotland with the Water 

Byelaws 2000, which were replaced a few years 

later by the Scottish Water Byelaws 2004, and 

in Northern Ireland with the Water Supply (Water 

Fittings) Regulations (Northern Ireland) 2009. 

 

Although there are some slight differences in 

the text, the main aim is the same: to promote 

knowledge of the Water Regulations and prevent 

16  Building Act 1984. See www.legislation.gov.uk/ukpga/1984/55 
[accessed 6 June 2013].

waste, undue consumption, misuse and erroneous 

measurement or contamination of water. 

 

In April 2010 the new Building Regulation 

Approved Document G was issued to set a limit 

on wholesome water consumption for all new 

residential dwellings. Regulation 17.K states: 

‘The potential consumption of wholesome water 

by persons occupying a dwelling … must not 

exceed 125 litres per person per day10’. 

The Regulations refer to the calculation 

methodology adopted under the Code for 

Sustainable Homes. Table 6 shows minimal targets 

for compliance with the Regulations and the Code.

The Code for Sustainable Homes (CSH) was 

introduced in 2006 and has no statutory status. 

By integrating elements of this voluntary code into 

new homes and obtaining assessments against 

it, developers are able to obtain a ‘star rating’ 

for any new home by providing information to 

home buyers that demonstrates its environmental 

performance. At the same time, the ratings 

offer developers a tool which they can use to 

differentiate themselves.

The Building Research Establishment 

Environmental Assessment Method (BREEAM) 

provides a measure of a building’s environmental 

characteristics and has no statutory status. 

The BREEAM rating is based on the number 

of environmental credits achieved under each 

category multiplied by a weighting factor. The 

BREEAM rating is given as pass, good, very good 

 
17  Building Regulations Approved Document G. www.planningpor-
tal.gov.uk/buildingregulations/approveddocuments/partg/ [accessed 6 June 
2013].
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sufficient for their domestic purposes’16.

exceed 125 litres per person per day17’. 



or excellent. The weighting factors are applied in 

order to account for the relative significance that 

each category has on the environmental impact of 

the building. Nine separate credits are described 

in BREEAM, allowing points to be awarded for a 

variety of water-saving strategies, including grey 

water use. BREEAM uses its own water calculator.

Both the CSH and BREEAM are often referred 

to and included as performance measures in 

planning.

The CSH calculation method does not assess 

the exact water usage, but allows developers to 

select fittings that fall within acceptable flow rate 

limits and which will deliver a certain quantity of 

water if used in a particular way.

To reduce potable water consumption, the Code 

recognises the potential of rainwater and grey 

water recycling within a dwelling. This approach 

can be incorporated to achieve performance 

targets identified in higher levels of the Code to 

offset higher potable water demands for a sanitary 

fitting, e.g. a drench shower.

To determine how much potable water can be 

offset to allow the specification of higher flow rate 

fittings or to achieve higher levels of the Code, 

the Code provides another calculation method 

to determine the potential savings of a water 

recycling system.

The Code recommends the collection of grey 

water from:

•	 baths
•	 showers
•	 taps (wash hand basins).

The collection and reuse of grey water and 

rainwater, under the Code, is recommended 

for use in the following fittings, appliances and 

activities:

•	 WCs
•	 washing machines
•	 taps (irrigation)
•	 car washing
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Table 7 – Maximum (‘potential’) consumption of potable water

Performance target

Building Regulation 17.K requirement 125

120

105

80

Code for Sustainable Homes (level 1/2)

Code for Sustainable Homes (level 3/4)

Code for Sustainable Homes (level 5/6)

Maximum consumption of potable water
(litres/person/day)

Source – BREEAM, Code for Sustainable Homes. See: www.breeam.org/page.jsp?id=86 [accessed 7 June 2013].



6.2 Demand reduction strategies

There are a number of potential strategies 

available to design teams to reduce demand 

from the public supply network. Low-water use 

fittings and behavioural change can reduce water 

demand in absolute terms only where the use of 

rainwater and grey water reduces demand from 

the public supply. 
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 6.2.1 Behaviour

UK consumers’ behaviour and expectations have 

risen, and this change has had an impact on 

potable water consumption. Having two showers 

a day is becoming a norm in the developed world, 

consuming as much as 180 lpd (nine litres per 

minute for 10 minutes twice a day).

Houses fitted with low-flow fittings, e.g. aerated  

taps, will still not prevent occupiers from using 

them for prolonged periods of time. In some 

cases low-flow fittings may even encourage 

the end user to use them for longer, potentially 

consuming more water than a typical fitting.

The following are ways of changing customers’ 

behaviour towards smaller potable water 

consumption:

•	 metering all water supplies11;

•	 raising block water tariffs (possible only if the 
supply is already metered);

•	 educating	the	end	users	about	the	
environmental impact of water treatment and 
the provision of wholesome and waste water 
treatment. 

18  Environmental Agency (December 2008) ‘Water resources in 
England and Wales’. Available at: http://cdn.environment-agency.gov.uk/
geho1208bpas-e-e.pdf  [accessed 7 June 2013].

6.2.2 Water pricing

Water price can be an important driver for 

controlling demand, as can be seen from data from 

Singapore. Between 1995 and 2000 the unit cost of 

water more than doubled from S$0.66/m3 to S$1.52/

m3 (Figure 16).

Figure 17 shows that over that same period of 10 

years between 1995 and 2004, the monthly water use 

dropped by over 10% – a significant drop in water 

consumption. 

Although initially average bills went up, the 

behavioural response of consumers led to a decrease 

in demand and a slight decrease in subsequent bills. 

The price mechanism described has a number of 

impacts:

•	 increased water costs encourage customers to 

use less water; 

 

decreased water consumption means smaller 

water bills and less money available for water 

companies, thus an increase is required 

to find the money for on-going repairs and 

maintenance of the water networks.

Using the price mechanism alone is unlikely to be 

popular. However, the price could be tied to the 

water resource available to the water company. 

The solution would have to be tackled on a region-

by-region basis to find the right solution. Areas with 

high water stress would charge a higher rate for 

water, leading to a greater incentive to invest in the 

more expensive systems such as grey water.This is 

discussed more fully later in the report.

 

 

•	 metering all water supplies18;

•
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Figure 16 – Water unit price in Singapore

Source – Singapore: An exemplary case study for urban water management, 2006. Available at: http://hdr.undp.org/en/ 
reports/global/hdr2006/papers/cecilia_tortajada_singapore_casestudy.pdf [accessed 6 June 2013].

Figure 17 – Average water consumption in Singapore

Source –Singapore: An exemplary case study for urban water management, 2006. Available at: http://hdr.undp.org/en/ 
reports/global/hdr2006/papers/cecilia_tortajada_singapore_casestudy.pdf [accessed 6 June 2013].



 

Water that is intended to be drinking water quality 

requires extensive and expensive treatment. There 

is a lot of confusing information about how much 

water is escaping from the network systems, but 

simple estimations could provide some answers:

55,240,475 (population (2010) in England and 

Wales) x 150lpd = 8,286,071 m3 per day 

Average daily leakage in England and Wales was 

3,371,000m3 in the years 2005–2010, which is the 

equivalent of over 40% of the total water supplied 

(8,286,071m3/day) to domestic consumers12.  
 
  19  www.defra.gov.uk/statistics/environment/inland-water/iwfg14-drq/ 

 

This level of leakages almost meets Ofwat 

requirements.

Reduced leakages would result in an increase 

in the water available for consumers, plus lower 

and fairer charges. Data suggests that if water 

companies were to eliminate the majority of water 

main leaks, this alone could eliminate the marginal 

water deficits13.

20  Ofwat (2010) ‘Service and delivery – performance of water com-
panies in England and Wales 2009–2010’. Available at: www.ofwat.gov.uk/
regulating/reporting/rpt_los_2009-10.pdf [accessed 7 June 2013]. 

6.2.4 Low-water use fittings

In the UK, a plumbing system must be designed 

and installed to meet minimum standards required 

by the Building Regulations. All fittings and 

components must be approved and suitable for their 

purpose. In addition, each plumbing system should 

meet the occupants’ expectations. 

The following are the most common ways to 

achieve reduced flow:

•	 low-flow	fittings

•	 flow	restrictors	installed	on	the	supply	pipework	
to a fitting;

•	 pressure-limiting	valves	to	reduce	flows	for	the	
whole plumbing system.

However, ‘low flow’ is not always regarded as 

being beneficial by users, especially if an individual 

attempts to fill a 1.7 litre kettle in their kitchen which 

is fitted with a 3 litres per minute (0.05 l/s) fitting, 

which would take 34 seconds to fill. 

Nonetheless, reduced-flow fittings drastically reduce 

water usage in comparison with typical units.

The following are the main benefits of reduced-flow 

installations:

•	 lower	water	consumption	and	smaller	utility	
bills;

•	 smaller	 demand	 for	 hot	 water	 and	 lower	
energy bills;

•	 less	condensation	when	showering,	due	to	a	
smaller amount of water;

•	 less	waste.

There are potential water savings if the low-flow 

fittings are not used for a prolonged period of 

time. The main advantage of the low-flow fittings 

is that the capital cost is similar to that of the 

typical medium-range fittings.
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6.2.3 Leakage reduction

(8,286,071m3/day) to domestic consumers19. 

water deficits20.

[accessed 6 June 2013]. 
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Figure 18 – Average water bill in Singapore

Source – Singapore: An exemplary case study for urban water management, 2006. Available at: http://hdr.undp.org/en/ 
reports/global/hdr2006/papers/cecilia_tortajada_singapore_casestudy.pdf [accessed 6 June 2013].

Figure 19 – Typical rainwater harvesting system with underground storage and header tank

Source – www.lowenergyhouse.com/rainwater-harvesting.html [accessed 7 June 2013].



6.3 Rainwater collection

Rainwater harvesting is the most widely used 

demand reduction activity adopted across the world.

The most basic rainwater-harvesting system 

requires a water butt connected to the rainwater 

downpipe. This system is cheap and does not 

require any maintenance. Water butts cost from 

£30 upwards and are available in many DIY 

stores. Some water companies also provide them 

for a small fee. The water butts, however, have 

very limited capacity and collected rainwater has 

to be used exclusively for watering gardens or 

washing cars. This type of system is likely to be 

popular among environmentally friendly home-

owners who have metered water mains supply.

Rainwater can be collected in a number of ways, 

above or below ground, or even fed directly to 

WC-flushing cisterns (a passive system which 

does not require pumping, since water is fed by 

gravity to an oversized storage tank acting as a 

WC-flushing cistern).

Rainwater recycling is a simple system which 

does not require extensive treatment works. One  

of the major advantages of this type of system 

is the vast potential for rainwater reuse and long 

storage periods of up to 18 days, as suggested in 

BS 851514.

The downside of rainwater recycling systems is 

the unpredictability of the availability of stored 

rainwater (without the mains water back-up), i.e. 

they are totally reliant on the weather.

Another downside that could rule out the 

possibility of including a rainwater harvesting 

system during the design stage is the fact that 

rainwater harvesting systems are unlikely to 

pay for themselves during their lifetime15 and 

‘buildings using harvested rainwater … typically 

increase greenhouse gas emissions compared to 

using mains water’16.

21  BS 8515:2009 Rainwater Harvesting Systems: Code of Practice.

22  Roebuck R M, Oltean-Dumbrava C and Tait S (2012) ‘Can simplified 
design methods for domestic rainwater harvesting systems produce realistic 
water-savings and financial predictions?’ Water and Environmental Journal, 
26, September (3).

23  Environmental Agency (2010) ‘Energy and carbon implications 
of rainwater harvesting and grey water recycling’. Available at: http://cdn.
environment-agency.gov.uk/scho0610bsmq-e-e.pdf [accessed 7 June 2013].

  Rainwater harvesting systems 
are unlikely to pay for themselves 

during their lifetime

“
”
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BS 851521.

pay for themselves during their lifetime22 and 

using mains water’23.



6.4 Grey water recycling

According to British Standard 8525-1:2010:

‘On-site collection and use of grey water is an 

alternative to public mains or private potable 

water supply for a variety of non-potable water 

uses in the home, workplace and garden’17.

The main advantage of grey water recycling is its 

abundance and availability. Each well-sized unit, 

should provide approximately 33% savings on 

potable water bills (toilet flushing and outdoor use).

In simple terms, grey water is domestic 

wastewater without faecal and urinal effluents. 

There is also bathroom grey water which includes 

domestic wastewater from bathrooms but 

excludes kitchen sink and dishwasher discharges 

because of the high level of food contaminants 

and grease. 

24  BS 8525-1:2010, Grey water systems, Part 1: Code of Practice. 

One of the biggest pilot grey water recycling 

schemes in the UK was implemented in 2000 

at the O2 Arena (formerly the Millennium Dome) 

in London. The design capacity of the plant is 

500m3/d. Run-off water, grey water and polluted 

ground water are treated in three different 

treatment trains to a high standard for reuse in the 

more than 600 toilets and over 200 urinals on-site.
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Figure 20 – The 02 Arena in London

Source – http:wwp.millennium-dome.com/ [accessed 11 June 2013].

uses in the home, workplace and garden’24.



7. The case for grey water recycling 

In order to reduce demand below the 100 litres per 

person per day (lpd) level, strategies such as using 

rainwater or grey water are required.

There are a number of different types of grey water 

systems, which are described in the BS 8525-1 

Grey water systems – Part 1: Code of Practice: 

1. Direct reuse systems – with no treatment.

2. Short retention systems – with basic filtration 
only.

3. Basic physical/chemical systems – with 
filtration and chemical disinfection agent.

4. Biological systems – utilising aerobic or 
anaerobic bacteria to digest unwanted organic 
matter.

5. Bio-mechanical systems – the most 
advanced systems for domestic applications. 
They usually combine biological and physical 
treatment.

6. Hybrid systems – i.e. integrated with rainwater 
system.

Grey water recycling is a relatively new concept of 

water recycling: ‘It is only since the mid-1980s that 

serious attention has been given to the potential 

for grey water use within buildings in the UK’18. It 

requires more extensive equipment and plant space 

in comparison to rainwater harvesting.

Conventionally, potable water is used in every 

water-using appliance, even where it is not strictly 

needed, contributing to higher usage and increased 

utility bills. Therefore, the demarcation line should 

be drawn between areas where potable water 

is ‘essential’, where it is ‘desirable’, and where it 

clearly should not be used. Table 7 illustrates typical 

water usage and the preferred water-quality supply.

25  CIRIA (2001) ‘Rainwater and grey water use in buildings’, London: 
CIRIA, C539.

The main disadvantage of a grey water recycling 

system is that even treated grey water should not 

be stored for a prolonged period of time, – between 

one and 14 days as a maximum19, 20. However, this 

does not represent a major problem, since grey 

water can easily be collected and replaced on a 

daily basis.

Dual flush toilets, introduced relatively recently, 

are becoming increasingly common. This in turn 

results in lower water demands for toilet flushing, 

leaving more recycled grey water available for 

outdoor use.

Although the domestic kitchen is responsible 

for 9% of the overall water consumption 

in a typical household, waste water is not 

recommended for reuse in a grey water recycling 

installation because it can contain high levels of 

contaminants, food waste and grease.

Implementing a grey water recycling system 

results in increased capital costs for the building. 

It should be noted that:

‘the operational energy and carbon intensities of 

the systems studied were higher than for mains 

water by … over 100% for most grey water 

applications. The exception is short-retention grey 

water systems which are around 40% less carbon 

intensive than mains water supply’.

Grey water recycling is far from being a ‘grey’ 

area of expertise. There are many suppliers and 

installers, and a multitude of operating systems. 

There are systems for underground irrigation, 

toilet flushing and spray applications for car 

washing and much more.

26  CIBSE Knowledge Series, (2005) Reclaimed Water.

27  www.aqua-lity.co.uk/ [accessed 6 June 2013].
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for grey water use within buildings in the UK’25. It 

one and 14 days as a maximum26, 27. However, this  

25  CIRIA (2001) ‘Rainwater and grey water use in buildings’, 
London: CIRIA, C539.



Table 8 – Water uses and recommended water quality

Water use

Drinking

Cooking

Dishwashinga

Clothes washingb

Bathingc

Showering

WC flushing

Irrigation

Car washing

Potable Potable/non-potable  Non-potable

Water quality

X

X

X

X

X

X X

X

X

X

Kitchen

Bathroom

Outdoor use

a Final rinsing with potable water
b Final rinsing with potable/non-potable water
c If ingestion possible (infant/toddler bathing) then potable water required

35

Figure 21 – A typical grey water recycling system with underground storage and header tank

Source – www.lowenergyhouse.com/grey-water-systems.html [accessed 7 June 2013].



In the UK, grey water systems are legal if they 

comply with certain British Standards and the 

relevant Codes of Practice. Grey water systems 

do not have to be registered or checked on their 

completion. The same rules apply to rainwater 

harvesting systems. This lack of third-party 

verification places the burden of responsibility on 

the equipment supplier and the installer. 

The risks associated with grey water are primarily 

related to health. For the system to become widely 

accepted the risks need to be minimised through 

design, management processes and improvements 

to installers’ skills. The risks are real:

‘In 2010, families in an eco-home development 

in Eastern England were drinking mains water 

contaminated with recycled rainwater, because 

the rain-water harvesting systems installed in 

their houses had direct cross-connections to the 

drinking water supply’21.

The UK has used sewage effluents to maintain 

river flows (and ecosystems) and, through river 

abstractions, to contribute towards potable water 

and augment other supplies. This practice has 

been developed particularly for the major rivers in 

the south and east, including the River Thames, 

where it is not always feasible to abstract 

upstream of sewage works. 

In the Water Resource Plan for East Anglia of 

1994, the National Rivers Authority (a predecessor 

to the Environment Agency) recognised the 

importance of reclaiming wastewater effluents to 

augment the flow in the River Chelmer and the 

water stored in the Hanningfield reservoir in Essex, 

28  SoPHE News 2012 Winter. Available at: www.cibse.org/content/
AAA_Julie_Uploads/sophe%20Winter%202012%20for%20web.pdf [accessed 7 
June 2013].

United Kingdom. Subsequently, the first indirect 

potable reuse project in Europe was implemented at 

Hanningfield in 199722 .

Water quality for this project, including monitoring 

for viruses and oestrogens, has been strictly 

observed. There have also been numerous studies 

of the impact of reuse on the environment (estuary 

ecosystem) and public health. The project was 

developed in two stages.

The first stage involved a temporary system to 

pre-treat the effluent at Langford Works with UV 

disinfection before pumping it to the Hanningfield 

reservoir, a large 27Mm3, 354-hectare bankside 

raw water reservoir with a residence time of up 

to 214 days. Abstraction from the reservoir is 

followed by advanced potable water treatment at 

the Hanningfield Treatment Works. The discharge 

consent was for 30,000m3/d of the sewage 

effluent in 1997 to 1998. 

The second stage of the project involved a more 

traditional water reuse – discharging the effluent 

back into the river and improving the wastewater 

treatment at the Langford Treatment Works. 

This medium/long-term plan was approved in 

2000 and the new tertiary treatment plant has 

been in operation since the beginning of 2002. 

The reclaimed water is discharged into the River 

Chelmer and then abstracted along with river water 

four kilometers (2.5 miles) downstream at Langford 

Treatment Works for drinking water supply’23.

29  Lazarova V, Levine B, Sack J, Cirelli G, Jeffrey P, Muntau H, Salgot 
M and Brissaud F (2001) ‘Role of water reuse for enhancing integrated water 
management in Europe and Mediterranean countries’.

30  EPA (2004) ‘Water reuse outside the US’. Available at: www.iwmi.
cgiar.org/Assessment/files/Synthesis/LowQWater/USEPA%20Chapter%208.
pdf [accessed 7 June 2013].
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drinking water supply’28. 

Hanningfield in 199729.

Treatment Works for drinking water supply’30.

water stored in the Hanningfield reservoir in Essex, 

28  SoPHE News (2012). Available at: www.cibse.org/content/AAA_
Julie_Uploads/sophe%20Winter%202012%20for%20web.pdf [accessed 7 June 
2013].
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Table 9 – Sources of reclaimed water in several countries

Country

Algeria 1990 4,500 - -

Egypt 1993 55,100 2000 1%

Israel 1995 2,000 1995 10%

Kyrgyzstan 1990 11,036 1994 0%

Bahrain 1991 239 1991 6%

Iran 2001 81,000 1999 0.2%

Jordan 1993 984 1997 6%

Lebanon 1994 1,293 1997 0.2%

Cyprus 1993 211 1997 11%

Iraq 1990 42,800 - -

Kuwait 1994 538 1997 15%

Libya 1994 4,600 1999 1%

Morocco 1991 11,045 1994 0.3%

Oman 1991 1,223 1995 2%

Qatar 1994 285 1994 9%

Saudi Arabia 1992 17,018 2000 1%

Syria 1993 14,410 2000 3%

Tajikistan 1989 12,600 - -

Tunisia 1990 3,075 1998 1%

Turkey 1992 31,600 2000 0%

Turkmenistan 1989 22,800 - -

U.A.Emirates 1995 2,108 1999 9%

Yemen 1990 2,932 2000

-

700

200

0.1

15

154

58

2

23

-

80

40

38

26

25

217

370

-

28

50

-

185

6 0%

Annual reclaimed water usage

Year YearTotal used
Mm³

Reclaimed
Mm³

Reclaimed water  
as % of total

Source – www.iwmi.cgiar.org/Assessment/files/Synthesis/LowQWater/USEPA%20Chapter%208.pdf [accessed 6 June 2013].

Table 10 – Use of treated wastewater in Spain in 2004

Application

Irrigation

Urban uses

Industrial uses

Ecological uses

323.0 79.2

33.0 8.1

25.0 6.0

3.0 0.7

24.0 6.00

408.0 100.0Total

Golf courses and recreation uses

Volume (hm³/year) (%)

Source – www.ewaonline.de/journal/2007_07.pdf [accessed 6 June 2013].



 7.1 Grey water recycling – international benchmarking 

Given its relatively recent introduction, there is 

currently no data available to determine how 

much grey water is being reused. In Germany grey 

water systems must be registered with the Health 

Office – where 20 to 60 new grey water systems 

are registered every month24.

The main reason for the lower UK installation 

rate is the split incentive of the UK market where 

the up-front costs of grey water systems fall 

on the developer but the benefits accrue to the 

occupant. In Germany the ‘self-build’ market is 

stronger and hence the long-term benefit of such 

investments can be weighed against the initial 

capital costs. 

An additional downside of the developer-driven 

construction market is that the retrofit of grey 

water or rainwater recycling schemes costs far 

more than it would to fit them during a new build  

 

 
31  IWA (2005) ‘Grey water recycling systems in Germany – results, 
experiences and guidelines’. 

 

construction phase, resulting in even longer 

payback periods.

The use of grey water is more prevalent in 

countries where water is historically in short 

supply. Table 8 provides a comparison of 

annual reclaimed water as a percentage of total 

consumption.

In Spain, waste water is treated and reused 

outside the home in more communal applications 

(Table 9).

International standards vary and Table 10 

presents a summary of requirements for grey 

water recycling systems in various countries.

As can be seen, grey water quality requirements 

are the same across Europe and have to satisfy 

the Bathing Water Criteria, as set out under 

European Directive 2006/7/EC.

 7.2 Grey water – a comparison of international policies

Singapore could be considered a prime example of 

holistic water management. 

‘A main reason as to why Singapore has been 

very successful in managing its water and waste 

water is because of its concurrent emphasis on 

supply and demand management, waste water 

and storm water management, institutional 

effectiveness and creating an enabling 

environment, which includes a strong political will, 

effective legal and regulatory frameworks and an 

experienced and motivated workforce’25.

32  Tortajada C (2006) ‘Singapore: An exemplary case study for urban 
water management’  http://hdr.undp.org/en/reports/global/hdr2006/papers/
cecilia_tortajada_singapore_casestudy.pdf

Singapore’s water cycle is presented on page 41.

As a result of water shortages, new grey water 

policies are emerging in different parts of the world. 

Some countries completely discard the possibility of 

grey water reuse, i.e. Jordan, while others prohibit 

discharge of non-potable water through outlets, i.e. 

Canada’s National Plumbing Code.

In Australia, specific regulations and requirements 

vary by state. For example, in New South Wales: 

‘untreated grey water can be used for subsurface 

irrigation, while in Tasmania, all grey water must be 

treated before reuse. At the national level, Australia 
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registered every month31.

experienced and motivated workforce’32.

32  Tortajada C (2006) ‘Singapore: An exemplary case study for urban 
water management’. Available at: http://hdr.undp.org/en/reports/global/
hdr2006/papers/cecilia_tortajada_singapore_casestudy.pdf [accessed 6 June 
2013].
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Table 11 – Summary of water recycling guidelines and mandatory standards in the United Kingdom and  
other countries

Australia (New South Wales) <1 <2<2/50

<1

<1

<1

>20

–

–

–

–

– – –

–

–

– – –

–

– – –

–

–

–– –

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

––

–

–

–

–

–

–

–

–

–

– –

–

–

–

 –

––

80–120

–

– – –

– ––

–

–

–

–

–

–

–

–

– –

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

– –

–

–

–

–

– –

10

10

5

5

2

3

3

730

<10 <10

–

–

–

–

– –

–

–

–

–

–

– –

– –

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

50

2.2

2.2 –

100 (g) 500 (g)

2,000 (m) 10,000 (m)

2,000 (m) 10,000 (m)

1,000 (m)

<1000

100 (g) 500 (g) 20 (g)

2 (g)

2 (g)

1 (m)

1 (m)

1–2 (m)

5

10,000

2.2 (50%)
12 (80%)

100 (g) 500 (g)

200 (g)

0 (g)

75 (m)

10 10

10 10

80–120

4.5–9

6.5–8.4

6.5–8.5

6–9

6–9

6–9

6–9

6–9

6–9

6–9

6–9

6–9

80–120

80–120

80–120

1

1

1

1

1

1

0.5

2

2

10

10 10

10

15 15

10

20

15 15

20

30

0.5

30

30

100

<200

<100

<1000

25 for any 
sample for 

75%

14 for any 
sample, 

0 for 90%

Oman
11A

Country /region

Arizona

California

Cyprus

EC bathing water

France

South Africa

Spain (Canary Islands)

Texas (m)

Tunisia

UAE

US EPA (g)

WHO (lawn irrigation)

United Kingdom
bathing water criteria

Florida (m)

Germany (g)

Japan (m)

Israel

Italy

Kuwait
crops not eaten raw

Kuwait
crops eaten raw

Oman
11B

Fecal
coliforms

(CFU/100ml)

Total
coliforms

(CFU/100ml)

Helminth
eggs
(#/L)

BOD6
(ppm)

Turbidity
(NTU)

TSS
(ppm)

DO
(% of sat) pH

Chlorine
residual

(ppm)

Note: (g) signifies that the standard is a guideline and (m) signifies that the standard is a mandatory regulaton

Source – www.iwmi.cgiar.org/Assessment/files/Synthesis/LowQWater/USEPA%20Chapter%208.pdf [accessed 6 June 2013].



has developed guidelines26 for grey water reuse, and 

reuse is encouraged through a program that offers 

rebates for the installation of a grey water system’27.

In the United States of America, individual states are  

responsible for governance with no national 

guidelines. Tufvesson states that: ‘California was the 

first State to permit the reuse of grey water, and the 

three-tiered system employed in Arizona is widely 

regarded as one of the most progressive’28. Under 

Arizona’s regulations: 

•	 systems producing less than 1,515 litres a day 
must meet a list of best management practices 
and is covered by a general permit;

•	 systems processing between 1,515 and 11,355 
litres a day require a permit;

•	 systems generating more than 11,355 litres a 
day are subject to case-by-case assessment.

In Tokyo, Japan, it is mandatory to install a grey water 

recycling system for a building with an area of over 

30 000m2 or with potential non-potable demand  of 

100m3 per day29.

33  Australian Guidelines for Water Recycling: Managing Health and 
Environmental Risks.  Available at: www.ephc.gov.au/taxonomy/term/39  
[accessed 10 June 2013].

34  Pacific Institute (2010) Overview of Greywater Reuse: The Potential 
of Greywater Systems to Aid Sustainable Water Management. November.

35  Tufvesson A (2009) ‘Greywater treatment and technology’. Available 
at: www.worldplumbinginfo.com/greywater-treatment-and-technology  
[accessed 7 June 2013].

36  Environment Agency (2008) ‘Greywater: An information 
guide’ www.environment-agency.gov.uk/static/documents/Research/

Article 12 of The European Council Directive 91/271/

EEC of 21 May 1991 concerning urban wastewater 

treatment states that ‘treated wastewater shall be 

reused whenever appropriate’37. However, no further 

explanation is given and the interpretation is left open.

Germany is a leader in Europe in the use of grey 

water; here systems have to be registered with the 

Health Office ‘in order to guarantee that no cross-

connections exist with the drinking water network 

and that pipes are labelled according to regulations’30. 

As mentioned earlier in the report, as a result of 

the self-build nature of the construction industry in 

Germany, about 95% of the supplied systems are 

installed in single and double-family households 

with a treatment capacity of about 600 litres a day. 

However, most of them are not being used to their full 

capacity. 

The system requires a standing area of 0.81m2 

and a room height of 1.88m. With investment 

costs of about 5,000 euros (including installation) 

and operational costs of 20–25 euros/year for 

energy, 200m3 of water can be saved yearly if the 

system is used to its full capacity. Experience 

has shown that with larger systems the relation 

between investment and saving potential is clearly 

improved39.

geho0408bnwqee_2033772.pdf  [accessed 6 June 2013].
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has developed guidelines33 for grey water reuse, and 

and that pipes are labelled according to regulations’31.  

improved31.

rebates for the installation of a grey water system’34.

100m3 per day36.

regarded as one of the most progressive’35. Under 

geho0408bnwqee_2033772.pdf  [accessed 6 June 2013].

37  The European Council Directive 91/271/EEC of 21 May 1991 
Available at http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG
:1991L0271:20081211:EN:PDF [accessed 6 June 2013].
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Figure 22: Singapore’s water cycle

Source – Innovation In Water Singapore. Available at: www.ewi.sg/pdf/publication/InnovationWater_vol2.pdf [accessed 6 June 2013].

Table 12 – Typical incremental costs for achieving different water use targets (2011)

Water reduction 
strategy

Target
significance

Low-water use fittings/
dual flush toilets

Simple rainwater 
storage

UK base

Base

200 200

300

0

100

2,500 2,700Grey water

Part G  
Code 1/2

Code 3/4 Code 5/6
EA future
target

Cumulative cost (£)

Water use target (litres per person per day)

150
Cost (£)

150 150 150

Source – Hoare Lea research.
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 7.3 The economics of grey water in the UK

The installation of grey water systems would form 

part of an overall water management strategy based 

upon an incremental approach of implementing 

the most cost-effective measures first. The extent 

to which measures and, therefore, the associated 

capital cost, are implemented will depend upon 

the water use target. Table 13 shows the cost of 

achieving the different targets in a typical four-

bedroom house

It is clear from Table 13 that the cost of installing a 

grey water system is a significant step up. Each grey 

water recycling system comprises the additional 

plumbing required to collect grey water from the 

bath, showers, etc. The plumbing material cost is 

almost double when compared to a typical system. 

However, the bulk of costs (i.e. fittings, sanitary ware, 

etc.) remain the same.

Nonetheless, the payback period of a grey water 

recycling system will always depend on the actual 

water consumption – the more water used, the 

shorter the payback period. The table below 

illustrates payback periods for various hypothetical 

scenarios based upon CIRIA 539 Report, 2001.

The analysis summarised in Table 14 was based 

upon a hypothetical scenario with average water and 

sewerage charges. However, water and sewerage 

charges vary across the country and have increased 

since the study was undertaken.

A more detailed analysis has been undertaken based 

on three different occupancies, each of which is 

described numerically in Table 15.

The payback has been assessed for each 

scenario against the water and sewerage charges 

for each water region31. The results are presented 

in Table 16.

There is considerable variation between different 

parts of the UK in relation to wholesome and 

wastewater charges. These variations manifest 

themselves in the range of payback periods between 

less than three and almost 15 years for chosen case 

studies.

Nonetheless, it must be noted that the above 

table does not take into account a number of 

considerations that could have a dramatic impact on 

both consumption and (therefore) utility bills.

When grey water recycling systems are installed they 

are usually part of an overall water strategy which 

includes dual flush toilets and low-flow fittings, 

leading to lower water consumption and utility bills.

Grey water systems may trigger behavioural changes 

among occupants and result in the more prudent use 

of water.

Two very clear conclusions can be drawn. Firstly, that 

scale matters; the larger the installation, the better 

the economics, as can be seen clearly in Table 16 

from the number of green boxes under Scenario 3, 

representing installations with simple paybacks of 

less than five years. 

Secondly, in areas where water and sewerage 

charges are low, the paybacks are higher, a fact 

that is reinforced if the data in Table 16 is reordered 

according to the combined water/unit charges from 

low to high (see Table 17).

38  Hoare Lea (2013) ‘Water and Sewerage charges across the UK.’ (See 
Appendix 3.)

for each water region38. The results are presented 



Table 13 – Cumulative payments versus cumulative savings (with and without a grey water  
recycling system) based upon water and sewerage charges in Bristol

1 month 6318 12 6 14 -2,486

6 months 375110 73 36 81 -2,419

1 year 751219 147 72 162 -2,338

2 years 1,502438 293 145 325 -2,175

5 years 3,7541,095 734 361 811 -1,689

15 years 11,2623,285 2,201 1,084 2,434 -66

96

745

2,368

16 years 12,0133,504 2,348 1,156 2,500

20 years 15,0174,380 2,935 1,445

30 years 22,5256,570 4,402 2,168

Without grey water recycling With grey water recycling worth £2,500

Family of four with daily water consumption of 600 litres in Bristol

Cumulative 
mains usage 
(m³)

Cumulative water 
and sewerage  
costs (£)

Cumulative  
mains usage  
(m³)

Cumulative  
grey water
usage (m³) 

Cumulative  
payments
for the
 installation
(£) 

Net savings
(£) 

Table 14 – Payback periods for grey water systems

Occupancy
(number of individuals)

Payback period
(years)

1 2 3 4 5

92 46 31 23 18
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Table 15 – Criteria for case study option 1 – single family residential building

Number of occupants (persons) 4 30 100

Average water consumption (litres per person per day) 150 150 150

Daily water consumption (litres per day) 600 4,500 15,000

Annual water consumption (m³ per year) 219 1,643 5,475

Personal hygiene water for greywater collection (35%) (m³ per year) 76 575 1,916

Flushing water demand (26%) (m³ per year) 57 427 1,424

Outdoor water demand (7%) (m³ per year) 15 115

542

         383

Total non-potable water demand (33%) (m³ per year) 72          1,807

Estimated rounded cost (£) 2,500        25,000      10,000

Scenarios
Criteria

1 2 3

It is self-evident that as the unit costs of water rise 

(the combined charge), so the benefits of water 

demand reduction increase. 

The question arises, however, as to whether there 

is a relationship between the availability of water 

resources in the local water region and the unit 

cost of water charged. The water stress index is 

used as the measure of water availability and is 

compared with the charges in Table 1432. It can 

be seen in Figure 20 that there is no relationship 

between the two.

39  Environment Agency ‘Areas of water stress: final classification’. 
Available  at: www.svcwater.com/assets/downloads/Areas_of_water_stress_ 
final_classification.pdf [accessed 6 June 2013].

Figure 23 – Comparison of water stress index and combined water and sewerage charges (See Table 17)
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compared with the charges in Table 1439. It can 
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Table 16 – Payback period for different options (figures in years) based on current water charges 

Water company 1 2 3

Bristol Water

Bournemouth Water

Cambridge Water

Cholderton and District Water

Dee Valley Water

Essex and Suffolk Water

Hartlepool Water

Portsmouth Water

South East Water

South Staffordshire Water

Sutton and East Surrey Water

Veolia Water Central

Veolia Water East

Veolia Water South East

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Welsh Water Welsh Water

Welsh Water

Northumbrian Water Northumbrian Water

Scottish Water Scottish Water

Severn Trent Water Severn Trent Water

South West Water South West Water

Southern Water Southern Water

Southern Water

Southern Water

Southern Water

Southern Water

Severn Trent Water

Thames Water Thames Water

Thames Water

Thames Water

United Utilities United Utilities

Wessex Water Wessex Water

Wessex Water

Wessex Water

Yorkshire Water

Payback
Less than 5 years

Less than 10 years but greater than 5 years

Greater than 10 years

Legend

Yorkshire Water

Northern Ireland Water Northern Ireland Water

Sewerage company

8.20 5.77

5.58

5.04

5.09

5.04

7.01

7.29

6.22

5.59

7.19

5.00

5.31

5.94

7.18

5.38

6.40

6.04

6.55

6.57

5.00

8.73

9.38

5.47

5.04

5.83

5.93

7.62

7.23

5.60

9.04

6.51

6.66

5.98

8.78

8.33

8.37

8.51

9.31

8.31

7.97

8.09

8.51

7.88

8.12

6.04

9.03

7.31

8.06

7.08

10.09

10.23

10.12

13.31

14.26

3.95

10.66

11.04

10.05

10.66

3.39

3.62

4.67

4.48

4.59

4.13

4.69

3.80

8.36

4.23

3.85

4.51

4.66

2.72

2.75

4.27

3.58

4.78
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Table 17 – Payback period for different options (figures in years) based on current water charge
 (reordered according to combined unit charges)

Water company 1 2 3

Cambridge Water

Essex and Suffolk Water

Portsmouth Water

Dee Valley Water

Hartlepool Water

South East Water

South Staffordshire Water

Sutton and East Surrey Water

Veolia Water Central

Veolia Water South East

Veolia Water East

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Welsh Water

Welsh Water

Welsh Water

Northumbrian Water Northumbrian Water

Cholderton and District Water

Scottish Water Scottish Water

Bournemouth Water

Severn Trent Water Severn Trent Water

South West Water South West Water

Bristol Water

Southern Water Southern Water

Southern Water

Southern Water

Southern Water

Southern Water

Severn Trent Water

Thames Water

Thames Water £1.63

£1.87

£1.88

£1.91

£2.14

£2.44

£2.44

£2.53

£2.68

£2.69

£2.72

£2.74

£2.81

£2.90

£2.91

£2.98

£3.03

£3.04

£3.21

£3.22

£3.32

£3.56

£3.62

£3.83

£4.94

£5.00

Thames Water

Thames Water

United Utilities United Utilities

Wessex Water

Wessex Water

Wessex Water

Wessex Water

Yorkshire Water Yorkshire Water

Northern Ireland Water Northern Ireland Water

Sewerage company Combined
charge64
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9.38

14.26

13.31

11.04

10.12

10.66 8.36

10.09

10.66

10.23

10.05

3.95

4.67

4.78

4.69

4.66

4.59

4.51

4.48

4.27

4.23

4.13

3.85

3.58

2.72

2.75

3.8

3.39

3.62

7.29

7.19

7.01

6.22

5.58

5.09

5.09

5.04

5.04

5

5.31

9.04

8.73

7.62

7.18

7.23

6.66

6.55

6.4

6.57

6.51

5.98

6.04

5.93

5.94

5.83

5.77

5.6

5.47

5.38

5.04

5

8.06

9.31

8.37

7.08

8.51

7.88

8.78

8.51

9.03

7.97

8.33

8.09

8.31

7.31

6.04

8.2
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Table 18 – Comparison of water stress index and combined water and sewerage charges

Water company

Bristol Water

Wessex Water

Dee Valley Water

Portsmouth Water

Cholderton

Yorkshire Water

Anglian

South East Water

Hartlepool Water (now Anglian)

Severn Trent Water

Bournemouth Water

Southern Water

Northumbrian Water

South Staffordshire

Cambridge Water

Sutton and East Surrey

United Utilities

South West Water

Essex and Suffolk Water

Thames Water

22

25

39

24

25

34

36

5

29

34

40

25

32

36

39

27

31

41

40

£3.04

£3.83

£2.69

£2.72

£3.32

£2.53

£3.03

£3.62

£2.68

£2.44

£2.98

£3.21

£2.14

£1.91

£2.44

£1.87

£2.74

£5.00

£2.90

£1.88

Water stress index
Combined water/ 
sewerage charge
(see Appendix 3)
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8. Discussion

8.1 General

Grey water recycling has had limited market 

penetration in the UK and is not widely used or 

installed. There are a number of domestic and 

commercial reasons for this:

Domestic

•	 The new build housing market in the UK 
is dominated by developers who have no 
financial incentive to install grey water systems, 
unlike in Germany where the market has a 
higher proportion of self-build projects.

•	 The cost of providing separate black (i.e. 
sewerage) and grey wastewater drainage 
systems is significant, despite its potential to 
save water.

•	 The limited market penetration keeps capital 
costs high.

•	 Grey water systems are difficult to retrofit due 
to space restrictions and internal layouts. 

•	  

 
The UK has a low percentage of metered 
supplies, reducing the incentive for the 
occupant to save potable water.

•	 There are on-going maintenance costs for plant 
and equipment.

•	 There are health concerns, particularly in the 
long term, related to the risk of the enthusiastic 
‘DIYer’ making modifications without a full 
understanding of the consequences of their 
actions. 

Commercial

•	 As with domestic new build projects, 
commercial developments focus on first cost 
rather than whole life costing.

•	 There is a lack of familiarity with and concern 
about on-going health and safety issues.

 

Investment can be directed across a range of 

alternative strategies but, broadly, can be split 

between those on the supply side (infrastructure) 

and those on the demand side (water saving). 

Investments in the infrastructure will be 

undertaken by the water and sewerage 

companies as determined by their regulated 

obligations and license requirements, whereas 

investment in demand reduction lies largely with 

developers and consumers, driven either by 

regulations, planning or financial incentives. That 

said, water companies are heavily involved in 

encouraging demand reduction through incentive 

schemes and education.

It is worth considering where investment 

might yield the best return. The calculations 

are deliberately simplistic to give an order of 

magnitude comparison between alternative 

strategies and to place the use of grey water 

within that range.

Using data on the anticipated growth in 

household numbers of 39,000 households per 

annum up to 2031 and assuming this continues 

to 2050, it is possible to estimate the increase 

in demand based on a range of per capita water 

demand figures 1. 

40 Communities and Local Government (2009) 'Housing requirements 
and the impact of recent economic and demographic change'. 
Available at: www.westnorthamptonshirejpu.org/connect.ti/website/
view?objectId=9479205 [accessed 6 June 2013].48

8.2 Where should investment be focused to improve water
infrastructure resilience?

demand figures 40. 



Figure 24 – Cost of alternative strategies for meeting water demand in the south east of England
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Assumed water use – litres per capita per day

Transport - Pennines to London (low)

Transport - Wales to London

Reservoir (Portsmouth)

Reservoir (Abingdon)

Metering

Leakage control (Bristol)

Demand management – cumulative

Table 19 – Unit cost of water supplied/saved

Infrastructure Reservoir

Transport

Portsmouth 12.3

11.0

38.4

21.9

0.86

8.2

4.6

13.7

23.8

Abingdon

High

Low

Pressure reductionLeakage

Metering

Low-water use fittings

Simple rainwater

Grey water

Demand reduction

Basis
Capital cost per m3  saved
(£/m3)
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Using data gathered from a variety of sources 

reported in Table 3, the unit capital cost capital 

cost of each strategy can be calculated – see 

Table 19.

The total capital cost of meeting the anticipated 

increase in demand can be calculated for each of 

the assumed target water uses (Figure 23). Refer 

to Appendix 8 for assumptions and calculations.

The comparison using demand management 

assumes a cumulative approach whereby for each 

incremental improvement a new technology is 

added such that it is only with the final step from 

100 lpd to 80 lpd that grey water is introduced.

A number of observations can be made from this 

simple analysis:

1. The cost of leakage reduction based on 
pressure reduction is consistently lowest 
across all target water uses.

2. The cost of demand management 
improvement based upon low-flow water 
fittings and appliances is comparable with 
leakage reduction until the introduction of grey 
water. 

3. The introduction of grey water as a strategy 
is expensive in comparison to investments, 
including additional reservoir capacity.

4. The cost of grey water and collection results 
in a comparable cost with the higher range of 
interregional water transport.

Future demand from new households is only part 

of the story and the existing housing stock needs 

to be considered. Consider the following:

If 10% of the UK population (62,641,000) were 

to install a grey water recycling system, water 

companies would have to supply 281,885m3 

per day less and the current average water 

consumption of 150 lpd would drop to 145 lpd. 

Taking this a step further and assuming that 

10% of the population already has a grey water 

recycling system and an additional 1% of the 

population were to have a grey water recycling 

systems installed every year (686 installations 

a day – on average one installation serves 

2.5 persons), then in 2042, with 50% of the 

population using grey water for flushing toilets, 

the average water consumption in the UK would 

drop to 125 lpd, meeting the current target 

identified in the Building Regulations for new 

dwellings. 

For comparison, and considering the current level 

of leakages, water companies supply 210 lpd with 

only 150 litres actually reaching the consumer.

If the industry were to reduce leakages by 10% 

above the total domestic water consumption, the 

water companies would have to pump 337,100m3 

less per day to meet current water demands.

With water being relatively cheap and abundant 

in the UK, and the installation of grey water 

recycling systems being relatively expensive to 

install, particularly on a retrofit basis, it is unlikely 

that this approach will gather much support or 

momentum without financial incentives.

It is far easier to install a simple rainwater 

harvesting system (e.g. a water butt) to water the 

garden or wash the car than it is to retrofit a grey 

water system. 
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8.3 Overcoming the barriers to grey water?

There is no easy answer to how to encourage 

people to recycle water. Water is required to 

sustain life and it is in the public interest that water 

continue to be an affordable commodity. Education 

and various initiatives could be introduced to 

encourage more people to ‘go grey’.

As has been seen from the earlier analysis, grey 

water is currently expensive in comparison to 

alternative strategies.

In order to overcome these barriers the following 

measures would need to be implemented: 

•	 All water supplies to be metered, encouraging 
awareness of water use and cost.

•	 The tariff system would need to discourage 
excessive use of potable water.

•	 Unmetered supply users would need to pay 
higher charges to encourage switching to 
metered ones.

While there is undoubtedly pressure on water 

resources in some parts of the United Kingdom, 

notably the South East, pressure will continue 

to grow as demand from population growth and 

changes to rainfall patterns due to climate change 

make an impact. Recognising that conditions at 

present do not favour the installation of grey water 

systems but that the need for them may well 

become necessary in future, houses should be 

designed to accommodate the future installation 

of a grey water system, allowing space for the 

necessary plant and ancillary equipment. 

The grey water supply industry could also 

consider an alternative business model where 

the capital cost of installation is met by a 

manufacturer and the user pays from the resulting 

savings in their water bill, aligning domestic water 

saving with the UK government’s Green Deal ‘pay 

as you save’ approach. 

For comparison, the payback period for a 

family of four served by Scottish Water would 

see their first savings after less than six years. 

Savings in areas where water and sewerage 

charges were lower, then the paybacks would 

be proportionately longer.  The financial model 

would be more complex than the simple example 

given and would need to include interest rates, 

inflation, water and sewerage charges increases, 

maintenance and replacement costs, etc.

Financial initiatives play the major role when 

considering whether to implement grey water 

recycling, but there are some other barriers to 

overcome: 

•	 cultural issues and a common misconception 
about grey water;

•	 lack of experience and expertise within 
the design, development and consumer 
communities;

•	 other more cost-effective BREEAM credits.

The government, water companies and 

engineering bodies need to engage with the 

general public to promote sustainability and to 

explain the importance and advantages of grey 

water reuse.

Some water companies are investigating the 

possibility of introducing seasonal tariffs to 

encourage water saving behaviour during summer 

months2. But this on its own might not be enough 

to achieve significant reduction in potable water 

consumption. 

One of the major reasons grey water reuse 

systems are implemented in house design in the 

UK is down to the Code for Sustainable Homes. 

The Code requires either rainwater or grey water 

reuse for toilet flushing in order to achieve its 

highest level, with a predicted potable water 

41  Veolia Water Central (2010) Water Resources, Management Plan, 
Main Report.
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months41. But this on its own might not be enough 



consumption of 80 litres per person per day. 

As has already been highlighted, grey water 

implementation has a significant effect on capital 

costs. It is important to take a broad view of the 

use of grey water, and to take into account the 

benefit of code level compliance compared to the 

additional complexity, maintenance costs, local 

resource issues, tax incentives and economic 

criteria.

 

 8.4 Lessons from international examples

As outlined earlier in the report, there are 

countries where financial incentives are available 

for those who want to install or are installing grey 

water reuse systems. The inclusion of such a 

system in the early stages of design could be very 

significant. 

In Germany, every grey water system has to be 

registered and checked by an official to ensure 

there are no cross-connections and that pipework 

markings are correct. This simple action limits the 

potential risk of contamination. It also provides 

useful information on the number of installed grey 

water recycling systems and their capacities.

53



9. Conclusions

Although the water industry is heavily regulated 

there are many uncertainties with regard to basics 

such as water consumption and the level of 

leakages in network systems. 

The analysis presented in this report highlights 

that there are many other more cost-effective 

means of reducing water demand than the 

installation of grey water systems. However, as 

with other technologies, grey water systems 

would benefit from economies of scale and were 

such systems to become the norm, a significant 

reduction in cost might be expected.

The industry has been focused on reducing leaks, 

increasing the proportion of metered supplies, 

and encouraging consumers to fit demand 

reduction technologies while improving water 

quality and overall environmental performance. As 

water resource pressures grow, the industry and 

the UK more generally will need to consider new 

strategies to enhance sustainability and reduce 

consumption further.

As with many industries there are conflicts of 

interest between the different groups who have an 

influence over water use and technology.

The water company is obligated to reduce its 

leakages, improve pumping efficiency and has a 

business need to maintain profitability.

The developer wants to minimise capital 

expenditure in order to maintain profit margins 

and reduce installation times.

 

The customer wants the most water-efficient 

system, providing it delivers the correct level of 

service and requires the minimum amount of 

maintenance.

At present the consumer is largely unaware of the 

cost of water use or of low water-use strategies 

and is therefore in no position to influence the 

water companies or developers. The developers 

will not spend more on grey water or similar 

systems unless they are required to by regulatory 

or planning requirements. 

The importance of the water tariff should not 

be overlooked as it impacts not only on user 

behaviour but also the economic viability of 

investment in systems such as grey water 

recycling. There does not appear to be any 

relationship between water scarcity in a region 

and the cost of water.

The introduction of region-specific guidelines 

would place the emphasis on any new 

development to ensure that grey water systems 

are considered, as a matter of necessity. A 

solution would have to include region-by-region 

proposals based on actual water stress, water 

resources, planned developments and planned 

population growth.
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Appendix 1 – The UK water industry

Source – www.water.org.uk/home/our-members/find-water-company [accessed 6 June 2013].
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Appendix 2 – The UK sewerage industry

Source – www.water.org.uk/home/resources-and-links/links/water-operators/sewerage-operators [accessed 6 June 2013].



Bristol Water £39.00 £1.26 £46.00 £1.78

£23.50 £1.20 £46.00 £1.78

£25.60 £0.86 £46.00 £1.58

£42.00 £1.24 £18.17 £2.08

£29.60 £1.08 £75.00 £1.61

£38.00 £1.32  £46.00 £1.58

£29.00 £1.10 £46.00 £1.58

£30.00 £0.98 £28.00 £0.65

£136.42 £2.14 £140.10 £2.80

£34.00 £1.54 £17.00 £1.20

£29.55 £0.64 £18.17 £2.08

£34.68 £1.64 £46.00 £1.58

£39.12 £1.52 £18.87 £0.92

£19.00 £2.05 £46.00 £1.78

£21.00 £1.54 £18.17 £2.08

£33.36 £1.48 £18.17 £2.08

£37.44 £1.96 £15.00 £3.04

£80.88 £1.18 £46.13 £1.35

£90.00 £0.99 £18.87 £0.92

£29.00 £1.45 £46.00 £1.58

£26.37 £1.13 £18.17 £2.08

£70.00 £1.08 £80.00 £1.73

£24.72 £1.22 £28.00 £0.65

£38.00 £1.11 £115.20 £1.03

£32.00 £1.30 £75.00 £1.61

£63.00 £1.23 £28.00 £0.65

Cholderton and District Water

Hartlepool Water

South Staffordshire Water

Bournemouth Water

Dee Valley Water

Portsmouth Water

Sutton & East Surrey Water

Cambridge Water

Essex & Suffolk Water

South East Water

Veolia Water Central

Veolia Water East

Veolia Water South East

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Welsh Water Welsh Water

Welsh Water

Northumbrian Water Northumbrian Water

Scottish Water Scottish Water

Severn Trent Water Severn Trent Water

Severn Trent Water

South West Water South West Water

Southern Water Southern Water

Southern Water

Southern Water

Southern Water

Southern Water

Wessex Water Wessex Water

Wessex Water

Wessex Water

Thames Water Thames Water

Thames Water

Thames Water

Yorkshire Water Yorkshire Water

United Utilities United Utilities

Northern Ireland Water Northern Ireland Water

Standing
charge

Water
charge

Water

Water company

Sewerage

Sewerage  
company

Standing 
charge

Sewerage
charge
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Appendix 3 – 2012–2013 Water and sewerage charges across the UK

Source – Hoare Lea Research (2012).

Source – www.water.org.uk/home/resources-and-links/links/water-operators/sewerage-operators [accessed 6 June 2013].



Water company Sewerage company 1 person 3 persons 5 persons

Bristol Water

Wessex Water Wessex Water

Wessex Water

Wessex Water

Dee Valley Water

Portsmouth Water

Cholderton and District Water

Yorkshire Water Yorkshire Water

Northern Ireland Water Northern Ireland Water

South East Water

Hartlepool Water

Severn Trent Water Severn Trent Water

Severn Trent Water

Bournemouth Water

Scottish Water Scottish Water

Northumbrian Water Northumbrian Water

South Staffordshire Water

Cambridge Water

Sutton and East Surrey Water

Veolia Water Central

Veolia Water East

Veolia Water South East

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Anglian Water

Welsh Water Welsh Water

Welsh Water

United Utilities United Utilities

South West Water South West Water

Southern Water Southern Water

Southern Water

Southern Water

Southern Water

Southern Water

Essex and Suffolk Water

Thames Water Thames Water

Thames Water

Thames Water

£248.00 £573.99 £899.99

£229.28 £548.83 £868.39

£202.75 £465.06 £727.37

£238.55 £595.30 £952.05

£248.81 £537.22 £825.64

£239.24 £549.72 £860.20

£218.53 £505.60 £792.66

£194.89 £489.22 £783.56

£233.15 £621.11 £1,009.07

£210.90 £414.97 £619.04

£151.71 £349.69 £547.66

£144.22 £316.66 £489.10

£252.73 £596.82 £940.91

£242.60 £624.75 £1,006.89

£236.78 £560.35 £883.92

£262.85 £574.56 £886.27

£267.29 £495.46 £723.63

£541.06 £1,070.14 £1,599.23

£187.63 £446.92 £706.20

£320.71 £857.25 £1,393.78

£217.40 £563.13 £908.85

£190.22 £388.67 £587.11

£196.70 £488.09 £779.49

£269.10 £677.29 £1,085.49

£262.52 £533.53 £804.54

£300.95 £602.85 £904.76

60

  

 

    Appendix 4 – Costs for the average water consumption,     
 assuming 150 litres per person per day in the UK
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   Appendix 5 – Annual cost for average water consumption,  
assuming 150 litres per person per day in the UK



Appendix 6 – Typical above-ground drainage system with/without
grey water recycling installation
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Appendix 7 – Grey water recycling – the technology

Examples of equipment/manufacturer/supplier options – domestic and commercial

i) A typical example of a small domestic grey water recycling system is manufactured by Polypipe UK 

Ltd3 and is called the Ecoplay recycling unit. This is a micro grey water recycling system. The system 

works in exactly the same way as a standard toilet. Bath and/or shower waste water collects in a 

cleaning tank. A skimmer removes light surface debris such as foam, hairs and soap, while heavier 

waste particles sink and are flushed away to waste. ‘Clean’ water is then transferred to the storage 

tank. Combined storage capacity is 100 litres, which provides approximately 15 flushes.

 

42  www.ecoplay-systems.com [accessed 10 June 2013].

Figure 25 – The Polypipe Ecoplay grey water recycling unit for domestic applications
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Ltd42 and is called the Ecoplay recycling unit. This is a micro grey water recycling system. The system 



Strengths Weaknesses Opportunities Threats

SWOT analysis

Compact ‘all-in-one’ 
design

Well-planned layout 
would include the 
unit ‘built-in’ the wall

Can reduce mains 
water consumption 
and drainage by up to 
30%

Wastewater cannot be 
stored for a prolonged 
period due to the size 
of storage tank and 
lack of treatment

If pumping is required, 
an additional pump 
requires continuous 
maintenance access 
and contributes to 
increased energy 
consumption

The unit only partially 
reduces flushing 
water demand

The unit requires 
240x860mm footprint 
at the back of a 
cloakroom reducing 
the available space

Requires normal 
gravity feed from 
contributing 
appliances above to 
avoid the need for 
additonal pumps

Uses electrical energy

Generates savings on 
water and sewage bills

Can be retrofitted

Meets the growing 
trend towards 
sustainable 
construction

There is a potential to 
include a pump to lift 
the discharge to feed 
the unit at high level

If retrofitted the 
unit will reduce 
the footprint of the 
cloakroom

2.3m high unit will 
not fit in a typical 
‘new house’ with 
low floor-to-ceiling 
height

Table 20 – Strengths, weaknesses, opportunities and threats (SWOT) analysis for the  
Ecoplay grey water recycling unit
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ii) The figure below indicates a domestic-size grey water recycling system that utilises biological 

treatment from bathroom and sanitary specialists Hansgrohe.

 

The system utilises the following treatment processes:

•	 Pre-filtration.The grey water enters a filter which retains coarser particles such as textile fluff, hairs, 

etc. The filter is cleaned automatically at regular intervals and the residues are fed into the waste 

water drain.

•	 Biological treatment. After pre-filtration, the grey water undergoes a two-stage biological treatment 

process. In stage 1, the water is treated under the supply of atmospheric oxygen. Micro-organisms 

adhering to the surface of the carrier material introduced into the tanks of stages 1 and 2 break down 

the biodegradable content of the water by their metabolic processes. After several hours, the water 

is pumped from stage 1 to stage 2, where it undergoes the same treatment for a second time.

•	 Sedimentation. During the biological treatment process (stages 1 and 2), surplus biologically active 

sludge is generated. This is automatically removed at set intervals and fed into the waste water drain.

•	 UV disinfection. After the sedimentation stage, the water enters stage 3, in which it passes through 

a UV lamp for sterilisation purposes. The recycled water is now odourless and storable. Additionally, 

each system is provided with an automatic drinking water top-up system to ensure the consumers 

are supplied in the event of a shortfall in water generation. If too much water is generated, it is fed via 

an overflow pipe into the waste water drain to prevent a system overflow.

Figure 26 – A Hansgrohe grey water recycling unit for domestic applications 

Source – The Pontos AquaCycle by HansGrohe. See www.hansgrohe.com/en/3226.htm [accessed 10 June 2013].
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The following is a list of uses for grey water, as suggested by the makers of the Hansgrohe4: 

•	 toilet flushing

•	 house cleaning

•	 road cleaning

•	 green area watering, car washing, etc.

43  www.hansgrohe.com/en/3226.htm [accessed 10 June 2013].

Strengths Weaknesses Opportunities Threats

SWOT analysis

Recycling waste 
water in a biological/
mechanical process 
– without chemical 
additives

The grey water is 
cleaned in a multi-
stage process and 
disinfected by UV-
radiation

Fully automated, 
closed recycling 
system with a low-
maintenance, non-
weather-dependent 
cleaning procedure

The unit requires 
significant area for 
installation

Uses electrical energy

Can be retrofitted

Compact design

Generates savings 
on water and sewage 
bills

Grey water can be 
reused for a number 
of applications

Meets the growing 
trend towards 
sustainable 
construction

There is the potential 
to include a pump to lift 
the discharge to feed 
the unit at high level

If retrofitted the 
unit will reduce 
the footprint of the 
ground floor

Table 21 – SWOT analysis for domestic-size Hansgrohe grey water recycling unit
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The following is a list of uses for grey water, as suggested by the makers of the Hansgrohe43:



iii) Figure 27 indicates a commercial-size packaged grey water recycling system from the Pontos range.

Figure 27 – Pontos AquaCycle for commercial applications

Source – The Pontos AquaCycle by HansGrohe. See www.hansgrohe.com/en/3226.htm [accessed 10 June 2013].

Table 22 – SWOT analysis for commercial-size Hansgrohe grey water recycling unit

Strengths Weaknesses Opportunities Threats

SWOT analysis

Recycling waste 
water in a biological/
mechanical process 
– without chemical 
additives

The unit requires 
significant area for 
installation

Uses electrical energyThe grey water is 
cleaned in a multi-
stage process and 
disinfected by UV-
radiation

Fully automated, 
closed recycling 
system with a low-
maintenance, non-
weather-dependent 
cleaning procedure

Generates savings 
on water and sewage 
bills

Meets the growing 
trend towards 
sustainable 
construction

Retrofit very unlikely, 
since the unit is 
designated for 
bigger buildings with 
high non-potable 
water demand, 
meaning that 
additional grey water 
collection system is 
needed
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iv) Another commercial-size grey water recycling system is available from Aquality. The system utilises a 

number of treatment stages, i.e.: 

a) pre-treatment

b) aerobic treatment

c) utrafiltration.

 

 

The following are components of a typical grey water system supplied by Aquality: 

1) Coarse filter – with back wash facility.

2) Grey water buffer tank – collects the incoming grey water for treatment.

3) Aerator – supplies water with oxygen and keeps membranes free from dirt deposit.

4) Membrane filter – guarantees water quality.

5) Treated grey water storage – keeps water available for reuse.

6) Aqua recycling-control – monitors and controls treatment process.

7) Aqua control – booster pump set with mains back-up facility and controls.

8) Floor drain – needed as a safety measure.

Figure 28 – Aquality packaged grey water system for commercial applications

Source – www.aquality.co.uk/ [accessed 10 June 2013].
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Grey water recycling proves to be beneficial not only from the point of view of potable water 

consumption, but also because it reduces utility bills by incorporating heat recovery. Lowered potable 

water consumption and reduced energy usage are possible with the use of a grey water recycling unit 

offered by Hansgrohe5. The system: ‘enables the thermal energy of grey water from showers and baths 

to preheat water services’. As a direct result, the incoming cold water feeding a hot water cylinder is 

pre-heated, resulting in smaller ΔT (i.e. incoming cold water temperature is 25°C with ΔT=35K instead of 

typical 10°C with ΔT=50K). Figure 29 indicates the grey water recycling unit with built-in heat exchanger.

44  www.hansgrohe.co.uk/1187.htm  [accessed 6 June 2013].

Strengths Weaknesses Opportunities Threats

SWOT analysis

Recycling waste 
water in a biological/
mechanical process 
– without chemical 
additives

The greywater is 
cleaned in a multi-
stage process and 
disinfected by a 
membrane filter

Fully automated, 
closed recycling 
system with a low-
maintenance, non-
weather-dependent 
cleaning procedure

The unit requires 
significant area for 
installation

Uses electrical energy

Compact design

Meets the growing 
trend towards 
sustainable 
construction

There is a potential to 
include a pump to lift 
the discharge to feed 
the unit at high level

Generates savings on 
water and sewage bills

Greywater can be 
stored up to 14 
days and reused 
for a number of 
applications

Minimal opportunity 
to retrofit the unit

Table 23 – SWOT analysis for commercial-size Aquality grey water recycling unit
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offered by Hansgrohe44. The system: ‘enables the thermal energy of grey water from showers and baths  



 

Another grey water system worth mentioning is Equaris, available on the American market.

 

The system is offered on its own or with an additional separation system that converts, if combined, ‘90 

to 95% of all toilet and kitchen organic wastes to odourless carbon dioxide and water vapour’.

Figure 29 – Grey water recycling unit with built-in heat exchanger 

Figure 30 – Domestic grey water recycling system Equaris

Source – www.equaris.com/default.asp?Page=Wastewater [accessed 10 June 2013].
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The supplier lists a number of advantages of their technology and says that it helps: 

•	 communities that cannot afford a piped water and/or sewer system;

•	 locations that have water quality or availability problems;

•	 properties or developments that are deemed unbuildable because of:

• non-availability of piped water or sewer

•	 lot	size	and	setback	limitations	such	as	a	small	lake

•	 poor	lots	or	bad	types	of	soils	for	septic	leach	fields	or	mounds

•	 high	ground	water	or	bedrock.

However, the main advantage of the system is that it comes with a 50-year guarantee and clear information 

about prices.
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The following outlines the basis of the capital cost comparison between the alternative water supply 

strategies. The analysis is deliberately simple and takes no account of operational costs or regulatory 

requirements.

1. Calculation of house growth to 2050 

Assume 2012: 26,297,000 households, increasing by 39,000 per annum  

[Source: DCLG, www.communities.gov.uk/documents/507390/pdf/1221553.pdf] 

Additional households by 2050 = 1,482,000

2. Calculation of additional water demand 

Assumes 4 occupants per household with a range of unit water demand rates: 150, 120, 100 or 80 

litres per person per daily (lpd)

3. Calculation of cost of extra over water demand

a. Transport of water between regions 

The costs are based on capital investment per megalitre per day (Ml/day)  

[Note: 1 megalitre = 1,000m3) delivered from references.

i) Pennines to London [Source: Environment Agency] 

Capital investment between £8m to £14m per m3 per day gives £8,000 to £14,000 per (m3 per 

day) delivered 

Or £22 to £38 per (m3/annum)

ii) Wales to London [Source: Institution of Civil Engineers] 

As (i): 

£2.4 million per (Ml delivered per day) 

gives £2,400 per m3 per day 

Or £7 per (m3/annum)

b. Reservoirs

i) Portsmouth [Source: Portsmouth Water] 

Capital cost £12 per (m3/annum) 

ii) Abingdon Reservoir6 [Source: BBC] 

Capital cost £12 per (m3/annum) 

45  http://www.bbc.co.uk/news/uk-england-oxfordshire-12651131 [accessed 6 June 2013].
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ii) Abingdon Reservoir45 [Source: BBC]

Appendix 8 – Approximate water infrastructure and demand
reduction capital costs

45  www.bbc.co.uk/news/uk-england-oxfordshire-12651131 [accessed 6 June 2013].
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4. Cost of metering

Evidence suggests that retrospective installation of metering can lead to reductions in water demand of 
around 10%. Assuming a cost of £180 per meter installed and 150lpd and a saving of 15lpd7. 

Based on the assumptions, total annual saving per household:

(15 x 4 x 365) /1,000 = 22m3/annum saved

Capital cost = 180/22 = £8.22 per (m3/annum) 

5. Cost of leakage

Based upon data from Bristol Water8 

An average capital cost was calculated from:

46 Environment Agency. 'The costs & benefits of moving to full water metering' Science Report – SC070016/SR1 (WP2). 

47  www.bristolwater.co.uk/pdf/environment/wrp2010/APP6/Economic%20Level%20of%20Leakage%20Update%20Jun%202007.pdf [accessed 6 June 
2013].
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around 10%. Assuming a cost of £180 per meter installed and 150 lpd and a saving of 15 lpd46.

Based upon data from Bristol Water47 



Appendix 9  – Glossary

Bathroom grey water – domestic wastewater excluding faecal matter, urine and kitchen wastewater 
contaminated by food wastes.

BREEAM – the Building Research Establishment Environmental Assessment Method for buildings. It 
sets the standard for best practice in sustainable design and has become the de facto measure used to 
describe a building’s environmental performance9.

Grey water – the wastewater from domestic appliances and fittings with the exception of that from WCs 
and bidets. It thus includes the discharge of wastewater from washroom basins, baths and washing 
machines.

Potable water (wholesome/drinking water) – water suitable for human consumption that meets the 
requirements of Section 67 of the Water Industry Act 199131.

Rainwater – the water arising from atmospheric precipitation10.

SWOT analysis – a strategic planning method used to evaluate the Strengths, Weaknesses, 
Opportunities and Threats (SWOT) involved in a project or in a business venture.

Water recycling – a reuse of former wastewater that is treated and used for non-potable applications, 
e.g. flushing toilets, landscape irrigation.

48  www.breeam.org/index.jsp [accessed 10 June 2013].

49  BS 8515:2009, Rainwater harvesting systems – Code of practice. Available at: http://shop.bsigroup.com/en/ProductDetail/?pid=000000000030171876
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describe a building’s environmental performance48.

Rainwater – the water arising from atmospheric precipitation49.

48  www.breeam.org/index.jsp [accessed 10 June 2013].
49  BS 8515:2009, 'Rainwater harvesting systems – Code of practice'. Available at: http://shop.bsigroup.com/en/ProductDetail/?pid=000000000030171876
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