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Non-technical summary

Rainwater harvesting (RWH) and grey water recycling (GWR) are ways of generating alternative
sources of water. This can be used for some non-potable uses instead of mains water which is treated
to meet strict drinking water standards. To date, both RWH and GWR systems have been implemented
with mixed experience in the UK. There remains a gap in research and accreditation for these systems
in support to bring them to the market on a wider scale. There has also been a lack of coordinated and
collated evidence across the country, especially on differing scales and for non-domestic properties.
Information guides published by the Environment Agency in 2010 and 2011, outlined the costs and
benefits for domestic installations, but these are now largely out of date.

This work aims to address this research gap. Drawing on academic and industry research, case studies
and industry examples, an appraisal of RWH and GWR systems and the costs and benefits of the
existing technologies in different contexts have been modelled. The cost benefit analysis sought to
access the various impacts associated with each system and monetise these impacts to allow for a
comparison. Systems are broken down by the size and type of building they would be installed. The
analysis allows for a comparison of the private net impact (does the system pay for itself through a
reduced water bill) as well as the wider impacts. The findings summarised below form an update to the
information guides published by the Environment Agency.

Key findings from the review of RWH technologies in the UK

Rainwater harvesting describes a variety of methods for the collection and storage of rainwater for
potable and non-potable use. System design ranges from small scale (domestic) roof collection
systems, through larger systems deployed in schools, stadiums, airports and so on, to community scale
land surface catchment systems and dual purpose systems used for storm water attenuation.

RWH systems can be either retrofitted to existing buildings or incorporated at the development phase.
Generally speaking installing RWH systems in new builds is easier and cheaper than retrofit. This is
primarily due to the capital investment required and challenges associated with installation of such
systems, in particular the siting of storage tanks and changes to pipework. A number of innovations
have emerged in the UK market configured around a high-level roof-runoff inlet, which facilitates the
replacement of the large ground-level tank with wall-mounted or internal (located in the loft) low storage
capacity (<1m?®) header tanks. These system configurations are better suited for retrofit as the
installation is less invasive.

In addition to satisfying local water demand, RWH is increasingly being considered as an option for
contributing to stormwater management. Capturing rainwater or surface water at source can help
reduce the volume and flow into drains and sewers, thus preventing the inundation of surface water
drainage systems and treatment facilities. As a consequence load reduction mitigates sewer overflows
and decreases watershed pollution in storm events while RWH systems also reduce the runoff and the
transport of pollutants directly into water bodies.

Analysis of the costs and benefits of domestic RWH installations broken down by size show a total net
benefit across all collection areas and demand requirements in domestic buildings, and the vast majority
of non-domestic buildings (the exception is small and very large buildings with high demand). The
overall benefit increases both as the collection area and demand increases, this is primarily due to the
size of the storage tank. Further to this when the wider social (indirect) benefits, such as reduced
demand on water infrastructure, COz savings and flood damage reduction are also considered, the
potential benefits over a 20 year system lifetime increase substantially. However, it should be noted
that all building types and sizes also have the potential for a private net cost if water demand is low (see
below).
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Range of costs and benefits for installing RWH based on the collection area of a residential building

e Wat t  Privatenet  Societal Total net
: CAPEX + ater cos rivate ne ocietal !
groelgectlon El)jﬁtrjniglgetypes OPEX savings benefits benefits benefit
(6000 £2(6000 A(6000 £, 4
6000 A (o)l
Standalone
Small dwellings, ) ) ro. ) )
(<500m?) Houses, £12 - £19 £1-£19 £9 - £26 £21-£77 £10 - £100
Bungalows;
Some larger
Medium (500 | houses or two
i 2000m?) semi-detached £25 - £38 £8 - £200 -£17 - £150 | £50 - £163 £35 - £340
houses;
Row of terraced
Large (2000 | 15 ices or £20 - £35 £7 - £150 £15-£120 | £35-£335 | £20 - £450
i 5000m?) :
blocks of flats;
Large scale
residential
z’g%gg:gf) developments | £35-£60 | £70-£340 | -£177 £280 | £30-£920 | £141 £1,200
’ (including hybrid
developments)

The costs and benefits for non-domestic buildings follow a similar narrative as that for domestic
buildings, the primary difference is that water prices are lower for commercial customers and therefore
the savings made from offsetting it with rainwater are also lower (see below)

Range of costs and benefits for installing RWH based on the collection area of a commercial building

Collection Examble Water cost | Private net  Societal Total net
area buildiﬁg types savings _ benefits  benefits | beneiit
_ (6000 2(6000 2(6000 26000 47
Small
;irgggmz) gﬁg"p”s‘eéﬂg] as | £12-£19 £1-£19 -£11-£28 | £8-£51 -£3 - £80
a corner shop);
Retail and
.:.V'gg'(;‘(;?n (2‘;’00 gfonpgelrgi'sal'”e £25 - £38 £8 - £200 -£17-£160 | £23-£150 | £6 - £315
centres;
Office blocks,
.I.Lasfggo(gg;)o Qﬁgﬂ;if“;d £20 - £35 £7 - £140 £15-£110 | £16-£190 | £1 - £300
centres;
Large scale
Verv Large commercial
(>5%00r32) developments | £25 - £60 £7 - £315 -£17 £260 | £15-£500 | -E31 £742
! (including hybrid
developments)

Previous reports suggest that RWH systems emit more carbon than water supplied by the mains water
network. However, the scale of carbon emissions depend on the design of the system and components
used, and a number of more recent studies have shown the emissions associated with RWH to be
much more favourable. This study has shown that RWH installations across all building sizes emit less
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CO2 when compared to the CO2 emissions embedded in mains water over the installations 20 year
lifetime. The amount of CO2 embedded within a RWH system does not grow significantly as the size
increases, however the amount of CO2saved, through reduced water demand can increase significantly
with the size and demand of the system.

Overall, it is concluded that large RWH systems present an attractive opportunity, both privately and
socially, which is likely why they are currently being installed in larger developments (such as the
Southbank development in London). However smaller installations are not privately beneficial for the
installer and are therefore unlikely to see large scale uptake until they become so, either through falling
prices or government backed schemes and interventions.

Key findings from the review of GWR technologies in the UK

Grey water generated from baths, showers and washbasins can be considered high volume, low
strength wastewater with high potential for reuse. By separating grey water from more polluted
wastewaters (e.g. from toilets) means it can be treated and used as an alternative source of water for
non-potable purposes. Public perception studies suggest there is general willingness and positivity
regarding GWR provided public health is not compromised.

GWR systems vary significantly in their complexity and size and their requirements depend upon the
application. Design and technologies of the basic systems which involve limited treatment and thus
result in limited reuse options have changed little over the last decade. The most significant
developments in GWR systems relate to those that involve membrane-based technology. These
systems can treat grey water to a high level allowing reuse for a wider number of applications.

The need for dual plumbing of the drainage system often makes retrofit options for GWR systems limited
to individual, domestic buildings. However, planning for GWR strategically at early development stage
allows the necessary design and plumbing to be incorporated to allow for a wider range of GWR
applications and greater cost savings and environmental benefits.

GWR systems can also be integrated with RWH systems, these can bring notable benefits when
planned strategically for larger scale, especially mixed use, developments. However, at the individual
building level, the benefits of an integrated GWR and RWH need to be considered as the added
efficiency from the rainwater depends on the building use.

The energy requirements of GWR systems vary depending on type of GWR system, installation
arrangements and level of the demand. Historically it has been shown that GWR systems result in
greater carbon emissions relative to mains water use. However, although more recent data is limited,
there is evidence that supply from carbon efficient GWR systems can involve lower energy demands
relative to mains water. This is recognised when considering the reduction to the carbon footprint
resulting from locally re-treating water that was originally treated elsewhere and the reduction in the
volume of wastewater that would be returned to that same location for treatment.

Analysis of the costs and benefits of installing a GWR system broken down by the expected yield of the
system show that for the smallest system types, those typically installed in individual houses or
potentially for a small block of flats systems there is a net private cost for all systems (see table below).
For larger buildings, including larger blocks of flats, large multi house residential developments or
community developments the water savings exceed the cost of installing the system. The exception are
buildings (or developments) with very high yields where the introduction of GWR systems becomes cost
effective.

A slightly different narrative emerges when the net social impact (this includes the COzimpacts as well
as reduced stress of water infrastructure) are considered over the 20 year lifetime. There is a net cost
for low and small yield buildings, however for medium and larger buildings, essentially, all buildings or
developments with more than one dwelling, there is a social net benefit.
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Costs and benefits of installing a GWR system in a building based on the systems yield (greywater
produced)

Total .
Cosis water e Societal
Example building (CAPEX + net

benefits
(6000

cost
; savings
(6000

benefits
(6000

types OPEX;
6000

Smaller households
Low (such as retired
@ people or young £ 45 £5 -£ 40 2
(<500m3)
adults), small
commercial shops.
Small (5007 | Larger households
1,500m?) (potentially families). | £ 190 £52 "£48 £18
el S:r;[qarllL:rr::(ijal stores
(1,500 lei ' £ 120 £ 108 -£13 £34 £25
eisure centres,
4,000m3) ;
some offices.
Large commercial
settings such as
Large (4,000 | g ooing centres, £170 £190 £21 £67 £88
i 10,000m?) e
multi-unit offices or
flats.
High rise offices or
Significant blocks of flat, hotels,
(>10,000m%) | multi-purpose £ 270 £780 £510 £275 £ 787
developments.

Overall GWR systems installed in larger buildings such as large tower blocks or multi-house residential
developments present an attractive opportunity, both privately and socially. However smaller
installations are not privately or socially beneficial for the installer and as such large scale uptake is
unlikely until they become so, either through falling prices or government backed schemes and
interventions.
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Glossary

Term/Abbreviation Definition

Air gap

AISC
Attenuation
BREEAM
BSI
CAPEX
CfSH
CIRIA

GLA

GWR

WM

LCA

LPA

NJUG

NbS
Non-potable water
OPEX
PCC

PHC
Rainwater

RWH
harvesting)

(Rainwater

Rainwater yield
Runoff coefficient

Stormwater
Stormwater control
SuDS

Surface water

UKRMA
uv
WHO
WRAS
WRMP

Visible, unobstructed and complete physical air break between the
lowest level of water discharge and the level of potentially contaminated
fluid downstream (critical water level) within a receptacle.

Average Incremental Social Cost.

The process of storing and slowly releasing surface water run-off.
BRE Environmental Assessment Method.

British Standards Institute.

Capital expenditure (of installing the system).

Code for Sustainable Homes.

Construction Industry Research and Information Association.
Greater London Authority.

Grey water recycling.

Integrated Water Management.

Life cycle analyses.

Local Planning Authority.

National Joint Utilities Group.

Nature Based Solutions.

Water treated to non-potable standards.

Operating cost (of maintaining the system).

Per capita consumption.

Per household consumption.

Water arising from atmospheric precipitation.

The collection of rainwater that falls onto surfaces such as roofs and
the ground around a building which is routed to a storage vessel for
future use.

Volume of rainwater harvested from the collection surface.

Runoff factor which is based on the fact that some roof types and
surfaces are more efficient than others at collecting rainwater.

Surface water in large quantities resulting from heavy rainfall.
Measures to control the rate and quantity of surface water run-off.
Sustainable Drainage Systems.

Water from precipitation, which has not seeped into the ground and
which is discharged to the drain or sewer system directly from the
ground or from exterior building surfaces.

UK Rain Management Association.
Ultraviolet.

World Health Organisation.

Water Regulations Advisory Scheme.

Water Resource Management Plan.
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1 Introduction
1.1 Background

Rainwater harvesting (RWH) and grey water recycling (GWR) are ways of generating alternative
sources of water. This can be used for some non-potable uses instead of mains water which is treated
to meet strict drinking water standards. RWH and GWR technologies are increasingly being considered
at the building-level as a means for addressing water scarcity and stormwater attenuation. There has
also been growing interest in RWH and GWR systems in response to the increasing awareness around
environmental issues and the demand for greater sustainability both in domestic and commercial
buildings. However, to date, both RWH and GWR systems have been implemented with mixed
experience in the UK.

While over the last decade there have been advances in RWH and GWR technologies, there remains
a gap in research and accreditation for these systems compared with countries such as the USA and
Australia, and in support to bring them to the market on a wider scale. There has also been a lack of
coordinated and collated evidence across the country, especially on differing scales and for non-
domestic properties. Information guides published by the Environment Agency in 2010 and 2011,
outlined the costs and benefits for domestic installations of RWH systems and GWR respectively, but
these are now largely out of date.

This work aims to address this research gap. Drawing on case studies and industry examples the
evidence base for RWH and GWR technologies has been developed and used to model the costs and
benefits of the existing technologies in different contexts, scales, building types and new or retrofitted
buildings.

1.1.1 Water resources in the UK

In the face of significant pressure on water resources within the UK there is a distinct need to manage
and use existing supplies as efficiently as possible. Our changing climate is causing more extreme
weather conditions with extended periods of drought and more frequent, intense rainfall becoming the
norm. This coupled with a rising population means that water shortages and flooding will become an
increasing problem in a number of regions across the country. With population in the UK set to increase
significantly by 2050, the new homes and services required will place a significant additional demand
on water and sewerage services and will severely exacerbate the risk of surface water flooding in many
urban areas.

The Water UK 06 Wa t-term plangirggdrantewoekg2015-@ 0 ¢ HWater UK 2016) stated
that -aracwibnapproach of increasing supply and

O0Preparing for a drier f ut ur e :(Nattonaylhfrastruttire Commissr
2018) supported the need for this approach suggesting that two thirds of the additional capacity required
to maintain the current level of resilience should come from demand management measures.

Water companies Water Resources Management Plans (WRMPs) are updated every five years with
the aim of ensuring that there is a sufficient supply of water to meet the anticipated demands of
customers over a minimum 25-year planning period, even under conditions where water supplies are
stressed. Historically RWH and GWR have tended not to be selected in the options appraisal process
to form part of final WRMPs mainly as a result of cost. However, in the latest round of WRMPs (2019)
there has been greater recognition of their potential role in achieving long term sustainable reductions
in demand management. Where this is the case, the need for policy support to make this feasible
without increasing customer bills has also been identified.

Defrads 25 Year HHWGorvemmente201i8)askts obtlgavernment action to help the
natural world regain and retain good health. The policies in the plan include d&Respecting nature in how
we use water: i. Reforming our approach to water abstraction ii. Increasing water supply and
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incentivising greater water efficiency and less personal use)d Under this the importance of water
companies taking bold action to reduce water demand is emphasised and it is stated that the
Government will work with the water industry to set an ambitious personal consumption target and
agree cost effective measures to meet it.

1.1.2 Water demand and water efficiency

At a national level population growth is driving household water demand and economic growth is a
significant factor in terms of water use by businesses (Water UK 2016). Population growth and
economic activity is highly variable between different regions (Water UK 2016). The latest reported
average per capita consumption (PCC) for England and Wales is 143 I/p/d?. However, the ways in which
water is used and the quantities used in buildings, whether domestic or commercial, varies both from
building to building.

In its 2018 report the National Infrastructure Commission stated that increasing efficiency savings and
near universal smart metering would reduce the average to 118 litres by 2050 (National Infrastructure
Commission2018).Fur t her to this the Environment Agenc
suggests a planning assumption of 110 I/p/d is adopted (Environment Agency, 2020).

Recent guidance from CIRIA é6Delivering $des t(E@RIA
2019) supports planning for water through the delivery of integrated water management (IWM). It
identifies that water management is vital for good town planning and planning for water enables towns
and cities to be greener, healthier wealthier, more attractive and more resilient to climate change. The
gui dance hi gneffidgiegtlagpmach ihreededdo manage how water is used, harvested and
recycled within buildings and é . innovative approaches involving RWH and GWR can significantly
reduce volumes of both treated water to a site and wastewater entering the sewerage systemo

1.2 Aims and objectives

The main objective of this study is to update, expand and collate the information on RWH and GWR in
the UK to form a basis on which manufactures, water companies and policy makers can make
decisions. The study has been undertaken according to the following tasks:

1 A literature review of RWH from academic research, water industry, and manufacturing
experience to enable production of an updated version of the Environment Agency 2010
reports.

1 A literature review of GWR from academic research, water industry and manufacturing
experience to enable production of an updated version of the Environment Agency 2011 report.

1 Model the costs and benefits of existing RWH technologies in different contexts, scales, building
types and new or retrofitted buildings (including the energy, carbon and resource costs). Also
considering the opportunities posed by linking the design to sustainable urban drainage.

1 Model the costs and benefits of GWR technologies in different contexts, scales, building types
and new or retrofitted buildings (including the energy, carbon and resource costs). Also
considering the opportunities posed by linking the design to sustainable urban drainage.

Identify policy options for encouraging RWH and GWR in the UK.

Model the costs and benefits of different policy options to assess the impacts on PCC and non-
domestic water usage as well as to the zero carbon agenda

Only the first four tasks are presented in this report with the other tasks covered in a separate report.

1 https://www.discoverwater.co.uk/amount-we-use
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1.3 Scope
1.3.1 RWH systems

The review has broadly followed the definition of rainwater harvesting as identified for the purpose of
the British Standard (BS 8515:2009 + A1:2013) i.e. systems which capture precipitated rainfall from
surfaces such as roofs and the ground around building exteriors and store it for non-potable water uses
in the home, workplace and garden (British Standards Institute 2013). The RWH systems included in
the review are broadly commercially available systems for domestic and commercial uses of relevance
to homeowners, house builders, planners, architects and building managers. Further to this the review
has also considered dual purpose systems designed as part of wider stormwater control and attenuation
schemes.

1.3.2 GWR systems

This study has broadly followed the definition of grey water as identified for the purpose of the British
Standard (BS8525:2010) i.e. bathroom grey water, that from domestic baths, wash and hand basins,
showers and clothes washing machines (British Standards Institute 2010). However, it focuses on
bathroom grey water rather than that from washing machines or kitchen sinks. The GWR systems
covered by this work are commercially available systems for domestic and commercial uses of
relevance to homeowners, house builders, planners, architects and building managers. These can vary
significantly in their complexity and size from small systems with very simple treatment to large systems
with complex treatment processes. Larger reuse plants that process inputs from industrial processes or
a network of grey water sources (e.g. decentralised community recycling systems at the cluster level)
are not considered within the scope of this study.

1.4 Report Structure

The remainder of this report presents the outputs associated with the first four tasks of the study as
follows:

1 Section 2: Presents information from the literature review of RWH and outputs from the
modelling of costs and benefits of existing RWH technologies in different contexts, scales,
building types and new or retrofitted buildings. This information forms an update to the
Environment Agency 2010 report (the literature review of RWH from academic research, water
industry, and manufacturing experience is presented in full in Appendix Al).

1 Section 3: Presents information from the literature review of GWR and outputs from the
modelling of costs and benefits of GWR technologies in different contexts, scales, building
types. This information forms an update to the Environment Agency 2011 report (the literature
review of GWR from academic research, water industry and manufacturing experience is
presented in full in Appendix A2).
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2 Approach

The approach to undertaking the literature review of RWH and GWR systems and that involved in
modelling the costs and benefits of existing RWH and GWR technologies is outlined below. Further
detail is presented in the following sections and associated appendices.

2.1 Literature review

The key objective of the literature reviews was to identify and collate academic and industry research
into RWH and GWR systems. This included information regarding designs and technologies but also
information and data on the costs and performance of existing systems, including various retrofit
installations and new build systems across a range of building types. The approach combined a robust
review of existing academic literature and industry research relating to RWH and GWR systems with a
targeted stakeholder engagement programme to gather and collate the relevant data and information
to inform the subsequent cost benefit analysis exercise. Further details on how the literature reviews
were undertaken is provided in Appendix Al.

2.1.1 Stakeholder engagement

The stakeholder engagement exercise enabled the study to gain a wider understanding beyond
published work, gain greater sector insight and identify further case studies and examples not in the
public domain. Table 2-1 presents the stakeholder organisations that contributed to the study arranged
by stakeholder and grouping. Further details on the approach to the stakeholder engagement element
of the literature reviews is provided in Appendix Al.

Table 2-1: Stakeholder engagement interviews

Group Stakeholder

UKRMA
Aquality
Equipment suppliers, installers and
manufacturers Stormsaver
SDS Limited

Halsted Rain Limited
Castle Water

Water retailers Affinity for Business
Waterscan
Water industry / Retailers UK Water Retailer Council

Anglian Water
Water Industry Affinity Water

Thames Water

) University of Exeter
Academia

GLA
CIRIA / Susdrain

Non-Government

Redrow
Developers Countryside Properties

Berkeley Group
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2.2 Modelling of the costs and benefits

A cost benefit analysis is a systematic process for calculating and comparing the costs and benefits of
a project. These impacts are quantified and assessed over the entire lifetime of a project (here the
lifetime of a RWH or GWR system which is assumed as 20 years).

The quantification and financialization of the benefits is often the most challenging aspect as they may
not be directly observable or realised. Moreover, where the benefits are not financially realised (such
as a reduction in COy) it can be more challenging to report these with a sufficient degree of confidence.
The analysis seeks to access the various impacts associated with each system and monetise these
impacts to allow for a comparison.

In this analysis RWH and GWR systems are broken down by the size and type of building they would
be typically installed. It allows for a comparison of the private net impact (does the system pay for itself
through a reduced water bill) as well as the wider impacts of a RWH or GWR system. The benefits are
split up into direct benefits (where there is a financial saving or benefit) and indirect benefits (where
benefits may be less readily observed or quantified). The costs and benefits accessed are listed in
Table 2-2:

Table 2-2: RWH and GWR CBA impacts assessed

Rainwater harvesting CBA Grey water recycling CBA

Costs
Capital expenditure (CAPEX) Capital expenditure (CAPEX)
Operational expenditure and maintenance Operational expenditure and maintenance
(OPEX) (OPEX)

Embedded and emitted carbon from the system | Embedded and emitted carbon from the system

Benefits
Mains water savings Mains water savings
Mains water carbon saving Wastewater discharge (sewage) savings
Reduced damage from flooding Mains water carbon saving
Reduced demand for additional water Reduced demand for additional water
infrastructure infrastructure

It should therefore be recognised that a CBA forms only one part of an analysis of the viability of a
project and other considerations should be given equal weight including public policy, feasibility and
other methods of reducing overall water demand.

The calculations are primarily based on real installation data provided by RWH and GWR suppliers and
supplemented by further information in order to calculate the indirect benefits. The analysis is conducted
over the lifetime of a RWH or GWR system which is assumed to be 20 years. The annual impacts, such
as the water saving, maintenance costs and carbon savings are assumed to be constant across this
period, however changing costs, such as the price of water and carbon, are reflected in the model.

The net impacts are the total benefits minus the costs, over the systems lifetime, discounted to 2020
prices.
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3 Rainwater Harvesting

3.1 Introduction

This section provides an appraisal of rainwater harvesting (RWH) systems for non-potable uses in a
variety of building types including domestic dwellings and commercial and industrial premises. It
provides guidance for homeowners, house builders, planners, plumbers, architects and building
managers.

It contains information on the types of RWH systems that are available and their application in new
developments and refurbishments, including their design, installation and maintenance requirements.
The costs and benefits of RWH systems are also outlined alongside examples that have been installed
and are currently in use.

3.1.1 What is rainwater harvesting?

The ancient practice of rainwater harvesting (RWH) can be traced back at least 4000 years. RWH is a
general term used to describe the collection of rainwater that falls onto surfaces such as roofs and the
ground around a building which is routed to a storage vessel for future use.

The captured rainwater can then be used for a variety of non-potable applications either within the
building, for example, the flushing of toilets or with some additional treatment for the washing machine,
or for irrigation of gardens. While the quality of the rainwater collected is generally acceptable for these
purposes it will contain traces of atmospheric and environmental pollutants, such as bird faecal matter,
as such some degree of contamination must always be assumed and accounted for in the design of the
system.

3.1.2 Why consider a RWH system?

Our water resources in the UK are currently under significant pressure and there is a distinct need to
manage and use existing supplies as efficiently as possible. Our changing climate is causing more
extreme weather conditions with extended periods of drought and more frequent, intense rainfall
becoming the norm. This coupled with our rising population and the way we use water means that water
shortages and flooding will become an increasing problem in a number of regions across the country.

A O#twiackd approach of increasing supply and reduci

resilience of water supplies over the next 50 years. Exploring ways to reduce demand for mains water
is essential to ensure a sustainable future for water resources. One of the options is to install RWH
systems to substitute mains water use for purposes where drinking water quality is not required.

3.1.3 What are the benefits?

As harvested rainwater can be used as an alternative water source to mains supply the primary benefit
to the end user will be a reduction in mains water and associated mains water costs. The level of
potential savings that can be achieved will depend on the amount of rainwater that can be collected,
the quantity of potable water saved and whether the property has a water meter. In commercial and
industrial buildings the savings that can be achieved are typically higher as these generally have larger
roof areas and a greater demand for non-potable water than private dwellings.

However, it should be noted that any financial savings can only be realised by customers that are
connected to a metered water supply which at present is around 50% of households in the UK? and
almost all commercial and industrial customers. Greater savings can also be achieved when the RWH
system is installed during construction as opposed to being retrofitted, which is often more costly and
can be disruptive.

2 https://www.water.org.uk/advice-for-customers/water-meters accessed on 05/06/2020
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In addition to the financial benefits the reduction in consumption of potable mains water will also reduce
the amount of energy and chemicals required for treating and pumping. Pressure on existing water
supplies will also be reduced. This means that less water will be needed to be taken from our rivers,
lakes and other groundwater sources and more will remain within the environment maintaining flows
and sustaining our ecosystems.

A further benefit can be the attenuation of surface water runoff during rainfall events. RWH systems
capture rainwater or surface water at source which can help reduce the volume of flow of rainwater into
our drains and sewers thus reducing the pressure on drainage systems in times of high flow and
contribute to reducing the risk of flooding and pollution events. RWH systems can be designed for both
water reuse and attenuation functions, and can be integrated as part of sustainable drainage systems
(SuDS).

3.2 Household and non-household water demand

This section considers how we use water in the home and at work and the areas of use can utilise
rainwater in place of mains potable water.

3.2.1 Household water use
Household water consumption can be reported in two ways:

1 per household consumption (PHC) in litres/household/day; and
1 per capita consumption (PCC) in litres/person/day.

Both PCC and PHC vary from house to house and region to region. The latest reported average PCC
for England and Wales is 143 I/p/d3. While the average household consumption is around 349 I/h/day?.
People living in properties with a water meter also tend to use less water (133 I/p/d) compared to those
in homes without one (166 I/p/d).

Figure 3-1 shows the different areas of water use in the home, noting that these are average values
and in reality the way in which water is used in households can vary significantly.

Figure 3-1: Breakdown of the different areas of water use in the home (Source Artesia 2018)

5% 2%
0ol % ‘ » Toilet
12% = Shower
= Bath
= Tap

2%.

= Dishwasher

= Washing Machine

= Water Softener
External use

28%, 21% Plumbing losses

» Unknown

5%

Figure 3-1 highlights that toilet flushing accounts for around 24% of daily personal use in the home. By
substituting mains water for rainwater for toilet flushing the average PCC will reduce by around 34 I/p/d

3 https://www.discoverwater.co.uk/amount-we-use
4 https://energysavingtrust.org.uk/sites/default/files/reports/AtHomewithWater%287%29.pdf
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to 108 I/p/d. A further 18.5 I/p/d could also be saved if rainwater was used to supply the washing
machine and water to the garden, thus reducing PCC to around 90 I/p/d.

3.2.2 Non household water use

In total non-household consumption accounts for around 20% of all water put into the mains supply
system in England and Wales. While its use varies significantly depending on the sector and size of the
business, there is significant scope to use rainwater for activities such as toilet flushing and the irrigation
of grounds in many commercial buildings.

The savings that can be achieved are also generally higher in commercial premises than in private
dwellings as they typically have larger roof areas and a greater demand for non-potable water. Further
savings may also be achieved through the reduction in stormwater being discharged from the property.

3.3 RWH systems, designs and technologies

Rainwater harvesting describes a variety of methods for the collection and storage of rainwater for
potable and non-potable use. System design ranges from small scale (domestic) roof collection
systems, through larger systems deployed in schools, stadiums, airports and so on, to community scale
land surface catchment systems and dual purpose systems used for storm water attenuation.

3.3.1 Types of RWH system

In the UK the most prevalent systems involve the capture of rainwater from a building roof area and
storage within a rainwater tank which can either be located above or below ground. These systems can
be classified depending upon how the harvested rainwater is stored and distributed within the
installation. The British Standard (BS8515:2009 + A1:2013) provides guidance on the design,
installation and maintenance of RWH systems for the supply of non-potable water, and applies to both
retrofitting and new builds (British Standards Institute 2013). The Standard outlines three different
system types:

91 Direct or direct pumped system (as outlined in Figure 3-2): Harvested water is collected in
storage tank(s) and pumped directly to the points of use within the building.

1 Gravity or gravity only system: Harvested water is collected in the storage tank in an elevated
position and fed by gravity to the points of use; and,

1 Indirect or combination system: Harvested water is collected in the storage tank, pumped to an
elevated cistern or header tank and fed by gravity to the points of use.

While these systems cover the broad types there are also additional variations and a number of different
system designs and configurations are available. These relate to other components of the system
including the location and number of storage tanks, if the tank is free standing, or whether there is a
singular storage tank or multiple storage tanks supplying a single property or a communal tank
supplying multiple properties.

A comparison of the advantages and disadvantages of pumped flows delivered via direct-feed or header
tank systems are provided in Table 3-1.

Table 3-1: Advantages and issues of direct feed and gravity fed systems (Source Environment Agency
2010)

Direct feed systems Gravity fed (header tank) systems
Advantages Disadvantages Advantages Disadvantages
No header tank required More energy intensive | Less pump | A suitable elevated
maintenance. space is required to
install the tank.
Adequately  pressurised | Costly/regular  pump | Greater energy | Tank can be difficult
supply maintenance efficiency to install in elevated
position.
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Conventional RWH systems are relatively simple, consisting primarily of a catchment area, typically a
building roof, a conveyance system (i.e. guttering and downpipes), a storage tank and interconnecting
pipe work. Additional features such as filtration and treatment units may also be required depending
upon the intended end use for the harvested water. Depending on the end use the system may also
need to be connected to the mains supply to provide a backup in times of low flows. Figure 3-2 shows
the configuration of a typical RWH system and the interaction of its main components. Each of the key
components are outlined further below.

Figure 3-2: A typical RWH system (Reproduced from Environment Agency 2010)

(1) Filter; (2) Calmed inlet; (3) Suction filter; (4) Pump; (5) Control unit; (6) Water level monitor; (7)
Automatic change over; (8) Type AA air gap; (9) Overflow trap; (10) Permeable pavement; (11) Oil trap.

3.3.1.1 Collection area

The most common collection surface is the rooftop, though other hard surfaces (e.g. paving or carparks)
can also be connected to a rainwater storage tank. The size of the collection area and its construction
material can affect the efficiency of water collection and water quality but in general the larger the
collection area the more rainwater that can be collected.

Rainwater can also be collected from other surfaces (10) around a building but is likely to be more
heavily polluted than that collected from a roof surface and may require additional treatment (e.g. an oll
trap; 11).

3.3.1.2 Rainwater storage tank

The storage tank is a key component of the RWH system and one of the largest cost items. A key
feature of rainwater storage tanks is a calmed inlet (2) which prevents water flowing into the tank from
disturbing any settled sediment on the bottom of the tank. Tanks can be formed of a variety of materials

including, polyethylene (PE), glass reinforced plastic (GRP), steel or concrete and can be located either
above or below ground. The size of the storage tank affects both the volume of water that is possible
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to store and the initial capital investment required. Typically tanks are sized based on the capacity to
hold around 18 days average rainfall although a range of tank sizes are available from small 500l
capacity domestic tanks, through to large scale tanks which can hold around 300,000l. Where required
further storage capacity can be provided through linking tanks together or through engineered ponds
particularly as part of an integrated water management approach.

3.3.1.3 Electrical pump

In most RWH systems one or more electrical pumps (4) are commonly (but not exclusively) used to
ensure that the appropriate water pressure is maintained across the building for the various uses or
where it is necessary to distribute the collected rainwater from a ground level / underground storage
point to an elevated position.

Depending on the application the pump can either be located within the storage tank (submersible
pump) or outside of the tank (suction pump). Typically submersible pumps are more powerful than
suction pumps and their location within the tank reduces any associated noise. However, they are less
easy to inspect, service and maintain than suction pumps located outside of the tank, and an electricity
supply to the tank is not required with the latter.

3.3.1.4 Filtration units

Filtration of harvested rainwater is the generally the first step of treatment (1) and prevents solid debris
and particulates (e.g. sediment and leaves etc) from entering the storage tank. The filter is typically
placed in the collection pipework upstream of the tank and the level of filtration is dependent upon the
end use requirement of the harvested water. A suction filter (3) located in the storage tank also prevents
the uptake of floating matter when the water is drawn up for use.

Filters with a maximum particle size between 0.2 to 1.00mm are widely reported in RWH systems
intended for non-potable applications with little to no additional treatment required prior to entering the
storage tank. The British Standard (BS8515:2009 + A1:2013) suggests that all filter systems have an
efficiency of at least 90%° and a maximum particle size of <1.25mm is specified (British Standards
Institute 2013).

3.3.1.5 Pipework

Rainwater from the tank travels through a separate set of pipes, as specified in the Water Supply (Water
Fittings) Regulations 1999%. To reduce the risk of cross-connection and contamination of the potable
water supply it is essential that the pipework associated with the RWH system is both readily
distinguishable from other pipework and instantly recognisable wherever it is located. In addition to
colour coding all pipework should also be labelled so as to clearly identify what is being distributed and
the direction of flow (Figure 3-3).

In non-domestic properties labels specifying the nature of the supply should be applied within 200mm,
either side of the colour coding banding (Figure 3-3). In the case of domestic properties only one label
need be applied. It is also recommended that all storage cisterns and point of use appliances supplied
by a RWH system are also clearly identified through signage (Figure 3-4).

5 The efficiency of the filter also affects the amount of water that can be captured. Of the water that is collected in the gutters
not all will reach the holding tank. Manufacturers usually advise that 90% of the water flowing into the filter is retained.

6 Statutory Instrument 1999 No. 1148 (http://www.hmso.gov.uk/si/si1999/19991148.htm) and Statutory Instrument 1999 No.
1506 (http://www.0psi.gov.uk/si/si1999/19991506.htm).
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Figure 3-3: Examples of recommended marking and labelling for pipework within buildings (Reproduced
from WRAS)
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Figure 3-4: Examples of labels for use at the stop valve and other points of use (Reproduced from
WRAS)

3.3.1.6  Control unit

A variety of monitoring and control equipment is available for RWH systems ranging from a simple float
switch, which is present within the storage vessel through to pump controllers, which combine the
functions of a pressure switch and a flow switch to provide automatic control of the system.

A typical control unit (5) monitors the water level in the storage tank via a water level monitor (6) and
can display this information to the user. If levels drop too low, the system switches to the mains water
supply (7) and if it gets too high, an overflow trap (9) allows excess water and floating material to be
skimmed off to a soakaway or storm drain. A non-return valve also needs to be fitted to prevent
contamination of the tank by backflow, together with a rodent barrier.

3.3.1.7 Mains back up supply and backflow prevention

The mains back up supply system can feed directly into the storage tank or to the header tank although
back flow prevention must be put in place to avoid the rainwater coming into contact with the mains
water supply. The Water Supply (Water Fittings) Regulations” require that the mains water system is
adequately protected from any potential contamination in the event of backflow occurring. The system
must have a type AA or AB air gap (8) installed in order to prevent back flow of rainwater into the mains.

7 Statutory Instrument 1999 No. 1148 (http://www.hmso.gov.uk/si/si1999/19991148.htm) and Statutory Instrument 1999 No. 1506
(http://www.opsi.gov.uk/si/si1999/19991506.htm).
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3.3.1.8 Other treatment

Depending on the intended end use of the harvested rainwater further treatment of the stored water
may be necessary for example, by ultraviolet light, chemical treatment and or membrane filtration.

3.3.2 Innovative RWH designs and technologies

A number of innovations have emerged in the UK market configured around a high-level roof-runoff
inlet, which facilitates the replacement of the large ground-level tank with wall-mounted or internal
(located in the loft) low storage capacity (<1ms3) header tanks. This enables rainwater to be propelled
by low energy pumps or flow under gravity into header tanks, which in turn feed appliances by gravity
(Figure 3-5). These system configurations are better suited for retrofit as the installation is less invasive.

More recently RWH has also been combined to good effect within sustainable urban drainage systems
as part of wider stormwater control and attenuation schemes. In these dual purpose systems the
retention storage volume is designed to meet user demands and the detention storage volume serves
as a temporary holding space for runoff control. Flow is released from the storage tank either passively
or actively through a release valve. These configurations also enable real time control of rainwater
discharges to a sewer network based on predicted rainfall (Figure 3-6).

Figure 3-5: Innovative RWH systems emerging in the UK market: High level roof runoff inlet
(Reproduced from Melville-Shreeve et al, 2015)
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Figure 3-6: Innovative RWH systems emerging in the UK market: Dual purpose systems (Reproduced
from Melville-Shreeve et al, 2015)
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A further innovation to enable harvested rainwater to be treated to potable standards features the
inclusion of a treatment train consisting of filtration, UV and ozonation (Figure 3-7).
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Figure 3-7: Innovative RWH systems emerging in the UK market: Treatment to potable standards
(Reproduced from Melville-Shreeve et al, 2015)
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3.3.3 Maintenance

The maintenance requirements for RWH systems vary depending on the system type, complexity and

scale of operation. Frequent cleaning of the system is recommended as this has been found to improve

water quality. Mai nt enance should be wundertaken in accordanc
however it is recommended that:

1 Keep gutters free of debris to prevent blocking the system;

1 Clean filters approximately three times a year, depending on tree cover over the collection area;
9 Visually inspect the tank at least once a yeatr,

1 Check the mains water top-up once a year.

Under no circumstances should the rainwater storage tank be entered unless i t lysa trained
professional who has the appropriate equipment and training to work in confined spaces. Maintenance
of large scale applications such as communal RWH systems should also be undertaken by a trained
professional as part of an annual maintenance contract.

3.4 Application of RWH systems

RWH systems can be either retrofitted to existing buildings or incorporated at the development phase.
Generally speaking installing RWH systems in new builds is easier and cheaper than retrofit. This is
primarily due to the capital investment required and challenges associated with installation of such
systems, in particular the siting of storage tanks and changes to pipework.

Retrofitting RWH systems can however be undertaken at a range of scales for both domestic and
commercial buildings. Basic RWH systems configured around a high-level roof-runoff inlet, which
facilitates the replacement of the large ground-level tank with wall-mounted or internal (located in the
loft) low storage capacity (<1m?3) header tanks (see Section 3.3.2) can provide some benefits. Although
smaller, these more basic systems may not save as much mains water as larger complex systems but
they do offer simplicity, reliability and more cost effective parts and pumping requirements.

Due to their large potential collection areas and high potential demand for non-potable water
commercial and industrial buildings are largely better candidates for the retrofit of RWH systems.
Furthermore, compared to domestic dwellings, such buildings are much more suitable for retrofitting as
the added complication of pipework is usually carried in service-ducts, rather than behind plaster, as is
the case in domestic properties.
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New build installations also allow the necessary design and plumbing to be incorporated to allow for a
wider range of RWH approaches. Where RWH is considered strategically involving planners,
developers and water companies, significant benefits can be achieved and infrastructure costs avoided.
Alternatively architects, designers, builders, and developers can future proof buildings so that they are
rainwater-ready for example through the installation of dual pipework systems during construction.

3.4.1 Considerations when installing a RWH system

The suitability of a RWH system in a particular application is dependent on a number of factors including;
how much water can be collected; how much water can be stored and costs. System performance must
also be considered and is dependent upon the interplay between the characteristic of the catchment
area, potential rainfall, water demand and the storage tank capacity.

While the sizing of the storage tank is a key factor the amount of rainwater that is available for collection
and use (effective rainfall volume) is primarily dependent on the amount of rainfall and the size of the

catchment (roof / car park) area according to the following:

RWH potential =P x AxRxC

Where:
P = Local precipitation (mm/annum);

A = Size of the catchment area (m?); and,

RC = Runoff coefficient - a measure of how efficiently water that is deposited upon a surface
will be conveyed to storage.

Each of these factors are considered further below.
3.4.2 Annual rainfall

The patterns of rainfall are highly variable across different geographic regions and from season to
season. As such the effectiveness of RWH as an alternative source of mains water can vary both
regionally and temporally. In particular during periods of very low rainfall when mains water demand
can be at its greatest. Figure 3-8 illustrates the amount of precipitation across the UK in 2019 and
highlights the regional variances. The South East of England in particular has low annual rainfall, with
as little as 400mm annually in some areas, while the North West and Wales experienced much large
volumes of rainfall, ranging from 1000mm to 3500mm in some areas. The variance in Scotland and
Northern Ireland is smaller in range, typically varying between 3500mm to 800mm annual.
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