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Abstract: Rainwater harvesting ( RWH) has yet to see
significant uptake in UK households, primarily due to a lack
of innovation in residential RWH system types. This paper
presents the results of preliminary investigations into a range of
traditional and innovative residential-scale RWH systems.
These systems are examined using a patent application search,
informal interviews with industry professionals, cost-benefit
analysis and a simple multi criteria analysis (MCA). The
latter examines the sustainability of the systems, based on a
priori social, economic and environmental criteria. Two of the
innovative systems are subject to a more detailed analysis and
benchmarked against a traditional system. Results of the MCA
indicate that the innovative RWH systems achieve better
sustainability scores than the traditional RWH with a lower
capital cost. Further research is focused on monitoring the
identified systems to generate empirical datasets, in order to
the WLC/LCAs and to
associated with installation.
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undertake identify challenges

rainwater

ainwater harvesting (RWH) at residential properties
R in the UK remains a novel concept, with the market
over the previous decade largely led by new build installa-
tions. At present approximately 5 000 installations are un-
dertaken each year, compared to the estimated 100 000
installations built annually in Germany'''. Consequently,
the benefits of implementing RWH in water demand man-
agement and source control applications have yet to be
fully examined in the UK’s housing sector. It is consid-
ered likely that with improved technological innovation,
reduced capital costs and changing water management
policy, that the RWH industry in the UK will continue to
grow'”. It is recognized that significant innovations in
both commercial and residential rainwater harvesting can
be observed throughout the world. However, this paper,
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will only consider the UK’s residential RWH sector.
1 Background

In the context of this paper, RWH involves the capture
and storage of rainwater for reuse within a residential set-
ting. Traditional UK RWH systems involve the capture
and conveyance of roof water into a below-ground storage
tank. A submersible pump supplies rainwater into the
property. This provides an off-grid, non-potable water
supply for use within the property’s WC’s, washing ma-
chines and gardens''.

The design of RWH systems is steered by the methods
included in standard BS 8515: 2009"'. The introduction
of this British Standard, the growth of a number of UK-
based RWH companies and on-going legislative and sus-
tainability drivers, have seen the RWH sector emerge as a
developing market in the previous decade'. Growth in
the sector has been identified largely within the new build
market and has been driven by the requirements of the
code for sustainable homes (CSH)''. The CSH guides
the construction of new residential properties in England
and Wales and sets targets, which encourage property de-
velopers to install technologies that lower the overall im-
pact of the building in terms of energy and water use.
Furthermore, a number of local planning authorities in the
England and Wales use planning conditions that encour-
age RWH"',

Retrofit of RWH systems has yet to see significant
growth. This is due largely to long payback periods. Fi-
nancial savings for a typical residential RWH system loca-
ted in Birmingham within the supply area of water service
provider Severn Trent Water, would be approximately 50
GBP/a based on water costs of 1.52 GBP/m™. Addi-
tional savings can also be achieved through reduced
wastewater charges.

Appropriately designed RWH systems may present sus-
tainability benefits through reducing the demand on cen-
tralized potable water resources, attenuating flood flows
within surface water systems'”'; and increasing the resili-
ence of water infrastructure. In England some water re-
sources are significantly over abstracted'', particularly in
the south-east where annual average rainfall can be limit-
ed to approximately 600 mm/a and where the population
density and economic activity are the greatest"' .

Recent information, presented by the England and
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Wales® water regulator OFWAT, suggests that the future
availability of raw water resources for centralized water
networks may reduce as tighter regulation is imposed
through tools such as the Abstraction Incentive Mecha-

: 18]
nism

. This regulation is being proposed to reduce un-
sustainable over-abstraction which can cause rivers to dry
out, particularly in the south-east of the UK as exempli-
fied by the River Kennet in 2012"".
take of RWH technologies could potentially assist in re-
ducing centralized water abstraction and treatment. Re-
duced centralized water provision can have significant en-
vironmental benefits, which can contribute to the sustain-
ability credentials of RWH under a triple bottom line as-
sessment''” . Energy savings could also be realized
throughout water and wastewater networks, as illustrated
in Tab. 1.

The large-scale up-

Tab.1 Potential energy savings and environmental benefits re-
sulting from residential water use reductions via large-scale
RWH adoption

Potential energy saving/environmental benefits from using

Process . .
decentralized RWH over centralized water supply

Reduced annual abstraction, increased river flow during
summer low-flow periods, reduction in negative environ-
Raw water . . X
. mental impacts such as fish kills.
abstraction __. . .

Higher summer low flows may permit increased sewage dis-

charge rates lower in the catchment.

Raw water Reduced pumping may offer lower carbon and energy foot-
pumping prints.

Water
treatment er carbon and energy footprints.

Reduced pumping, mixing and chemical use may offer low-

Water
pumping footprints.

Reduced pumping may result in lower carbon and energy

Wat Reduced water demand within a network may reduce peak
ater

. .. .. demand leading to extended design lives for existing assets,
distribution

potentially delaying capital upgrades.

Reduced sewage flows may reduce the risk of pollution
Wastewater . . .
. events caused by flooding or spills from combined sewer
collection
overflows.

Wastewater Reduced wastewater flows may lead to reduced pumping
pumping volumes giving lower carbon and energy footprints.

Reduced WWTW flows may reduce chemical use and pum-

Wastewater Jtreat " . ts oiving 1 b d
ing/treatment energy requirements giving lower carbon an

treatment ¢ . &y e svine

energy footprints.

Additionally, the impacts of climate change and popu-
lation growth will continue to exert additional pressure on
water resources''"! .
being considered, as they have the potential to offer in-

creased resilience within water infrastructure systems

Tools such as RWH are increasingly

through reducing water demand and minimizing
wastewater discharges. However, despite the environ-
mental benefits which could potentially be derived from
increased RWH uptake, significant financial incentives to
install residential RWH are not available. The main finan-
cial incentive for implementing RWH is through reducing

the cost of the water bill for a given homeowner. The wa-

ter technology list ( WTL) effectively subsidizes some
commercial RWH installations by 20% '"*' by providing a
tax reclaim scheme. The WTL sets out approved water
saving products. These can be purchased and installed at
business premises and their costs can be offset against the
company’s tax bill. At present, no subsidy is available
for the residential RWH market'"’ .

To date, research on the environmental benefits of
RWH has been scarce'” .
nition of the environmental benefits for RWH, the resi-
dential RWH market has been driven by

1) For newly constructed buildings: A complex mecha-
nism, based on a number of guidelines, set out in the
Code for Sustainable Homes'', which requires low pota-

Without such quantified recog-

ble water usage technologies to be incorporated.

2) For retrofit buildings: Environmental motivations of
homeowners, such as the desire to lead a low impact life-
style*.

2 Innovation in Residential RWH in the UK

In defining sustainability, this study considers the triple
bottom line approach put forward by Elkington''”". This
approach builds upon the generally accepted definition of
sustainability and takes into account economic, social and
environmental factors, rather than simply financial sus-
tainability''”’. Fig. 1 illustrates a conceptual model that
could be used to identify the most sustainable technology
available on the RWH market. This study applies this
conceptual model to the implementation of a simple multi
criteria analysis (MCA), in order to assess existing and
innovative RWH systems.

An idealized RWH
system can be identified
having minimal economic
cost, low social impact
and positive environmental
effects

Economic impacts,
i.e., installation and
operating costs

Social impacts,
i. e., potential
increased risks

and aquifer
depletion

-VE

Fig.1 Identifying idealized design point for sustainable RWH

Memon and Butler''” illustrated that RWH could pro-
vide approximately 30% of residential water needs for
WC flushing requirements. Furthermore, their study il-
lustrates that where roof area and householder perceptions
allow, an additional 20% could be saved using rain water
in washing machines. Displacing potable water usage re-
presents the main financial benefit for the installation of
residential RWH. It follows that an ideal RWH system
should achieve this sustainably and at the lowest cost. As
identified in Tab. 1, triple bottom line incentives for wa-
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ter service providers to implement RWH are beginning to
emerge, in the form of overall reductions in energy use,
carbon footprints and pollution events. These factors re-
present additional tangible benefits and their quantification
may drive technological innovation in RWH.

An improved understanding of these factors has driven
innovators within the sector to re-conceptualise, adapt or
re-design RWH systems in order to deliver lower cost so-
Iutions. Capital cost remains the key factor for developers
considering environmental technologies, such as RWH. It
is estimated that the increased construction costs to
achieve CSH level 3 can be up to 5 000 GBP/property,
with level 6 costing an additional 37 000 to 47 500
GBP/property””’. Consequently, unless RWH is manda-
ted by the CSH or equivalent legislation, property devel-
opers will seek to avoid the additional capital costs, even
where tangible sustainability benefits are achievable.

A key social factor in considering further development
of RWH systems, is the desire for people to reduce their
overall resource and energy demand on the planet’s re-

U7 Discussions held with RWH installers con-

sources
firmed that the existing retrofit RWH market is driven by
householders who install the systems based on environ-
mental and social benefits. It is considered that this “feel-
good” factor represents a significant aspect of the motiva-
tion behind the industry’s early adopters who have already
installed retrofit RWH systems. Improving the design of
RWH systems to minimize capital, energy and carbon
costs, while maximizing the water saving benefits, would
perhaps encourage the early majority to adopt RWH" .
Carbon footprinting is a well understood social/environ-
mental concept within the UK. When assessing the car-
bon footprint of RWH, it is important to review the
system’s operational energy requirements. Minimizing
operational energy use will minimize the carbon footprint.
It is evident that systems that avoid excavation in order to
install below ground tanks will also have lower capital
carbon footprints than traditional systems. Systems such
as those examined by Hardie'®,
consideration of low energy RWH options is now under-
way.

RWH has perhaps yet to see any direct subsidy pro-
gram, partly because the direct benefits, as previously i-

have demonstrated that

dentified, have yet to be fully assessed. Consequently,
there is limited will at the political level or from water
service providers in advocating RWH. The Environment
Agency for England and Wales currently advises that
RWH should be considered on a site by site basis, as it
does not necessarily reduce the total operational energy

U9 " This factor has driven

demand of new development
notable innovations in the RWH sector to reduce the ener-
gy consumption of proprietary systems. Looking to the
future, innovation in RWH will potentially be driven by

one or more of the following mechanisms:

1) Central government recognizes sustainability bene-
fits and incentivizes RWH adoption through policy chan-
ges, subsidy or mandating RWH at new developments;

2) Water prices continue to increase and the financial
payback period for RWH systems reduces;

3) Water service providers recognize (and are able to
quantify and benefit from) the financial and environmen-
tal benefits that RWH may present in relation to water
distribution and sewerage systems;

4) Technological innovations reduce the capital and
whole life costs (WLC) of RWH systems providing an
increasingly sustainable RWH option.

To summarize the literature considered above, a series
of key factors have been identified as a driving innovation
in RWH:

e A need to reduce: Energy use, carbon footprints,
pumped flows, the impacts of climate change, flooding,
capital costs, maintenance requirements, the use of large
plastic tanks, excavation requirements.

® A need to maximize: Sustainable drainage systems
(SuDS) benefits such as source control measures, bene-
fits to water quality (both within RWH systems and the
wider environment), retrofittability, subsidy, policy and
incentivisation tools, RWH as a catchment management
tool.

The existing drivers for innovation within the RWH in-
dustry have been established and their context considered
against the UK’s existing market. Development of RWH
systems to meet the drivers has been ongoing over the
previous decade as the market continues to develop'".
The previous discussion has demonstrated that it is desira-
ble to identify forthcoming innovations and to appraise
them against the existing traditional RWH systems availa-
ble. Roebuck et al. ™' demonstrated that a detailed as-
sessment of RWH can be undertaken through implementa-
tion of a whole life costing approach, however for inno-
vative systems which have yet to be developed, it is con-
sidered that a simpler approach will be necessary. This
paper summarizes the initial work undertaken in order to
identify and consider these innovative RWH systems.

3 Methodology

In order to explore innovations in RWH systems in the
UK, the RWH market was considered through informal
interviews with a range of industry professionals. A re-
view of patent applications was also conducted and inno-
vations identified. Further appraisal of traditional and in-
novative RWH systems was conducted through a capital
cost assessment. A multi criteria analysis ( MCA) was
then used to assess the relative sustainability benefits of
two specific innovative RWH systems.

3.1 Patent application search

Patent searches were conducted using the UK Patent
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website, to ascertain information on potentially innovative
RWH systems. The search term was set as “Rainwater
AND Harvesting” and a period from 30th January 2008 to
30th January 2013 was reviewed. Each patent application
was considered against the factors set out in Section 2.
Where potentially beneficial innovations were identified,
the concept was put forward for additional consideration
and the patent holder was contacted.

3.2 Informal interviews and capital cost assessment

Informal telephone interviews were conducted with par-
ticipants from four traditional RWH providers and two in-
novative RWH companies during April 2013. RWH pro-
viders were selected following initial discussions at
London’s Ecobuild show in March 2013. Each participant
was requested to provide:

1) Quotations ( Excluding VAT) and specifications for
a small and medium size residential RWH residential sys-
tem;

2) An evidenced estimate for new-build and retrofit in-
stallation costs;

3) Details of any special characteristics of their system;

4) Opinions on the barriers to RWH industry growth;

5) Details of recent or forthcoming innovations within
the RWH sector.

For each supplier, variations in quality, ease of use
and specifications were noted. However, the systems
were broadly similar and could therefore be directly com-
pared based on their cost and storage volumes. Other
work has successfully been conducted to assess the whole
life cost (WLC) of RWH systems™ . This would be the

preferred approach to be adopted as this study is extend-
ed. However, the relatively high capital cost of a RWH
system is often raised as a main barrier to RWH uptake.
Consequently, at this stage, in order to undertake an ini-
tial benchmarking assessment of some innovative RWH
systems, a capital cost comparison was undertaken. Once
the innovative systems have been developed and their life
cycle costs understood, a more detailed WLC comparison
and life cycle analysis (LCA) could be undertaken.

3.3 Multi criteria analysis

Where innovative technologies such as RWH devices
are undergoing their initial proto-type development phase,
little or no data on their performance is available. Conse-
quently, it is difficult to obtain suitable data to appraise
their relative benefits. In order to get an initial estimate of
the potential benefits of a range of RWH systems, a re-
view of the literature has been undertaken. It has been
identified that MCA is an appropriate tool to provide an
initial assessment of the potential benefits of existing and
innovative RWH systems'”"’. Following a review of UK
MCA guidancem] , the innovative and benchmark RWH
systems considered in this paper have been assessed. The
simple MCA developed includes a range of economic, so-
cial and environmental components and is summarized
briefly in Tab. 2. Each component has been broken down
into sub sections and a weighted score between 0 and 100
derived by scoring the systems against an evaluation ma-
trix. The criteria selected in the sub sections have been
selected based on the previously described barriers and
challenges to innovation and installation.

Tab.2 Results of MCA for 2 innovative against 1 traditional RWH system

M Benchmark Innovative
Factor o Comment traditional RWH systems
score/ %
A B C
. Five economic factors have been weighted to derive this score: installation cost;
Economic 35 N i . - i . 22 23 25
annual financial benefit; payback-ability; business-ready; funding-ready.
Four social factors have been weighted to derive this score: ease of installation;
Social 20 ease of retrofit installation; health issues minimized; risks of structural issues 13 14 15
minimized.
Six environmental factors have been weighted to derive this score: all roof run-
Environmental 45 off collected; large storage achievable following optimized design; low opera- 19 27 27
tional CO,; low capital CO,; flood management benefit; high demand met.
Total scores 100 54 64 67

Through reviewing each RWH system against the crite-
ria set out in an evaluation matrix, a series of scores can
be defined to allow the positive and negative aspects of
each system to be identified. The method allows for a
simple appraisal of each system to be undertaken without
the need for developing prototypes and undertaking more
detailed data driven assessments. The MCA process set
out has been designed to permit extension of the results
through assessing a wider range of products as new sys-

tems are developed.

4 Results

4.1 Patent application search

The patent application search identified 20 RWH patent
applications filed during the 5 year assessment period.
Some applications have not been granted patents. A tech-
nical review was conducted for each application to estab-
lish which had the greatest potential to offer optimal
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RWH solutions to the UK market.

Two patent applications were identified as offering po-
tentially beneficial technologies for application in the UK
RWH market. The UK patents numbered GB2449534 and
GB2480834 have consented to their inclusion in this pa-
per.

4.2 Flushrain: loft based RWH system

The Flushrain RWH system is illustrated below in Fig.
2. The Flushrain system utilises a small roof-space
mounted suction pump and storage tank'>'.
pump is attached to a series of collection cartridges which
are mounted near the top of each rainwater downpipe as
illustrated in Fig. 2. During a rainfall event, these cartrid-
ges fill with water and each triggers a float switch. Once
all of the cartridges have been filled, the single pump ac-
tivates and draws water via small hoses from each car-
tridge into the loft tank.

The suction

Fig.2 Flushrain’ s collector

Flows pass through a sponge-based filter media and in-
to a series of storage tanks which can be connected to pro-
vide the desired storage volume. An overflow and appro-
priate potable water top up valve are also situated in the
tank. Water is then available to be plumbed to the WC’s,
laundry or for external use. For the purposes of appraisal,
the system is assumed to have a 1 m’ storage capacity.

4.3 Aqua harvest and save: loft based RWH system

The aqua harvest and save RWH system is illustrated in
Fig. 3. This system utilises one or more, small gutter
mounted pumps. The pumps are low cost, use minimal
energy and deliver low flow rates. Each pump is mounted
within a sump in the gutter immediately upstream of the
downpipe. An open-air filter gauze covers each pump to
prevent ingress of large debris. During rainfall, when the
sump fills, the pump activates and lifts flows into the loft
via small pipework hoses. A small header tank is provid-
ed to collect the water and a series of storage tanks are in-
corporated along the length of the roof to store the collect-
ed rainwater. An overflow and potable water top up are
also incorporated. Water is then available to be plumbed
into the WC’s, laundry or for external use. For the pur-
poses of appraisal, the system is assumed to have a 1 m’
storage capacity.

Rainfall is
collected in
¥ gutters

Tank

—

I

R

I

Supply l Low energy gutter

pumps feed the
storage tank

Fig.3 [Illustration of aqua harvest and save RWH system
4.4 Informal interviews and cost assessment

4.4.1 Traditional RWH system capital cost assess-
ment

The traditional RWH systems considered had a range of
storage volumes and thus manufacturing and installation
costs. RWH systems with larger storage volumes increase
the purchaser’s surety of water during long periods with-
out rain. Consequently, the larger storage systems can
provide higher benefits. However, this must be consid-
ered as a trade-off against the increased capital outlay.
Comprehensive design advice is available in BS8515:
2009"" and useful design software is available in the form
of raincycle™”.

The capital costs quoted include an allowance for deliv-
ery and installation. For the purposes of this assessment
the following installation costs have been assumed for all
traditional RWH systems as set out in Tab. 3.

Tab.3 Estimated installation costs for traditional RWH sys-
tems

Storage volume/m? Installation costs/ GBP
0to2 1 300
>2 1 800

The assumed installation costs have been based on the
information provided during discussions with each RWH
company. They are likely to represent an overestimate of
new build installation costs which have been quoted as
low as 300 GBP/property. However, these costs are like-
ly to represent a reasonable lower-estimate for retrofit in-
stallations. These are generally considered to cost more
than one times the cost of the manufactured units. Instal-
lation costs for each innovative RWH system have been
compiled through an assessment of the time taken to in-
stall each component and the assumption that a skilled in-
staller would charge 150 GBP/day.

A series of eight traditional RWH harvesting systems
have been considered, two from each RWH company
contacted. The lowest cost option has been identified as a
1 m’ system with an estimated installed cost of 2 653
GBP. This system will be used as a benchmark to com-
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pare against innovative systems.
4.4.2

ment

Innovative RWH system—capital cost assess-

The innovative systems selected for consideration in
this paper differ from a traditional RWH system as they
are designed to provide a low cost, simple technology
with loft-based storage and no below ground tanks. Con-
sequently, the storage achieved for these innovations is
not expected to exceed 1 m’. Evidently the overall stor-
age volumes will be subject to structural constraints in ac-
tual installations. Both innovative RWH systems are at a
prototype-stage, consequently only one pilot installation
of each has been constructed. To date, neither system is
being monitored.

Through liaison with each patent holder and a review of
the cost of the components required for constructing each
system,
based on the below items:

e Manufacturing: Header tank, pump(s), external

an overall installation cost has been estimated

pipework, internal pipework, filters, controls and elec-
tronics, other.

e Transport: Delivery cost, other logistics costs.

e Installation (including labour): On site construc-
tion, electronics/controls, external drainage, plumbing,
commissioning, other.

The estimates shown in Tab. 4 are established for the
innovative RWH systems in comparison with the tradi-
tional benchmark system.

Tab.4 Comparison of capital costs for existing benchmark and
innovative RWH systems

RWH system Capital cost/GBP
Benchmark: 1 m® traditional RWH system— 2653
System A
Innovative 1 m*> RWH System B 1035
Innovative | m*RWH System C 835

Fig. 4 illustrates the notable differential in price be-
tween the systems. It is estimated that the innovative sys-
tems would cost just 31% and 40% of the benchmark
RWH system price.

¢ Traditional RWH
A Innovative RWH

=
B . . . . .
S Y% 1 2 3 1 5 6
Storage/m?
Fig. 4 Estimated capital costs of innovative and traditional
RWH systems

4.4.3 Multi criteria analysis
A summary of the MCA for the two innovative and one

traditional RWH system is included in Tab. 2. The last
three columns of Tab. 2 set out the scores for the three
RWH systems. These have been developed through asses-
sing each system against a sustainability scoring criteria
using an evaluation matrix.

In developing the above matrix, the authors have de-
rived a weighting for each criteria. As this is a simple
MCA, the weights have been based on those factors
deemed to be most important following a review of the
existing market. Each scoring criterion has been weighted
with a maximum value of either 5% or 10% giving a
maximum score for an optimal RWH system of 100% .
This assessment indicates that both the innovative RWH
systems exhibit greater environmental and social charac-
teristics than the traditional RWH systems.

4.5 Discussion

This study identifies that a range of drivers have led to
the development of innovative technologies for the UK
RWH market. The results indicate that the innovative
RWH approaches could have lower capital costs than ex-
isting RWH technologies. In addition, when compared
with a traditional 1 m’ RWH system through a MCA,
they are found to score more highly in terms of their over-
all sustainability credentials. However, several key fac-
tors must be considered in relation to these findings.
Firstly, the costs for the traditional systems are likely to
be negotiable, particularly if large orders are made. In
comparison, the cost estimates for the innovative RWH
systems are based on the authors’ assessment of the instal-
lation and manufacturing costs assuming installation costs
are minimized and economies of scale are achieved.

The installation costs for the innovative systems are as-
sumed to be much lower than the traditional systems as no
excavation or external groundworks are required. This is
found to be a major contributing factor. As a result, it is
considered likely that, subject to their availability, the in-
novative systems would potentially be able to be installed
at a lower capital cost than a traditional RWH system.
The innovative systems are anticipated to have a lower
capital and operational carbon footprint than the tradition-
al RWH systems. These are two of the notable factors
which have contributed to the innovative systems scoring
more highly than the traditional RWH systems when as-
sessed using the simple MCA.

It is considered appropriate to extend this study to con-
duct detailed WLC and LCA assessments in order to more
fully assess whether the innovative systems provide an
equivalent standard of service when compared with the
traditional systems. Existing proto-types for the innova-
tive systems will need to be monitored to allow their ben-
efits to be further defined. Finally, due to the roof space
it is noted that the
main limitation of the innovative systems is their limited

based location of all stored water,
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overall storage capacity.

As identified previously, one key factor will be to en-
sure that the innovative RWH systems can be easily retro-
fitted and that the structural risks associated with large
volumes of water stored within loft tanks are clarified be-
fore installations take place. A series of trials are planned
to monitor; water use, sewer flows, energy use and water
quality in order to consider the wider benefits of installing
the innovative RWH systems. Traditional systems will al-
so be monitored to permit direct comparison. Once this
data has been acquired, the assumptions set out in the
MCA can be verified and the benefits of further develo-
ping innovative RWH systems for the UK market can be
appraised in more detail.

5 Conclusion

This paper has identified the capital cost for installing a
range of traditional RWH systems. In comparison, two
innovative systems have been identified following a re-
view of the UK’s patent website. The estimated capital
costs of the innovative solutions have been found to be
lower than currently available RWH systems for the resi-
dential retrofit market. It is considered likely that subject
to their availability, the innovative systems could be in-
stalled at a lower capital cost than a traditional RWH sys-
tem. The innovative systems have been compared with
the traditional systems through implementing a simple
multi criteria analysis. The result of this initial assessment
suggests that the innovative systems score more highly
relative to the traditional RWH systems in terms of their
overall sustainability credentials.

It is evident that detailed appraisal of low or no energy
RWH systems should be investigated further. It is conclu-
ded that further investigation in the form of WLC analysis
and LCA of the innovative RWH concepts identified in
this study warrant further quantified assessment. Ulti-
mately this extension to the study should be designed to
enable a detailed like-for-like comparison to be made with
the traditional RWH approach through monitoring of pilot
installations.
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