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ABSTRACT

Aims: Water resources in Scotland are under immense pressure despite the perception that
Scotland enjoys abundant rainfall and water resources. The transport and treatment of water
utilizes high amounts of energy is which contradicts the UK government’s carbon neutral agenda.
There is also the need to ensure reliable water supply to households whilst protecting the natural
environment. The intent of this study therefore was aimed to explore the feasibility of rainwater
harvesting (RWH) as a domestic water supplement in some selected peri-urban areas in Scotland
by understanding people’s perceptions, attitudes and behaviour towards RWH systems; and the
preference for a community or individual system.

Methodology: Paper questionnaires were administered randomly to households using Private
Water Supply (PWS) in three local areas: Highlands, Scottish Borders and Aberdeenshire over a
period of 4 months.

Results: The response rates for Highlands, Scottish Borders and Aberdeenshire were 28%, 27%
and 19% respectively, with the latter being marginally below target. The survey responses revealed
that participants were unlikely to use RWH for domestic purposes including drinking, bathing,
dishes and laundry but felt RWH would be acceptable for most uses except drinking. These
included non-potable uses such as gardening, car washing and toilet flushing.

Conclusion: Most respondents were indifferent to implement RWH in their house if their neighbor
used it or if it was a community set-up, but were willing to consider it if grant incentives were
offered.

Keywords: Rainwater harvesting; private water supply; attitudes; behaviour; perceptions; community
rainwater system.
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1. INTRODUCTION

1.1 Background

Water resources are essential for life and
important not only to the society but also for the
ecosystem [1]. An adequate supply of clean
drinking water is important to sustain human life,
but it is observed that millions of people
throughout the world still do not have access to
this basic necessity [2] and those who have
access tend to take it for granted [3]. Over the
years, there has been a global increase in
demand for potable water due to a growing
population and a change in users’ behaviour. In
the UK, population increase since 1964 has been
over 10 million people (18.7%) and it has been
projected to increase further in the coming
decades [4]. This may lead to increase in
pressure on fresh water resources and the
infrastructure for managing mains water supply.

Households in the UK are the greatest users of
water; approximately 55% of which 35% of the
treated water for human consumption is flushed
down the toilet [5].

Rainwater harvesting (RWH) can be used for this
non potable usage of water. RWH is the
immediate collection of rainwater running off
surfaces upon which it has fallen directly and
excludes run-off from land watersheds into
streams, rivers, lakes [6]. This means controlling
or utilizing rainwater close to the point rain
reaches the earth and it has been known to
control erosion and flood and also as an aquifer
replenishment (Salem et al. [7]; Brhane et al. [8];
Fleskens et al. [9]). It can reduce the demand for
mains water supply [10] therefore reducing the
amount of energy used in pumping of mains
water, along with the associated pollution and
carbon dioxide emissions. RWH is very effective
in mitigating the impacts of stormwater runoff
pollution and enhancing water quality [11,12,13].
In improving water quality, runoff that generates
impacts on water bodies in urban areas
(automobile and asphalt contaminants) and rural
areas (animal waste, fertilizer, herbicides and
pesticides) can be reduced with harvesting
rainwater [12,13]. Furthermore, examples of
RWH systems can be found in all parts of the
world and it has been observed to reduce water
bills to meet the needs of remote communities or
individual households in arid regions. Research
by Basupi et al. [14], discovered RWH to be
more cost effective, resilient and climate-change
mitigating than conventional (re)design of water

distribution systems (WDSs). Furthermore, there
is reduction in sewerage disposal and treatment
thereby reducing the amount of energy
consumed [15]; Cook et al. [16]. Also the overall
energy consumption associated with RWH
systems is a very minor fraction of total building
energy consumption [15].

Moreover, climate change has been reported to
likely increase the variability of precipitation and
the number of flood and drought episodes [17].
These predictions emphasize the need to adapt
water management to new and challenging
environmental and socio-economic conditions
[18]. RWH may play a central role in widening
water security and reducing impacts on the
environment [19] by turning hazards like floods
and polluted water into local resources (water for
non-potable uses). Even though Scotland is
known for abundant rainfall, the east coast tends
to be much drier with some parts receiving only
550mm of rain (UK Meteorological Office) which
puts it on par with Morocco, Sydney and
Barcelona; therefore there is the need to
conserve water through harvesting rainwater for
non-potable uses like flushing the toilet,
gardening and car washing.

1.2 Problem Statement

Despite the common perception that Scotland
enjoys abundant rainfall, water resources there
are under pressure. A high volume of water is
taken from the environment for human use,
which also requires a high amount of energy to
transport and treat it for human consumption.
Water Supply Companies (WSCs) in the United
Kingdom (UK) spend approximately £10 billion
removing urban runoff from developments and
importing treated water for consumption [20]. In
2015, it is projected to reach approximately £12
billion [21]. Within the context of changing
climate and reducing carbon footprints, this
situation is not compatible with sustainable
development. We need to plan carefully for the
future to ensure reliable water supplies are
available for everyone whilst protecting the
natural environment [22].

As a water saving scheme, RWH can reduce
dependence on the drinking water supply,
flooding and the pressure on urban drainage
infrastructure. Literature related to RWH in
Scotland is limited with regards to RWH and
receptivity of households towards this
technology. Furthermore, in the context of a
changing climate and reducing carbon
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emissions, government agencies, private
organizations, and individuals are or have faced
a change in the climate over the years which
might have affected water resources. To achieve
carbon reduction targets and be water neutral at
the same time, organizations need to find the
most cost-effective ways of achieving these
goals. One way to achieve such a goal is to
consider a water saving scheme like RWH which
reduces the amount of energy used to transport
and treat water, thus reducing carbon emissions.
The Scottish Environmental Protection Agency
(SEPA) has shown concern about Scottish water
resources given the uncertainties that climate
change may bring; hence households need to
conserve water by resorting to other alternatives
as grey water and RWH [23].

There is the need to understand, and have a
clear methodology which can define the different
technologies and the risks (including financial)
associated with RWH in Scotland with much
focus on the policy context, socio-economic
drivers and public perception. When these real-
world problems are considered together, it will
establish a clear need for a methodology which
promotes RWH; in particular, it allows the
drainage and water supply needs of different
development types/scales to be assessed in a
way which is sustainable and efficient. This
methodology will limit environmental impacts
whilst optimizing RWH and water consumption.
According to Ward et al. [15], understanding the
receptivity, of water-users such as householders
to RWH, is vital in facilitating the promotion,
appropriate installation, end-use and
maintenance of these systems. There is
therefore a need for a framework which bridges
the gap between socio-economic acceptance,
attitudes and perceptions towards RWH in
Scotland.

1.3 Aims

The overall aim of this paper is to explore
attitudes towards RWH among residents in
Scotland. Questionnaire survey of households in
rural areas with private water supplies were
undertaken because it was assumed that users
of PWS might be more inclined to save water
because of the nature of their supply.

2. METHODOLOGY

To answer the research questions a postal
guestionnaire survey was conducted in three
study areas: Aberdeenshire (AS), Highlands (HL)

and Scottish Borders (SB). These areas were
selected because they had the highest nhumbers
of PWS users in Scotland. The questionnaire
consisted of 40 questions in 4 sections: water
supply and source of PWS (shared or not
shared), measures of water consumption, water
conservation and rainwater harvesting. This
paper focuses on responses about RWH. The
RWH question was based on: awareness and
experience of RWH; willingness to implement
RWH if incentives and or financial grants were
given and technical adaptations of the system
(maintenance, easy to use); likelihood of using
and the acceptability of RWH for domestic
purposes and the preference for a communal or
individual RWH system. At the end of the
guestionnaires, participants were asked if they
wanted to participate in focus group discussion to
learn more about RWH and also to add
comments.

Scottish Borders was used as a pilot study to test
the response and distribution of the
guestionnaires. Over all a total of 1,000
guestionnaires were distributed within the areas
as follows (expected returns are shown in
brackets): Aberdeenshire had the highest PWS
users so a total of 400 questionnaires (80) were
sent; Highlands the second highest; 350
guestionnaires sent (70) and Scottish Borders
which was the third highest was sent 250
questionnaires (50). The questionnaires were
posted randomly to the selected study areas
using the list of private water users provided by
their council. A small number of returned/non-
delivered surveys were voided, and replaced with
additional  mailings. An  additional 34
guestionnaires were added in this way.

3. RESULTS AND DISCUSSION

The expected response rate was 20% in all the
study areas. Notwithstanding, the overall
response rate received was approximately 24%
and it was represented as follows: Scottish
Borders (9.8%); Aberdeenshire (7.4%) and
Highlands (6.5%). However, based on
questionnaires sent to individual study areas, the
actual response rate was 27% and 28% in
Scottish Borders and Highlands respectively; but
for Aberdeenshire it was 19% response rate
which was marginally low. In the data analysis,
the responses reported here were grouped into
sections titled: socio-economic and technical
adaptations (the willingness to implement if grant
was given, how easy it was to implement and the
financial benefits) and behaviour which
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comprised of the attitudes and perceptions
(awareness and experience of RWH; likelihood,
acceptability of RWH). Generally, respondents
were unwilling to use RWH but if incentives like
grants were given, participants were willing to
implement RWH. A greater part was not likely to
finance RWH installation themselves since they
believed RWH not to be financially beneficial to
their households.

3.1 Socio-economic and Technical
Adaptations of RWH in Scotland

The issue of how environmental technologies
should be paid for is an important one in
understanding attitudes to, and adoption of
energy and water-saving technologies.
Participants were initially asked if they were
aware of RWH; approximately 28% were aware
of RWH (Table 1). The survey further asked
householders under what circumstances they
were likely to adopt/implement RWH. The
majority of the participants said that they would
be likely to implement RWH if it was paid for by
their Local Authority: HL (55%), SB (58%) and
AS (59%), whereas only a minority of
respondents would be wiling to fund it
themselves (Fig. 1). As the figure shows, there is
a clear preference for some form of grant either
by from a Local Authority or another organisation
(Fig. 1). This result corresponds to research by
Ward et al. [24]; Islam et al. [25] and Parson
et al. [26], where participants were willing to
implement and or consider RWH if the
government provided some incentive in the form
of subsidies. Further research in the UK shows
financial and economic constraints have been a
barrier to the installation of RWH in new UK
houses and will remain until governmental
incentives are introduced [26]. Therefore it was
not surprising that respondents were willing to
implement RWH if grants were given. New
regulations and incentives that foster the use of
rainwater are increasingly being developed
worldwide by governments at both the local and
regional levels [18] and this has been successful.
Governments have been known to financially
support and have approved regulations and
policies for RWH implementation in countries like

Brazil, Belgium, India, Jordan, Sri Lanka, some
American states (Arizona and New Mexico) and
some Caribbean Islands (Goonetilleke et al.
[27]); Ministry of Urban Development and Water
Supply Sri Lanka, [28]; Environmental Agency
UK [29]; Doménech and Sauri [18].

In addition to financial grants, some countries
offer rebates and tax exemptions to inhabitants
to promote RWH installation. Examples include
Texas in the United States where rebates and
tax exemptions are offered to champion RWH
[Texas Water Development Board, [30]);
Australia where several initiatives (rebates) at the
national and regional level promote the use of
alternative water sources such as RWH to all
houses instaling RWH [31] and in Germany
where rainwater harvesters are exempt to pay
storm water taxes [32] and also uses various
RWH incentives and subsidies [33]. This is also
the case in the UK, but the amount of the rebate
is very small and almost no one takes it up.
Therefore there is the need to look into the cost
of RWH installation and the feasibility installation
of RWH systems so that a policy for
implementation of RWH systems in the homes
may be designed in Scotland.

Comparing an individual setup to a community
setup, most respondents preferred the idea of a
community scheme (Fig. 1).

Although RWH is not necessarily a constant
supply at all times, participants where asked if
they will consider RWH as a water supplement if
it will ensure constant water supply. Most
respondents in Scottish Borders (57%) and
Aberdeenshire (63%) said they were likely to
consider RWH if it will ensure constant water
supply. This was because it was observed some
PWS supply dry up in summer or freezes up in
winter. But in the Highland the level was
marginally below 50% (Fig. 2), however, it should
be noted the percentage willing to consider was
more than the percentage not willing to consider
(20%) and neutral (33%) (Fig. 2). Therefore it
can be said from the three study areas most
respondents were willing to consider RWH if it
will ensure there was constant water available.

Table 1. Does your house have any form of rainwater harvesting such as a water butt or a
storage tank that specifically collects rainwater?

Frequency Percent Valid percent Cumulative percent
No 170 717 717 71.7
Yes 67 28.3 28.3 100.0
Total 237 100.0 100.0
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70

Percentage of participants

HL SB AS
® |ndividual 15.6% 16.1% 20.7%
= Community 37.2% 33.3% 42.1%
H One time grant 41.9% 48.2% 50.8%
® Monthly grant 43.5% 39.3% 54.2%
B Annual grant 45.7% 43.9% 55.0%
u Local Authority 54.8% 58.4% 58.7%

Fig. 1. Socio-economic incentives to implementing RWH: HL (Highland); SB (Scottish
Borders); AS (Aberdeenshire)

According to Barthwal et al. [34], people are now
envisaging the implications that might be
associated with the negligent management of
water resources and given a choice, people
would choose a strategy that would help them
avoid a situation of scarcity of their water
resources and may be inclined and be willing to
participate in a program designed towards this
cause (Sandakan Municipal Council 2008 [35]).
In a RWH installation research in Brazil on
subsidies, urban dwellers acknowledged the
importance of diversifying the sources of water
and becoming self-sufficient in terms of water
supply [18]. This can be attributed to the
response of participants willing to consider RWH
if it will ensure there was constant water was
available at all times. Furthermore, more than
50% of participants expressed in the comment
box that they were willing to participate in focus
group discussions to learn more about RWH.
Some of the participants (approximately 28%)
had some form of RWH in their house (Table 1)
in the form of water butts which they used for
gardening purposes but they did not realize they
were harvesting rainwater. However, though they
were considering RWH, they also perceived their
buildings not to be appropriately designed for
RWH.

The survey explored the types of factors that
would affect willingness to adopt RWH, including:
a system that was easy to use; a system that
improved/guaranteed water availability; that
reduced bills; or was something the neighbours
had.

Interestingly, among these PWS users,
consistency of supply was more important to
them than cost and this is seen in (Fig. 3) where
they expressed RWH was not financially
beneficial to them. This can be explained as a
consequence of the low cost of water supply in
Scotland, and the perception that water in
Scotland is plentiful and free. This can be linked
to the reason why participants were unlikely to
implement RWH if it was to be paid by them but
they were willing to consider it if it was easy to
use (Figs. 1 and 2). However, with regards to a
communal system or individual system, the
results were slightly similar in all study areas
where participants were not enthused to have it
either way.

3.2 Behaviour, Attitudes and Perception
of RWH in Scotland

With regards to respondents’ attitude and
behaviour towards RWH implementation,
majority of respondents said that they thought
RWH perfectly acceptable for non-potable
domestic purposes as dish washing, laundry,
toilet flushing, gardening and car washing, but
did not find it acceptable for drinking and bathing
(Fig. 4). Additionally, participants perceived
Scotland to have abundant and unlimited water
resources; thus it was not important to use RWH
for drinking and bathing. The observed
acceptability for these purposes, according to
Ward et al. [36,15], correlates to participants
perceiving these uses to be less risky. Perceived
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risk according to Ward et al. [36], is assumed
when the type of use of rainwater becomes
personal as in drinking and bathing therefore
they do not find it acceptable. However for uses
like gardening and toilet flushing where it is
perceived not to be personal use they find it
perfectly acceptable. And, a small number of
respondents already use a water butt to collect

rainwater for garden use [AS (35%); HL (26%);
SB (25%)]. Similarly, studies by Hurlimann [37]
identified that participants’ perception of risk
increased as the use became increasingly
personal. Hence participants not finding RWH to
be acceptable for drinking and bathing in this
study can be attributed to the perceived risk of
personal use of rainwater.
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o
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HL SB AS HL SB AS HL SB AS
Would not consider Neutral Definitely consider
EEasy to use 22.5% | 18.2% | 11.1% | 28.8% | 32.7% | 36.5% | 48.8% | 49.1% | 52.4%
= Constant water 19.5% | 22.2% | 11.9% | 32.9% | 30.4% | 25.4% | 47.6% | 57.1% | 62.7%
" Reduce water bill | 27.4% | 21.3% | 11.5% | 45.2% | 46.8% | 53.8% | 27.4% | 31.9% | 34.6%
mNeighbour had it | 33.7% | 40.7% | 26.2% | 55.4% | 40.7% | 67.2% | 10.8% | 18.5% | 6.6%

Fig. 2. Adaptations and inclinations to implement RWH
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HL SB AS
= Not at all 54.3% 48.4% 48.6%
uVery little 28.3% 26.6% 26.4%
= Somewhat (not sure) 13.0% 17.2% 16.7%
BTo a great extent 1.1% 4.7% 5.6%
u Definitely 3.3% 3.1% 2.8%

Fig. 3. Participants response to RWH being financially beneficial
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Though they found RWH to be acceptable for
most domestic purposes, they were only
extremely likely to only use it for toilet flushing,
car washing and gardening (Fig. 5) which further
corroborates Ward et al. [36] and Hurlimann [37],
where the perceived risk increases as the
type of use becomes increasingly personal.
Furthermore, some respondents said they would
not use RWH for drinking because there was the
possibility of the water being infested with crow
droppings. According to Sadhu et al. [38],
rainwater collected and stored in domestic tanks
may contain a range of microorganisms from one
or more sources which might or might not be

harmless but further stresses that the safety of
rainwater will depend on excluding or minimizing
the presence of enteric pathogens. Even though
there is some health risks associated with RWH,
according to Sadhu et al. [38], the chemical and
physical quality of rainwater may not directly
cause health risk but can influence water
disinfection methods and promote bacterial
growth. However, they state that “the physical
and chemical quality of drinking water directly
affects its acceptability to consumers”; this may
be the reason why some participants found it
unacceptable for drinking purposes.

120

=
o
o

[o]
o

Percentage of acceptability for
using RWH
o
o

40
20
0 HL SB AS

B Drink 27.0% 21.3% 19.4%
E Bath 55.8% 46.7% 43.5%
m Dishes 57.0% 66.1% 51.5%
B Laundry 65.9% 74.2% 68.1%
mToilet 85.6% 90.2% 92.8%
= Garden 86.2% 91.9% 95.6%
= Carwash 82.8% 93.5% 95.5%

Fig. 4. The level of acceptance of using RWH for domestic purposes
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Fig. 5. The likelihood of using RWH for domestic purposes
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4. CONCLUSION AND RECOMMENDA-
TION

Overall, this research revealed that Scottish
respondents have a low level of awareness
about RWH, with little technical knowledge or
understanding of the implementation of RWH.
However, respondents showed varied awareness
and acceptability of installing RWH systems.
Therefore the main findings of this paper are:

1. Participants were willing to use RWH if
grant funded by local authority but not by
self.

2. There was indifference of preference
between individual or communal systems.

3. Participants would be willing to consider if
RWH was easy to use and had a constant
supply.

4. Participants found RWH to be acceptable
for non-potable applications such as toilet
flushing, gardening and car washing.

Furthermore, participants asked questions and
were interested in RWH systems. Coupled with
the lack of knowledge and technical expertise
relating to the design and installation of RWH
and willingness of some participants to install
RWH, the following recommendations have been
determined:

1. Government can start by implementing
educational programs in conventional
school-system instruction and curriculum,
educational symposiums / workshops,
outreach, and accessible informative
literature for the public on RWH since
respondents showed a low level of
awareness about RWH. They can take a
cue from certain municipalities in the
United States that have implemented
educational programs.

2. Since there is no existing policy of RWH
implementation in Scotland, Government in
Scotland should consider the introduction
of new regulations and incentives that
foster the use of rainwater by looking into
the cost of RWH installation and the
feasibility installation of RWH systems so
that a policy for implementation of RWH
systems in the homes may be designed.

3. Local Authorites can also create
incentives and encourage RWH as most
participants have been shown to be
interested if grants are given at the local
level.

4. Most participants felt their building design
could not accommodate RWH therefore it
will be good to have buildings designed in
a way that supports RWH.
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