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Preface

This volume contains the proceedings of WatefCon 2014: The Water Efficiency
Conference 2014 which was held from 9-11 September, 2014 at the University
of Brighton, Brighton, UK. The paper and program were all administered and
managed through the EasyChair Conference System. In all, the committee re-
ceived over 40 submissions. Each submission was blindly reviewed by at least 2
program committee members. After the review process, the committee decided
to accept 24 papers representing work undertaken by academics and industry
practitioners. The program also includes 2 Keynote Lectures by Ian Barker,
Managing Director of Water Policy International Ltd and Jacob Tompkins,
Waterwise.

This is the Second Annual Water Efficiency Conference organised by The WA-
TEF Network. The network is a global group of academics, industry, NGOs,
interest groups and members of the public who share an interest in promoting
water resource efficiency, progressive water policy, useful and usable codes and
standards and general best practice. The WATEF Network is funded by the
Water Efficiency policy team at Department of Environment, Water and Rural
Affairs (DEFRA) UK, led by Alison Maydom. DEFRA has funded the network
since its inception in 2011 and we graciously acknowledge the support of all the
team and their continuing our funding for a further 3 years.

I would personally like to thank the conference chairs: Dr Beatrice Smyth,
Queens University Belfast and Dr James Jenkins, University of Hertfordshire
for their immense efforts to make the conference a success. Thank you to all net-
work members and strategic partners too, the network would not be a success
without you all. T encourage those who are not yet members to do so; member-
ship is free.

Thank you to all the paper authors and presenters for making the conference
interesting and enlightening. Thank you to the network’s Water Reuse Technical
Committee for giving their time and for the special session. Thank you all our
sponsors, exhibitors, tour hosts for helping to make the program interesting and
worthwhile. Special thank you to our special guest, the Baroness Parminter,
for giving her time to attend the conference and dinner. And last but not least,
thank you to Suzy Armsden, our network Administrator for doing an excellent
job of making sure that the conference takes place and runs efficiently.

Welcome from the Water Efficiency Lab and WATEF network at the Univer-
sity of Brighton. I wish you all a pleasant time and hope to see you at one or all
of our network events in the forthcoming year.

August 5, 2014 Kemi Adeyeye
Brighton, UK
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EDITORIAL

The United Nations has estimated that, by 2050, at least a
quarter of people are likely to live in a country with chronic
or recurring shortages of freshwater. With its focus on water
efficiency, Water Efficiency Conference 2014 is both timely
and topical.

The conference presentations include those on technical
interventions and water efficiency devices, consumer
attitudes and preferences, retrofits and real-life case studies,
the impacts of drought restrictions, urbanisation, and water
conservation measures, tariffs, and water company
perspectives.

The conference draws together the views of academia and
industry, as well as those of policy makers and national
organisations. The wide-reaching nature of the challenges
associated with water is reflected in evaluations from
countries from throughout Europe and beyond, including
the UK, Ireland, Germany, Portugal and Nigeria.

The interaction of the water and wastewater sector with
energy and agriculture: the Nexus will also be addressed at
the conference, with presentations on the use of wastewater
in agriculture, irrigation with greywater, rainwater
harvesting, and water and energy recycling. A joint panel
discussion session on ‘The Nexus - Water, Energy and
Agricultural Fuel” will stimulate debate and sharing of ideas
on the topic. Putting theory into practice, the conference
will conclude with tours to Propelair® installations at the
Royal Pavilion, and the Peacehaven Treatment Works.

We would like to extend our many thanks for your
contribution to the conference, and we look forward to
meeting you for fruitful discussion at the University of
Brighton in September!

Conference Chairs:
Dr Beatrice Smyth, Queen’s University Belfast
Dr James Jenkins, University of Hertfordshire
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Keynote lecture: "Why water efficiency matters"

Abstract: Water availability: it cannot be taken for granted, yet
frequently is. However, increasing pressures, scarcity and
uncertainty must be reconciled with rising expectations for
quality of life and of the environment, and affordable supplies. In
the UK the ‘twin track” approach forms the basis of supply-
demand planning and investment; managing demand and then
implementing timely interventions to increase supplies. For the
first time water companies are now forecasting reductions in
customer demand and the twin track appears to be delivering
more sustainable water management. But the big challenges are
the risks involved if the planned savings are not delivered, and
how the trust and confidence of water users are essential to
maintaining the reductions.

IAN BARKER

Ian Barker is Managing
Director of Water Policy
International Ltd, a consultancy
and commentator on water and
environmental issues.

He has over 35 vyears
experience in the water sector,
including having had overall
responsibility at the
Environment Agency for water
planning,  regulation and
management across England

and Wales.

He is an expert advisor to the OECD and is a non-executive
director of the Water Industry Forum, and of Waterwise.
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Keynote lecture: "Fun and Games in the Water
Industry"

Abstract: Gamification has been used successfully in a range of
sectors to enhance engagement. This talk assesses whether these
approaches can be used in the UK water sector. It gives an
overview of gamification in other utilities worldwide, looks at the
elements that could be transferred to UK water and highlights the
potential difficulties. It highlights the opportunity for smart IT to
deliver bespoke gamification at the household level. The talk will
reference a couple of examples of gamification in water ranging
from  catchment management games to mneighbourhood
competitions.

JACOB TOMPKINS

Jacob has 25 years
experience in

environmental
technology. He  has
degrees in civil and

environmental
engineering from UCL
and in Hydrology and
Environmental Systems
from Imperial College.
After carrying out
research in the fields of
hydrogeology, pollution
control and  climate
change at Imperial, he worked as an environment and land-
use specialist at the National Farmers” Union of England
and Wales, then as the environment policy lead for Water
UK.

He is the managing director of the water efficiency body
Waterwise which he established in 2005 and he also runs a
consultancy specialising in environmental policy and he has
worked on carbon trading and carbon reduction strategies.
He was the water champion on Defra’s Food Industry
Sustainability Strategy and leads the domestic work strand
for the Government Chief Scientist's UK Water Research
and Innovation Partnership.

He has served as the secretary of the European Drinking
Water Association and as the UK environment
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representative on the European farming association Copa-
Cogeca. He has managed and partnered on a number of
international research programmes on water and energy.

Jacob is a regular commentator and columnist on
environmental issues in both print and broadcast media and
at international conferences and is on the editorial Board of
Sustain Magazine. He has developed a number of
disruptive environmental technologies in the water, waste
and energy sectors, in areas ranging from product
manufacture to influencing consumer behaviour and he is a
technical adviser to a number of Greentech companies. He
was a founding member of the Blueprintforwater grouping
of NGOs and was a board member of the environmental
and social justice NGO People and Planet.
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SPECIAL GUEST: BARONESS PARMINTER

Kate Parminter was created a life
peer in July 2010. She sits in the
House of Lords on the Liberal
Democrat benches and she is the
party spokesperson in the Lords
on DEFRA matters (Department of
the environment, food & rural
affairs). She is a member of the
House of Lords” Select Committee
on the European Union and its
Sub-Committee on agriculture,
fisheries, environment and energy.

/
vy,

Kate was born in 1964 and grew up in West Sussex.
Educated at state schools in Horsham she went on to study
Theology at Lady Margaret Hall, Oxford from 1983-1986.

Subsequently she worked for Nestle, Simon Hughes MP
and a PR Consultancy. From 1990-1998 she headed the
Public Affairs for the RSPCA, during which time she
chaired the Campaign for the Protection of Hunted Animals
which helped to ban hunting. In 1998 she became Chief
Executive of CPRE, the Campaign to Protect Rural England.

From 2004-2010 she was been a freelance consultant
advising corporations and charities on charity, CSR and
campaigning issues. Clients included Lloyd’s, the City of
London Corporation, Mencap & Age Concern.

She was a Liberal Democrat Councillor on Horsham District
Council in West Sussex for eight years (1987-1995) and is a
Trustee of the Liberal Democrats.

Kate is a trustee of the think tank, IPPR and is also a Patron
of the Meath Epilepsy Trust.

She lives in Godalming, Surrey with her husband and two
school age daughters.
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EFFECTS OF MEASURES OF WATER EFFICIENCY IN
BUILDINGS IN THE CONSUMPTION DIAGRAMS

A. SILVA AFONSO! and C. PIMENTEL RODRIGUES?

! Professor, University of Aveiro (Portugal) and Chairman of the Board of ANQIP
(Associacdo Nacional para a Qualidade nas Instalacdes Prediais)
Campus Universitario de Santiago, 3810-193 Aveiro, Portugal (silva.afonso@clix.pt)
2 Civil Engineer, Head of the Technical Secretariat of ANQIP (Associag&o Nacional
para a Qualidade nas Instalagdes Prediais)
Rua S. Roque n° 23 1°, 3800-257 Aveiro, Portugal (angip@angip.pt)

ABSTRACT

Water efficiency is a matter of growing importance due to unsustainable water use
worldwide. Climate change has exacerbated this scenario and it is expected that in
some countries, such as Portugal, the predicted reduction in rainfall or alterations in its
system may create or aggravate situations of scarcity or water stress.

Grounds for sustainability impose, therefore, measures of efficient water use in all
sectors. However, measures of water efficiency applicable to buildings, in addition to
reducing the consumption of drinking water, alter the diagrams of consumption,
particularly in regard to consumption peaks and the coefficients of simultaneity
usually considered in the design of internal networks. Thus, with the trend towards an
increasing use of water efficiency measures in buildings, it becomes necessary to
revise and validate new bases for the design of the installations.

In this paper the results of three studies conducted by ANQIP (Portuguese Association
for Quality and Efficiency in Building Installations) in buildings where different water
efficiency measures were implemented are presented. Overall, these results confirm
that the policies for water efficiency in buildings require rethinking of the usual design
criteria for building networks.

Keywords: coefficients of simultaneity, consumption diagrams, peak factors, water
efficiency.

INTRODUCTION

Water efficiency is an issue of growing importance due to unsustainable water use in
the world, as a result of the exponential population growth on the planet and the
current highly resource-intensive and pollution generator global economic growth
model. Climate change can exacerbate this scenario and it is expected that in many
countries the predicted reduction in rainfall or change in the regimen can create or
aggravate situations of scarcity or water stress in the short / medium term.

Water efficiency is also reflected in a significant contribution to energy efficiency,
through the nexus water — energy. A study carried out in Portugal revealed that the
adoption of simple water efficiency measures in houses could lead to an average of
30% savings in water consumption, meaning a reduction in energy consumption in
public networks and in heating and pumping water in the buildings corresponding to
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1,140 kWh per household per year, which would lead to a reduction in GHG
emissions of 105 kg of CO; per person and per year. (Silva-Afonso et al., 2011).
Grounds for sustainability require the introduction of measures for efficient water use
in all sectors, including obviously the buildings, embodied in the so-called principle of
"S5R". The first R, reduction of consumption, is a priority measure and passes through
the adoption of efficient products or devices and other non-technical measures
(economic ones as well as general awareness). The second R, reduction of losses and
waste, can involve interventions such as the control of losses or installation of
circulation circuits of hot water. The reuse and recycling of water constitute the third
and fourth R, whose difference is to consider a "serial" use or the reintroduction of
water early in the circuit (after treatment). Finally, the fifth R, the use of alternate
sources, may involve the use of rainwater, groundwater or even saltwater (Silva-
Afonso & Pimentel-Rodrigues, 2011).

These various water efficiency measures naturally reduce the average consumption of
drinking water from the public network, but can also cause changes in the diagrams of
consumption, particularly in regard to consumption peaks and coefficients of
simultaneity used for the design of water supply networks in buildings. In the case of
rainwater harvesting systems, for example, with the use of non-potable water for
watering gardens and flushing cisterns, the coefficients of simultaneity commonly
used in the sizing of the inner water networks are significantly changed with the
grouping of devices with similar characteristics. Therefore, with the trend towards
increasing the use of water efficiency measures in buildings, it becomes necessary to
revise and validate new bases for the design of the installations, in regard to drinking
and non-potable water supply networks.

This paper presents the results of some studies conducted by ANQIP (Portuguese
Association for Quality and Efficiency in Building Services) in buildings where
different water efficiency measures were implemented within the principle of SR, with
continuous recording of consumption through telemetry systems and the study of the
diagrams of water consumption, particularly as regards the coefficients of
simultaneity. Although the studies performed relate to a short period of time and a
relatively small number of households, which can possibly affect the quality of the
findings, the results clearly indicate that the policies for water efficiency in buildings
may imply a change in the usual design criteria for the water supply in buildings. The
paper includes is a comparative analysis with the sizing criteria of the European
Standard EN 806-3 (CEN, 2006), which is being continued in other residential
buildings of different typologies in order to improve the conclusions.

The extension of the records, which will also be done in some cases under study may
also help cushion any possible change of behavior of residents during the monitoring
period, at least during the initial phase as a reaction to the fact of knowing that their
habits are being studied.

CASE STUDY 1: DWELLING WITH RAINWATER
HARVESTING

Methodology

The house is inhabited by a family of four, it consists of three floors and has a system
for harvesting rainwater, designed to feed three flushing cisterns and the watering taps
situated in the garden and yard. The supply of this building network with rainwater is
made using a pump from a cistern of about 12 m>, providing an estimated reserve of
45 days in a normal year. The garden area is approximately 200 m?.



Water Efficiency Conference 2014

Data processing was done between April 2, 2013 and September 12, 2013, with hourly
consumption data collection by a telemetry system. In this period there was an
interruption in data collection between July 23 and August 27, due to a malfunction of
the counter, which is why the data for the month of August were not considered. In
addition to differential treatment of data for the drinking water network (supplied by
the public network), the network of rainwater and the total consumption of the two
networks, the consumption on weekdays, weekends and holidays were also analyzed
separately.

Results

As an example of the records obtained, the daily consumption, from the public
network and from the rainwater network, registered during the month of June 2013 are
shown in the following diagrams (Figures 1 and 2). The highest consumption
observed in the two networks occurred on the 29th, Saturday, but it was due to the
presence of guests outside of the family cluster and some demonstrations of the
functioning of the system during that day. On the 9th, Sunday, when the residents
were absent all day, no consumption from the public network was observed, although
there was a scant consumption from the rainwater system, probably resulting from the
operation of automatic watering in the garden.
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0,000
o < 2 & > ) 2 ) ) > > ) >
> ~g Sy 3 e 3 > Sy 3 g S 3> g &g 3>
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I Nt S N} ~ ~ ~ ~ ~ v ok ¥ ht ~
Day

Figure 1. Public network — Daily consumption during the month of June

The analysis of consumption for this month showed that only 34% of the total
consumption of the household was met from the public network, which revealed a
significant savings potential of drinking water in this house by harnessing rainwater,
in the order of 2/3 of the total consumption of the month. In the previous months the
savings were even higher (4/5 of the total in May and % in April).

The average capitation determined during the study period were 81.8 l/inhab./day,
where 60.5 l/inhab./day corresponded to the rain water system and only 21.3
l/inhab./day to the potable water supply. It should be noted, however, that the
occupants have professional or school activities outside the home during weekdays, so
these values of daily consumption are partial.

In the following diagrams (Figures 3-4) one can see, for the month of June, the
average hourly consumption from the public drinking water network and the use of
the rainwater network. In general, the consumption diagram in Figure 3 follows the
usual behavior in homes where most occupants have professional or school activities
outside the home during the day, with a peak demand between 7:00 and 10:00 and
another between 20:00 and 23:00, with a less significant peak during lunchtime.

10
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Regarding the rainwater system, watering the garden/yard at the end of the day, which
becomes habitual in Portugal from June onwards, seems to be the most significant
note in the diagrams obtained. The graphs seem to indicate the existence of small
leaks in the automatic irrigation network.

1,6
1,4

1,2
1

m?3 0,8
0,6
0,4
0,2
o
%l ] el > %l > > > ‘) > > % ) > el
P o o R O i U CR S o o
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Day

Figure 2.Rainwater network - Daily consumption during the month of June
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Figure 3. Public network - Hourly average consumption during the month of
June

In Figure 5 the average hourly consumption in both networks during the month of
June are compared and it may be seen that the consumption of rainwater is highest at
the end of the day, as a result of its use in watering the garden/yard, as
aforementioned.

0,100
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Figure 4. Rainwater network - Hourly average consumption during the month of
June
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Figure 5. Comparison of hourly average consumption during the month of June
(the public network is in blue and the rainwater network is in red)

According to the European Norm EN 806-3:2006, the design flow can be obtained
from Figure 6, where 1 is the design flow rate and 2 is the total flow rate, in loading
units (LU). According to the Norm 1 loading unit is equivalent to a draw-off flow rate
of 0.1 I/s. From the relationship between these flows it is possible to determine the
coefficient of simultaneity underlying the sizing in every situation.

In general, it is considered that a building system is sized appropriately for a medium
level of comfort shape when the design flow is not exceeded more than 99% of the
time (Silva-Afonso, 2001). Based on this criterion and the records obtained
throughout the observation period, the hourly “design flows” in the two networks are
determined.

A direct comparison with the corresponding values determined by the European
standard is not feasible because the records do not allow instantaneous flow rates to be
determined, but one can obtained some indications that are considered important, and
that justify the need for more studies in this area with further development. The flow

rates obtained and the corresponding coefficients of simultaneity are summarized in
Table 1.
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Figure 6. Flow calculation based on the total flow rate (in LU) for current
installations (EN 806-3, 2006)
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Although the results presented in the above table are just reporting a period of half a
year, and thus cannot be fully representative, they seem to indicate that the calculation
method commonly used in the design of internal networks is not appropriate when
there is separation of networks. In fact, while analyzing the coefficients of
simultaneity (those obtained and the normative), corresponding to each supply
network, it can be seen that the normative coefficients, being always higher than those
determined, based on hourly consumption (as expected), do not seem to follow the
large variations effectively observed in the two networks in this field.

Table 1. Case study 1 — Comparison between the coefficient of instantaneous
simultaneity and the coefficient obtained from the hourly records

Design flow

Total estimated Coefficient Demgr} flow Coefficient of
flow . . obtained . .
with basis on of . . simultaneity
rate : .. with basis on )
the hourly  simultaneity according to
(I/s) . EN 806-3
(m’/h) consumption (Us) EN
(m>/h)
Drinking 2.10 0.70 0,33
water network  7.56 0,04 0,005
Rainwater 3.80 0.90 0.24
network 13.68 0.75 0.054
Total 5.90 1.05 0.18
consumption 21.24 0.75 0.035

CASE STUDIES 2 AND 3: HOUSES IN SMALL RURAL TOWNS

Methodology

The dwellings that were studied in small rural towns in the south of Portugal,
correspond to different types, including a 3-bedroom apartment in local government
housing (T3) (Residence A), endowed with only a toilet, and a 3 bedroom villa (V3),
with two toilets and yard (Residence B). Within its typologies, they correspond to
current and relatively representative residential buildings in Portuguese rural towns.

In the local government housing none of the occupants has an activity (professional or
otherwise) outside the house, because they are retired. The household inhabiting the
dwelling V3 (a married couple with a child) have professional (or school) activities
outside the house. Residence A has only one bathroom with a fitted washbasin, bidet,
bath and toilet, a kitchen with a sink and a washing machine. Residence B has a
kitchen with a sink and dishwasher and two bathrooms: a full bathroom (washbasin,
bidet, bath and toilet) and another just with washbasin and toilet (and a washing
machine). This residence is also equipped with a faucet for watering the garden.

The study (which is being continued with other interventions) included monitoring
hourly consumption during the period of approximately one month in the two selected
households (18 October to 20 November 2013), followed by an audit of water
efficiency and the implementation of various measures proposed in the audit, followed
by a new monitoring schedule of hourly consumption over one-month period (October
20 to December 20, 2013). Interventions following the audit have included the
regulation of the flushing cisterns, where possible, or replacement of complete
discharge mechanisms for dual flush mechanisms, so as to transform the existing toilet
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flushing cisterns equivalent to class "A" water efficiency of ANQIP (or upper class),
according to Technical Specification ETA 0804 (ANQIP, 2012a).

In relation to kitchen sink taps and showers, either flow economizers have been
installed or a replacement of the devices by more efficient ones was carried out, with
certification and labeling of ANQIP water efficiency class "A" or higher, according to
Technical Specification ETA 0806 ¢ 0808 (ANQIP, 2012b e ANQIP, 2012¢). The
economizers installed also aimed at reducing flow rates to values compatible with the
class "A" (or higher) water efficiency, although in some cases, the reduction of flow
has been constrained by the minimum values required to start up the boiler. All
economizers installed were previously certified by ANQIP with development of
flow/pressure curves, which were the basis for selecting the most suitable model for
the site and pressure available.

Results

The most significant result obtained from the interventions carried out in the
residences, which must be emphasized, is reflected in the reduction of consumption
achieved with the water efficiency measures that were implemented. Although the
study was conducted in a limited time period, a lowering in monthly consumption
from 20.97 m3 to 15.38 m3 (less 27%) was found in Residence A and in Residence B
from 11.64m3 to 8.67m3 (less 26%), which, regardless of the representativeness of the
sample, it shows that there are significant potential savings in the residential sector in
Portugal.

Figures 7 to 8 show the diagrams of average consumption over the days of the week
and time schedules in Residence A, before and after implementation of water
efficiency measures. The analysis of the figures shows that the implementation of
water efficiency measures introduced some changes in the consumptions diagram of
this residence, with a greater leveling of values. No explanation was found for the
difference observed on Saturday.

0,9
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m3/h 0.4 4 H Before the audit

0,3 - B After the audit
0,2
0,1

0 -

D S T Q Q S S

Days of the week

Figure 7. Residence A — Average consumption on weekdays, before and after the
audit
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Figure 8. Residence A — Average hourly consumption, before and after the audit

Regarding Residence B, Figures 9 to 10 show diagrams corresponding to the same
situations. In this case, no significant changes in the diagrams are observed due to the
implementation of water efficiency measures, as was expected, since the reductions
were introduced in almost all devices and analogously. The diagrams of hourly
average consumption are typical of families in which most members of the household
are out of the residence during the day. As regards the coefficients of simultaneity the
values obtained are summarized in Table 2 on the basis of the hourly flow rates and
values from the European Standard (applied to instantaneous flow rates).

As in the case of study 1, the direct comparison with the values determined by the
European standard is not feasible, because the records registered in the residences are
unable to determine instantaneous flow. However, it is observed that the “hourly”
coefficient of simultaneity decreases with increasing water efficiency of the building,
a situation which may also exist with respect to the coefficients applicable to
instantaneous flow rates, but which are not considered in the European Standard.
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Figure 9. Residence B - Average consumption on weekdays, before and after the
audit
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Figure 10. Residence B — Average hourly consumption, before and after the audit

Table 2. Case studies 2 and 3 - Comparison between the coefficient of
instantaneous simultaneity and the coefficient obtained from the hourly records

Design flow

Total . . Design flow  Coefficient
estimated with ) X
flow . Coefficient obtained of
basis on the . . . .
rate hourly . of . with basis 51multqnelty
(I/s) . simultaneity on EN 806-3 according to
(m3 /h) consu1311pt10n (I/s) EN
(m>/h)
Residence A
(before the
implementation  1.10 0.55 0.50
of water 3.96 0.16 0.040
efficiency
measures)
Residence A
(after the
implementation 1.10 0.55 0.50
of water 3.96 0.14 0.035
efficiency
measures)
Residence B
(before the
implementation 1.50 0.60 0.40
of water 5.40 0.22 0.041
efficiency
measures)
Residence B
(after the
implementation 1.50 0.60 0.40
of water 5.40 0.17 0.031
efficiency

measures)
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CONCLUSIONS

Although the time periods for records that were used in preparing this study are not
very extensive, can be emphasized some conclusions. Studies continue to be
conducted and it is expected, in later research, to install instantaneous meters and thus
strengthen the conclusions presented now and also draw some conclusions regarding
the effects on the public network diagrams of the water efficiency measures in the
buildings.

Firstly, the importance of conducting audits of water efficiency in existing buildings
and the implementation of the measures recommended therein should be emphasized,
enabling apparently very significant reductions (that were close to 30% in case studies
2 and 3, with low-cost interventions and rapid payoff). The appeal for non-potable
purposes to alternative sources such as rainwater further reduces the need for drinking
water, according to the findings in case study 1, and suggests an average reduction of
around 66% in needs of water from the public network.

As regards the coefficients of simultaneity used in the sizing of building networks,
these seem to vary with the implementation of water efficiency measures and, in
situations where there is separation of networks, the values appear to vary
significantly, which may be explained by the fact that under these conditions, each
network feeds devices with relatively similar characteristics.

Although the findings are not yet consolidated, this study showed the apparent
existence of variations in the coefficients of simultaneity considered in the design of
installations when implementing water efficiency measures, with probable
consequences for the peak factors in the public networks, which justifies the
development of the study and further analysis.

REFERENCES

ANQIP (2012a). ETA 0804 - Specifications for assigning ANQIP water efficiency
labels to flushing cisterns (Version 3). Portuguese Association for Quality and
Efficiency in Building Services, Aveiro, Portugal.

ANQIP (2012b). ETA 0806 - Specifications for assigning ANQIP water efficiency
labels to showers and showers systems (Version 3). Portuguese Association for
Quality and Efficiency in Building Services, Aveiro, Portugal.

ANQIP (2012¢). ETA 0808 - Specifications for assigning ANQIP water efficiency
labels to taps and flushing valves (Version 2). Portuguese Association for Quality and
Efficiency in Building Services, Aveiro, Portugal.

CEN (2006). EN 806-3 — Specifications for installations inside buildings conveying
water for human consumption — Part 3: Pipe sizing — Simplified method. European
Committee for Standardization, Brussels, Belgium.

Silva-Afonso, A. (2001). Contributions to the design of water networks in special
buildings. Application of mathematical models. University of Porto, Porto, Portugal.
PhD Thesis.

Silva-Afonso, A. [et. al.] (2011) — Water efficiency in buildings: Assessment of its
impact on energy efficiency and reducing GHG emission. Poceedings of “6th
IASME/WSEAS International Conference on Energy & Environment — EE’11”.
Cambridge: WSEAS Press. ISSN 1792-8230. ISBN 978-960-474-274-5. pp. 191-195.

17



Water Efficiency Conference 2014

Silva-Afonso, A. & Pimentel-Rodrigues, C. (2011) — The importance of water
efficiency in buildings in Mediterranean countries; The Portuguese experience,
International Journal of Systems Applications, Engineering & Development, WSEAS,

United Kingdom, Issue 2, Volume 5, pp. 17-24.

18



Water Efficiency Conference 2014

BEYOND THE WATER EFFICIENCY CALCULATORS

Dexter Robinson', Kemi Adeyeyez, Della Madgwick3, Andrew Church*

! D.P.Robinson@Brighton.ac.uk, > O.Adeyeye@brighton.ac.uk,
’D.Madgwick@brighton.ac.uk, *A.Church@brighton.ac.uk

Water Efficiency Lab, SET, University of Brighton, Brighton, UK

ABSTRACT

Evidence suggests that since water shortages are partly rooted in human behaviour, the
environmental impact can consequently be managed through behaviour change. Before
behaviour change can occur the existing behaviour must first be observed, and the
influences understood. Even though research in environmental behaviour is abundant,
past studies attempting to link psychological variables to conservation behaviour are
thought to have produced mixed, inconclusive findings. Moreover, most of this research
has concentrated on recycling and energy conservation, and there are still few studies
investigating the combined physical, sociological and psychological aspects of household
water usage to a sufficient level of detail and granularity.

This paper presents findings of an initial review of behavioural theories and models in
existing literature learning from the broad evidence in resource efficiency studies for
specific applications to water efficiency. The paper concludes with an integrated
framework for the design and delivery of water efficiency interventions. This framework
will provide the theoretical basis to a study which aims to propose a simplified
intervention approach that integrates the physical, sociological and psychological
influences in water efficiency interventions.

The resulting framework is also beneficial in the wider context to align detailed and
accurate water end use data with a range of socio-demographic, stock inventory,
residential attitude and behavioural factors. This will aid the development of tools and
techniques that are capable of revealing the determinants of water end use. This will
contribute to even more robust understanding of water demand and inform the design of
effective water use interventions.

Keywords: Behaviour, Demand management, Domestic, Framework, Water Efficiency.

INTRODUCTION

The inefficient use of water combined with environmental factors such as climate change
contributes to the increasing stress of water resources in parts of the UK in the future (EA
2011). The need for improved and efficient water resource management within the UK is
therefore apparent. The long term uncertainty of supply and the continuous need to
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manage demand and efficient water use supports the need for water efficiency practises
across the supply and demand spectrum. The strategies for promoting water resource
efficiency require a multi-faceted approach, that is; water efficient policy and regulations,
water efficient planning, water efficient buildings, water efficient products, and water
efficient people. The role of the user is widely accepted to be crucial for achieving any
resource efficiency goal (Korfiatis et al 2004). Understanding the propensity, tendency
and motivations of the water user is also important for the design and implementation of
water efficiency interventions. This knowledge is particularly useful for policy makers to
define groups who are both active and less enthusiastic with regard to saving water (Gilg
2004).

In addition to policy aimed at understanding users and promoting behaviour change,
policy and legislative instruments also target building design and systems particularly in
buildings to ensure that buildings deliver the baseline targets for water efficiency. Section
7 and Part G of the current Building regulations in England and Wales (HMGovernment,
2010) specifies this baseline requirement. The water efficiency requirement in this
instrument is further supported with the water calculator (BRE 2009) and other
assessment methodologies to aid designers, specifies and building providers in their
efforts to comply. These tools also provide good estimations of the potential water
savings that can be derived through first design or retrofitting water saving fixtures and
fittings in a house. The main criticisms of these tools and assessment methods are that the
evidence used in the algorithms often rely on average use factors, whereas water
conservation technologies are susceptible to the bias of human judgement and rely on
human interaction to conform to the desired behaviour (Corner, 2012; John, 2011).Also,
they often disregard the unpredictable use of water or the variability in household in
location, community attitudes and behaviours (Corral-Verdugo et al., 2003; Turner et al.,
2005; Stewart et al., 2011). Therefore, this bias towards water conservation technologies
as the sole means of achieving water efficiency in buildings does not always guarantee
actual water savings.

Research into environmental behaviour is abundant, however past studies attempting to
link psychological variables to conservation behaviour are thought to have produced
mixed or inconclusive findings (Cook & Berrenberg, 1981; Stern & Oskamp, 1987).
Therefore, the understanding of what determines or informs water use behaviours by
water users will contribute to a more robust evidence base for water demand forecasting
and management which will be beneficial for informing government and water company
instruments but more importantly, empower water users to make personalised appraisals
towards the design and implementation of water efficiency interventions to suit their
needs and preferences.

BEHAVIOURAL MODELS

How behaviour is formed is a key step to understanding consumer behaviour (Sofoulis
2005). Previous research and the resulting models demonstrate the factors and associated
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relationships that generate behaviour (Jackson, 2005). This review presents four of the
primary environmental behaviour models; Rational choice model (Simon, 1955),
Reasoned model (Ajzen and Fishbein 1980), Interpersonal model (Triandis 1977) and the
Gregory model (Gregory 2003) . It then explores the key characteristics and limitations of
each of the models.

The rational choice model

The rational choice model first outlined by Simon (1955) suggests that human beings
behave in such a way to maximise the expected benefits from the actions (Jackson, 2005).
The model suggests that the consumers’ pro-environmental choices require that sufficient
information must be provided to make informed decisions. However, Jackson (2005)
noted that the private decisions of an individual does not always account for social
influences or wider interests, which have been proven to have an effect on personal
behaviour. One central criticism of this model is that it overlooks cognitive deliberation,
and disregards mental short cuts such as habits, routines and cues; which are proven to
reduce the effect of cognitive deliberation. Another is the assumption that self-interest
provides the foundations for human behaviour, where in fact social, moral and altruistic
behaviours also form human behaviour.

The reasoned model

One of the best known attitude behaviour models is Ajzen and Fishbein’s (1980) theory
of reasoned action. The reasoned model assumes that all behaviour is formed from
intentions to perform specific behaviours, and that these intentions are formed from the
relative importance of attitudes, subjective norms, suggesting that factors external to
cognition have a role on behaviour formation (Jackson, 2005). Some criticisms of the
reasoned model are the distinction between subjective, moral and personal norms.
However, Fishbein and Ajzen (1980) suggest that personal norms are essentially
subjective behavioural beliefs whilst others argue that moral and personal norms need to
be considered as separate components of the model (Jackson, 2005). Furthermore, this
model fails to acknowledge the diversity of cognitive deliberation. It also ignores the role
of habits, routines and cues and their influence on behaviour. Nonetheless, the reasoned
model has been applied to many areas of research with feasible research outcomes
(Leonard, 2004).

Interpersonal model

First outlined by Triandis (1977), the interpersonal model is a multidimensional model
incorporating both internal and external influences on determining behaviour. As with the
reasoned model, intentions are the primary antecedents of behaviour (Jackson, 2005). The
interpersonal model also seeks to verify that the conditions exist to facilitate the intended
behaviour. According to this theory, behaviours are neither fully deliberative nor
automatic, nor they are influenced by moral beliefs but the impact of these is moderated
by emotional drives and cognitive limitations. The limitations of this model is that as with
the reasoned and rational choice models it follows a linear formation process, assuming
that intentions and habits are not influenced by one another. The interpersonal model also
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assumes that the facilitating conditions only enable the desired behaviour and does not
influence any factors contributing to the behaviour.

The Gregory model

As every student of psychology knows, explaining human behaviour in all its complexity
is a difficult task (Ajzen, 1991).The Gregory model begins to address some of the
limitations of the previous models. The model considers relationships to be non-linear
with defined feedback loops between behaviour and influencing factors. It also suggests
that influences can change as the effect of behaviour changes. The initial research
framework conducted into environmental behaviours as developed by Gregory (2003)
presents the impact of stimuli and influences on behaviour (Ronis, 1989). It utilises
factors such as awareness, unreasoned influences (cognitive processes), reasoned
influences, and situational influences (e.g., income, family size) to explain behaviour.
This framework is supported by previous research which suggests that behaviours may be
a function of both reasoned influences (e.g., attitudes, intentions) and unreasoned
influences (e.g., habits; Aarts, 1998; Thogersen & Moller, 2008).

Discussion of the models
The four models explored in this review demonstrate similar yet unique methods of
understanding behaviour. Table 1 illustrates the four models and the behavioural
influences of each model.

Table 1 - Review of behaviour and influence models

Rational choice Reasoned Interpersonal Gregory

Attitude

Intention v

Subjective norm
Social factors

Affect

Habits

Facilitating conditions v
Reflexes

Awareness v
Involvement

ANANINERN

\
ANENENENENE NN

AN N N N NN

The rational choice model has the fewest considered influences, yet it is widely used by
western policy makers (Hassell, 2007). Triandis (1977) developed the interpersonal
model, in response to the limitations in the rational choice model. The interpersonal
model thereby incorporates habits, routines and cues as the well as facilitating conditions.
However it does not consider the role of awareness or individual role of each component.
The Gregory model combines several models to create a generalisation of the role of
stimuli (awareness in pro-environmental fields), unreasoned influences, reasoned
influences and situational influences in forming behaviour. Environmental decisions can
be considered on a scale ranging from purely habitual to purely cognitive.
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FUNDAMENTAL INFLUENCES IN DOMESTIC WATER USE

Water consuming behaviour is a mixture of self-interest and pro-social motives
(Bamberg, 2007). This suggests that cognitive evaluations can be supplemented by habits
and even override the attitudinal and subjective norms influencing behaviour (Thogersen
& Moller, 2008). Therefore, the proposed research framework includes an additional
relationship between cognitive evaluation and subjective norms. However, an
understanding of the determinants affecting water consumption in domestic properties is
required to develop a new domestic water behaviour framework. These can be broadly
described under two categories; behavioural influences and environmental influences.

Behavioural influences

Behavioural influences consist of awareness, attitudes, habits, belief amongst other
factors. According to Gregory (2003), an important first step towards understanding the
impact of human behaviour on the environment is awareness. This enables an individual
to consciously accept and process informational cues. The awareness of an individual can
inform and alter the attitudes and habits of the individual. Whereas, Cottrell (2003)
suggests that attitudes provide a better understanding of why people do what they do.
Korfiatis et al (2004) determined that attitudes towards environmental issues were in fact
reliable predictors of environmental behaviour. However, the knowledge itself does not
automatically lead to environmentally conscious behaviour (Pelletier et al, 1998). It is
also probable that habits, recurrent practice or patterns of behaviour (Aitken, 1992),
impact on the knowledge to behaviour gap. Habits are developed by extensive repetition,
and are so well-learned that they require limited cognitive processes conscious effort
(Ronis, 1989).

Whilst awareness attitudes and habits form elements of individual influences, socio-
demographics have been shown to play a critical role as a situational factor for water
consumption in domestic properties (Renwick and Archibald, 1998; Willis et al., 2009).
Thus should be considered as indicators of residential water consumption (Inman and
Jeffrey, 2006). Likewise beliefs, firmly held opinions or convictions, have been shown to
form a precursor to environmental behaviour (Niemeyer, 2010). It has also been
previously established that the attitudes and beliefs of consumers directly impact on water
use behaviours which are closely linked to water demand (Hassell and Cary, 2007).

The engagement of an individual within a process, or the individual’s involvement with
water issues has also been shown to result in a higher level of awareness in local concerns
and lower water consumption in washing machines (Gregory and Leo 2003). It is clear
that increased stakeholder involvement in environmental decision making does increase
the effectiveness and implementation of environmental decisions (Newig, 2007).

Behavioural influences demonstrate how individual’s differences in behaviour can be
created through internal factors, such as awareness, habits and engagement. However
behaviour can also be effected by external factors that enable particular behaviours, these
are commonly referred to as environmental influences.
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Environmental influences

Environmental influences are widely considered to be situational or enabling influences
on water consumption. For example, the quality of water supplied to the dwelling can
significantly influence domestic water consumption as this will influence multiple other
factors such as; attitudes, habits and preferences (Tebbutt, 1998). Regulations, policies
and ordinances (e.g., water restrictions, local government planning regulations) can
change the water consumption (Klein et al., 2006). For instance a hosepipe ban can be
enacted to reduce external water consumption in the south east of the UK but not in the
North West. Restrictions have also been found to be closely linked to the price of water,
with consumers less responsive to restrictions when the cost of water is low or the cost of
fines is low (Kenney et al, 2008). Although it is noteworthy that Worthington (2008)
found that there appears to be very little correlation between the pricing of water and the
consumption of water. Essential water use is often considered the reason for price
inelasticity (Arbu’es etal, 2003).

Situational influences such as property characteristics affect the overall water
consumption as the kind of homes people live in and whether they own or rent, influence
how they perceive their water use (Randolph and Troy 2008). For example, a colder
bathroom may result in a longer shower, as the hot water flows it warms the room thus
making the shower more comfortable (Scott et al, 2009). Water metering provides enables
consumers to reconsider their habits by providing information of how much water they
are consuming enabling them (Randolph and Troy, 2008). Fittings are the source of water
within domestic properties; therefore they have a significant impact on domestic water
consumption. For example the use of efficient water appliances has been found to
influence residential water consumption (Inman and Jeffrey, 2006). Likewise the ability
to upgrade existing fittings influences the penetration of water efficiency technologies.

Environmental and behavioural influences clearly have a role on water consumption
behaviour. A framework would provide a better understanding of the relationships
between factors is useful.

BEHAVIOUR FORMATION FRAMEWORK

The proposed framework, illustrated in Figure 1, utilises the previously explored models
and influences on domestic water consumption. It demonstrates the relationship between
the individual influences and the overall formation of water consuming behaviour. This
framework builds in the Gregory model of behaviour (2003) altering the model into a
framework suitable for water efficiency studies. The intention of the framework is for the
framework to be adapted into a methodology, using case based evidence that can appraise
and optimise the deployment of water efficiency interventions.
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Figure 1- Proposed domestic water efficiency framework

The framework separates behavioural influences into two primary categories; behavioural
and environmental, showing that situational influences are primarily formed of
environmental influences, with the exception of socio-demographics which are
considered situational influences as they are out of conscious control of the individual.
However one limitation of this framework is that it focuses on an individual and not the
relationship or water use behaviour of a multiple occupancy household, reducing its
applicability to whole house end demand management.

However, it is considered that with the correct expertise, the framework could be utilised
to align detailed and accurate water end use data with behavioural factors. It can also aid
the development of improved water efficiency tools that are capable of revealing the
determinants of water end use.

CONCLUSION

The proposed framework expands on existing assessment methodologies by providing an
opportunity to integrate specific individual variances in anticipated water use patterns and
characteristics. This framework provides a platform which should support behavioural
and environmental considerations when appraising both water consumption and
efficiency interventions. As evidence is collected, to support the framework a
methodology can be developed such that a procedure can be followed to appraise water
efficiency interventions.
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ABSTRACT

Water efficiency in building makes good environmental, economic and social sense.
There are improvements to water efficiency standards in new buildings — domestic and
non-domestic which is influenced by recent changes to building regulations, increase in
environmental awareness, corporate social responsibility, delivering better lifetime value
to clients and customers etc. Retrofitting water efficiency in existing buildings however,
can be more challenging due to uncertainties about the cost-benefits of certain
technologies, existing building systems and products, existing and anticipated user
response and engagement etc.

This paper will present a retrofitting case study of a small to medium sized hotel in
Sussex, England. It will discuss the reason for the retrofit program from the hotel and
water company perspective. It will then discuss the methodological approach to
determining the potential and actual outcomes of the water efficiency retrofits, integrating
the client and user perspective where necessary. The paper will conclude with lessons
learned and recommendations to similar programmes on hotel sites.

This project is carried out collaboratively by the Lodge at Winchelsea, Chandlers
Building Supplies, Southern Water and the Water Efficiency Lab, University of Brighton.

Keywords: Cost savings, small to medium sized hotel, water efficiency retrofits, water
savings

INTRODUCTION

Water efficiency in buildings is promoted through building services design, water
efficient plumbing fixtures and fittings and the efficient use of water by water users.
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Previously, there has been significant interest and research application on the efficiency
of plumbing fittings and behaviour change of water users particularly in domestic
buildings. However, there is a changing trend to non-domestic buildings and strategies for
water efficient retrofits in buildings; domestic and non-domestic.

Water efficiency for domestic uses goes beyond the use of water in individual houses and
apartments. Collective water use in other 'residential' settings such as halls of residences
and hotels is an important aspect of understanding and promoting water efficient practises
when the water user is not directly responsible or accountable for their water use.

This paper presents a case study of water efficiency retrofit in a small to medium sized
hotel in the South East of England. It discusses the purpose and approach taken to the
retrofit program. It then presents the potential and actual outcomes of the water efficiency
retrofits, integrating the client and user perspective where necessary. The paper concludes
with lessons learned and recommendations to similar programs on hotel sites.

CASE STUDY AND METHODOLOGY

The case study hotel consists of 28 guest rooms of various sizes and capacity, a reception,
bar and restaurant area, kitchen, 1 function room, guest and staff toilet facilities, laundry
facilities, staff accommodation and predominantly hard standing landscaping with some
planted hedges, planters and potted plants.

The analysis is derived from measured flow-rates in sampled rooms, use factors in the
water efficiency calculator (DCLG 2009) and occupancy data factoring in seasonal
differences and projected savings from retrofits to water using fittings in guest rooms.
The efficacy of the water calculator has been reviewed by researchers (e.g. Churchill,
Booth and Charlesworth 2014). This benchmark was nonetheless considered credible for
use in the absence of actual use figures from guests during the study period.

The rational for the pilot scheme from both the hotel and water company perspective are
enumerated below.

The Hotel

As with most businesses in a competitive market, the case study hotel is always looking at
ways to reduce wastage and, more importantly, cost. In doing so, the hotel is able to price
its services attractively and maintain profit margins. The challenges to this are that some
operational elements of consumption by the guests staying the hotel are hard to monitor
and control such as electricity usage and water consumption in the guest rooms.

The Lodge's involvement in this project was aimed at reducing environmental impact and
deriving further value for customers by achieving water savings in the guest rooms whilst
making sure their experience remains positive and their comfort is not compromised or
diminished.
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The hotel manager was aware of some of the water saving retrofit options but by
engaging with others to explore retrofit options, was delighted to see the large range of
options that are now available. Also, the importance of engaging with guests in the
process was crucial

"We are aware that changing bathroom facilities is not the whole solution to water usage and
have introduced more information and guidance for guests in the rooms"

The project particularly demonstrates how organisations can work together to achieve
business and environmental objectives.

Water Company

Southern Water undertook this pilot project to further its understanding of how it can
effectively assist small and medium sized businesses (SMEs) with new products and
services. This particular project is being carried out in conjunction with other key studies
including a university, guest house, hairdresser and school to increase the understanding
of the needs and challenges of delivering new products and services in its Business Plan
over the next five years.

Following the roll out of its Universal Metering Programme and the forthcoming
introduction of commercial competition in the water sector, Southern Water is adapting
its services to reflect the changing needs of customers. This pilot study is modelling key
elements including: 1) speed of service 2) financial impact 3) robustness of products and
4) customer service.

This particular hotel was chosen because it was a good example of a robust medium sized
business, similar to many spread across the Southern Water region. It also has an engaged
hotel manager that is actively looking at ways of cutting costs and had already
demonstrated an understanding of water saving through the requesting of save-a-flush
bags to cut usage in hotel toilets. An effective water efficiency programme relies on
several important factors, one of the most important is the passion of individuals and
businesses to actively engage and put in place the dedication and planning to make a real
difference.

OVERVIEW OF INTERVENTIONS IN GUEST ROOMS

The billing data from May 2012-13 and the water use and fittings audit in October 2013
found that the water use in guest bedrooms including housekeeping accounted for a little
over 80% of the Lodge’s total water consumption. Pre-retrofit analysis show a 25%
potential savings from the current retrofit programme and a further 10-15% savings if the
WC cisterns and hot/cold basin taps are replaced and guests reduce shower times to an
average of 5 minutes.

The breakdown of water consumption in guest rooms is shown in Figure 1 below,
calculated using occupancy factors and the use factors specified in DCLG (2009). The
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current figures do not account for behavioural variations and they are based on
aggregated annual occupancy percentages alone.

Guest rooms

15%  18%

mWC
0,
14% W Taps
= Shower

B Housekeeping

Figure 1: Percentage breakdown of water use in guest rooms

Taps

Figure 1 show that there is potential for further water savings in the proposed tap retrofits.
Majority of the guest rooms have single hot and cold water taps as shown in Figure 2
below. The average flow rate of cold water taps was 20 litres per minute (I/m) and 81/m
for hot water taps. By comparison, the average flow rate from the mixer taps with flow
regulators was 51/m.

Figure 2: Separate hot and cold water in majority of guest rooms

It is understood that there are plans to upgrade the existing single hot/cold basin taps in
the near future and the previous figures highlight the savings possible from efficient taps.
Considering the wide variance in flow rates in the existing hot and cold taps, retrofitting
to 4-5 litre mixer taps can potentially provide a further 20-40% savings on current tap use
figures.

Toilet cisterns

Majority of the guest rooms currently have a 13 litre per flush cistern which were
retrofitted to provide dual flush capability i.e. 13/6.5 litre flushes, or an average of
9.5litres per flush. This retrofit has the potential to reduce water used for flushing by
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between 20-25% on current consumption levels, with a further savings of up to 25% if the
old systems are replaced with 6/4litre dual flush cisterns.

Figure 3: Ecobeta® cistern retrofit

Showers

The performance of a shower is affected by a number of variables; existing water supply
pressure, the type of shower supply and control mechanisms, shower head design etc. The
range of the existing shower types and supply/operation systems, as well as low water
pressure in parts of the hotel meant that the most significant savings occurred in the
rooms with pressurised shower systems — potential saving of up to 9litres per minute if
retrofitted with the Methven’s® range of Eco-showers.

Figure 3: Typical shower cubicle in the upper floor guest rooms

Based on the data generated from sampled rooms and assuming 8-minute average shower
duration, the current retrofit program potentially offers 35-40% savings on current water
consumption in showers. A further 20% is possible with successful behaviour change
interventions that result in shorter 4-5 minute showers per guest.
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Housekeeping

Water use in housekeeping is a significant percentage of water use in guest rooms and can
be equivalent to an extra 0.5-1 person in the room in some instances. Assuming 1 x toilet
flush, 1min x tap and shower use, housekeeping accounts for up to 19% of water use in
the guest rooms. Retrofitting water saving fittings offers potential savings of 25-35% on
existing water use for housekeeping.

Other areas

Due to insufficient data, it was not possible to offer projections on water use in other
areas of the hotel. These areas include; public/staff guest 3 x washrooms, kitchen, bar,
staff accommodation and laundry facilities.

The newly installed 3 x 200litres water butts on site should sufficiently offset outdoor
water use at the hotel.

PRE- AND POST-RETROFIT ANALYSIS

Using billing data from May 2012-13, the per capita consumption per guest per annum at
the hotel was approximately 270-3 10m’ per occupied bed, with total occupancy of
approximately 6160 guests per annum. The best consumption figure for hotels is 227 m’
per bed and worse 435 m® per bed (City West Water 2012).

In the first quarter since the retrofit, per capita consumption per guest reduced to on
average 242 litres, ranging from 210-267 litres per guest for the months between
November 2013 and February 2014. Therefore, the aggregate annual per capita
consumption (per guest) is projected to be in the range of 210-250 litres after retrofits. If
this trend continues, this equates to approximately 20-24% savings in the overall water
use on the site including guestrooms, communal facilities and outdoor functions
compared to original figures will be achieved.

800
700
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400 -
300 -
200 -
100
0 .

687

water use (litres

Nov 2013 to Feb 2014 Nov 2012 to Feb 2013

Comparative water use

Figure 4: Current normalised savings show 24% water savings since the retrofit program was
implemented.
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The granularity of the audit data conducted prior to the retrofit program allows for further
analysis of water use in the guest rooms. This was carried out using water consumption
and occupancy data for the quarter as well as projected use factors.

It was found that retrofits to the taps and showers let to water use savings in these fittings.
Comparatively, a measured increase to water use in WCs and a slight increase to the
water used for housekeeping were observed. The increase in water use in WCs can be due
to a number of factors including; increase in use by guests or misuse repetitive use linked
to the performance of the retrofit systems on the old cisterns, inappropriate use of the dual
flush cisterns where installed. This however needs further exploration.
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Figure 5: Percentage breakdown of water use in guestrooms, showing before and after the retrofits
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Figure 6: Percentage breakdown of water use in guest rooms post-retrofit (first quarter)

The retrofit program covered fittings and fixtures that were quick and easy to change and
excluded changes that would lead to disruption in the operation of the hotel, or require
large capital investment. There is therefore further scope to reduce water consumption to
below 200 litres per guest per day. That is if the flow rate of all basin taps are reduced to
Slitres per minute (4 x average daily use factor), all showers use on average 7litres
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/minute (1.5 x 8minute shower duration), all toilets use 9.5 or 6 litres maximum
accounting for the Ecobeta retrofits (4 x average daily use factor).

COST PROJECTIONS AND CURRENT SAVINGS

The capital cost of the retrofit program was around £2500.00; Labour £800 (Incl travel
cost), Materials £1700 (Shower Heads & Regulators, Retrofit Dual Flush Cistern Devices,
Mixer Regulators, Water Butts and Hose Triggers).

Table 1: Projected cost savings from retrofit interventions

Breakdown of charges
Annual
Numbe.r % of |Wastewat| Clean Clean |Wastewat| Waste Surface Highway ) projected
of days in rotal Usagd water |er volume | Volume/v standin standin Water Drainage Total excl VAT VAT rate Total incl | savings
billing 8 returned | incubic | ariable s . e Drainage 8 VAT VAT
. charge | Drainage | charge charge
period tosewer | metres charge charge
Bill data from May
2012-2013 377 |1909.00| 95.00 |1813.55|2173.26| 18.74 (3799.27| 13.29 0.00 7.25 |6011.81| 603.37 | 0.20 |6615.18
Resolved to 1
calendaryearof 365 | 365 184824 95.00 175582 2104.08 18.14 3799.27 12.87 0.00 7.02 6011.81 | 584.17 @ 0.20 | 6404.61
days
Annual at 20% less
water 365 | 147859 95.00 |1404.66|1728.47| 18.14 |(3087.44| 12.87 0.00 7.02 |4853.94| 970.79 | 0.20 |5824.73 | 579.88
Annual at 40% less
v water ° 365 |1108.94( 95.00 |1053.49|1296.35| 18.14 |2315.58| 12.87 0.00 7.02 |3649.96| 729.99 | 0.20 |4379.96 | 2024.66
The analysis prior to the retrofit program showed projected savings of 35% on current
retrofits, so a conservative range of 20-40% was anticipated. Based on billing figures and
an annual consumption from May 2012-13 of 1909.00m3, at the time of the retrofit
program, a projection of best and worst case savings was calculated as shown in Table 1.
Table 2: Actual cost savings from retrofit interventions
Breakdown of charges
Actual Number of %‘Df Wast:ewat Clean Clean |Wastewat Waste Surface Water | Highway
days in billing [Total Usagg “t’a erd e_rvo :r_ne Volume/vari | standing er standing Drainage Drainage | Total excl VAT VAT VAT rate | Total incl VAT
period returne in cubic able charge | charge [ Drainage charge charge charge
tosewer | metres
BilldatafromNov | 1) | 5154 | 95.00 | 49546 | 60068 | 420 |1089.03| 329 0.00 1o1 | 170811 |[34162| 020 | 2049.73
2013-Feb 2014
Resolved to 1
calendar year of 365 365 1560.35  95.00 1482.33 | 1824.04 12.57 | 1089.03 9.84 0.00 571 1708.11 1022.06  0.20 6132.39
days
Bill data from Nov
2013-Feb 2014
. . 122 521.54 | 95.00 | 495.46 591.43 2.75 |1030.56 1.89 0.00 1.04 1627.67 325.53 0.20 1953.20
(without tariff
change)
Resolved to 1
calendar year of 365 365 1560.35  95.00 1482.33 | 1769.43 823 1030.56 5.65 0.00 3.11 1627.67 973.93 0.20 5843.60
days
Bill data from Nov
2012-Feb
) . 190 1069.20| 95.00 |1015.74( 1212.47 275 |2112.74 1.89 0.00 1.04 3330.89 666.18 | 0.20 3997.07
2012(without tariff
change)
Normalised Bill data
from Nov 2012-Feb
. ) 122 686.54 | 95.00 | 652.21 778.54 2.75 |1356.60 1.89 0.00 1.04 2140.82 428.16 | 0.20 2568.98
2012(without tariff
change)
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The figures above takes into account the tariff changes during the period. Based on a
good and better scenario, the figures suggest a 9-30% cost savings on water and sewerage
bills for the hotel.

Table 2 shows a breakdown of savings based on the actual billing figures in the first
quarter (November 2013 to February 2014) since the retrofit.

The billing analysis shows £519.25 savings per quarter if compared directly with the
previous year; achieving the forecast minimum of 20% savings. Since February 2013,
there has been a tariff increase of about 3% and 5% for clean and waste water
respectively. When the tariff changes are considered, then cost savings of 24% was
achieved compared to the same winter quarterly period in the previous year.

Therefore at current levels of water savings, the payback for the retrofit scheme is 1.25
years, and about one year, if the tariff increase is factored in.

DISCUSSION

The previous sections have introduced and discussed the rationale, method and findings
for retrofitting water efficiency in an hotel in South East England. An interim water
consumption and billing data analysis for the first quarter of the year since the retrofit
show a 24% reduction in water use across the hotel and a 20% cost savings on the water
bill.

Reduction in water use was also found in the use of taps and showers in the water fittings.
However, a slight increase was found in water use in WCs and this will be further
explored in the following months.

It is however worth noting that these data are from water use during the first quarter since
the retrofit scheme was implemented. Further data collection and analysis is required to
determine whether these savings will be sustained, or whether they increase or decrease
over time. Continued data collection will also confirm if there are seasonal changes to
water use in the hotel and the extent to which this affects the effectiveness of the scheme
to deliver water and cost savings year on year. The study team will also explore the
potential to further improve the granularity of the datasets to improve the capacity to
determine the extent to which the water and resulting cost savings are due to the water
fittings retrofit, guest behaviour or a combination of both.

Further steps in the study include:

e Continued metering and occupancy data: Regular metering data combined with
periodic occupancy data will help to deconstruct the water use in the guest rooms
and provide further insights into percentage water use in other areas of the hotel.

e Further audits and user data is required for water use analysis in the remaining
areas of the hotel.
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CONCLUSION

The retrofit program discussed in this paper was embarked on to deliver some water and
associated cost savings to the hotel, and to provide some evidence to further demonstrate
the viability of such schemes on a wider scale. This to a large extent has been achieved,
and the monitoring of the potential for continued savings from the scheme is ongoing.
However, to achieve sustained cost benefits and water savings from the scheme, targeted
information is recommended for staff and guests to include advice on how to use the new
fittings as well as an encouragement to ‘adjust’ their behaviour to suit. This baseline
information is necessary for the effective design and implementation of information and
behaviour change strategies.

Further steps
Since this preliminary review, the hotel has implemented further work in some of the
guest rooms to upgrade some single flush toilets to dual flush.

The introduction of more information and guidance for guests in the room folders has had
some impact but on a very small scale in comparison to the bathroom refitting. Guests
behave differently in hotels and are generally more wasteful than they would be at home.
As aresult highly visual awareness notices are likely to be more effective and the hotel
hopes that the water company will again produce tasteful stickers as they have done
before in collaboration with the Tourism Board.

In terms of the effect this retrofit has had on the case study hotel, the feedback from the
manager is that:

"We are delighted to be saving not only costs but water too. Our customers have been

impressed with the facilities and even though we are a budget hotel we are providing facilities
above expectation. | wholeheartedly recommend other hoteliers seriously consider the
improvements they could be making to their profits and the environment with some simple changes
to their bathroom facilities and a bit of educational material for their clients.”
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Abstract

Understanding how customers engage with and view their water usage is crucial to the
design of more effective water demand management policies and programmes. This
paper presents the findings of a small-scale research project that sought to explore
customer attitudes to the use of water and its conservation, particularly in the context
of seasonal tariffs used during the summer peak usage months (May to August). A
series of 20 face-to-face semi-structured interviews were carried out with domestic
water users in Bishops Stortford, United Kingdom. As a consequence, it is argued that
the study highlights study participants as being disengaged from their water usage and
the associated efforts to reduce their usage, so simply increasing water prices at
seasonal peak usage times was not, on this occasion, an effective method to adopt to
reduce domestic water usage. However, by subsequently exploring customer attitudes
towards a selected range of alternative water conservation measures, such as the
subsidisation of water efficient appliances, and rebates for reduced water usage, it is
established that alternative water conservation measures may have the potential to
more effectively encourage a reduction in water usage. However, as the findings of
this study also serve to highlight, the issue of ‘institutional trust’ emerges as a key
issue to consider when seeking reductions in water usage by increasing its unit cost,
with accusation of profiteering looming large. Therefore, in conclusion, it is suggested
that a richer mix of policy responses demand management will be needed to convince
domestic water users of the need to reduce their water usage.

Key words: Domestic water consumption, seasonal tariff, water conservation,
customer attitudes

INTRODUCTION

As world demand for water increases and shows no sign of decline (UNDP, 2006;
UNESCO, 2009), understanding how customers engage with and view their water
usage is crucial to more effective water demand management policies and
programmes (Doron, et al., 2011; Defra, 2011; Prosser, 2011; Randolph and Troy,
2008). Metering is envisaged as playing a central role in better managing water
resources and reducing demand (Chambouleyron, 2004; EC, 2002; Defra, 2011;
2012). In the context of the United Kingdom (UK), whilst it has been found that the
metering of domestic users can reduce initial [short-term] water consumption by about
10 per cent (NMTG, 1993), little is known about how seasonal tariffs affect customer
demand for and attitudes to water usage [over the medium to long term]. From a
theoretical standpoint, seasonal tariffs are envisaged as being able to affect a reduction
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in water demand during the traditional summer peak demand period, yet research
studies currently underway in the United Kingdom, in particular work being carried
out by Affinity Water (UK), and from which this work stems, appear to cast doubt on
this assumption. In fact, when research studies into human behaviour are explored, it
is notable that simple cost signals, in the form of seasonal price differentials, may not
be enough to affect a change in behavior. Indeed, it is important to state that human
behaviour itself is shaped by a wide variety of ‘other’ and ‘external’ factors alongside
concerns over cost. In particular, it has been found that age, gender, income,
education, infrastructure/available services, and political affiliation can all affect
behaviour, particularly with regard to water usage (see Hamilton, 1983; Baldassare
and Katz, 1992; Sadalla and Krull, 1995; De Young, 1996; De Oliver, 1999; Lam,
1999; Stern, 1999; Gilg and Barr, 2006; Barr, 2007; Randolph and Troy, 2008). It is
also worth noting that wider dimensions of attitudinal and behavioural variability,
including notions of emotional involvement, participation, institutional trust, and an
attitude-behaviour gap, also serve to shape human perceptions, attitudes, and
behaviour in relation to environmental services and conservation measures (see De
Young, 1996; Gregory and Di Leo, 2003; Fujii, 2006; Steg and Vlek, 2009).

Background to this study

In an attempt to reduce demand for water during the seasonal peak demand period of
the summer months (May to August), Affinity Water (UK) implemented a seasonal
tariff metering trial in the area of Bishops Stortford, Hertfordshire, United Kingdom.
The main purpose of the study was to assess the potential relationship between a
change in water price/cost and relative demand for water during the peak demand
period of the summer months. However, contrary to the expected impact of seasonal
tariffs, the usage data collected by Affinity Water for the period (2009-2011) appeared
to demonstrate average summer monthly consumption as increasing by approximately
3% in comparison to other metered customers in the local area, who were not subject
to a seasonal tariff. However, it is important to note a key constraint of the seasonal
tariff trial conducted by Affinity Water. In particular, when Affinity Water designed
and subsequently implemented their seasonal tariff trial that they had do so in the
context of a ‘cost-neutral’ framework so as to comply with the regulatory conditions
placed upon them by the water industry’s economic regulator Ofwat. Therefore,
adopting a cost neutral framework for the application of a seasonal tariff trial meant
that whilst prices increased during the peak summer months, prices were then
decreased during the lower demand months to achieve a level of cost neutrality so
long as consumption remained the same. The implications of this regulatory constraint
on both the Affinity water trial, and in turn this study, it subsequently explored in the
conclusions sections of this paper.

As a consequence of the above findings, Affinity Water commissioned the authors of
this paper to undertake research targeted at exploring customer attitudes to seasonal
tariffs, in an attempt to identify possible influencing factors that may underlie the
observed increase in water consumption. Therefore, this paper discusses the findings
of this research, which itself sought to explore customer attitudes to the seasonal tariff
trial in an attempt to reveal why there had been an observed increase in water
consumption. However, the study also sought to explore customer awareness of and
attitudes toward water use and its monitoring. The justification for this focus was that
if water users are unaware of the amount of water they are using and how they can
monitor it, pricing controls such as the seasonal tariff may well be meaningless in
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reality. Attitudes toward current and alternative pricing approaches, as well as
alternative conservation approaches, were also the focus of a number of questions.
This part of the study was undertaken to identify how much support existed for
differential pricing and other conservation methods, including subsidies and rebates,
with the overall aim being to identify alternative policy mechanisms and practical
approaches to water conservation that may encourage a reduction in water
consumption.

METHODOLOGY

From a broad perspective, the research undertaken for this study adopted a qualitative
approach, implemented through a series of face-to-face semi-structured interviews
with a pre-defined sample population located within the area of Bishops Stortford
(UK). Due to the exploratory nature of the research, a semi-structured interview
approach was preferred in order to provide both a basic structure/format as well as a
degree of flexibility to facilitate the acquisition of underlying attitudes and detailed
expansion with regard to certain topics (Robson, 2002). A total of twenty customer
households were selected for participation in the study. The selected customers were
split into two equal sized groups depending on their relative water usage, with two
groups of ten participants being formed to reflect either an increase or a decrease in
water usage [as a consequence of Affinity Water’s seasonal tariff trial]. It should be
noted that customers who were selected to form these two user groups were randomly
selected from the wider groupings of customer participants in the seasonal tariff trial
that demonstrated either an increase or decrease in water usage. Although customers
were selected randomly, care was taken to ensure participants were located throughout
the entire study area. In turn, this helped to ensure that the sample of customers
selected for interview were as representative as feasibly possible within the confines
of the available data set and given geographical area.

CUSTOMER ATTITUDES TOWARD WATER USE

To aid discussion of the results, the study findings have been split into four sub-
sections. The first section focuses on exploring respondent engagement with the
seasonal tariff trial and its impact on behaviour. The second section focuses on
discussing respondent awareness of water use, charges, billing frequency, and the
impact of metering on behaviour. The third section focuses on exploring respondent
attitudes to water charges and conservation measures. Meanwhile, the final section
focuses on discussing respondent attitudes to alternative approaches to water
conservation.

Customer engagement

When participants were asked whether or not water usage inside their home had
changed as a result of the seasonal tariff trial, 85% of respondents stated that it had not
changed since the introduction of the seasonal tariff, with no one usage group
appearing more aware of a change in usage. This finding is in contrast to the usage
data for two groups created for this study, where 50% of respondents were known to
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have exhibited a decrease and 50% an increase in water usage. Subsequent
interviewee comments revealed a range of issues which potentially explain this low
level of awareness. In particular, respondents felt their household usage had not
changed because not all members of the household were aware of the trial; they felt
they were already careful with water and so had not instigated any changes as a result
of the trial; water was not viewed as a seasonal issue; and a change in behaviour was
not felt to be necessary because the costs involved were not a concern. Indeed. 20% of
all respondents claimed they had either forgotten about the trial or were not aware that
they were participating in a seasonal tariff trial.

The responses of those interviewed serve to highlight that respondents had a low level
of awareness of how their usage may or may not have changed as a result of the
seasonal tariff trial. Indeed, it is notable that 70% of those in the decrease usage group
said they did not know if their water use had changed. This data, in combination with
the finding that 85% of participants felt that their usage had not changed, raises the
possibility that any observed decrease in water usage when the seasonal tariff trial was
in operation was mainly attributable to chance [or other factors]. Indeed, the following
interview comment, from respondents demonstrating a decrease in water usage, is
illustrative and in turn supportive of this view:

“It’s probably stayed the same [ ...] because we re generally water conscious and we’ve made N0
lifestyle changes since being in the seasonal tariff. We all shower in the morning, people then like to
have a bath as well in the evening. We've had a water butt since before the seasonal tariff started. [

don’t see that the seasonal tariff has had any impact on our habits”. (Decrease)

With regard to the increase usage group, it is notable that while some displayed
awareness that their usage had increased, others had little to no understanding of
whether their usage had increase or decreased as result of the seasonal tariff trial, as
exemplified by the following comment:

“It’s funny, if I had to guess 1'd say decreased but I know from looking back over my recent bills that
actually we've increased our use. I'm not really sure why that is. I do water the garden and wash my
cars every week but other than that I feel we 've cut down on water use more generally”. (Increase)

When respondents were asked if the seasonal tariff trial had prompted them to fit any
water saving devices, 90% of respondents said no. In this respect, it is notable that
both usage groups reported in equal measure the non-fitting of water saving devices as
a result of the trial. Furthermore, when respondents were asked what actions they had
taken to reduce water usage during the last year, particularly when the seasonal tariff
was in place, 60% of respondents reported that they had done nothing. However, it is
notable that 40% of respondents did claim that they had taken action to reduce their
water usage, with the most frequent action being the ‘reuse of water for garden
activities’ (30%). It is striking that the usage group claiming to have taken the most
actions is the increase group (50%), with the decrease group demonstrating the
greatest inaction (70%). However, this result could in part be due to the fact that
many in the decrease group were potentially already active in taking action to reduce
their water usage prior to the introduction of the seasonal tariff.

When the issue of how much further respondents could go in saving water was
explored, only a limited number of respondents suggested that they could do much
more to save water and change their behaviour. In particular, just 5% thought they
could do a lot more, 20% thought they could do some more, with 55% claiming they
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could only do a little more and 20% saying they could do nothing more. However,
with respect to the usage groups, it is notable that respondents in the increase group
offered a more positive response to being able to conserve water. This finding is
similar to the research findings of Randolph and Troy (2008), who found that water
customers in Sydney, Australia, also viewed themselves as being unable to save much
more water.

When interviewees were asked if more regular billing and information on the seasonal
tariff trial would have encouraged them to think more about how much water they
were using, respondents agreed that it would serve to engage them more and that they
may then respond in a more positive manner. In this respect, research on the impact of
communication on customer engagement with environmental initiatives has found that
a lack of communication can serve to affect a decline in emotional involvement,
awareness, perceived control, and personal responsibility (Gregory and Di Leo, 2006;
Kollmuss and Agyeman, 2002). Indeed some interviewees did comment that being
able to submit readings online for their gas and electricity usage, and being able to
compare usage between month and years, did serve to engage them more and in turn
encourage them to reflect on how they could alter their behaviour.

Customer awareness

Approximately 65% of respondents said they knew how much they paid for their
domestic water services, with the remainder not knowing. However, it is notable that
while those individuals participating in the seasonal tariff trial were billed every six
months, 40% of respondents said they either did not know how often they received a
bill or that they thought they received a bill quarterly, which is not the case. Indeed, if
one was to assume that those individuals demonstrating a decrease in consumption are
more aware of what they pay and how often they are billed, the results of this study
demonstrate the opposite. Therefore, in combination with the finding that those in the
decrease group were not aware of whether or not their usage had changed as a result
of the trial, it is questionable whether the decrease in water usage demonstrated by the
decrease was the result of deliberate actions, as noted previously. So, in reality what
has been observed with regard to water usage may have been more due to chance than
a series of deliberate actions, as those in the decrease group appear to be no more
aware than those in the increase group.

When respondents were asked how much water they use, only 5% of respondents said
they knew. The following interviewee comments serve to typify and further exemplify
responses received:

“dbsolutely no idea [...] a cubic metre of water means nothing to me [...] it really is hard to
understand how much water you are using and what that actually means, entails etc...”. (Increase)

“No, not a clue”. (Decrease)

This low level of awareness is not unusual, and is supported Randolph and Troy
(2008) who found that only 19% of water customers in Sydney, Australia, were aware
of how much water they used. Despite the aforementioned low level of awareness,
85% of respondents thought they were average or below average users of water
compared with similar users in their area. In particular, 50% of respondents thought
they used average amounts of water, while 35% thought they were below average
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users. However, it is unlikely that such a large percentage would be low water users in
reality (see Randolph and Troy, 2008). Again, when the results obtained for this study
are broken down, with regard to the usage groups created for this study, the results
obtained do not show any one usage group as being more aware of their water use,
which again appears to suggest that the decrease in water usage exhibited by those in
the decrease group is down to chance and does not appear to appear to be the result of
any deliberate change in behaviour driven by the introduction of the seasonal tariff.

When respondents were asked how often they check their water meter, as a way of
gauging how much water they use, 95% of respondents claimed they had never
checked their water meter, with there being no significant difference between usage
groups in this respect. When respondents were subsequently asked if receiving a
metered bill made them reflect on how much water they used and whether they then
took action to reduce their usage, 60% of respondents suggested that receiving a
metered water bill did not make them reflect and take action. When it was explored
with respondents why they ‘never’ checked their meter a series of reasons emerged. In
particular, issues revolving around the location and accessibility of the meter; not
knowing where the meter was; not having access to the meter; and the cost of water
supplied not being a major source of household expenditure to warrant further
checking.

Although 40% of respondents did feel that receiving a metered bill did, if albeit
temporarily, make them reflect on their water usage, the majority of respondents felt
that receiving a metered bill did not affect their behaviour. The reasons for this were
that their water usage habits were necessary, water usage costs were considered to be
relatively low and, they were already being economical so being metered did not
affect them. Some felt they lacked knowledge as to how much water certain
appliances used which made considering taking action a pointless exercise. Again no
particular differences in the reasons offered were detected between the two usage
groups.

Water charges and conservation

When the perceived fairness of current water charges and their ability to encourage
water conservation was explored, 60% of respondents thought that current water
prices were fair, with 10% feeling that they were not fair. Both usage groups were
equal in their responses to this question. However, it is notable that when asked if
current overall water charges encouraged the conservation of water, 60% of total
respondents thought that current prices did not encourage conservation, with 30%
thinking that current prices did encourage conservation. However, it is notable that
twice as many in the decrease group did feel that current water prices did encourage
water conservation, with 70% of those in increase group, as compared to 50% in the
decrease group, feeling that they did not encourage conservation. When it was
subsequently explored with respondents whether or not extra charges should be made
for higher than average water use, 60% of respondents thought that extra charges
should apply for higher than average water use, with 20% more respondents in the
increase group feeling this to be a reasonable course of action.

Despite widespread support for differential pricing to encourage water conservation,

and a majority of respondents feeling that current water prices did not encourage
conservation, it is notable, and somewhat paradoxical, that 80% of respondents stated
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that water prices should not be increased in order to encourage people to use less
water / water conservation, with 75% of respondents not agreeing with the idea of
general price increases to fund improvements in conservation policies and practices
with regard to water use. Thus the aforementioned responses appear to indicate that
people feel they should not have to pay more for their everyday use of water but are
tolerant and accepting of the idea that higher than average users should pay more,
which they may or may not consider themselves to be. As to why respondents were
against water prices being increased to encourage people to use less water, it seems
that respondents view water as an essential resource people cannot do without and
subsequent usage is therefore seen as somehow fixed and unalterable:

“No, because it would penalise everyday usage and that would not be fair [...] I can’t do anything
about my usage [...] (water) is not something that you think about when you use it”. (Decrease)

With regard to being against increased prices to pay for improved conservation
policies and practices aimed at conserving water, issues of trust and concerns over the
use of the resultant funds were expressed by many of those interviewed:

“Absolutely not, particularly when water companies are making such high profits”. (Decrease)

“If that is where the money goes, and | doubt it would [...] I think it is something to consider so long as
you could clearly demonstrate that is where the money went and not on reducing leakage for instance”.
(Increase)

The above discussion and associated respondent comments highlight issues relating to
trust and respondent understanding. Therefore, future policies and practices,
particularly with customer cost implications, do need to take into account how water
provider can more effectively cognitively align itself with its customers. Such
cognitive alignment is crucial to increasing the effectiveness of attempts to alter
customer behaviour. It is notable that research by Blake (1999) and Jorgensen et al.
(2009) serves to highlight that an apparent lack of trust between customer and
company can have a detrimental effect on conservation initiatives with mutual
understanding of each other’s concerns being key to effective conservation initiatives.

Alternative approaches to water conservation

During the course of the study, consideration was given to identifying and
subsequently exploring respondent attitudes toward alternative approaches aimed at
encouraging a reduction in water use. When respondents were asked if they would
allow someone to fit a ‘free’ water saving device for them in their home, 70% of
respondents were found to be in favour of such a service, with both usage groups
being equally positive in this respect. Therefore, this finding suggests that a reduction
in water use is possible if water providers were to engage in a programme of fitting
water savings which may help to overcome customer cost concerns and apathy in
fitting such devices themselves.

When customers were asked if they took into account the water consumption of
household appliances when making a related purchasing decision, 60% of those
interviewed said that they did consider this issue, with 75% of interviewees saying
that the subsidisation of more water efficient household appliances would encourage
them to subsequently purchase such appliances.
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When customers were asked if a rebate on their water bill would incentivise them to
try to reduce their water usage, 70% of respondents claimed that they would be ‘more
likely’ to try and reduce their water consumption if they were offered a monetary
rebate on their water bill. Such a move, rather than simply charging customers more at
a certain time of year, might help to more effectively encourage customers to reduce
their water usage via the fitting of water saving devices and/or the adopting of water
saving behaviours around the home. It is of note that this finding mirrors wider
research suggesting that rebates can act as a ‘facilitating factor’ that encourages the
fitting of water saving devices and/or the adoption of water saving behaviour because
it helps to overcome barriers to change attributable to the relatively inexpensive cost
of water not encouraging the adoption of efficiency devices and/or a change in
behaviour (see Barr, 2007; Steg and Vlek, 2009).

CONCLUSIONS

The findings of this research study also appear to suggest that simply increasing water
prices at seasonal peak usage times is unlikely to be an effective method of managing
domestic water demand in the short to medium term, particularly when a ‘cost-
neutral’ framework is adopted (i.e. as well as prices increasing in the peak summer
months, prices are then decreased during the lower demand months to achieve a level
of cost neutrality so long as consumption remains the same). As previously
highlighted, few respondents demonstrated any significant engagement with their
water usage. Indeed, many respondents commented that water was not a major source
of household expenditure and that they viewed it as relatively insignificant. If this
finding is reflective of the wider customer base involved in the seasonal tariff trial, the
issue of ‘price sensitivity’ raises questions about the price signal and practical mindset
being sent to customers. Indeed, it is notable that the majority of respondents
interviewed thought it fair that higher than average users should pay more for water.
Therefore, this finding, in combination with an observed increase in consumption
during the peak demand period, serves to call into the question the effectiveness and
in turn the validity of adopting a cost-neutral framework. Indeed, as discussed in the
results section, the actions of customers, in the context of the seasonal tariff trial,
appear to demonstrate them as viewing water more as commodity [and literally a
customer item] to be used without constraint, and not as a scarce natural resource to be
conserved, because water usage has increased despite the prospect of increased water
bills.

However, as this study has found, customers are unwilling to pay more for their water
to improve its conservation. In fact, this study is suggestive that customers in general
think that their water consumption is not a problem and that they should not have to
pay for a solution. This is not to say, as Randolph and Troy (2008: 453) have
observed, that customers ‘who use substantial amounts of water should not be charged
more’, it is more that customers feel they should not have to because they are not the
problem. This finding, in combination with customers being found to be distrusting of
what water companies would do with any increased revenues associated with
conservation efforts, does raise the need for more effective knowledge transfer
partnerships to be developed between not only the company and the customer, but also
the regulator.

The findings of this study, in conjunction with previous research, are illustrative of the
need for respondents to be targeted with a diverse range of policies and programmes at
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any one time, particularly if a sustained and more effective decrease in water usage is
to be achieved. Therefore, it is notable that this study has revealed substantial
potential demand for a number of different water usage reduction schemes. For
example, the study has shown potential wider customer support for the free fitting of
water saving devices and the subsidisation of water efficient household appliances. If
embraced, such measures have the potential not only to deliver immediate reductions
in water usage but provide long term solutions to reducing water usage, as they have
in other countries. Also, it is notable that the study has revealed customer support for
the usage of a ‘bill rebate’ to encourage a reduction in water usage. Therefore, in
combination with the finding that customers may be somewhat distrusting of the
company rationale for embracing certain water conservation techniques, it is apparent
that greater attention needs to be paid, by both government and water provider alike,
to developing sustained and targeted education campaigns focused on building trust
between all stakeholders involved in the delivery of water. A simple one-policy-fits-
all approach, such as seasonal tariffs, is unlikely to achieve permanent long-term
reductions in water usage, particularly if poor customer knowledge and issues of trust
are allowed to fester or worsen. Such reflection and appropriate action is argued as
being crucial to facilitating a reduction in water usage, particularly when approaches
connected with metering have to adopt a ‘cost-neutral’ framework, as is the case for
England and Wales.
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ABSTRACT

The potential was evaluated for substituting the irrigation of green roofs using
greywater, instead of irrigating with mains drinking water. The use of greywater for
green roof irrigation is attracting increasing interest in the UK, for its potential for
watering during drought conditions. At these times, rainwater and mains water
resources become increasingly constrained and the sustainability of green roof
planting can be adversely affected.

A trial was conducted using two sets of plant boxes having either 10cm or 20cm
substrate, and applying three planting schemes with Sedum, or Stachys byzantina or no
planting (bare soil). The research procedure applied either mains water or BSi-
standard synthetic greywater (BS: 8525-2, 2011 without final effluent) for irrigation.
Evidence was noted of the filtering capacity of the substrates and the chemical
composition of the drainage water after filtration.

Pervious research by Gross et al, (2005), has suggested the probability of Sodium (Na)
accumulation in soils and plants. Observations were made regarding the conservation
of the total mass of Na retained in soil, soil moisture and in plant material. Statistical
evaluation of Na concentrations in plant material showed that Sedum and Stachys both
accumulated similar amounts of Na, whilst the soils showed only marginal evidence
of accumulation.

Conclusions are drawn concerning the future for using greywater for watering green
roofs. No improvement was observed in the quality of the greywater after filtration
through the soil matrix. For longer term watering using greywater, the choice of Na
resistant species should be considered, although the Sedum species used in this study
showed no recorded adverse growth effects from Na accumulation.

Key words: Rainwater harvesting (RWH); Sedum and Stachys green roofs; irrigation
of green roofs with greywater; Sodium accumulation in green roof species; BSi-
standard greywater.

INTRODUCTION

Climate change and increasing urban populations are contributing to the increasing
frequencies of water scarce events. The United Nations (2011) estimates that the
global urban population will increase from the current 51% to 67% by 2050.This
increase in urban populations exacerbates environmental problems already
experienced in urban areas, including: air and water pollution, the urban heat island
effect and the availability of clean water resources. Accessibility to clean water in
urban areas is an increasing global issue. The World Water Organisation predicts that
by 2025, two thirds of the global population will face water shortages (Grey and
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Connors 2009). Furthermore, the application of rainwater & mains water for uses
including green roof irrigation becomes constrained under drought conditions.

Green roof technology can assist with the mitigation of climate change effects felt in
urban areas. An EPA (2006) study suggested that within urban areas, roof cover
occupies around 20% to 25% of the total land area. To gain the optimum benefits from
green roofs, vegetation must be kept healthy and sufficiently irrigated.

To decrease the potential demand for irrigating green roofs with potable water, it has
been suggested that for specific applications, greywater may provide a significant
alternative water source (Hyde et al, 2013). The average person in the United
Kingdom uses around 150 litres of water per day (Environment Agency 2012), and a
significant percentage of this water may potentially be suitable for reuse.

In the UK, greywater is defined as water originating from sources including baths,
showers, washbasins and laundry waters (British Standard (BS): 8525-1, 2010).
Noticeable differences in greywater quality are suggested by Hyde et al, (2013) due to
the organic and physical pollutants arising from various sources. Other factors
affecting greywaters chemical composition include; the variety of cleaning products
available and the chemical composition of mains water (Al-Jayyousi, 2003).
Christova-boal et al, (1996) tested the chemical composition of kitchen and bathroom
greywater indicating that kitchen greywater contains more pollutants. This suggests
that even in a single household, the greywater is likely to be of variable quality.
Consequently, irrigation using greywater from any particular source could potentially
produce variable effects on plants and substrates, leading to questions over its
suitability and sustainability for this purpose (Saphira 2011).

The agreed objectives, included experimental data collection, analysis & evaluation;
1) assessing the quality of irrigation water following application; 2) assessing the
effects that greywater irrigation has on plants and soils within the green roof system;
3) evaluation regarding whether or not the application of greywater is a viable
alternative to the use of mains water for irrigation of green roofs, both in terms of
water quality and in terms of the potential effects on plants from Na in greywater.

MATERIAL & METHODS

Materials

Substrates, plants and treatments

The experimental period of 28 days was chosen as a short term study, with the
potential for expansion at a later date. Experiments started on the 28" of May 2012.
Thirty-two 0.4m by 0.6m planting boxes were drilled with eight holes in each, for
effluent water drainage and effluent sample collection. The substrate used was John
Innis Compost No.2, and no additional fertiliser or nutrients were added during the
experiment. Sixteen boxes were filled with 10cm of substrate, and the other sixteen
with 20cm of substrate. The purpose was to establish how substrate depths affect the
chemical and inorganic holding capacity of the substrate. Two species of plant were
tested: Stachys byzantina and Sedum. Twelve boxes were planted with Stachys
byzantina another twelve with Sedum, with the remaining eight containing bare soil as
a baseline parameter. The groups of boxes were further subdivided into watering
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groups and irrigated with either synthetic greywater or mains water. Boxes were
placed in greenhouses in order to control irrigation volumes.

Sodium; accumulation and toxicity to plants

Sodium can be a toxic to plants, hindering growth and development (Luan et al.,
2009). A low K, high Na soil characterises stressful conditions and impacts plant
growth (Luan et al., 2009). The conservative nature of Na leads to accumulation in
plants causing health issues and death.

Synthetic greywater recipe and production

The British standard synthetic greywater recipe was chosen for application to the
planted boxes, whilst making one modification which was the exclusion of any
tertiary effluent. This was primarily due to Health and Safety restrictions. The adapted
recipe can be seen in Table 1.

Components Amounts

Mains Water 9.913 litres
Shower gel (Johnson’s baby Soft wash) 0.0086 litres
Qil (Sunflower) 0.0001 litres

Table 1: Adapted British Standards (8525) basic bathroom synthetic greywater recipe.

The tertiary effluent was replaced by an equivalent volume of mains water expressed
in the table above. Batches of synthetic greywater were produced, 10 litres at a time,
in which the consistency could be assured by preparation to the BSi method and extra
greywater was stored at 4°C for up to 24hours (BS: 8525-2, 2011

SAMPLING

Moisture content and plant irrigation

A soil moisture probe was used to estimate the moisture concentration in each box.
The moisture concentration results determined the subsequent irrigation regime. Soil
moisture was measured daily between 12.00 and 13.00 hrs. The volume of water
delivered was just sufficient to meet the plants’ varying moisture requirements as
determined by the moisture probe. Whilst the bare soil and Stachys boxes were
irrigated when the moisture content fell below 0.25m’/m™ due to higher moisture
needs, Sedum was irrigated when moisture fell below 0.20m’/m™ as it has a high
drought tolerance (Van Woert et al 2005).

Plant and soil sampling

Samples were taken on day 0 and day 28 of the experiment. Five, 1cm’® samples of soil
were taken from the entire depth of the substrate. The five samples were combined to
form a representative sample from each box and dried at 40°C. At the same time,
plant tissue sampling was undertaken by removing 5 leaves from each plant near the
top of the stem. These leaves were added to an aggregated sample, dried and crushed
to form a box representative sample.

Influent and effluent sampling

Influent and effluent, tap and greywater samples were collected on experimental days
0, 14 and 28. Influent mains water samples were collected from the greenhouse water
mains. Greywater samples were collected 1 hour after production (BS: 8525-2, 2011).
Effluent samples were collected by irrigating boxes manually, at a slow pace, with
500ml every 5 minutes until dripping occurred. The boxes water retention times and
holding capacity differed due to soil depths and plant types.
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MEASUREMENTS AND METHODS

Water quality measurements and visual assessment of plants

To assess the influent and effluent water quality, the pH, Total Dissolved Solids and
Electrical Conductivity (EC) (ion selective electrodes) were tested on day 0 and day
28 of the experiment. Boxes were photographed every seven days for the purpose of a
visual assessment of plant colour and growth.

Sodium extraction preparation (Soil)

Ammonium nitrate was used to extract Na from the soils. Ten grams of soil was
sieved through 2mm gauze and placed in a centrifuge tube. 25ml of 1 mol/litre
ammonium nitrate was added. Samples were shaken for two hours. After, the samples
were centrifuged at 3600rpm for 10 minutes. The remaining solution was filtered
through No.540, Whatman filter paper. The first Sml of filtered solution was
discarded. The solution was analysed for the Na concentration using a Corning 410
flame photometer.

Sodium extraction preparation (Influent and effluent water)
Samples were filtered with paper filters Whatman no. 540 before the filtrates were
analysed using a Corning 410 flame photometer.

Sodium extraction preparation (Leaf tissue)

Sodium was extracted from plant material by nitric acid digestion; 0.25¢g of dried, and
ground plant material was placed in Kjeldahl tubes. Sml of concentrated AnalaR nitric
acid was added to all tubes and caped with glass bubbles. The tubes were left to stand
for 24h and then placed in a digestion block and heated at 60°C for 3 hours. The
temperature was gradually increased to 110°C, and samples digested for another 6
hours. The glass bubbles were washed using ultrapure water, helping to dilute the
nitric acid before the digest was filtered using Whatman 540 filter paper. Digest liquid
was placed in 100ml volumetric flasks which were made up to 100ml with ultra-pure
water. The Na concentrations were measured using flame photometer analysis.

Soil moisture content of the samples analysed for Na concentration

Soil moisture content was measured to get an accurate Na concentration per gram of
dried soil. 10g of soil was placed in a foil boat of known weight; this was then placed
in an oven at 105°C overnight. The samples were then reweighed and the difference
weight from before and after drying is the soil moisture content.

RESULTS &DISCUSSION

Influent composition

Conductivity and pH measurements of the mains water and greywater taken over the
28 days showed little change. The pH of the greywater is not dissimilar to that
measured in other studies with a range between 6-9pH (Ernst et al 2006, Asano 2007).
Measurements also fell within the recommended ranges set by the British Standards of
between 7-8pH. The electrical conductivity (EC) of the greywater is low in
comparison to some other studies (Li et al 2008) who suggests EC results of 1000uS
cm'and above. However, there is a high variability of conductivity results from many
different literary sources. The composition of the greywater having limited
contaminants could suggest why only small variation between tap water and synthetic
greywater conductivity was observed.
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Higher Na concentration of greywater when compared to mains water was expected,
due to chemical constituents in the soap (Johnsons “Soft wash”). These include:
“Sodium Laureth Sulfate, Sodium Lauroamphoacetate, Sodium Chloride, Sodium
Hydroxide and Sodium Benzoate”. The increase in Na over time (table 2) in both tap
and greywater is likely to be due to the fluctuations in mains water concentrations.

pH Conductivity (1S cm-1) Sodium (mg/1)
Day | Mains water | Greywater | Mains water | Greywater | Mains water | Greywater
0 8 7.6 560 610 13.6 22.7
14 7.8 7.6 595 510 17.7 26.3
28 7.7 7.3 580 600 18 29.2

Table 2 Influent composition of mains water and greywater (Results are averages from
triplicate samples)

Total dissolved solids (TDS)
When comparing effluent samples from mains and greywater irrigated boxes, the TDS

results presented little differences. The soil-water interactions led to a fairly

homogenised TDS content of effluent waters. This demonstrates that the substrate has
a greater influence on TDS concentration in effluent water, than initial differences
between tap and greywater composition.

Substrate depth 10cm
Irrigation type Mains water Greywater
Parameters Box type Day 0 = Day28 Day 0 Day28
Soil 4500 4200 5100 3000
TDS (mg/l) Sedum 6530 2200 2730 1200
Stachys byzantina 3330 4200 4870 3500
Soil 6.2 6.5 6.6 6.8
pH Sedum 6.3 6.8 6.5 6.8
Stachys byzantina 6.9 6.85 6.6 6.9
Conductivity Soil 3420 4510 4950 4840
(w/em) Sedum . 3540 2280 2080 1580
Stachys byzantina 3360 2350 4720 3720
Soil 75.7 125.7 100 114
Sodium (mg/1) Sedum 91.6 95.56 68.8 87.7
Stachys byzantina 116.2 125 150.3 160.3

Table 3 Results of effluent water collected from boxes containing 10cm of substrate (Results

are averages from triplicate samples)

The boxes containing plants show a greater decrease in effluent TDS over the soil
control. TDS in the effluent from boxes with 20cm of substrate was less than that of
boxes with 10 cm substrate (tables 3&4). The effluent water TDS of bare soil boxes
are stable in comparison. The results do conflict with others including Hardin and
Wanielista (2007) who found that effluent TDS from vegetated roofs increase over
time. The experiment however, was over a 5 months period and based on irrigation
using mains water. Coleman et al, (2001), found that TDS of effluent increased over
time, however, this was unexpected. Results suggest increases in TDS were likely due
to the release of exudates from plant roots and/or microbial release of ions upon
decomposition of dead plant roots. Coleman et al, (2001) concluded that plants
directly or indirectly influenced effluent TDS concentrations.
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High transpiration rates and water uptake by plants is a likely factor in the decrease of
effluent TDS. Boxes containing Stachys show a decrease in the effluent TDS over the
experiment, with Stachys planted in the 20cm of substrate showing the highest degree
of difference (Table 4) when compared to the Sedum. The TDS concentrations in bare
soil boxes seem relatively stable in comparison. Results indicate that TDS constituents
(organic and inorganic) are being absorbed by the plants, causing a decrease in the
drainage water.

pH

The influent and effluent water results suggest that once the water has interacted with
the soil matrix the pH decreases (Table 2, 3 and 4). This is further confirmed by
decreased in pH in both tap and greywater effluent samples suggested by Anwar
(2011) to be due to soil-water interaction. The soil showed little or no changes in pH,
demonstrating that irrigation with mains water or synthetic greywater have affected
soil pH to a similar degree.

Substrate depth 20cm
Irrigation type Mains water Greywater
Parameters Box type Day 0 Day28 Day 0 Day?28
Soil 3300 5600 5000 5300
TDS (mg/l) Sedum 6300 5070 9730 5670
Stachys byzantina 7800 4270 10730 5200
Soil 6.7 6.1 6.4 6.6
pH Sedum 6.6 6.2 5.6 6.2
Stachys byzantina 6.2 6.6 6.7 6.7
.. Soil 3310 5780 4740 5110
Conductivity Sedum 5770 4900 8190 5270
(u/cm) Stachys byzantina | 6950 4200 9780 4950
Soil 70.4 134.5 105.1 129.1
Sodium (mg/1) Sedum 115.9 136.1 187.3 197.3
Stachys byzantina 173.8 177.6 242.8 221.9

Table 4 Result of effluent water collected from boxes containing 20cm of substrate (Results
are averages from triplicate samples)

However, comparable work by Christova-boal et al (1996) demonstrates that more
highly polluted greywater (laundry water), and an extended experimental period, soils
are more severely affected. This leads to higher soil pH, soil micro-

nutrient deficiencies, sodium and zinc accumulation and plant health

deterioration. Anwar (2011) explains that if soil pH were to exceed 9, dissolution of
organic material and induces dispersion in the soil can occur. Dissolved organic
matter is likely to leach out of the soil, leading to degradation over time, affecting
plant health and survival. Both Christova-boal et al (1996) and Anwar (2011) suggest
greywater affects the soils once used for irrigation. Product variability, activity in
which greywater is generated and the quality of water supply will all contribute to the
composition of the greywater, therefore effecting its pH (Eriksson et al 2002).
Substrate depths seem to have little effect on pH of soil and effluent water. The results
have shown that a deep substrate leads to higher variability of pH values when
compared to the shallower substrate boxes. This is likely due to the higher irrigation
levels generally applied to 20cm substrate boxes. Results indicate that in the short
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term, soil and effluent pH values were not adversely affected by irrigation
with synthetic greywater. The presence of plants seems to have little impact on pH; of
the soil and effluent however, this may be due to the short experimental period.

Substrate depth 10cm
Irrigation type Mains water Greywater
Parameters Box type Day 0 Day28 Day 0 Day?28
Soil 5.6 5.7 5.8 6.1
pH Sedum 6.1 6.2 6 5.9
Stachys byzantina 6 5.9 5.8 5.7
Conductivity Soil 420 420 510 450
(w/cm) Sedum . 430 240 220 260
Stachys byzantina 470 450 380 320
Soil 45.3 39.8 354 44.4
Sodium (mg/1) Sedum 29.2 34.1 25.2 28.8
Stachys byzantina 31.9 56.9 31.1 48.4

Table 5 Results of soils analysis from boxes containing 10cm of substrate (Results are
averages from triplicate samples)

Electrical Conductivity

Irrigation water increased in conductivity once water had passed through the soil
matrix (tables 3 and 4) which was also seen in results presented by Travis, et al
(2010). The 20cm substrate boxes produce a higher conductivity effluent, this likely
due to the larger soil volume and higher water retention time. The results suggest that
the soil influences the effluent conductivity to a higher degree than the constituents in
the synthetic greywater. However, these results may vary dependant on type of
greywater used for irrigation and substrate composition.

The soil and effluent samples collected from planted boxes (both 10cm and 20cm)
suggested a decrease in conductivity over the experiment period. This was expected as
it was assumed that plants would absorb some charged ions. Due to increased Na
concentrations in plant tissue, it is assumed that other unmeasured, charged ions were
absorbed by the plants, contributing to an overall decrease in effluent water
conductivity.

Substrate depth 20cm
Irrigation type Mains water Greywater
Parameters Box type Day 0 Day 28 Day 0 Day 28

Soil 5.5 6.1 5.7 6.6
pH Sedum 5.6 6.1 5.5 6.2
Stachys byzantina 6 6.6 5.8 6.7
.. Soil 440 360 510 350
Conductivity Sedum 490 340 390 330
(w/em) Stachys byzantina | 470 330 540 440
Soil 36 40.1 394 38.7
Sodium (mg/1) Sedum 31.1 43.1 333 42.6
Stachys byzantina 32.1 39 34.8 37.8

Table 6 Results of soil analysis of boxes containing 20cm of substrate (Results are averages
from triplicate samples)
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Stevens et al (2010), produced tables of conductivity values associated with risk to
plant health. Comparing our results to these it suggests that irrigation with synthetic
greywater poses insignificant impact on 95% of the garden plants. This is likely due
similarities in the conductivity between the influent tap and greywater samples. The
plants health has been affected dependant on the type of irrigation they received. By
visual inspection, Stachys irrigated with greywater seemed to deteriorate over the
course of the experiment seen during visual inspection. This could be linked to
greywater irrigation, but other factors including, over watering and green house
temperatures could cause poor health. Sedum showed no signs of being adversely
affected by the greywater irrigation instead greywater may have enhanced the plants
growth.

SODIUM ANALYSIS

Sodium concentration of water samples and soils

Na concentrations in the effluent (tables 3&4) increased as it passed through the soil
matrix due to ionic exchange between the soil and the irrigation water. It may
therefore be suggested that a longer retention time of irrigation water equated to a
larger quantity of Na becoming entrained. The results seem to support this
suggestion, as the 20cm substrate boxes, due to its larger drainage area, had higher Na
concentration in the effluent samples compared with boxes containing 10cm.

When irrigating, all boxes displayed signs of ponding water in the lower parts of the
substrate. A higher presence of water or moisture lower in the substrate may have led
to increased Na concentration due to its highly soluble nature and leaching potential.
The presence of moisture weakens the bond between Na and the soil allowing to be
transported in the box. An experiment was conducted on a 20cm bare soil box, to
establish the moisture differences between the top and bottom layers of substrate. This
helped confirm that after irrigation, more moisture is present in lower layers substrate
compared with the top. A soil moisture probe was used to test the top Scm and the
bottom Scm of the substrate and compared how the moisture varied after 1, 3 and 7
days. The results showed that the moisture content of the bottom 5cm of the soil was
consistently higher with 44%, 27% and 34% more moisture present after 1 day, 3 days
and 7 days respectively. Due to a constant presence of moisture in lower parts of the
substrates, it is likely that Na, due its high solubility, was kept in an aqueous state
during the experiment, once extracted from the soil. Using the standard soil moisture
method to determine when boxes should be irrigated, may have led to inconsistent
degrees of soil moisture saturation. The moisture content was measured in the top five
cm of soil. It is now known that the moisture concentrations of the lower parts of the
boxes were significantly higher than those of the top. This meant that the moisture
content, obtained from the top part of the soil profile did not represent the total
moisture concentration in each box. This problem would have caused higher than
necessary irrigation rates, meaning that moisture was likely present at the bottom of
the boxes in relatively high quantities, for the entire experiment. The presences of
moisture at the bottom of the boxes and the higher than necessary irrigation rate could
enable large quantities of Na to leach from upper to lower parts of the soil profile. Soil
Na, in most boxes increased over the experiment period. This is likely to be due to the
method of irrigation whereby the boxes were not irrigated to saturation.

Analysis of plant tissues indicated Na accumulation of between 0.55 to 0.72 (mg/g.l)
(Table 7). The evidence indicates that irrigation with greywater tends to lead to
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higher Na absorption in leaf tissue than in the case of irrigation using mains water, due
to the higher concentrations of Na in greywater. The tissue of plants within the 20cm
substrate demonstrated a greater increase in Na concentrations than plants grown in
10cm substrate. Both a greater volume of soil and a greater volume of water were
available to the plants in the 20cm substrate boxes, thereby meaning that a greater
mass of Na was available in those boxes. Furthermore, in the case of the 10cm boxes,
the depth of soil mass was available to most of the plants, whereas in the 20cm boxes,
many of the roots did not penetrate to the lowest soil.

Substrate depth 10cm
Irrigation type Mains water Greywater
Parameters Box type Day 0 Day 28 Day 0 Day 28
Sodium per g. leaf Sedum 7.5 8.3 7.5 8.1
tissue (mg/g) Stachys byzantina 114 12.3 114 16.3
Sodium per gram of Sedum ) 0.67 ) 0.72
leaf tissue per litre
of irrigated water .
(me/el) Stachys byzantina 0.55 0.77
| Substrate depth 20cm
Sodium per g. leaf Sedum 7.5 114 7.5 9.3
tissue (mg/g) Stachys byzantina 11.4 13.6 11.4 17.9
Sodium per gram of Sedum ) 0.57 ) 0.58
leaf tissue per litre
of irrigated water : ) )
(mg/el) Stachys byzantina 0.52 0.67

Table 7 Sodium concentrations of leaf tissue for both 10cm and 20cm substrates (Results are
averages from triplicate samples)

Visual inspection indicated that greywater irrigation affected Stachys more adversely
that Sedum. Na accumulation in leaf tissue is likely to be a contributing factor into the
poor health of Stachys seen during visual inspection. It could therefore be suggested
that Stachys may experience further health problems if greywater irrigation continued
for a prolonged period of time. However, as stated previously other factors may also
have contributed to the health deterioration of Stachys.

A mass balance approach was taken to establish where Na from the influent water
would be stored and lost. Different boxes were irrigated with different volumes of
water, dependant on the soil moisture explained above. For each individual box, the
total amount of Na applied, through irrigation, was calculated by multiplying the total
volume of water irrigated by the average Na concentrations seen in either the tap or
greywater samples. In all cases the mass balance equation showed an excess of Na
that was not accounted for, either by storage in the plants or soils, or losses through
effluent water.

There are a number of reasons why the Na concentrations may not be equal in the
mass balance equation. Firstly it is suspected that there may have been unequal water
distributing when the boxes were flushed. It is plausible to assume that water that was
collected during the flushing event was not representative of the entire box. Due to the
box design there were areas where water would have collected and not been able to
leave the box through one of the eight holes made for collection. Due to these ponding
areas it could then be assumed that Na could become trapped and be unable leave the
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system, possibly leading to a slight under representation of Na concentrations in the
effluent.

The soil sampling method may have led to an under-representation of Na
concentrations. If leaching in the soil profile occurred, concentrations of Na would be
greater in deeper parts of the substrate. The sampling method took five lem® soil
samples for the entire depth of the box. The samples were combined and subsampled
for further analysis. Higher concentrations of Na would therefore be under represented
in the collective sample, as the averaged result would give a lower Na concentration,
compared to that in the deeper parts of the substrate. Further analysis is needed at 1 to
2cm intervals in the soil substrate, to analyse Na concentrations throughout the soil
profile.

The mass balance approach is also affected by leakage from the boxes following
irrigation. While the watering method was conducted with attention to detail to
prevent leakages, it is impossible to achieve 100% certainty, and thus, Na mass would
be lost through undetected leakage. Plant roots may also account for some undetected
Na.

CONCLUSION

Green roofs can be an important addition to urban areas; however, management plans
are needed to ensure their full potential is reached. If green roofs were to be widely
implemented in urban areas, irrigation needs careful consideration. Green roof
irrigation is likely to become a lower priority as drinking water resources become
increasing scarce globally. The aims of this experiment were to establish how different
plants, substrate depths and types of water can affect the effluent quality, but also how
the substrates and plants react to synthetic greywater irrigation. Green roof
management plans need to be designed to encompass research on plant types,
substrate types and depths, greywater type and purity, and the long term effects of all
of these factors. However this study has helped demonstrate that greywater, if used
sensibly, can be used for green roof irrigation. It is also recommended that a small
self-assessed monitoring program of effluent water quality and plant health is
undertaken. Assessments of long term uses of greywater irrigation on green roofs is
needed to assess whether green roofs are capable of sustained greywater irrigation.

This study has shown that after tap water and greywater have passed through this type
of substrate, the water quality decreases. One benefit of utilising a ‘simple’ synthetic
greywater composition was that variance arising from experimental, operational and
system variables were better controlled and less subject to random variation. It is
therefore suggested that the choice of substrate is assessed for its ion holding and
exchange capacity. Further research needed to understand how substrates can be
designed and used in a green roof context, to improve water quality, for collection and
use in other applications including toilet flushing.

With respect to: greywater types, an increased understanding of the chemical
composition of different types of greywater and how the dynamics of green roof
systems benefit green roof planning and implementation is needed. This experiment
has shown that further research is needed to gain a better understanding to the long
term effects of greywater or synthetic greywater irrigation on the green roof systems
as there is limited knowledge in the literature. Over a longer time frame the chemicals
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and dissolved solids’ composition may change as a result of a chemical build up in the
soils and plants (Gross et al., 2005). The results allow us to suggest that green roof
designs should include hardy plants that have a high Na tolerance if irrigated with
greywater. The evidence suggests greywater composition is affecting the amounts of
Na accumulation in the soils and plant tissues.

Greywater is a precious resource which can be utilised to benefit climate change
adaptation and mitigation measures, including green roofs. Greywater has been
demonstrated as a viable alternative to potable water, for the application to green roofs
as long as a strict monitoring process and management plan is in place.

REFERENCES

Al-Jayyousi, O. (2003). Greywater reuse: towards sustainable water management.
Desalination, 156, 181-192.

Anwar, A. H. M. F. (2011). Effect of laundry greywater irrigation on soil properties.
Journal of Environmental Research And Development, 5(4), 863—870.

Asano, T. Milestones in the reuse of municipal wastewater. Proceedings of water supply
and sanitation for all, 295-306, Berching, Germany, 2007; 2007.

BSI., (2010). BS 8525-1:2010 Greywater systems — Part 1: Code of practice, Milton
Keynes: BSi.

BSI., (2011). Greywater systems- part 2 domestic green water treatment experiment-
requirements and methods, BS 8525-2:2011, London, UK.

Christova-boal, D., Eden, R. E., & Mcfarlane, S. (1996). An investigation into greywater
reuse for urban residential properties. Desalination, 106, 391-397.

Coleman, J., Hench, K., Garbutt, K., Sexstone, A., Bissonnette, G., & Skousen, J. (2001).
Treatment of domestic wastewater by three plant species in constructed wetlands.
Water, 128, 283-295.

EPA. (2006). Reducing the urban heat island. Available at:
<http://www.epa.gov/heatisland/mitigation/greenroofs.htm>. [Accessed 21/02/2014].

Eriksson, E., Auffarth, K., Henze, M., & Ledin, A. (2002). Characteristics of grey
wastewater. Urban Water, 4, 85-104.

Ernst M, Sperlich A, Zheng X, Gan Y, Hu J, Zhao X, Wang J, Jekel M. (2006) An
integrated wastewater treatment and reuse concept for the Olympic Park 2008,
Beijing. Desalination;202(1-3), 293-301.

Environment Agency.,(2011) Greywater for domestic user: an information guide [online]
available at :< http://cdn.environment-agency.gov.uk/geho051 1btwc-e-e.pdf>
[Accessed 22/01/2014].

Grey, D., and Connors, G., (2009). The water security imperative: We must and can do
more. 5™ ed World Water Forum, Istanbul.

59



Water Efficiency Conference 2014

Gross, a, Azulai, N., Oron, G., Ronen, Z., Arnold, M., & Nejidat, a. (2005). Environmental
impact and health risks associated with greywater irrigation: a case study. Water

Science and Technology : A Journal of the International Association on Water
Pollution Research, 52(8),161-9.

Hardin, M., & Wanielista, M. (2007). Stormwater effectiveness of an operating green roof
stormwater treatment system and comparison to scaled down green roof stormwater
treatment system chambers (pp.1-67). Florida.

Hyde, K., & Maradza, E. (2013). An evaluation of the theoretical potential and practical
opportunity for using recycled_greywater for domestic purposes in Ghana. Journal of
clean production, 60, 195-200.

Li, F., Behrendt, J., Wichmann, K., & Otterpohl, R. (2008). Resources and nutrients
oriented greywater treatment for non-potable reuses. Water Science and Technology :
A Journal of the International Association on Water Pollution Research, 57(12),
1901-7.

Luan, S., Lan, W., & Chul Lee, S. (2009). Potassium nutrition, sodium toxicity, and
calcium signaling: connections through the CBL-CIPK network. Current Opinion in
Plant Biology, 12(3),339—46.

Saphira, R.M.,(2011), Environmental impacts of greywater use for irrigation on home
gardens. PH.D. Murdoch University.

Stevens, D., Harris, C., Hannaford, J., Wilson, S., & Rd, B. (2010). Environmentally
friendly use of greywater through selecting GreySmart household products. In:
Conference Proceedings, OzWater’10 (pp. 1-8).

Travis, M. J., Wiel-Shafran, A., Weisbrod, N., Adar, E., & Gross, A. (2010). Greywater
reuse for irrigation: effect on soil properties. The Science of the Total Environment,
408(12), 2501-8.

United Nations., (2012). World, Population Division of the Department of Economic and
Social Affairs, [online] Available at:<http://esa.un.org/unpd/wup/unup/p2k0data.asp>
[Accessed 13 August 2012].

VanWoert, N.D., Bradley Rowe, D., Andreson, J.A., Rugh, C.L., Xiao, L., (2005),

Watering regime and green roof substrate design affect sedum plant growth, Hort
science, 40(3), p.659-664.

60



Water Efficiency Conference 2014

DECENTRALISED WATER AND ENERGY RECYCLING IN
BUILDINGS: A CORNERSTONE FOR WATER, ENERGY AND
CO, EMISSIONS REDUCTION

Erwin Nolde

Nolde& Partner - Innovative Water Concepts
Marienburger Strasse 31A, D-10405 Berlin, Germany
mail@nolde-partner.de

ABSTRACT

Greywater is a sustainable resource for energy and water and greywater recycling is
one effective tool to improve the efficiency of water use in buildings. This case study
presents 2-year research results from a residential passive house in Berlin, Germany,
where greywater recycling combined with energy recovery from greywater had been
implemented. Energy from the warm greywater originating from showers and
bathtubs is harvested by means of a heat exchanger. The cooled greywater undergoes
a multi-stage, physical-biological treatment (MBBR) followed by UV disinfection
without the use of chemicals. A total of 41 flats with 123 occupants are connected to
the recycling system. Around 3,000 litres of the low load greywater (showers and
bathtubs) are treated daily to produce high quality service water for toilet flushing.
The heat energy recovered from greywater is used to preheat the cold water before it
enters the building’s combined heat and power plant (CHP). The total electrical
demand for heat recovery, greywater treatment and service water distribution amounts
to 1.4 kWh/ms3 (0.8 kwWh/ms3 for water treatment, 0.25 kWh/m3 for heat recovery, 0.35
kWh/m3 for distribution). This decentralised approach yields much more thermal
energy (10-15 kWh/m3) than that required for its operation. The highest degree of
efficiency is achieved with this system during the winter months when the water
temperatures are lowest. The space requirement for the combined system is 0.1 m2 per
person and the investment costs do not exceed 10 €/m2 of floor space, including
installation and 19% VAT. Ways to increase the system efficiency will be also
discussed. About 4,485 kg of G@missions can be saved yearly with the above
combned water and energy recycling system.

Keywords. CO, emissions reduction, Decentralised systems, Energy recycling,
Greywater recycling, Utility costs savings.
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INTRODUCTION

Water and energy are closely connected and the water sector is considered one of the
largest consumers of electricity. A city like Berlin with 3.5 million inhabitants and
advanced water treatment technologies requires for its water sector as much electrical
energy as the household electrical energy demand for a city with 280,000 inhabitants
(BWB, 2012). Kluge (2010) gives an energy consumption of 1.4 to 5.3 kWh/m?3 for
the drinking water supply only and assumes energy savings up to 6 kWh/m3 from
greywater recycling. Therefore, the integration of more decentralised technologies
which recycle water and energy may contribute to an increase in both water and
energy efficiency in new buildings.

While energy costs in the past 25 years using the example of premium gasoline rose
3-fold from 0.50 to 1.50 €/1, the water costs in Berlin rose 5-fold during the same time
span, thus illustrating the necessity to save water at least from an economical
perspective. In well insulated low-energy buildings water costs often largely exceed
the costs for space heating, hot water generation or even household electricity. For a
standard passive house defined as having an energy demand for space heating of 15
kwWh/m2/a, more energy is needed for hot water generation than for space heating. In
general, most of the heat released in a low-energy building is lost via the generated
warm wastewater rather than through the building's facade, illustrating again the need
for energy recovery schemes in new buildings.

Similar to solid wastes segregation at the household level, wastewater is also a
valuable resource for water, energy and nutrients (fertilisers), whose potentials had not
been widely exploited yet. Therefore, wastewater segregation (greywater/blackwater)
at the household level should be also considered in future building schemes.

The concept of energy recovery from household wastewater and the reuse of the
recovered energy are not new. Previous pilot projects largely failed due to high

maintenance costs and low system efficiency (Hahn 1990; Nolde, 1995). To improve
both was a major aim of this pilot project.

In an attempt to quantify the water and energy saving potentials as well as savings
made in the utility costs, a residential passive house with an already existing dual-
piping installation was retrofitted with a novel greywater recycling system coupled
with heat recovery from greywater (Photos 1 & 2). The combined system was
subjected to an intensive monitoring programme and diverse optimisation phases over
a period of two years and the results are shown in this paper.
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Photos 1 and 2: Multi-storey passive house at Arnimplatz incorporating greywater recycling
combined with heat recovery. The combined system is placed in the basement adjacent to the
building’s heating system occupying an area of 9 m2 (approx. 0.1 m2/person).

PROJECT DESCRIPTION

The passive house in Berlin “Arnimplatz” completed in May 2012 is a new residential
constuction with 110 tenants occupying an area of 4,660imaddition to 650
allocated to 4 commercial units with a total of 13 employees. The building’s heating
system is a gas-fired combined heat and power plant (CHP) with a capacity of 16 kW
(electrical) and 35 kW (thermal). A set of 92 photovoltaic modules (20 kWp) which
had been installed on the roof of the building provide 18,000 kWh of electricity a
year. Water saving devices such as 6/3 litres toilet flushing systems, flow-regulated
water taps and low-flow showerheads (9 litres/minute) had been also incorporated.
The greywater recycling system with a treatment capacity of approx. 3 m3/d and an
upstream heat recovery unit was installed in March 2012 in the well-insulated boiler
room found in the basement of the building and occupying an area of 9 m2. Since the
ambient temperatures in the boiler room do not drop below 24 °C, it was not
necessary to additionally insulate the system components.

Warm greywater from showers and bathtubs passes a sieve to remove the suspended
solids before it enters the heat exchanger, where the heat energy is withdrawn by
means of a 20 Watt circulating pump (Fig. 1). This energy is used in turn for hot water
generation (60 °C) following preheating to 20-25 °C, in this case in the building’'s
combined heat and power plant (CHP).
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Figure 1. Schematic diagram of the greywater recycling system coupled with heat recovery.

The use of a heat pump with higher end temperatures was dismissed due to reasons of
energ efficiency. The slightly cooled greywater exiting the heat recovery tank enters
the 3-stage aerobic moving bed biofilm reactor (MBBR), where the main organic
fraction of the wastewater is oxidized. Cleaning of the sieve, heat exchanger and
biological reactors takes place automatically. The final effluent exhibits constantly a
BOD; concentration of < 5 mg/l and a turbidity of < 2 NTU. The treated greywater
undergos UV disinfection before it enters the service water tank. From there it is
pumped to the dwellings and the 4 commercial units by means of a booster station (4
bar) to be reused as service water for toilet flushing. At no stage of the treatment
process are chemicals in form of disinfectants, acids or alkali being used.

In order to possibly keep a continuous low-maintenance and low-cost operation of the
combined greywater recycling and energy recovery system, diverse maintenance
functions had been largely automated and energy requirements constantly minimised.
The plant status as well as operation data of major system components could be
retrieved at all times by means of a remote online monitoring system. This minimises

the frequency of on-site inspections, furnishing at the same time a dense and useful
network of data. In addition, quantitative data on the daily savings in water and energy
can be made available to the client.

The investment costs for this prototype of greywater recycling system combined with
energy recovery including remote online monitoring, installation and VAT amounted
to 52,288 €. About 25% of the total investment costs (approx. 13,000 €) are allocated
to the heat recovery system.
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RESULTS

From April 2012 till January 2014 no maintenance or repair works were required.
Merdy the monitoring software had to be repeatedly optimized. The satisfaction of
the tenants with the water quality was very high and there were no complaints
regarding hygienic safety or comfort loss. Since start-up and system operation in April
2012 the service water quality was constantly high even then, when greywater was
cooled down to 15°C following the heat recovery process, the service water quality
requirements according to the “Berlin List” (B@B 5 mg/l and hygiene requirements
accoding to the EU Directive for Bathing Water) had been fulfilled at all times
(Berlin Senate for Urban Development, 2007; EU Directive for Bathing Water, 2006).
Figure 2 shows the water saving data of the passive house during the first year of
operation. Due to water saving measures and greywater recycling the potable water
consumption was reduced by 38% from 122 to 76 l/c/d. Whereas 27 l/c/d are needed
for toilet flushing only 22 | of service water are generated in the building originating
from showers and bathtubs. Therefore, 5 litres of cold water per person and day are
needed to backup the system. In this case, the total water demand at Arnimplatz
excluding greywater recycling would amount to 98 I/c/d.

Water savings at Arnimplatz

140 T
1 122 M statistical water demand
120 A water demand Arnimplatz
1 B warm water
100 A B cold water
) i B backup water
S 80 - 76 P
a . M toilet flushing (service water)
=
— 60 -
50
40 -
20 -

Figure 2. Water savings (from 122 to 76 l/c/d) due to water saving measures and greywater
recycling from showers and bathtubs.

Figure 3 shows the total yearly energy costs for space heating and warm water
production for the whole building which amounts to approx. 14,210 € (203,000 kWh x
0.07 €/kWh). Using water-saving devices combined with greywater recycling and heat
recovery resulted inet savings in the utility costs in 2013 of 10,763 €. This in turn
shows the economic significance of integrating water recycling schemes and water
efficiency measures in buildings, not to mention the environmental and social
benefits.
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Figure 3: Running costs with and without water saving devices, greywater and energy
regycling at Arnimplatz in 2013.

Compaed to the energy demand for the conventional water system in Berlin (approx.
2kWh/m?3 for water supply and wastewater treatment, etc.), about 2,455 kWh of
electric energy were saved in 2013 with the above combined system resulting from the
reduction in the drinking water consumption. This also results in @@issions
reducton which is equivalent to 1,473 kg of @O'he heat recovery process (12,000
kKWhem) in the above system results in a yearly,@missions reduction of about
3,012 kg of CQ.

Water and energy data

Figure 4 shows the major water and energy data of the combined recycling system in
2013 based on monthly median values. The total amount of greywater from showers
and bathtubs was lower than what had been expected mainly due to the use of water
saving devices in addition to the limited greywater resources (originating exclusively
from showers and bathtubs). During the summer holiday (June-August) a minimum of
hot water, greywater and service water had been registered, which in turn resulted in a
minimum heat recovery from greywater. The daily maximum in heat recovery had
been achieved when drinking water exhibited lowest temperatures (in the first and last
months of the year). Figure 4 also shows the electrical energy demand for the whole
plant which is always close to 5 kWh/d.
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Figure 4: Monitoring results of water and energy input and output in the recycling system.
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Figure 5 shows the monitoring results for energy and water for March 2013.
Consuming less than 5 kWi, per day (yellow line), about 2 - 3.5°rof greywater
aretreated daily to high quality service water for use in toilet flushing. Also included
is the electrical energy demand for the heat recovery system of 0.25 RV8light
fluctuations in the daily energy consumption are primarily due to the variable service
water demand (pump flow) and less to the greywater treatment process.

These results also demonstrate that approx. 25% less greywater is generated than
service water needed for toilet flushing. Hot water consumption (T= 60 °C) is
significantly higher than the generated greywater, which demonstrates the unused
potential of greywater originating from untapped greywater sources such as hand
washbasins, laundry and kitchen. A mains backup system ensures that water for toilet
flushing is continuously supplied at all times.
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Monitoring results at Arnimplatz Berlin-Prenzlauer Berg in March 2013
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Figure 5: Monitoring results of water and energy input and output from the combined
regycling plant during March 2013.

The energy yield from warm greywater (means 31 °C) is generally dependent on the
amount of greywater generated as well as the current cold water temperatures and hot
water demand. During March 2013, when the lowest drinking water temperatures
were 9 °C, 45 kWh of thermal energy were recovered from 3.2fngreywater,
whereaas in August 2012, when the drinking water temperatures were significantly
higher (16 °C) only 31.6 kWh were recovered in thermal energy. Due to the
automated self-cleaning process, no scaling or coating of the heat exchanger was
detected, which is also a result of the continuous high energy yield in the system. The
decline in energy yield during the summer months is primarily due to the higher
drinking water temperatures.

DISCUSSION

Biological wastewater treatment using the biofilm system, in this case the MBBR
followed by UV disinfection has consistently proved to be a highly stable and efficient
system. Even during a 4-week experimental period in January 2013, when the high
load kitchen greywater from one commercial unit was fed into the greywater system, a
high operational stability was maintained. Contrary to bio-membrane systems which
are highly susceptible to bath additives, fats and other household chemicals and
therefore require regular regeneration or replacement of the bio-membrane, the
MBBR achieves a higher service life at considerably lower energy expenditure. In a
previous project (Block 6) with a similar MBBR system treating greywater also
originating from kitchen and laundry, the biofilm reactor had not been regenerated or
replaced since the start-up of operation in 2006 (Berlin Senate for Urban
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Development, 2008) and it is still operating up to date at high efficiency and minimum
maintenance costs

The UV disinfection unit operates 3.5 h/d and the UV light bulb should be replaced
after 7,000 h according to manufacturer's data, which means in this case after 5.5
years. Drinking water backup which amounts to approx. 25% is mainly due to the fact
that greywater is collected solely from the apartments of the building (110 tenants)
and only low load greywater sources are included (showers and bathtubs), whereas
service water is distributed to a larger user community including the 4 commercial
units of the building (architecture firm, organic food store, restoration shop, shoe
store).

Benefits of the combined recycling system

Greywater Recycling with Heat Recovery Individual Benefits
10-15 kWh
thermal energy
= = for pre-heating
1,010’0 |l[|'85 + 1.4 kWhelec. cnerey = of gold watef
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greywater treatment 1,000 litres of high quality
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flushing, lundry, ete.

E

Environmental benefits

(1) 10 - 15 kWh less city warming

(2) 1,000 litres of groundwater saved

(3) 1-3 kWh saved from drinking water and wastewater
treatment including pumping

(4) savingon chemicals for drinking water and wastewater treatment g

(5) lessconcretecorrosionin the sewer

(6) CO, reductions: 2.51 ke CO; per 10 kWh recycled thermal energy Ci‘ediF pDII_'ltS n bu:ldlngs
plus 0.6 kg CO; per 1 KWh elec. saved in the water cycle certification (BREEAM,

LEED, DGNB, etc)

TR o e

Figure 6: Individual and environmental benefits of greywater recycling combined with heat
recovery based on an inflow of 1,000 litres of raw greywater.

Figure 6 shows the benefits of the combined recycling system at the individual level
(tenants and investors) as well as the environmental benefits based chaf m
greywater originating from showers and bathtubs. In addition to water and energy
savings, investors place particular emphasis on the credit points which they could
achieve within a building certification process. Environmental benefits include less
energy consumption and less global warming as a whole, resulting in turn in lgss CO
emissions. Other benefits are also of significance as regarding the water supply and
wastewater treatment sectors such as easing the burden on the groundwater resources,
less use of chemicals and less concrete corrosion and depositions in sewer networks.
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In addition to the high operational safety and low maintenance and energy
requirements, architects and investors set a high value on the following aspects:

« A low space requirement (0.1 *person, equivalent to one A4 paper
sizéperson)

« A low increase in the building costs (approx. 15 — 20%@#fliving space
including dual piping and VAT)

e No specific user behaviour is required (e.g. ban of certain household
chemicals).

Out of approx. 3 fhof greywater generated daily, about 12,000 kWh of energy is
recovered annually with the above system, which is equivalent to the energy gained
from 33 nf of solar panels. A special feature of this system is that it exhibits highest
efficiency during winter, when the solar thermal system hardly achieves any yields.
The investment costs for the energy recovery system (approx. 13,000 €) are also lower
than those for the solar thermal unit. The required energy for overall system operation
of maximally 1,800 kWh/a (including greywater recycling, energy recovery, etc.) can
be delivered in practice by only 10 out of the 92 PV-modules installed on the roof of
the building.

The benefit for the private user in thermal energy savings from 1 m3 of greywater is
about 10 kWh/m3 in summer and 15 kWh/m3 in winter, when the potable water
exhibits lowest temperatures. During the winter months heat recovery by means of the
very low-maintenance heat exchangers achieved a coefficient of performance (COP)
of up to 60. In addition to obtaining high quality service water which can be used for
all non-potable applications (toilet flushing, laundry, irrigation, house cleaning,
cooling, etc.), the environmental and financial benefits are also significant as shown in
Figure 6.

The investment costs for the recycling system (prototype) includdists for the dual-

piping network amount to < 20 €frof floor space. An early inclusion of water and
energy recycling schemes in the building engineering systems design (site selection,
pipeline design, pump installations, consideration of thermal yields) will have a cost-
cutting impact on the investment project. Dependent on the local water prices,
structural requirements and a good planning process, amortisation periods of less than
10 years can be easily achieved.

Since the plant operation in this case study is also taken over by the project’s planning
and design team (engineering firm/plant manufacturer/sanitary firm), this also meets
well with the interest of the investor and property management to keep investment and
operation costs low.
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CONCLUSION AND OUTLOOK

Decentralised wastewater technologies can achieve a higher resource efficiency in the
wate and energy sectors than centralised ones. Instead of spending much energy for
treatment and pumping, energy, water and nutrients can be recovered instead from
wastewater. Decentralised heat recovery can also become an integral component for
new buildings delivering a substantial amount of the energy demand for hot water
production throughout the year. A higher system efficiency can be also achieved in
combination with greywater recycling. In both cases a dual-piping system is
indispensable and should not be absent in any new building or refurbishment schemes.

Other investigations which had been worked out in the DWA-NASS Working Group
KA 1.6 have shown that the separation of black/yellow water in buildings
significantly reduces the load of nutrients entering the receiving waters as well as
reducing the energy demand for wastewater treatment, in addition to generating
fertilisers for agriculture (Oldenburg et al., 2012).

The extensive monitoring programme undertaken in this project offers the advantage
of detecting optimisation needs and options. The collected data will be fed in a
following project which will contribute to increasing the overall system efficiency.

Due to the inclusion of greywater from showers and bathtubs only, the water and
energy recycling potential at Arnimplatz is by far not yet exhausted. Other greywater

resources should be also fed into the recycling system to increase its efficiency and
reduce the backup water consumption. Although greywater from hand washbasins,
washing machines and kitchen sinks requires higher treatment expenditure, this would
pay off economically and exert a positive impact on the environment, in addition to

reducing the potable water demand down to 50 I/c/d.

From the 899 m3 of greywater recycled by the above system in 2013, 12,000 kWh of
thermal energy were harvested (13.35 kWh per m3 of greywater) with a COP .of 53.4
The use of a heat pump instead of heat exchanger will have a negative impact on the
overall energy efficiency of the system bringing the COP down to 3.5, which is 15
times lower than the COP achieved with the above system using only a heat
exchanger. On the other hand, using a heat pump to recover energy from wastewater
would produce a higher yield (33,000 kwWh/a) compared to the harvested 12,000 kWh
using only a heat exchanger, as is the case here. The higher demand for electricity by
the heat pump can be only justified if electricity is made available from renewable
resources, which is not always the case in projects dealing with heat recovery from
wastewater.

Acknowledgement This pilot project had been partly supported by a grant of the
Deutsche Bundesstiftung Umwelt (DBU) under Project Nr. 28201.
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ABSTRACT

With the implementation of the SUDS provisions in the Flood and Water Management
Act (2010), local authorities will become responsible for the approval, design,
construction and future maintenance of sustainable drainage (SUDS) solutions serving
more than one property. This paper reports on 2 related research projects designing
SUDS at different scales, one of which develops a means of indicating suitable devices to
be used at the city scale and the second models the storm attenuation benefits of such
devices when designed as a Management Train. Geographical information was used to
develop a series of maps indicating feasible locations for SUDS devices across a local
government authority in Coventry, England. The maps provide initial guidance to local
government on the type of SUDS devices likely to be suitable at individual sites in a
planning area. The method of creating suitable maps is shown, and examples of some of
the output maps are given. These outputs are intended to be more widely applicable in
order to reduce barriers to implementation of alternative, more sustainable stormwater
management techniques. Using the maps produced at the large scale, a regeneration site
was selected and a management train designed using the software WinDes" to control
runoff from the site at greenfield runoff rates. At all scales, the decision of what SUDS
device to use was complex and influenced by a range of factors, with slightly different
problems encountered at each scale.

Keywords: Design, GIS, Management train, Modelling, Sustainable Drainage (SUDS)

INTRODUCTION

Designing sustainable drainage (SUDS) into the environment, whether urban new build,
retrofit or in rural areas is a complex process; it needs to be fit for purpose. The approach
is being encouraged through policy and legislation, for example the National Planning
Policy Framework and its associated technical guidance (DCLG, 2012) prioritise the use
of SUDS. Furthermore, the Flood and Water Management Act places responsibility on
local government for their approval, design, construction and future maintenance where
they serve more than one property. SUDS are said to be multiple benefit and flexible in
application (Charlesworth, 2010), and thus local authorities will have to understand how
this is achieved. They should conform to the oft-quoted SUDS triangle in which water
quality, water quantity, amenity and biodiversity are equally balanced (Charlesworth et
al., 2003). There are also other benefits beyond the SUDS triangle, as exemplified by
Charlesworth 2010’s “SUDS Rocket” whereby a suitable single SUDS device, or
preferably an efficiently designed full SUDS management train, can mitigate and adapt to
climate change. SUDS design therefore begins with a consideration of its overall role,
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whether source control, infiltration, detention/ retention, filtration or conveyance, an
overview of which is shown in Table 1.

Table 1 Overview of SUDS device groupings (Charlesworth et al. 2013; Woods Ballard
et al. 2007).

SUDS device | Function Examples SUDS
grouping Devices
Source Slow down, store and treat runoff at locations | Green Roof
Control close to where rain has fallen. Water can be Rainwater harvesting
released gradually or utilised for non-potable | Permeable paving
purposes. Sub-surface storage
Trees

Rain garden
Disconnected downpipe

Infiltration Runoff storage and infiltration into the ground | Soakaway
to recharge groundwater Infiltration basin
Infiltration trench

Detention and | Basins with temporary or permanent storage | Detention basin

retention of runoff. Removal of pollutants to improve Retention basin
water quality Pond
Wetland
Filtration Slow down flow and treat runoff to remove Sand filter
pollutants Filter strip

Filter trench
Bioretention device

Conveyance | Channels that convey runoff. Can also store Swale
and infiltrate water into the ground Rill

Underlying these factors are site-specific features of the drainage catchment which impact
on the potential to infiltrate on site, detain water and also to be able to convey it to the
next SUDS device, the receiving watercourse or groundwater reservoir. Soil type and
ground conditions, for instance whether it is a brownfield site, also drive decision-
making. Examples of other such factors are given in Table 2 which classifies them into
those which are fixed over relatively long timescales, or variable, i.e. those that may alter
over a shorter term. Physical (or environmental) factors included geology, soil,
topography and the presence of water above and below ground level. Anthropogenic
(human-induced) factors are related to definitions of groundwater protection near
extraction boreholes, plus known and potential sites of groundwater contamination risk.
All of these factors have scale-related importance in terms of efficient design, whereby
knowledge of their extent and potential impacts is essential.

In common with conventional drainage, SUDS planning has to take account of the
temporal and spatial characteristics of the design storm. Thus the draft SUDS National
Standards (Defra, 2011) indicate that runoff from a 1 in 100-year rainfall event must not
exceed greenfield runoff rates, which are set at 2 1 sec’! ha'l, with a critical storm duration
of 6 hours. Using a UK drainage industry standard flood modelling product (Hubert et al.
2013), the software WinDes®, Charlesworth et al., 2013 modelled the storm attenuation
potential of various SUDS management trains using a small part of the Canley
Regeneration Zone (CRZ) in Coventry, West Midlands: Prior Deram Park. The resulting
hydrographs showed that peak flow and time to peak were both reduced in comparison

74



Water Efficiency Conference 2014

with a pipe-based system, rainfall response increased and total volume of runoff
decreased by 20%. Lashford et al., 2014, investigated how these reductions were achieved
by deconstructing the management train hydrograph at different storm intensities. They
found that a management train of green roofs, tanked porous paving, swales and dry
detention ponds reduced peak flow by 88%.

The aims of this paper are:

1. To show how the decision-making process in terms of designing a SUDS
management train is scale-related with reference to Coventry City Council, a local
government authority in central England

2. To illustrate this with the application of a large scale site-specific model which
identifies the individual SUDS devices suitable for the area using geographical
information

3. To model at the smaller scale to achieve greenfield runoff.

Table 2 Site specific physical and anthropogenic factors driving SUDS design. Columns
show the device groupings (see Table 1). Rows show characteristics. Cells marked as ‘x’
indicate the factors that influence implementation of the SUDS devices.

Source | Infiltration | Detention | Filtration | Conveyance
Control
Implementation First Infiltrate where detention | These should be used
guidelines priority | is not possible, detain wherever possible
where infiltration is not

Factors possible
Physical
Bedrock and X X
surface geology
Water bodies X X X X X
Fluvial flood zones X X
Soil drainage type X X
Topography X X
Water Table X X
Anthropogenic
Waste and landfill X
sites
Current and former X
industrial sites
Surface and X X
ground water
quality
Land cover X X X X X
Planning X X
constraints

Land ownership, sewer and historical flood locations will also be involved later in the
process and so are not discussed further; however, these do add a further layer of
complication to the decision-making process.
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METHODOLOGY

The case study presented here is based in Coventry, in the West Midlands, UK,
specifically the Canley Regeneration Zone (CRZ), situated about 6 km southwest of
Coventry city centre, and covering just over 123 ha, some of which is brownfield (for
further site details, see Charlesworth et al., 2013; Lashford et al., 2014). Outline planning
permission has been granted for 700 new dwellings in total, new community services and
open space improvements (CCC 2008).

Based on the information contained in Table 2, the spatial distribution of each factor
driving SUDS device choice across the CRZ was determined using data from a number of
sources, including the British Geological Survey, Coventry City Council, Ordnance
Survey, National Soil Resources Institute and the Environment Agency. A set of decision
criteria, or rules, were created for each of the factors, for example, different rock types
were assessed in relation to their capacity for infiltration or detention of runoff. These
rules were agreed in collaboration with local government, environmental regulators and
the responsible water utility, all of whom had local knowledge, and the rules coded so
they could be applied spatially. The spatial relationships were then analysed using a GIS,
in order to determine appropriate locations for the different types of SUDS for new
developments and regeneration sites, the output for which was a set of maps. By using a
GIS approach, the maps were scalable; they could be viewed at different resolutions from
full city scale to that of individual development and regeneration sites.

Table 3 summarises the decision-making process in the design of SUDS across Coventry
and signposts the outputs in this paper. Figure 1 illustrates the relationship between each
set of data and factors in the production of the maps (Stage 8 in Table 3) based on
detention of excess stormwater.

Table 3 Data collection and analysis overview (* for further information, see Warwick et
al., 2013)

Stage Output

1 Define SUDS groupings Table 1

2 Identify influencing factors Table 2

3 Allocate influencing factors to SUDS groupings Table 2

4 Determine site specific spatial distribution of Not shown in

influencing factors this paper*

5 Define rules for influencing factors Fig.1

6 Agree rules for influencing factors Not shown in
this paper™

7 Apply rules to each SUDS grouping Not shown in
this paper*

8 Present outputs in map form Figs 2&3

Once the suitable SUDS devices had been mapped, both a SUDS management train and
also a piped system for comparison were designed using WinDes® but at a reduced scale
with the desktop modelling exercise located at a smaller parcel in CRZ, Prior Deram Park
(PDP) where permission has been granted for the construction of 250 houses. A strategic
flood risk assessment of CRZ (Halcrow Group Ltd 2008) identified SUDS generically as
necessary to address flooding issues, without specifying suitable SUDS, advising only of
the need to "take account of groundwater and geological conditions”. The example SUDS
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train was designed to comply with the draft SUDS National Standards (Defra, 2011) as
defined above, i.e. runoff was limited to less than 101 sec’! for the whole 5 ha site. To
ensure the site was developed as accurately as possible, a lm? resolution DEM was used
to determine the destination of runoff. Large-scale map information indicated that
infiltration was not possible, therefore the design concentrated on provision of detention
via detention ponds, which also provided a treatment stage. Runoff was directed into the
nearby Canley Brook. The response of the site to the 1 in 100 year 30 minute winter
critical storm (73.13 mm hr™') was then simulated.

Data
Rules
Geology
Impermeable: Permeable: less
more potential for potential for
detention detention
Determine more Determine less
suitable areas suitable areas and
\ exclude
Design
suitable SUDS
devices for
detention

Fig 1 Map creation process for detention SUDS, based on the example of geology

RESULTS

The hierarchy of recommended SUDS approaches for new build in Coventry developed
from the mapping exercise described in the methodology is shown in Table 4. Placing
source controls as the initial stage of SUDS agrees with SUDS management train
principles in which excess rainfall should be dealt with as close as possible to the point at
which it falls. Source controls can be designed to deal with runoff from the first 15 mm of
rainfall, and will principally address water quality issues; they are feasible in over 99% of
Coventry. However, source controls will not manage the large volumes of runoff which
increase flood risk, for which one of the remaining approaches in the hierarchy should be
selected. Infiltration SUDS, which reduce both the rate and volume of runoff, should be
implemented as the second priority where potential land contamination is not a risk
(14.5% of Coventry). Infiltration effectively removes runoff from a drainage system,
rather than retaining it within the system (Swan 2002). Where infiltration is feasible, but
land contamination is a concern, field investigations should be performed to ascertain
suitability before proceeding, which applies to 2.5% of Coventry. In areas where
infiltration is not feasible, above ground vegetated detention and retention SUDS should
be prioritised (32% of Coventry). In the remaining 50% of Coventry, engineered (e.g. re-
landscaping, lined basins or hard infrastructure) detention and retention SUDS will be
needed. Here also, above ground SUDS should be prioritised, although these will require
greater design, and possibly construction, effort than in other suggested applications. A
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spatial representation of these is depicted in Fig. 2 and shows the complexity of the
decision-making process at the large scale.

The different performance characteristics of individual SUDS techniques must be taken
into account when considering their suitability for addressing particular requirements at
the detailed design stage. It is important to note that Fig. 2 offers outline policy
guidelines, whereas evidence-based investigations at each site, undertaken for detailed
planning and SAB applications, may generate alternative SUDS solutions which should
take precedence over these recommendations.

Table 4 Hierarchy of recommended SUDS approaches for new developments in Coventry

Priority | SUDS approach Suitable area of city
1 Source controls 99%
2 Infiltration SUDS 14.5%
3 Infiltration SUDS in former industrial land, if tests show | 2.5%
no potential for contamination
4 Vegetated detention SUDS 32%
5 Engineered detention and retention SUDS 50%

0 05 1

2 3 4
- — s Kilometres

Infiltration SUDS
Infiltration feasible
B Industrial area - test for infiltration
Detention & Retention SUDS
Vegetated
Engineered

::: Canley Regeneration Zone

== Motorway
— Aroads

— B roads

Fig 2 Locations of recommended SUDS approaches in new developments in Coventry.

Applying the methodology at the smaller scale, the recommendations given in Fig. 2 were
applied to the CRZ. All groups of SUDS devices were possible in Canley apart from
infiltration, where only small areas to the southeast and southwest of the zone were
possible (Fig. 3a). Source control, filtration and conveyance were possible across the
whole site, therefore no maps are presented for these. Fig. 3b shows the potential for
detention and retention SUDS across the site, illustrating where “softer” vegetated SUDS
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could be used, and also where the more engineered applications need to be installed due
to ground conditions or proximity to the local watercourse, the Canley Brook.

a)
Canley Brook . m y h
Infiltration unsuitable in the regeneration zone e =g 2 . %? i, +
: e e i s
P - Rl it Il 4 if
N - -J‘" p ‘X‘ L \ gal _ Prior Deram
Canley = "' ; fut.L) ‘-"'ii ‘H"j‘l)‘\ : " Walk parcel
o - =3 " | ¢ \ -
regeneration i L ‘l:!i ag{ﬂ;{ﬂ[”’.’ Lt g’ - o, R ;
zone . s s - . ?. . i
"“’- = 2m = < == el -] _ Prior Deram
- Vit I ~ " Park parcel
- \ — T
T, e Sy -
QL e "‘-~~-.___1 S, . 2 — Flow
A . direction

/,sv 5 i7 1'
% ~ i/

- b Y,
Limited infiltration . Eﬁ:! M MY
possible ca.500m - i
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/ ~%
zone e / _ ca.250m outside
andcover Existing roads
S R = buﬁdings southeastern edge of zone
! Road&Rail Infiltration feasible
I water Brodidestioy 0 125 250 500 750 1,000
Unclassified K
b)

Engineered detention in central corridor, .
driven in part by proximity to Canley Brook\_

- L
59 _Prior Deram
R ~ Walk parcel
Canley .
regeneration o
zone
_______ Prior Deram
=" Park parcel
~ Flow
direction
Vegetated detention in southern /,/

and north-eastern sites N
Existing roads

Landcover and buildings
Buildings  Detention & Retention SUDS
11l Road&Rail Engineered o_ 125_ 250 500 750 1,000

Unclassified  Vegetated

Fig 3 SUDS guidance for Canley Regeneration Zone: a.) Infiltration and b.) detention and
retention

Lashford et al. 2014 undertook a more detailed desktop assessment, utilising detention
ponds for storage, swales for conveyance, and permeable paving and green roofs as
source controls while modelling combinations of techniques to judge the effectiveness of
different SUDS management trains. Infiltration was not regarded as a suitable option at
this site due to soil type and prior use of part of the site as a landfill as reflected in Fig. 2.
The results of the desktop modelling exercise are shown in Fig. 4 and it should be
emphasised here that this is just one possible suggestion; it has been designed primarily to
address the runoff rates stipulated in the draft SUDS Guidelines (Defra, 2011).
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——Swale ‘Community centre

—— Pipe

----- Hydro-Brake
Sand filter % Weodiand
‘ Detention Pond : Road
was PPS

L5

Fig 4 SUDS management train designed for Prior Deram Park, CRZ, Coventry.

A combination of swales and pipes was used to convey water round the site, with tanked
porous paving and a green roof to every house. Pipes were only used when either space
was unavailable for a swale or water need to travel below either a road or the driveway of
a house. Finally five ponds were installed across the site to retain water during a large
event; all runoff was conveyed into one of the ponds prior to being released into the
nearby Canley Brook at four separate outlet points. The open grassed park contained one
of the ponds with a sand filter conveying runoff to the inlet. Its utility as both an amenity
area and for water quality improvement and flood risk mitigation demonstrates SUDS’
potential for multi-functional use. It would have been preferable to utilise a filter strip
here, but it is not possible to model this device in WinDes". A hydrobrake was added at
the outlet of each pond to ensure compliance; this would be a weir plate of some kind to
slow the water’s exit from the pond. Comparing this design against a fully impermeable
construction serviced by a piped drainage system, the SUDS management train would be
able to successfully deal with a 1 in 100 year (+30% to account for climate change) storm
easily, in fact it could cope with up to a 1 in 275 year storm, however, the piped system
would result in the equivalent of 40 of the 250 houses being flooded, amounting to 858
m’ of excess water.

The recommendations of the city-wide feasibility maps were compared with the more
detailed assessment shown in Fig. 4, with the results presented in Table 5, which shows
broad agreement between the two. The feasibility maps define a menu of possible SUDS
choices, and not all feasibility map options can or should be used at an individual site.
Detailed designs need to consider how individual SUDS features can best be combined
into a management train. Fig. 4, adapted from Lashford et al. 2014, indicates how SUDS
can be designed to manage flood risk at the scale of a redevelopment site. While the focus
of Fig. 4 is to address flood risk, some of the designed SUDS features also address water
quality issues, as well as providing amenity and biodiversity benefits. The feasibility
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maps indicated additional options that could have been included in the site design, such as
rain gardens and rainwater harvesting for runoff attenuation, but like filter strips, these
were not available options in WinDes". Bioretention devices were suggested by the
feasibility maps, and could have been included in the more detailed design to manage
runoff from the estate roads.

Table 5 Comparison of SUDS feasibility map proposals for CRZ with Fig.4 for PDP.

Device Detailed assessment for Broad-scale feasibility map options for

grouping Prior Deram Park (Fig.4) | CRZ

Options in bold show agreement between | Proposals that could be considered for this

the two methods across different scales site.

Source Permeable paving; green | Green roof; rainwater harvesting; permeable

Control roofs; sub-surface paving; sub-surface storage; trees; rain

storage; trees garden; disconnected downpipe; soakaway;

infiltration trench; bioretention device

Infiltration none none

Detention & | Detention ponds, Engineered: detention basin; retention basin;

retention Hydrobrake pond; sub-surface storage; rainwater
harvesting; bioretention device; swale

Conveyance | Swales Swale, rill

Filtration Sand filter Sand filter; filter strip; filter trench;
bioretention device; detention basin;
retention basin; pond; swale; permeable
paving

CONCLUSIONS

This paper has considered the design of sustainable drainage systems at different scales
and has illustrated the factors and decision-making required for this process to be
successfully carried out. However the use of SUDS in England requires local government
to understand these techniques. This study presents a method which can identify feasible
locations for SUDS devices at the city scale early in the decision-making process.
However, the process to build the maps requires a substantial amount of information and
an understanding of its meaning. Whilst it is recognised that the larger-scale maps are
suitable for the early stages of discussion, more technical tests and modelling results are
required for a detailed planning application, and other design approaches will be more
appropriate for these later stages. The maps provide information which is readily
understandable and which will support the initial discussions which take place between
planning officers and developers. Consequently, they may contribute to the reduction of
potential barriers limiting the uptake of more sustainable forms of stormwater
management.

A similar positive outcome was seen in the subsequent design of a site-specific SUDS
management train for flood resilience, following the draft SUDS Guidelines (Defra
2011). The SUDS design produced a plan that would easily deal with a 1 in 100 year
(+30%) storm, compared to a conventional piped-based system which would be unable
to cope, producing flooding extending to one fifth of the planned new build housing.
SUDS management trains can provide betterment over conventional drainage solutions,
but need to be designed so that the component devices link effectively. Whereas
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conventional drainage focuses on water quantity, SUDS management trains can be
designed to include provision for water quality and amenity and therefore have multiple
benefits; such a design at Prior Deram Park included temporary storage for excess surface
water which also had a role as a community park. The maps provided guidance at the
large scale, but could be subject to issues associated with coarseness of scale. In this
study, closer examination at the smaller design scale supported findings from the larger
scale maps.
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ABSTRACT

The demand of portable water is constantly increasing due to factors such as growing
population and changing user behaviour. Global and UK population is projected to increase
further in the coming decades, which may lead to increased pressure on the scarce fresh
water sources and the infrastructure for managing mains water supply and waste water
management. Rain water is freely available resource which can be harvested to reduce the
need mains water demand, as well as reduce the pressure on urban drainage infrastructure.
Rain Water Harvesting in a wide scale within urban areas have the potential to increase
both sustainability and resilience of building and urban environments, by reducing
extraction of scarce surface and underground water resources. Higher education sector was
responsible for significant carbon emissions and consumption of water resources with high
cost and carbon emission. The paper is based on a case study of Coventry University
building facilities. The impact of rain water harvesting has been investigated in Coventry
University buildings and the potential impact within the surrounding urban environment of
Coventry city centre has been discussed. Building inventory survey has been carried out to
establish total building footprint for rain water harvesting, the data has been used to
calculate total rain water yield from the case study buildings. Results show that Coventry
University consumes about 97,000 m? of water per year while the calculated rain water
that can potential be harvested from the buildings is about 24,000 m?, which amounts to
about 25% of Coventry University’s total annual water consumption.

KEYWORDS: Building and Urban Resilience, Higher Education, Rain Water Harvesting,
Whole Life Costing
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INTRODUCTION

Global climate change and the rapid increase in atmospheric greenhouse gases are one of
the biggest and most complex challenges of our time, with very significant consequence
for the future of our planet. The United Kingdom set a legally binding target of at least
80% cut in greenhouse gas emissions by 2050 (Climate Change Act, 2008). The efforts
towards carbon reduction and climate change mitigation have significantly focussed on
energy consumption and the emissions resulting from it. Higher education sector in the UK
is a very high carbon emitter, in 2008-09 the Higher and Further Education sector produces
emissions of 2.6 million tonnes of carbon dioxide (CO2) equivalent. This high carbon
emission from FHE institutions led HEFCE from 2011 to link capital allocations to FHE
institutions to carbon reduction. FHE institutions in England are required to develop
individual carbon reduction strategies and carbon management plans, these institutions
consumed about 24 million m?® of water per year between 1990 and 2006 which led to the
emission of about 10,000 tCO2 per year. Water consumption in higher education
institutions in England and Wales contributed about 1% of emissions from these institutions
(HEFCE, 2009). The UK government has motivated its Higher Education Institutions
(HEISs) to reduce their carbon emissions in line with the national reduction targets.

HEFCE (2012) estimates that about 5 million metric tonnes of carbon dioxide equivalent
(Mt COze) per year is emitted by water companies as a result of the energy and process
emissions for water and wastewater pumping and treatment, and this is estimated to be
around one per cent of UK GHG emissions just from 23 companies. As water demand and
consumption increases, there will be commensurate increase in carbon emission associated
with the processes of water and waste water treatment.

It is predicted that warming of the planet as a result of climate change will alter the
hydrological cycle, which will create changes to the amount, timing, form, and intensity of
rainfall. These changes are also likely to affect the programs designed to protect the quality
of water resources and public health and safety. Some of the manifestations of climate
change include the unpredictability of weather events such as rainfall which under certain
circumstances can overwhelm the existing infrastructure such as the sewers within urban
centres. Rain water harvesting can provide a targeted solution not only to mains water
demand but also and most important help in increasing the resilience of urban infrastructure
by providing a buffer for the amount of rain water that goes into the sewer during periods
of intense rainfall, which can mitigate the risk of flooding by relieving the pressure on the
local drainage systems.

SUSTAINABLE URBAN WATER MANAGEMENT AND
RESILIENCE

The United Nations (2011) estimates that the global urban population will increase from the
current 51% to 67% by 2050, with this increase in population majority of which is concentrated
in urban environments, the demand for scarce water resources is likely to increase with increase
in waste water discharge to the urban drainage infrastructure. Novotny and Brown (2007)
identified requirements for the urban water systems of cities of the future as new paradigm
which should look at water supply issues in holistic manner by given due consideration to
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‘greenhouse gas emissions reduction, and treat storm water and reclaim used water as a
resource to be reused rather than wasted, requiring costly disposal that can further damage
the environments’. Rain water harvesting is therefore an important component of Integrated
Urban Water Management which is a resource that reduces the amount of main water
consumed and all the associated energy consumption and carbon emission associated with
it.

The predicted changes in weather conditions under different climate scenario has been
developed by the UKCIP which shows that under current trend of emissions climate change
scenario, rainfall levels are likely to see significant change by 2080s, with the South East
projected to see 50% reductions in summer and 30% increase in winter. The North West
England will is likely to experience about 30-40% reduction in summer and increase of
about 20-25% in winter. Flooding can be an unpleasant and difficult situation for
communities, ICF International (2007) estimates that water companies could potentially
have to spend around £1 billion per year to stop sewer flooding getting worse, given
increased intensity of rainfall events due to climate change. The resilience of urban
drainage infrastructure can be increased either through costly infrastructure expansion or
through a decentralised building level approaches geared towards both demand reduction
and maximising the use of available natural water resources which in turn reduces the
amount of water that the urban drainage infrastructure have to cope with.

Urban centres also have to be designed to consider the sustainable urban drainage system
to mitigate flooding and other environmental damage. Rain water harvesting is very
important in the approach to Sustainable Urban Drainage System (SUDS) which represents
an integrated approach to the design of drainage system to avoid flooding and other
environmental damage. Agudelo-Vera et al (2012) found that by harvesting rain water from
roofs, potable tap water use can be reduced up to 32% in Amsterdam.

RAINWATER HARVESTING

In non-domestic buildings a significant proportion of water consumption is for non-
portable uses, WC and urinal flushing accounts for up to 63% of water use. Figure 1 show
the distribution of water consumption by uses, these component of water use should utilize
non portable sources such as reclaimed rainwater which provides adequate quality for such
uses.

W rinal flushing
43% 20%

Yiashing

Cleaning Cantesn sk

1% use 9%

Figure 1: Water use in non-domestic buildings (Roebuck, R. (2008)
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Given the distribution of water use in Figure 1 it is proposed that all the buildings in
Coventry University incorporate rainwater harvesting system. HVCA (2010) summarises
some of the benefits of rainwater harvesting: -

» The rising demand for water results to higher usage and increased population, it is
likely that the price of mains water will rise as the demand increases. Rainwater
harvesting systems are therefore useful methods to sustain the availability of water
supply and reduce future costs.

» 1t is predicted that our annual rainfalls have increased by 30% therefore a savings
can be made from collecting storm water.

» Rainwater harvesting has an environmental impact by diverting potential flood
water away from the public storm drain system. The use of a rain water harvesting
prevents the need for storm water attenuation to reduce the discharge into the main
sewers. Rainwater harvesting helps to attenuate the flow of rainwater to the drains
therefore reducing the risk of flooding.

» If the client has a metered water supply, there will be a direct cost saving from
water bills.

» There are tax incentives for the use of rainwater harvesting. The Enhanced Capital
Allowance (ECA) scheme enables UK businesses to claim a 100% first year capital
allowance on investments in rainwater harvesting systems.

The rain water harvesting system shall be designed to meet the requirements of BS8515
(2009) which is the Code of Practice for the Installation of Rainwater Harvesting Systems.
Rain water can be collected via various areas ideally first being the roof and secondly being
paved areas. Installing a water harvesting system for the proposed new or retrofit
developments has both its advantages and disadvantages, these are list below:

BREEAM credits are available for developments willing to install a rainwater and/or
Greywater harvesting system. For the credits available and the low capital cost it would be
advisable to install a water harvesting system to ensure a high BREEAM environmental
rating. Parkes, C et al 2010 shows that a building using a rainwater harvesting system
typically increases its carbon emissions compared to a building using only Mains Cold
Water Supply (MCWS). Roebuck R., et al (2006) study indicates that maintenance is
crucial for the water harvesting efficiency. The study lists that annual maintenance of
pumps, cleaning of roof/collection area and gutters etc is vital and cleaning of the tank with
‘desludging’ is required every three years. Water harvesting systems require electrical
energy to run the pumping and control systems. The pump energy will vary depending on
the pump size and efficiency. The pump selection procedure will use the following criteria
such as Water flow rate (I/s), Height at which the water will need to be lifted, Friction loss
of system, Pump efficiency. Parkes C., et al (2010) study indicates that the operating
energy is between 0.6 — 5 kWh/m®. This figure does not include for a UV disinfectant
system, if this is required the operating energy is estimated to increase the upper energy
band to 7.1 kWh/m?>. Rainwater is classified as a Fluid Category 5 under the Water Supply
(Water Fittings) Regulations 1999 this means that it is ‘potentially dangerous to health if
consumed’ and must be installed by trained competent personnel. Safety requirements
should be taken into consideration to ensure safe use and management of harvested rain
water.
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CASE STUDY LOCATION AND BUILDINGS

Coventry University is located within inner ring road in Coventry city. The building and
facilities within and around the inner ring road are mainly public buildings owned and
managed by Coventry University and Coventry City Council and commercial buildings
such as banks and retail outlets. Figure 1 show the footprint of Coventry University in
relation to the overall density of buildings within the city center. There are a total of 36
Coventry University owned and operated buildings with a combined total roof area of about
56,000 m?>. Since a few organisations own significant proportion of buildings within the
city center, action or inaction by these organisations will have significant positive and
negative impacts on the long term sustainability and resilience of both the organisations
and the urban environment. The paper evaluates the potential impact of rain water
harvesting in all of Coventry University’s Estates and the urban environment within which
the university is situated.

Figure 2: Footprint of Coventry University within Coventry City Centre
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Coventry Water Consumptions and Costs

In the year 2011 the total water consumption in Coventry University Estates is about 97,371
m? per year this total is for both residential and non-residential consumption. The total cost
of the above water consumption is around £125,861 per year. While the combined cost of
both water and sewerage amounts to about £215,876. There is therefore potential for long
term cost saving for both mains water consumption and sewage discharge to the municipal
sewers. The water consumption figures including cost and carbon implication of these has
been summarised in Table 1.

2009 -2010 2010-2011
Total Water Consumption (m?) 92386 97371.29
Total Cost (£) 118,056.35 125,861.47
Total Carbon emission (MtCo2) 37,324 50,848
0.404 MtCO, per m* (HEFCE, 2009)

Table 1: Coventry University Water Consumption and Water Cost and Carbon Emission

Coventry University Existing Rain Water Harvesting System

So far Coventry University have rain water harvesting installed in only two building within
the whole estate, these buildings are new BREEAM excellent buildings completed in 2011
and 2012, and therefore the installation of these systems is to enable the building to achieve
high environmental standards. The total combined storage capacity of the two systems is
about 110,000 litres. With the university having a total building footprint of about 56,000
m? this is well below the potential harvest that can be achieved. There is adequate level of
monitoring of the rain water collection and use, the benefit of these systems can only be
understood if there targeted monitoring and evaluation over time. Figure 2 show the rain
water tanks and associated pumping and control systems for the two buildings.

[Rr— .
A) The HUB: 50,000 Litres storage B) EC Building: 60,000 Litres Storage

Figure 3: Pictures of rain water harvesting systems installed at Coventry University
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METHODOLOGY

The work has been carried out using analytical method to determine the potential of rain
water harvesting systems in the case study urban environment of Coventry city centre.
Existing secondary data from Coventry University Estate Department is combined with
physical survey and data from Google Street View to establish the total roof area for rain
water harvesting from each building within the estate. A building inventory survey has been
carried out for all Coventry University owned and operated buildings, the inventory used a
selection process that involves all buildings either owned or operated by Coventry
University on long tenancy. Some secondary data from the estates records and the data used
for preparation of Estate Management Statistics have been used in the desk based study to
establish the water consumption and the potential cost and carbon implication associated
with mains water consumption. The calculation only considered rainwater collection from
roof surfaces, even though paved areas around the university can also provide rain water
collection.

Rain Water Calculations

The design of a rain water harvesting system for Coventry university buildings has been
carried out to estimate the total volume of rain water that can potentially be captured, the
volume of water will then be an indicator of how much mains water use is avoided and how
much rain water could be prevented from entering the urban drainage system. The roof
areas for potential collection of rainwater is used estimate the total rain water collection
using BS8515. With Coventry having an annual rain water intensity of 775mm this figure
was used within the calculations. Equation 1 is used to establish the total annual rain water
yield for each building.

YR=AXEXNXMN ., Equation 1

The calculation methods used to size the underground tank is based on BS8515: section
4.1.2.1 which suggests an intermediate approach would be acceptable to be used, this uses
formulae to calculate a more accurate estimation of storage capacity than the simplified
approach. To apply the intermediate approach to sizing the rainwater harvesting system
for non-potable use, storage capacity should be calculated from the following equations
and should be the lesser of 5% of the annual rainwater yield or 5% of the annual non-
potable water demand. 5% of the annual rainwater yield should be calculated using the
equation 2:

YR=AXeXhXNX0.05 ... it Equation 2
Where:
YR  isthe annual rainwater yield (L)
A is the collecting area (m?)
e is the yield coefficient (%) it is assumed 70% of the water will be collected from
the roof area (0.7)
h is the depth of rainfall (mm) Coventry 775mm Annual rainfall

n is the hydraulic filter efficiency it is taken that the efficiency is 0.8
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RESULTS AND DISCUSSION

The results of the calculation procedure as shown in Table 2 shows that Coventry
University can potentially harvest up to 24,000 m® of rain water per year just from roof
surfaces alone, the calculations did not consider the potential collection from paved areas
around the campus. The figure above represents about 25% of the total annual water
consumption in the estate.

Table 2: Rain water Harvesting annual yield and Tank sizing

e -yield of hydraulic |YR-annual 5% of annual yield | Existing
A-collecting | coefficient [rainfall [filter rainwater yield (L) |(L) YR=Axe |systems - Tank
Building area (m?) (%) (mm) efficiency |[YR=Axexhxn [xhxnx0.05 size ( Liters)
Priory Hall 931 0.7 775 0.8 404054 20202.7
Student Union 957 0.7 775 0.8 415338 20766.9
Alan Berry 1254 0.7 775 0.8 544236 27211.8
Charles Ward 1663 0.7 775 0.8 721742 36087.1
George Elliot 1879 0.7 775 0.8 815486 40774.3
The HUB 4094 0.7 775 0.8 1776796 88839.8 50,000
James Starley 2543 0.7 775 0.8 1103662 55183.1
Graham Sutherland 2831 0.7 775 0.8 1228654 61432.7
Maurise Foss 1110 0.7 775 0.8 481740 24087
Richard Crossman 1816 0.7 775 0.8 788144 39407.2
John Laing 2139 0.7 775 0.8 928326 46416.3
Ellen Terry 2140 0.7 775 0.8 928760 46438
Singer Hall 3452 0.7 775 0.8 1498168 74908.4
Alma Building 2875 0.7 775 0.8 1247750 62387.5
Nursery Building 618 0.7 775 0.8 268212 13410.6
Trinity Point 1285 0.7 775 0.8 557690 27884.5
Amstrong Sidley 1965 0.7 775 0.8 852810 42640.5
Jaguar Building 2309 0.7 775 0.8 1002106 50105.3
William Morris 1378 0.7 775 0.8 598052 29902.6
University car park 1319 0.7 775 0.8 572446 28622.3
Library 2953 0.7 775 0.8 1281602 64080.1
Student Centre 1478 0.7 775 0.8 641452 32072.6
EC Building 2842 0.7 775 0.8 1233428 61671.4 60,000
ICE Building 857 0.7 775 0.8 371938 18596.9
Enterprise Centre 855 0.7 775 0.8 371070 18553.5
Technology Centre 2227 0.7 775 0.8 966518 48325.9
Design Hub 851 0.7 775 0.8 369334 18466.7
HDTI 2228 0.7 775 0.8 966952 48347.6
Futures Institute 397 0.7 775 0.8 172298 8614.9
Buiding A 465 0.7 775 0.8 201810 10090.5
Building B 346 0.7 775 0.8 150164 7508.2
Building C 324 0.7 775 0.8 140616 7030.8
Building F 337 0.7 775 0.8 146258 7312.9
Building E 533 0.7 775 0.8 231322 11566.1
ACUA 313 0.7 775 0.8 135842 6792.1
Serious Games Institute 562 0.7 775 0.8 243908 12195.4
Total 56126 24358684
Rain Water (m3) 24358.684
equivalent (MtCo2) @
0.404 MtCO2 per m3 9840.908336
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The total estimated rain water yield will also potentially lead to saving of about 10,000
MtCO; per year. Coventry University will therefore make savings on the amount of carbon
credit the university have to purchase under the carbon reduction commitment scheme. The
total amount of rain water also demonstrates that there will be about 24,000 m* of water
that will not be discharged into the drainage system during period of rainfall, this will help
avoid flooding. The current rain water harvesting storage capacity of 110,000 litres is well
below the university’s harvesting capacity. The calculation as shown in Table 2 reveals that
the university have the potential to install storage capacity of 1.2 million litres. The uptake
of rain water harvesting systems by Coventry University could have potential positive
influence in uptake by other organisations based in Coventry City Centre such as Coventry
City Council and other commercial outlets in the city. In terms of long term benefits the
Coventry University could potentially achieve significant savings in cost of mains water
supply and this cost will over time payback the cost of any capital investment overtime.

It is estimated that if the university explores its maximum harvesting potential from
building roof areas, it could achieve up to 25% savings in water costs which will on average
amount to about £31,250 of water bills per year. As water demand increases with
increasing population, it is expected that cost of water supply and waste treatment will
increase, organisations that are willing to invest in rain water harvesting systems will
therefore be more resilient to any potential risk of price inflation in the coming decade or
at least the impact of these changes will be minimal. The drainage infrastructure of urban
environments are designed to cope with certain volume waste and rain discharge, unless
we have clear strategy for integrated approach to urban water drainage management, the
projected increase in precipitation and increase in water demand due to projected
population increases will lead to need for expansion of this drainage infrastructure to avoid
flooding and other potential environmental damages at very high cost, therefore taking
resources that could otherwise be used in providing other vital services. Some of the
buildings around the university are clustered together providing opportunity for common
water storage tank for distribution to surrounding buildings, this may provide potential
capital cost savings.

CONCLUSIONS

The pressure on the use of scarce natural resource and the finite nature of these resources
should always be a trigger for optimising consumption and the use of alternative renewable
resources. Rain water harvesting have many benefits in large organisations with high
density of population which means that all rain water collected will be utilised quickly due
to high demand. Even though the embodied energy of rain water harvesting systems may
be higher than mains cold water supply, there are many other potential benefits of the
systems such as cost reduction and societal benefits such as reducing flooding risk, avoid
expensive expansion of drainage infrastructure and the reduction in the extraction and
processing of portable cold water which is a finite resource and energy and carbon
intensive. There is clear potential for long term utility cost savings of up to 25% for
Coventry University and a potential reduction in the cost of purchasing carbon credits as
part of the CRC scheme. The university has a corporate social responsibility to reduce the
impact of its business and to be a leader within society by providing education through
action. While the installed rain water collection capacity of 110,000 litres is well below
capacity, the university can develop a clear monitoring and evaluation process for these
systems to serve as learning tool for potential future expansion. Monitoring and data
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logging equipment will be installed in the coming months to help evaluate the performance
of the existing system. Frequency and cost of maintenance activities will also be monitored
for detailed whole life cost evaluation of the two systems.
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UNDERSTANDING THE IMPACTS OF DROUGHT RESTRICTIONS
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ABSTRACT

Increasing pressure on water resources are requiring more effective interventions to
manage periods of drought. The 2012 drought provided the first opportunity for water
companies to implement a wider range of Temporary Use Bans (TUBs) as introduced
by The Water Use (Temporary Bans) Order 2010. Seven water companies
implemented TUBs affecting around 20 million customers. To date, there has been
little assessment of the actual impacts on water use behaviour or the effectiveness of
water company communications during the drought. UKWIR commissioned an
investigation of the impacts of these restrictions. A bottom-up assessment was
undertaken assessing messaging, surveying domestic and non-domestic customers,
and analysing metering data. The outputs will inform drought planning, water
resources planning and applications of restrictions in future drought events and will
help to provide a better understand of the direct and indirect impacts on non-domestic
users. This will help support customer relationships and the existing service incentive
mechanism.

Keywords: Ban, Drought, Messaging, Scarcity, TUB

Short duration droughts (12-18 months) similar to the major drought of 1976 are
predicted to become more common. The 2011-12 drought provided the first
opportunity for water companies to implement a wider range of water restrictions or
Temporary Use Bans in England. Seven water companies implemented Temporary
Use Bans (TUBs) affecting around 20 million customers. UKWIR commissioned an
investigation of the impacts of these restrictions. The objectives were to:

. Obtain implementation data from water companies for the TUBs applied in
2012
. Analyse the impacts of the restrictions and summarise the data by customer

category, in particular reviewing which type of messaging was more
effective at engaging customers

. Develop, and implement a methodology for assessing how to calculate
usage impacts by use category, giving consideration as to which types of
user were directly impacted by the TUBs implementation

. Recommend how water companies may collect and share data in the future

. To include recommendations on how to assess ‘bounce back’ following
removal of the TUBs restrictions

. Make recommendations how potential future misunderstandings with

customers (particularly non-household) can be avoided through the use of
this project.
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Using three water companies as a proxy (Anglian Water, South East Water and
Thames Water), domestic and non-domestic metering data, along with messaging and
communications activities, were obtained on the 2012 drought.

A bottom-up approach was undertaken using a detailed stakeholder survey and an
analysis of metering data. The approach attributes changes in micro-component (or
end use) demand volumes to specific restriction rules and was chosen to reflect the
different impacts across the customer groups (domestic and non-domestic) and across
the TUB types. Telephone interviews were completed with 300 non-domestic
customers and 1,000 domestic customers. Additionally, a quantification of the survey
data was undertaken based on micro-component outputs from draft water company
Water Resources Management Plans.

Total domestic consumption was analysed using metering data for Thames Water and
South East Water. An analysis of high flow events (>480 1/hr) was also undertaken
for two time periods which enabled identification of potential hosepipe / external
water use events.

Key results of the qualitative analysis (customer survey)

Most of the domestic and non-domestic customers surveyed, recognised the need to
conserve water and that the UK is affected by droughts. Awareness was highest
amongst those in the South East Water region with the media being stated as the key
source of information (particularly television).

The survey highlighted confusion as to what activities were restricted under the TUBs
(also referred to as “hosepipe bans”) although it also appeared to show that those who
had accessed information from their water company altered their behaviour to a
greater extent. Most reported little change in their water use between 2012 and 2013
and relatively little impact on the use of related non-domestic services (e.g. window
cleaning, valeting, and gardening). The average number of watering occasions was
generally less in 2012 than 2013 for domestic outdoor activities, with any increases
being attributed to changes in personal circumstances. Some increases in use were
reported in 2012 compared to 2013 were cited amongst the non-domestic sectors,
particularly the construction industry.

Key results of the quantitative analysis (metering data)

The overall picture of the separate bottom-up assessments (survey, metering analysis,
survey quantification) was that a reduction in TUB affected activities did occur during
the restricted period, compared with 2011 and 2013. A reduction in the count of high
evening flow activities (sprinkler use) was noted in Thames Water and Anglian Water
regions. The London and Thames Valley region showed a 30-36% reduction
compared with 2012 and 2013. An analysis of South East Water meter data
corroborated the survey findings which showed an increase in water use in the
construction, retail and sanitary services. From the volumetric quantification analysis
(of the survey data) an average decrease of around 18% was observed.

Extremely high rainfall in April to June 2012 resulted in the early lifting of the TUB

restrictions (in June and July 2012) and constrained the analysis of the impacts of the
TUBs.
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ABSTRACT

The ANSWER (Agricultural Need for Sustainable Willow Effluent Recycling) project
has seven partners including water utilities, local government councils, higher
education colleges and science organisations from both sides of the Irish border. The
total value of the project is around £2m. Ireland has numerous small rural Waste
Water Treatment Works (WWTWs) which are costly to upgrade and discharging
borderline or non-EU compliant discharges. This project has enabled ‘proof of
concept’ schemes to be established using Short Rotation Coppice Willow (SRC
willow) to treat primary and secondary sewage WWTW effluents, commencing
summer 2014. The process to get to this point has been complex in terms of
identification of suitable WWTWSs and negotiations with land-lords/land-owners,
regulators and the community. The accumulation of scientific data is essential in
order to give the environmental regulators the confidence to proceed with a
technology with which they had little or no experience. In three of the schemes, SRC
Willow had to be established and in the fourth case an already mature SRC Willow
plantation was used. Zoned area irrigation systems were then designed, built and
commissioned for irrigation rates of approximately 1 mm day™”, (10 m® ha™ day™, up
to approx 3,500 m’ ha” yr''). A system of environmental controls, water monitoring
and data acquisition software was also incorporated to ensure appropriate weather
related irrigation and ongoing monitoring of system loading.

Key words: Bioremediation, SRC willow, Regulations

INTRODUCTION

The treatment of wastewater in conventional Wastewater Treatment Works
(WWTWs) is highly effective and in modern works will produce an effluent which is
non-polluting when discharged into waterways. However, WWTWs are expensive to
build and run. They require major electrical power inputs to run pumps, aerators and
other equipment - water utilities are, in many countries, the single greatest users of
electricity. For example, in the UK the water utilities account for 3% of the total UK
electricity demand (ANON 2009). In addition to financial costs, most of this energy
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comes from fossil fuel sources and hence water treatment is therefore contributing
large quantities of damaging greenhouse gas emissions to the atmosphere (ANON
2008). Large WWTWs are required to treat the municipal effluent from large towns
and cities. There are however hundreds of small treatment works dealing with
effluent, often from only a few homes and people living in small rural settlements. It
is therefore essential to develop cost-effective, environmentally sound, sustainable and
low carbon approaches to wastewater management appropriate to rural communities
(ANON 2014). The use of fast growing woody plants for the bioremediation/
phytoremediation of wastewater is a potentially useful approach to this problem.

Bioremediation / Phytoremediation

Fast growing plants will utilise available nutrients in the soil. Willow (Salix spp.)
genotypes bred for high biomass production are particularly productive, consistently
yielding in excess of 10 dry t ha™ yr'' in most sites. Willow is a temperate plant well
suited to a maritime climate and to wet soils. It has a long growing season, is easily
coppiced (i.e. can be cut back regularly to ground level), is tolerant to many soil
contaminants and is currently grown commercially for biomass as a fuel for wood-
fired boilers producing renewable heat. The fact that willow has a higher water
demand than almost any other agricultural crop means that significant volumes of
effluent can be applied. The type of willow used in coppice plantations generally has
a fine shallow root system with 85% situated in the top 20 cm of the soil profile. This
not only improves stability but also provides an excellent receptive surface for the
application of effluents and other wastewater streams.

Bioremediation is the use of living organisms to break down or remove toxins and
other harmful substances from soil and water. When plants are used,
‘phytoremediation’ is the preferred terminology. Many plants when they are growing
actively take up large volumes of water from the soil. This is driven by
‘evapotranspiration’. Evapotranspiration refers to loss of water from the soil both by
evaporation and by transpiration from growing plants. Plants utilise water from the
soil, which is then lost to the atmosphere though the stomata in the leaves. If the
water that is taken up by the plants is high in plant nutrients such as nitrogen (N) and
phosphorus (P) then there will often be increased plant growth. In the rhizosphere
(the plant root/soil interface) the plants act as a biofiltration systems which enables
soil bacteria and other soil mechanisms to breakdown nutrients and contaminants
before they can reach the groundwater. These processes are illustrated in Fig. 1.

PROOF OF CONCEPT BIOREMEDIATION SITES

One of the primary objectives of the ANSWER project was to establish at least three
commercial scale ‘proof-of-concept’ sites which would be irrigated with effluent from
non-compliant WWTWs. Three of the project partners have built effluent irrigation
schemes on which irrigation started in spring 2014.

Bridgend, County Donegal

The WWTWs at Bridgend, Co. Donegal (Irish Grid: C397 244) serves approximately
500 population equivalent (PEs) which produces an effluent inflow volume of
averaging approximately 80 m’ day ™.
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Figure 1. Principle of SRC willow biofiltration (Jones et al. 2006)

Adaptations at treatment works

Originally, this WWTW was constructed to a design capacity of 250 PE where the
inflow was subject to aeration followed by settlement and subsequently discharged to
a small stream. As the ANSWER project developed, in line with requirement of the
Environmental Protection Agency (EPA), a 400 m’ storage tank was constructed to
hold effluent during periods when irrigation to the SRC Willow cannot occur.
Currently, the effluent following aeration and settlement enters a sump where it is
regularly pumped to the main storage tank. SRC Willow irrigation occurs from this
tank. In circumstances where irrigation cannot occur (e.g. climatic or equipment
failure), the storage tank will fill to 95% at which point the sump uplift pumps will
stop allowing treated effluent to overflow from the low level sump and discharge into
the stream.

Willow planting

Donegal County Council obtained a long term lease of around 15 ha of land adjacent
to the treatment works. This was in three blocks of 10, 3 and 2 ha. In spring 2013 the
ground was prepared according to the SRC Willow Best Practice Guidelines (Caslin et
al. 2011). Willows were planted using a step planter with 1.50 m between double
rows in genotype mixtures at 15,000 cuttings per hectare. The plantation was assessed
in winter 2013/14 and in response to good establishment but relatively heavy weed
infestation, the plants were cut back in the spring 2014 to allow the plants to coppice.
The area was then treated with herbicide which ensured vigorous willow growth and
the development of strong root systems. Regrowth in Spring of 2014 produced a
healthy and even crop.

Irrigation system

Irrigation pipes were laid during winter and spring 2013/14 in every forth double row
of SRC Willow with emitter orifices every 10 m. The irrigation system consists of a
storage facility, pump, valves, filter, flow meters, main header pipes and irrigation
pipe work. The main 90 mm header line stretches the entire length of the plantation
approximately 1400 m, into which 25 independently controlled solenoid valves were
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incorporated [Fig.2]. Each valve, controlled by the central computer system, enables
individual zones to be independently irrigated according to a pre-programmed
irrigation protocol.

Discharge point
Stream

Main header pipe
Automatic valves >
Junctioned header pipes \@\\)
Irrigation Pumps

WWTW \t.

Figure 2. The 14 ha field layout indicating the main pipeline, 25 zones and valves.

The irrigation protocol can be edited simply to enable the most suitable irrigation
regime for the plantation (reference crop establishment, climate, season, ground
conditions, hydrogeology and other aspects). The following information is measured
and data uploaded (SCADA): Incoming and irrigated flow totals and rates, section
irrigation totals, rainfall totals and irrigation pump activity times. The following
information is also measured and recorded and used to control whether the irrigation
system runs or not: irrigation section accumulators, flow rate, flow pressure, clock
timing, storage tank level, rainfall intensity and amount and soil temperature. These
values can be used to trigger a sms or email alarm to notify of a possible issue for
attention.

Irrigation protocol:

Each zone is irrigated for a preset length of time which is a function of its distance
from the irrigation pump (flow rate), soil conditions and associated hydrogeology.
The current protocol allows for the irrigation of up to 9 m> ha™ day” which is split into
a number of smaller irrigation subsets. This results in a total daily irrigation volume
of up to 130 m’® or less to match the normal WWTW inflow rate and equates to an
effluent application of up to 0.9 mm over the full 14 ha site. The irrigation cycle is
flexible however is currently set to run 3 times during the day. Each cycle irrigates on
average 43 m’. In accordance with the Nitrates Directive, it is recognised that the
application of effluent to the SRC Willow plantation will be performed in a uniform
manner and is not permitted when the soil is waterlogged, likely to flood, has been
frozen for 12 hours or longer, is snow-covered or when heavy rain is forecast within
48 hours.
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Regulations:

Throughout the project planning process the Local Authority Environment Section

investigated the proposal thoroughly in order to ensure compliance with regulation

and good practice. Local community groups were consulted and their concerns

addressed. Potential risks (the consideration of sensitivity of location with regard to

site suitability, groundwater vulnerability, sensitive buildings and proximity to

populations and protected areas including water supply sources) associated with the

irrigation of treated waste waters to a SRC Willow plantation were considered in the

context of the following pieces of legislation:

e S.I31/2014 - European Union (Good Agricultural Practice for the Protection of
Waters) Regulations 2014, and

e SI1272/2009 - European Communities Environmental Objectives (Surface Waters)
Regulations 2009 (as amended), and

e SI 9/2010 - European Communities Environmental Objectives (Groundwater)
Regulations 2010 (as amended).

e Article 8(1) of the Planning and Development Regulations, 2001 (S.I. No. 600 of
2001).

There are other significant areas of legislation such as the Ground Water Regulations,
the Urban Wastewater Treatment Regulations, Environment impact - uncultivated
semi-natural areas regulations, Shellfish and bathing waters Directives which are
involved but relate more directly to specific situations.

Results

The irrigation system was commissioned at the beginning of May 2014 and the
irrigated total to 24™ June was 2,670 m® (over a period of 54 days). The irrigation
regime shows the beginning commissioning period at approx 30 m’ day™, the
readjusting between 6™ to 8" June and the subsequent equalisation of the irrigation
rate to manage the inflow to the WWTW [Fig 3].
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Figure 3. Daily and cumulative irrigation pattern
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Clontibret and Knockatallon, Co. Monaghan

The WWTWs at Clontibret (Irish Grid: H752 289) serves a PE of 200 and the works
at Knockatallon (Irish Grid: H558 391) serves a PE of 105.

Adaptations at treatment works:

In line with requirement of the Environmental Protection Agency (EPA) 205 m’
storage tanks were constructed at both the Clontibret and Knockatallon sites in order
to act as the accumulation tank for SRC Willow irrigation and as the buffer to store
effluent during periods when irrigation to the SRC Willow cannot occur. Currently, in
both sites, the effluent enters the works through a screen, receives aeration and
subsequent settlement. The settled effluent then enters an uplift pump sump where
duty and standby pumps pump the effluent to the buffer/storage tank. The effluent is
irrigated from this tank. There is approximately 7 days storage at Clontibret (30 m’
day” average Inflow) and 10 days storage at Knockatallon (20 m’ day” average
Inflow). However, if climatic circumstances exist to restrict SRC Willow irrigation,
the effluent will reach the tank overflow point where it resumes discharge to the
stream (as it did before the adaptations were made to the works).

Willow planting:

Monaghan County Council obtained long term leases of around 5 ha and 7 ha of land
as adjacent to the treatment works as possible at both Knockatallon and Clontibret
respectively. The willows were established as outlined in (2.1.2).

Irrigation systems:

Irrigation pipes were laid as outlined in (2.1.3). The main 90 mm header lines
stretched the entire length of the plantations into which 11 and 14 independently
controlled solenoid valves are incorporated at Knockatallon and Clontibret
respectively. Each valve, controlled by the central computer system, enables zones to
be independently irrigated according to a pre-programmed irrigation protocol.

Irrigation protocol

As in (2.1.4), each zone is irrigated for a preset length of time. The current protocol
allows for the irrigation of approximately 20 m’ day' and 30 m’ day' at the
Knockatallon and Clontibret sites respectively. This results in an average irrigation
rate of approximately 4 m’ ha” day'. The irrigation cycle is flexible however is
currently set to run 2 times during the day. Each cycle irrigating 2 m> ha™.

Results

The irrigation system was commissioned mid May 2014 and the irrigated total at
Clontibret to 14™ June was 1333 m’ (over a period of 42 days). This is an average
application of 32 m® day™ which has been the average daily inflow into the treatment
works. There has been zero discharge to the stream during this period.

Dromore, Co. Tyrone

The WWTWs at Dromore, Co. Tyrone (Irish Grid: H340 671) serves approximately
2,500 PE. Dromore is situated in Northern Ireland, UK and is managed by NI Water
as the primary water utility. There were some differences from Donegal and
Monaghan (Republic of Ireland) in the ways in which this particular scheme was
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procured and regulated reflecting some differences between the two EU member

states. This SRC Willow treatment module is not essential to the regulatory

compliance of the Dromore WWTW however it does provide a very beneficial

commercial scale proof of concept scheme for the application of this technology. It is

estimated that the SRC Willow module will be capable of taking approx. 15% to 20%

of the full yearly load (full load estimated 220,000 m® year'). In order to make the

smartest use of this facility however, NI Water will be investigating the efficacy of

pumping the effluent to the SRC Willow during different scenarios as follows:

e During the WWTW peak loading times (morning and evening), to reduce the flow
through the treatment works.

e When the flow in the river is lower - to reduce the impact of discharge on river
water quality.

e  When there are elevated nutrient levels in the discharge - to reduce the impact of
discharge on river water quality.

e Ultimately, at a future date, to investigate the effect that the extraction of primary
effluent (reducing the flow through the works) has on the overall running of the
WWTW, the discharge quality and overall energy usage and carbon emissions.

Adaptations at the treatment works

The effluent is presently treated to secondary treatment level at which point it is
discharged into the Owenreagh river. The only adaptation at the treatment works
required was a pump system for extraction of secondary effluent for irrigation to the
SRC Willow plantation. This pumping station is flexible for future trials on the
extraction of primary effluent.

Willow planting

In contrast with the three schemes in the ROI the SRC Willow used for irrigation were
already well established. There were 15 ha of SRC Willow planted in 2007 and which
had been harvested twice on a three-year rotation. This approach has many
advantages in particular that the root systems of the plants were well developed and
there was complete site capture by the SRC Willow.

Irrigation system

Irrigation pipes were laid as outlined in (2.1.3) during the Summer of 2014. The main
90 mm header line stretches the entire length of the plantation into which 28
independently controlled solenoid valves were incorporated. Each valve, controlled
by the central computer system, enables zones to be independently irrigated according
to a pre-programmed irrigation protocol.

Irrigation protocol

As in (2.1.4), each zone is irrigated for a preset length of time allowing a subset of the
total zone application quantity to be irrigated before automatically moving on to the
next zone. An estimated 10 m’ ha” day' irrigated in 2 m’ subsets is the
commissioning starting point for this project.

Regulations

The irrigation of Waste water from the Dromore WWTW to this particular SRC
Willow plantation is licensed and consented to discharge under the “Water (Northern
Ireland) Order 19997, as amended by the “Water and Sewerage Services (Northern
Ireland) Order 2006 by the Department of the Environment. The Dromore treatment
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works is compliant with its licence and in the event that effluent cannot be applied to
the SRC Willow due to climate, regulation, technical breakdown etc, the effluent can
continue to be discharged to the river.

NUTRIENT LOADING

The quality of the discharge from the treatment works (Table 1) is from the most
recent data available from Donegal and Monaghan Local Authorities and NIWater.
The proposed hydraulic and nutrient loadings are calculated (Table 2) and are within
recommendations for the application of both nitrogen and phosphorus within the
nutrient guidance for SRC Willow as advised by Teagasc (Caslin et al. 2010). The
current nutrient guidance considered appropriate by the Northern Ireland Environment
Agency (NIEA), interpreting the guidance given in RB209 (ANON 2010) and the data
available on crop nutrient off-takes, allows for the application of 180 kg N ha™ year™
and 24 kg P ha™' year™.

Table 1. Effluent Discharge Quality
Determinand Bridgend WWTW® Dromore WWTW"

(mg/1) (mg/1)

NH3 10.6 1.1
Nitrate-N 0.0 n/a
Nitrite-N 0.0 n/a
Total - N 31.6 11.3
Total - P 1.5 1.55
Ss 50.0 17
BOD 22.4 10
COD 93.0 n/a
pH 7.3 7.5

* Estimated quality for Knockatallon and Clontibbret as similar as no qualitative data exisits
® Data averaged from 2011 and 2012

Table 2. Estimated nutrient and hydraulic loading as spread throughout the year.

WWTW Willow Hydraulic Suspended Nitrogen Phosphorus
Site irrigated Loading Solids
(ha) (m3ha‘1) (kg ha'lyear'l) (kg ha'lyear‘l) (kg ha'lyear'l)

Bridgend Total Load 31025 1551 980 46

per ha load 14 2216 111 70 3
Clontibbret  Total Load 10950 548 346 16

per ha load 7 1564 78 49 2
Knockatallon Total Load 7300 365 231 11

per ha load 5 1460 73 46 2
Dromore Total Load 37000 629 418 57

per ha load 15 2467 42 28 4
MONITORING

Monitoring programmes are in place to ensure that the volume of effluent being
applied does not cause any uncontained pollution or indeed soil nutrient build up. The
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stream water and groundwater monitoring points (bore holes) are tested bi-monthly to
ascertain the levels of BOD, suspended solids, Total Nitrogen, Total Phosphorous, pH
and Dissolved Oxygen.

CONCLUSIONS

Bio(phyto)remediation of effluents offers a cost effective, environmentally safe, low
carbon and sustainable approach to the management of wastewater (Biopros 2008),
however the system must be well designed ensuring environmentally safe and reliable
operation and the protection of the system’s individual components over the long term
(Riddell-Black et al. 2008). It has particular application to small scale rural treatment
works handling the effluent loading from a small (< 500PEs) settlements. In the
majority of these cases it is unlikely that it will be economically viable or practical to
upgrade such works to make them compliant. Research in Sweden (Hasselgren 1998,
Rosenqvist et al. 1997) and in Northern Ireland (Rosenqvist and Dawson 2005,
Werner and McCracken 2008) has shown that SRC Willow is highly effective in
dealing with high volume high nutrient effluents. In a number of trials there has been
no evidence of leaching of N to groundwater, or issues of P contamination due to
overland flow. Some of the nutrients are taken up by the plants and result in nutrient
off-take when the SRC Willow is harvested every three years. The willow root
systems act as a filter to enable soil microbial processes to metabolise the nutrients,
while at the same time enriching the soil. Often, the limiting factor to irrigation is the
site relief, hydrogeology and the success of the establishment of the SRC Willow
plantation.

It 1s best if the SRC Willow plantation is adjacent to the WWTWs however if the
plantation is within 1 - 2 Km it is still viable as the feeder pipe is normally laid on top
of the ground which reduces costs. In all four sites described within the ANSWER
project, the pipe from the treatment works to the SRC Willows was above ground. In
the Monaghan sites, at Clontibret and Knockatallon, it was necessary to directionally
drill the pipes beneath a small country road. This was achieved with minimum
disruption and at low cost.

NI Water is Northern Ireland’s largest electricity consumer (ANON 2014) and given
N.Ireland’s high dependence on fossil fuel imports (ANON 2008), can make a
significant contribution to green house gas emission by incorporating more sustainable
waste water treatment technologies and transforming the WWTW asset base to use
less energy and emit less carbon. This can be done while improving compliance. The
only power requirements for SRC Willow irrigation of waste water are for running a
low specification pump which is required to pump the effluent to the irrigation system
and the power to run the small computer control and automatic valve system. NI
Water collects and treats 300,000 m® of waste water every day which involves the
maintenance and operation of over 1,100 WWTWs and around 1,200 pumping
stations. If a number of these smaller WWTWs were to be transformed to sustainable
low carbon processes such as SRC Willow bioremediation technology, the overall
energy savings to the water company could be significant along with an increasing
input into this sector’s contribution to renewable energy production, agricultural and
biomass energy supply chain employment.
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ABSTRACT

Globally, water and energy have been treated autonomously by numerous authors either
due to the complex challenges associated with assessing both in concert or given their
discrete economic roles. However, contemporary issues of phenomenal climate
variability, sustainability, industrialization, population growth and security of supply,
present a dire need for an integrated approach to policy formulation and design of water-
energy systems in the UK. Water is a key resource in most sources of energy generation
including hydro, thermal and nuclear; in turn, great and growing measure of energy is
required to operate and maintain water treatment and distribution facilities. This
inextricable but intricate link between water and energy clearly presents both problems
and prospects for assessment.

From the study, both sectors heavily rely on each other, as the output of one is the input
of the other. Albeit, greater concern is raised in the trend of water sector energy use which
is consistently increasing subsequent to the implementation of strict regulatory water
regimes that have necessitated the use of more advanced but energy-intensive water and
wastewater treatment facilities. It is believed that this assessment of water and energy
resources in tandem will help improve on the design and operation of water-energy
systems, enhance the sustainability credential of the undertakings and create more secure
integrated services in UK.

Keywords: Water, Energy, Nexus, Problems, Prospects

INTRODUCTION

Water, energy, waste, transportation, Information and Communication Technology (ICT),
etc., all constitute the national infrastructure in UK (Watson and Rai, 2013). These
infrastructure sectors contribute in distinct ways to the value chain of each other, giving
rise to a complementary relationship which entails a form of support to ailing sectors. It
also means that failure of a sector which is heavily relied upon by other sectors will
induce a cascade of failures or poor productivity in the dependent sector(s). For instance,
electricity failure will critically impact on water processes, while ICT failure will have
severe effects on water and power sectors as these greatly rely on ICT (Buldyrev et al.,
2010). Accordingly, Watson and Rai (2013) have reasoned that a plan to improve
drinking water quality or upgrade a wastewater infrastructure may in turn intensify energy
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input or GHG emissions. Thus, the need to explore the water-energy tie is intensified by
the heavy reliance of other sectors on both water and energy. Water, next to air as the
most fundamental requirement of life, is both a human right and an economic good
(UNESCO, 2003), while energy is critical to the provision of water. Whereas, water is
important in energy production and energy plays a great role in water management, the
interdependence of these two resources is known as “water-energy nexus” (Siddiqi and
Anadon, 2011).

Several authors have claimed that relative to the significant research efforts in water and
energy in isolation, the water-energy nexus remains under-explored globally (Gleick,
1993; Webber, 2008 and Siddiqi & Anadon, 2011). Only a few peer-reviewed literature
highlight energy intensities of water abstraction, purification and distribution in UK, as
most researches on the water-energy relationship focus on water use in electricity
production (Watson & Rai, 2013). It is therefore the ultimate aim of this study to bridge
this gap in knowledge in order to address the imminent challenges of water and energy
insecurity in the wake of the ever-increasing demand for these resources. In order to
achieve this goal, this paper will develop a comprehensive link between energy and
water, so as to clearly understand where barriers exist in the integration strategy and
identify best practice approaches that could be applied to optimally harness this
relationship in UK. This will involve assessing the economic and empirical dependence
of one on the other.

REVIEW OF PAST LITERATURE

Overview

In recent times, there have been studies and reports integrating the old isolated issues of
energy and water under the spectrum of planning, policy formulations, facility designs
and operations. Although, research on the interdependencies of these resources only
started proliferating in the past few decades, Gleick (1993) concedes that America long
realised the need to assess the problems and prospects of this bond, and proactively
structured policies and projects to ensure that potential phenomenal challenges to either of
the regimes (water or energy) do not uncontrollably impact on the other.

Various universities have also initiated programs to research into the predominant links
between water and energy. Regarded as a crucial and unacknowledged linkage, the
Australian National University recently launched a collaborative research programme
called the Australia-United States Climate Energy and Water Nexus (AUSCEW), aimed
at exploring the water-energy link relative to climate change, and identifying holistic
policy recommendations that will help evade adverse impacts of resource insufficiency
and favour mutually beneficial solutions (AUSCEW, 2012). More so, in the United
States, Harvard University has advanced scientific research on the theme: Energy’s
growing need for water; targeted at deducing prevailing constraints to sustainable
development which lie in the interconnections of individual sectors (SSP, 2013).
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Availability and Sustainability

In order to undertake processes that heavily rely on water or energy, there is need to
establish the sustainability credential of the resource to be used. Numerous events in
different parts of the world serve to underscore the energy and water interdependence in
terms of resource availability and sustainability. A resource may be available but not
sustainable; this automatically means that processes reliant on such resource stand to be
unsustainable accordingly. For instance, whereas, coal-to-liquid (CTL) plants are
extensively water intensive processes, according to reports, china suspended its plans to
construct a CTL given its potential long term effect of drought and negative impacts on
the quality and availability of the already over-stressed Chinese water resource (Xinhua
News, 20006).

It is pertinent to state that in 2005; about 49% of all water withdrawals or 41% of all
freshwater withdrawals were used by the US thermoelectric power plants alone (Kenny et
al., 2005). Consequently, Lake Mead which is the largest reservoir in the US is currently
reported to be 100 feet lower than its historic levels, with a further reduction of 50 feet
predicted to cause the Hoover Dam hydroelectric turbines to produce very little or even
no power; thus placing Las Vegas in a state of critical resource reduction and potential
need for cross-border trade, if the water continues diminishing (Webber, 2008).

It will also be recalled that in July 2009, France had to import power from UK. This
followed the cooling water temperature remarkably exceeding the permitted discharge
temperature of 24°C due to the prolonged heat wave of the nuclear plant which eventually
led to the shutdown of 20GW of the 63GW nuclear power capacity of France
(Pagnamenta, 2009). Yet, earlier in summer 2003, the same effect of intense heat wave
compelled French regulators to grant an official approval which allowed nuclear plants to
discharge their cooling water at about 40°C (Siddiqi and Anadon, 2011). These
coevolving relationships have prompted Governments in Countries like US, China,
Canada, Australia and Spain to initiate formal strategies to detail this water-energy nexus.
The ultimate goals being to develop integrated policies and more robust technologies that
will help secure the availability of these resources in the future.

Water Use in Energy Sector

The study on Water Use by Gleick (1993) has been one of the pioneer research efforts
which provided an insight into the quantities of water used for various power generation
processes, while a detailed set of water use benchmarks for comparing performance in
thermoelectric power generation was first published by Dziegiclewski et al. (2006).
Accordingly, the DOE (2006) came up with comprehensive estimates of water use by
major power generation types which incorporated contemporary technologies and
renewable sources of energy.

An in-depth quantitative analysis of water use requires a clear understanding of the
distinction between water withdrawn and water consumed. Water withdrawn means
abstracting water from the ground or diverting same from a surface source. On the other

3
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hand, water consumed is that “part of water withdrawn that is evaporated, transpired,
incorporated into products or crops, consumed by humans or livestock or otherwise
removed from the immediate water environment” (Kenny et al. 2005, p.47). However,
water can still be withdrawn and not necessarily consumed. This is regarded as non-
consumptive water. The non-consumptive water is withdrawn and returned to its source
or near the withdrawal point, although, most often with its chemical, physical or thermal
properties altered (Glassman et al., 2011).

Table 1: Consumptive and non-consumptive uses of water (Hall et al. 2012, p.70)

Consumptive uses of water Non-consumptive uses of water
Agriculture and irrigation Environmental regulation
Electricity generation (as cooling) Hydroelectric electricity generation
Industry and manufacturing Recreation

Public water supply Transportation

In the field of energy, the research conducted by Schoonbaert (2012) reveals that the
quantity of water consumed in power generation is majorly a function of the generation
type, fuel type, cooling technology used for the thermoelectric power generation, or the
carbon capture and storage facility (CSF) used in the fossil fuel power plants. A summary
of water use by various technologies is depicted in Table 2. The table provides an
estimate of water consumption rates for different power generation technologies.

Table 2: Water withdrawal and consumption rates for major power generation sources (Macnick et al.,
2011)

Withdrawal (Litre / MWh) Consumption (Litre /
MWh)
Fuel Type Cooling Technology | Median Min Max Media | Min Max
n
Nuclear Tower Generic 5,005 3,637 11,820 3,055 2,641 3,841
Once-through Generic 201,619 113,652 272,765 1,223 455 1,818
Pond Generic 32,050 2,273 59,099 2,773 2,546 3,273
Natural Gas Tower Combined 1,150 682 1,287 900 591 1,364
Cycle
Steam 5,469 4,319 6,637 3,755 3,010 5,319
Combined 2,255 2,214 2,300 1,718 1,718 1,718
Cycle with
CCS
Once-through Combined 51,735 34,096 90,922 455 91 455
Cycle
Steam 159,113 45,461 272,765 1,091 432 1,323
Pond Combined 159,113 45,461 272,765 1,091 1,091 1,091
Cycle
Dry Combined 27,049 27,049 27,049 9 0 18
Cycle
Inlet Steam 9 0 18 1,546 364 2,728
Coal Generic 1,932 455 3,410 3,123 2,182 5,001
Subcritical 4,569 2,273 5,455 2,141 1,791 3,019
Supercritical 2,414 2,105 3,082 2,241 2,082 2,700
Tower 1GCC 2,769 2,646 3,041 1,691 1,446 1,996
4
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Subcritical 1,773 1,628 2,750 4,282 4,282 4,282
with CCS
Supercritical 5,805 5,564 6,042 3,846 3,846 3,846
with CCS
IGCC with 5,105 4,992 5,219 2,455 2,373 2,537
CCS
Once-through Generic 2,664 2,178 3,082 1,137 455 1,441
Subcritical 165,250 90,922 227,305 514 323 627
Supercritical 123,144 122,954 123,258 468 291 564
Pond Generic 102,696 102,519 102,792 2,478 1,364 3,182
Subcritical 55,576 1,364 109,106 3,541 3,350 3,655
Supercritical 81,439 81,189 81,498 191 18 291
Biopower Tower Steam 68,400 68,173 68,450 2,514 2,182 4,387
Once-through Steam 3,991 2,273 6,637 1,068 1,068 1,068
Pond Steam 159,113 90,922 227,305 1,364 1,364 2,182
Dry Biogas - - - 159 159 159
Hydropower N/A Aggregated 2,046 1,364 2,728 - - -
in-stream &
reservoir

Sampling part of UK, the abstraction rates for various purposes in 2008 alone, are
revealed in figure 1. In England and Wales, a high percentage of water licensed for
abstraction is actually not abstracted. According to the UK Environment Agency (2011),
a total of 34,500 MI/d of water was abstracted out of the 75,000 Ml/d of water licensed
for abstraction; that is, 46.01% was actually abstracted. Water abstracted for public water
supply totalled 46.6% (almost half of the actual water abstracted) although, more than
70% was returned as treated effluent (EA, 2011).
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Figure 1: Water abstraction by various sectors (Source: Environmental Agency, 2011)

Being a projected quantity, the licensed abstraction is estimated to take care of
contingencies or variations in outcome. Thus, it is considered that water used for
electricity generation varies according to annual run-offs and could peak in very wet
years like 2012. Although it is noted that water abstracted for electricity was 35.35% in
England and Wales, but in Wales alone, over 80% of abstracted water is used for
electricity generation, while about 15% is withdrawn for public water supply (EA, 2011).
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Energy Use in Water Sector

Several researchers have variously highlighted the roles of energy in water management.
Water abstraction, treatment, desalination and distribution are very energy-intensive
processes and these energy implications of water processes are often predicated on the
original status (fresh or sea water) and location of the resource.

Concise uses of energy in water processes have been summarised by Watson and Rai
(2013) as follows:

e Water abstraction and conveyance: Pumping from source (Ground or Surface) and
transfer to reservoir or treatment plant.

e Treatment or purification and distribution of water: Advanced processes such as
UV and Ozone applications require greater energy application, while distribution
requires lots of energy for pumping.

e Heating, cooling and use of water in facilities for domestic, commercial and
industrial purposes; these require varying amounts of energy.

e Wastewater treatments; often requiring highly energy intensive processes to

collect, physically segregate, chemically treat, discharge treated effluent and
landfill sludge.

Problems and Prospects of the Energy-Water Nexus in UK

As posited by DETR (1998, p.1), “Pumping costs UK industry over £1,400 million in
electricity each year, mostly for pumping water, and estimates suggest that over 20% of
this figure could be saved”. Accordingly, in the food manufacturing sector alone, the
water expenditure is approximately £300 million annually, while energy is £800 million

and estimates indicate that a 20% reduction in water use could save the food industry £60
million a year (FISS, 2007).

Worthy of note is that the water-energy links vary with the availability and nature of the
water resource which is often a function of climate variability. With the Atlantic Ocean
bordering Scotland, 70% of the surface area and 90% volume of the water in the entire
UK is providentially located in Scotland (Scottish Natural Heritage, 2001). This condition
underscores the great hydro potentials of Scotland and has led to the formulation of
frameworks and design of strategies to harness the water resource, including its tides and
waterways. Typical examples are the Scottish Renewables Obligations (SRO) which is
Scottish Government’s main means of increasing electricity generation from renewable
sources — legislated for in the Renewals Obligation (Scottish) Order 2006 (SI) 2006 No.
1004 (The Scottish Government, 2013); and the recent Scottish Hydro Agenda aimed at
harnessing Scotland’s vast water resource, advancing water technologies and delivering
economic gains (Scottish Government, 2012). The need to align this water-energy
scrutiny becomes even more intensified following the prediction that “by 2030,
hydropower will become the world’s dominant renewable energy source, providing more
than twice the amount of its nearest rival, on shore wind power” (Waughray 2011, p.10).
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From estimates, hydropower evaporates approximately 17m’ of water per Mega Watt
Hours of energy generated (ADB 2013, p.14) and ‘UK’s energy demand is forecast to
increase by 36% between 2011 and 2030 (BP, 2013, p.4)’, with 15% projected to be
supplied from the renewable sources by 2020 (DECC 2011, p.5). But the UK with
2650m’/year of water per person (Kaczmarck, 1995) is already classified as a country
with ‘low’ water availability (Holt et al., 2000). Where UK is faced with any spike in
water-energy demand, the potential aftermaths may include: cross-border trade or trade-
offs, or desalination of sea water.

Thermoelectric power plant cooling takes great amount of water. New technologies such
as the combined cycle gas turbine power plants are acclaimed low water intake
technologies, yet they end up having higher net water consumption. Also Biofuel use has
been considered as a strategy to reduce carbon dioxide emissions and oil import; however
biofuel is the most water-intensive source of fuel, and its use in large scale means
increasing water consumption in energy production (Mielke et al., 2010).

QUANTIFYING THE UK WATER-ENERGY NEXUS

Energy use in water processes

A clear summary of energy intensities of water and waste water treatments has been
presented Figure 2. Critically analysing the trend, it is established that except in 2002/03
when energy used in treating IML of water slightly rose by 18kWh above that used for
treating IML of sewage, wastewater treatment energy intensities have remained higher
over the other years. Water treatment energy intensities have been on the decline from
2003/04 to 2006/07. It took 559 KWh of energy to treat one Mega litre (IML) of water
and 756 kWh of energy to treat IML of sewage in the year 2006/07. Relative to the
previous year (2005/06), energy used in treating wastewater increased by 122kWh/ML
while energy used in treating water reduced by 27kWh/ML following an earlier drop
between 2004/05 and 2005/06 by 77kWh/ML. Sludge aeration has been considered the
most energy intensive process in wastewater treatment (Caffooor, 2008).

A major reason for the increasing energy usage in wastewater treatment is the
implementation of the stringent WFD quality requirements of ‘good ecological status for
UK waters by 2015. The directive according to Watson and Rai (2013) is predicted to
cause further increase in the energy intensities of water and wastewater treatment to
almost 100%.
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Fig 2: Energy intensities of treating 1ML of Water and Sewage (Data source: Water UK, 2007)

Figure 3 indicates electricity generated in UK from major fuel types. Between 1999 and
2011, natural gas constituted the dominant fuel in relative terms, representing 40.04% of
all UK energy generation; while solid fuel produced a total of 35.11% of the UK energy.
Although the decline in coal usage between 2006 and 2011 may be due to the high prices
of coal especially relative to gas; however, in 2012 solid fuel accounted for the main
electricity generation, with an increase by 53.93TWh above that generated from gas.
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Fig 3: Total electricity generated in UK from major fuel types (Data Source: DECC, 2014)

From this account, it is inferred that the UK fossil capacity is still high, representing
75.92% of the total energy generation, while, electricity from the nuclear source stood at
22.94%. Nuclear energy has remained less than the 99.49TWh generated in 1998,
although it increased by 8.27TWh between 2010 and 2012. The hydro energy constitutes
only 1.14% of the energy generation, while the share of oil has remained insignificant. In
a nutshell, the chart shows that UK energy sector is heavily reliant on the Gas, Coal and
Nuclear fuel sources, and explores less of the Oil and Hydro sources of energy.

The sharp increases and declines in UK Hydro energy generation from 1998 to 2012 as
shown in figure 4, is majorly attributed to external factors such as annual rainfall averages
and seasonal variations like heavy rains in winter. From figure 4, it is deduced that
69.95% increase in electricity generation happened between 2010 and 2011, then a 9.24%

8
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decrease in 2012 and a further decline by about 13.45% (0.54 TWh) in 2013. The high
energy generation between 2011 and 2013 follows the heavy rain in UK during these
periods especially in 2012.

Hydro (natural flow)

2013
2012

2010
2009
2008
2007
2006
2005
2004
2003
2002
2001

Fig 4: Total hydro electricity generated in uk (1998-2013) (Data Source: DECC, 2014)

Hydropower with a conversion efficiency of above 85% remains a predictable and
reliable source of energy in the UK. The hydro resources of the UK can still be further
harnessed through extra development of small and micro-scale hydro schemes from
municipal to national level.
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Fig 5: Electricity generation and supply from Hydro flow for Scotland, Wales, Northern Ireland and England, 2004 to
2012 (Data Source: DECC, 2013a)

Figure 5 reveals how UK regions generate their hydroelectricity. It can be seen that the
energy generated by Scotland peaked in 2005 totalling 6756GWh then sharply dropped in
2010. This decline is traced to the average rainfall in UK averaging 952mm in 2010 and
increasing to 1331mm in 2012 (Met Office, 2014); this condition is actually consistent
with the impact of annual run-off on hydro energy generation.

In Wales, there is a relatively consistent trend in the energy generated. The generation
gradually kept increasing from 2004 to 2008, after which it started to decline, but has
risen again from 2011. The chart therefore shows that Scotland has the highest and
growing hydro potential while Northern Ireland has the least contribution to hydro energy

9
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generation. This supports the claim that England and Wales has hydro potentials in the
range of 146 to 248 MW (British Hydro Association, 2010) while Scotland’s hydro
potential is in the region of 2,593 MW (BHA, 2008).

The report by UK Water (2010) reveals that renewable energy generated by water and
wastewater companies in the UK totalled 665 GWh in 09/10 relative to the 742 GWh
generated in 08/09. This been a downward trend, strongly challenges the goal of
generating 15% of UK’s energy from renewable sources in 2020. Although, UK has put
in place renewable financial incentives through the Renewables Obligation (RO) Scheme
which provides renewable electricity generators with financial support more than what
they receive from selling same to the wholesale market (The Scottish Government, 2013).

At the moment, UK hydro receives financial support from Government through the RO. It
is reckoned that the RO will help reduce the investment cost and boost the overall
competitiveness of the hydro technology relative to other established sources of
electricity (HM Government, 2009). In total, energy use by the UK water sector increased
by 4% between 2008/09 (8160GWh) and 2009/10 (9012GWh) with the trend presenting
high possibility of future growth in the energy intensities as revealed in figure 6. This
energy use is the energy from electricity and gas for water and wastewater pumping and
treatment (operational purposes), and for administrative functions, excluding transport
(UK water, 2010).
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Fig 6: Total energy use by UK water sector (UK Water, 2010)

With the increasing stringent quality standards for water and wastewater processes,
energy use in the water sector is predicted to keep increasing. However, with the
technological advancement in water and wastewater treatment facilities, the industry is set
to identify best strategies to reduce this rising energy and minimise or eliminate such
negative impacts as GHGs emission.

Water Use in Energy Processes

Figure 7 provides estimates of total licensed abstractions in England and Wales. It shows
that for electricity supply, after a 2,525 Million cubic meters increase in water abstraction
between 2000 and 2001, the abstraction volume had fallen steadily from 29,571 Million

10
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cubic meters in 2001 to 27,471 Million cubic meters in 2006; while from 2007 — 2012,
water abstraction volume increased by 7,699 Million cubic meters for electricity supply.
Water abstraction for public water supply had been fairly steady with difference between
the highest (in 2005) and lowest (in 2009) abstraction totalling 573 Million cubic meters.
Water used in fish farming has drop from 1723 Million cubic meters in 2000 to 974
Million cubic meters in 2012, while industrial water use had relatively reduced after it
peaked by 2418 Million cubic meters in 2003.
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Fig 7: Estimates of total licensed abstractions in England and Wales.

On the average, 76.03% of the total water abstraction was used for electricity supply,
15.51% for public water supply, 5.20% by industry, and 3.15% for fish farming, while
‘other’ water uses constituted 0.11%. Thus, water abstraction by the electricity sector of
England and Wales was the largest, and has continued to grow remarkably. Whereas,
more rainfall leads to reduction in water abstraction for irrigation and fishing, the mark
increase in water use for electricity supply between 2011 and 2012 can be attributed
basically to 2012 been the second wettest year in UK since 1910, with rainfall average of
1,330.7mm preceding the 1172.5mm of the previous year — 2011 (Met Office, 2014).
Reduction in water use in the industrial sector can be linked with the application of more
efficient water and wastewater facilities in recent times.

SUMMARY AND RECOMMENDATIONS

Results of the water-energy nexus appraisal reveal that energy use in the water sector has
intensified by about 10% over the last eight years, with a 4% escalation to 9.012 TWh
between 2009 and 2010 (Water UK, 2010). Also, the energy sector’s water demand has
continued to increase with the nation’s growing energy needs, and accounts for
approximately 32% of total freshwater abstraction in UK (Watson and Rai, 2013). In
England and Wales alone, between 2000 and 2012, 76.03% of the total water abstraction
was used for electricity supply, 15.51% for public water supply, 5.20% by industry,
3.15% for fish farming, while ‘other water uses’ constituted 0.11%.
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Scotland’s hydro potential should be further harnessed. Cleaner energy sources should be
encouraged and incentivised if UK must meet its 15% energy from renewable sources in
2020. Water harvesting and reuse should be highly promoted both at the local and
industrial levels, to minimise overall water demand and volume of sewage treated at the
wastewater treatment plants.

Accordingly, whereas thermoelectric and nuclear plants take up as much as 90% of fresh
water abstracted for energy purposes, and air cooling is relatively not an efficient cooling
strategy, the use of a hybrid system (encompassing water and air) will help reduce the
water taken up by the energy sector.

There is need for a standard accounting system by both the energy and water
undertakings. This will serve as a gauge for measuring the consumption rates of these
resources and identifying possible best practices. A department should be created to
oversee the implementation of this water-energy integration strategy; this unit should
work closely with Ofwat and Ofgem (the UK water and energy regulators respectively) to
identify possible problems and prospects of any planning or provision of either the water
Oor energy resource.

An integrated approach to assessing infrastructure sectors will help eliminate any
wasteful or unnecessary duplication of ideas and reduce conflicts of interest which are
often associated with isolated strategies.

Lastly, further researches on the design of low-energy facilities for water and wastewater
treatments should be encouraged.
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ABSTRACT

The water and wastewater industry in the UK accounts for around 3% of total energy
use and just over 1% of total UK greenhouse gas emissions. Targets for greenhouse
gas emissions reduction and higher renewable energy penetration, coupled with rising
energy costs, growing demand for wastewater services and tightening EU water
quality requirements, have led to an increased interest in alternative wastewater
treatment methods. The use of short rotation coppice (SRC) willow for the treatment
of wastewater effluent is one such alternative, which brings with it the dual benefits of
wastewater treatment and production of biomass for energy. In order to assess the
effectiveness of SRC willow, it is important to analyse the overall energy balance in
terms of energy input versus energy output. This paper carries out an energy life cycle
analysis of a specific SRC willow plantation in Northern Ireland to which farmyard
washings (dirty water) are applied. The system boundaries include the establishment,
maintenance, and harvesting of the plantation, along with the transport and drying of
the wood for biomass combustion. The analysis shows that the overall energy balance
is positive, and that the direct and indirect energy demands are 12% and 8% of gross
energy production respectively. The energy demands of the plantation are compared
with the energy required to treat an equivalent nutrient load in a conventional
wastewater treatment plant. While a conventional plant consumes 2.6 MJ/m’, the
irrigation3 system consumes 1.6 MJ/m> and the net energy production of the scenario is
48 MJ/m”.

Keywords: Energy balance, Farmyard washings, Life cycle analysis (LCA), SRC
willow, Wastewater treatment

INTRODUCTION

The water and wastewater industry accounts for around 3% of total energy use and
just over 1% of total greenhouse gas emissions (GHG) in the UK (Water UK, 2012).
The UK Climate Change Act 2008 set a legally binding target for at least an 80% cut
in GHG emissions by 2050 (DECC, 2012) and, although UK water and wastewater
companies are not subject to specific GHG emission targets, the Environment Agency
has stated that the sector has an important role to play in reducing its emissions and
contributing to the national target (Environment Agency, 2012). Linked to GHG
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reduction targets are targets for increased penetration of renewable energy, and the
UK is legally committed to meeting 15% of the country’s energy demand from
renewable sources by 2020 (DECC, 2014).

Due to population growth and urbanisation across the UK, there is predicted to be
increased demand for wastewater services in the future (Defra, 2012a). Wastewater
treatment is subject to a suite of European Directives which aim to limit pollution and
improve water quality in the natural environment. The government is committed to
continue to meet its obligations under these directives, which include the Urban Waste
Water Treatment Directive, the Habitats Directive and the Water Framework
Directive (Defra, 2012a).

Northern Ireland (NI) Water is the sole provider of water and sewerage services and
the largest single electricity user in Northern (N) Ireland (DOENI, 2011). In 2012-13,
the company’s total electricity consumption was almost 300,000 MWh, 87% of which
was non-renewable grid electricity (NI Water, 2014). NI Water’s annual energy bill is
around £34 million, and the cost of power to the sewerage service (including
sewerage, sewage treatment, and sludge treatment and disposal) was over £19 million
in 2012-13, accounting for 46% of direct costs in the sewerage service (NI Water,
2014). NI Water has in place an Energy Implementation Strategy, one of the key
objectives of which is to reduce the number of energy units used (NI Water, undated).

The combined drivers of targets for increased penetration of renewable energy and
reductions in GHG emissions, concerns over rising energy costs and growing demand
for wastewater services, have led to an increased interest in alternative wastewater
treatment methods. Short rotation coppice (SRC) willow is an energy crop which can
be used for the management of wastewater effluent, thus bringing with it the dual
benefits of wastewater treatment (reducing demand on conventional wastewater
services) and production of biomass for energy. Willow is commonly combusted and
used as a source of heat and/or for electricity production.

Willow grows well in temperate climates, such as in Ireland and the UK. SRC willow
has a good energy balance, performs well environmentally and has been
recommended over liquid biofuel crops in Irish conditions (Styles & Jones, 2007).
While the energy balance of willow is good, hot spots can be targeted to improve the
energy efficiency of the system. A review of SRC willow energy balance studies
found that fertilisation was one of the main energy demands, accounting for 10-64%
of the energy input, with fertiliser production responsible for around 90% of the
energy consumed in this phase (Njakou Djomo et al., 2011). Replacing fossil fertiliser
with an alternative such as wastewater can improve the energy balance of the willow
system, reduce the energy demand of the wastewater treatment works (WWTW),
increase biomass yields (Larsson et al., 2003; Perttu & Kowalik, 1997), reduce costs
to the farm and significantly reduce costs to the WWTW (Rosenqvist & Dawson,
2005a, 2005b).

There is considerable knowledge of the energy balance (energy inputs vs outputs) of
SRC willow (Njakou Djomo et al., 2011), and numerous trials have investigated the
use of wastewater, sewage sludge, and landfill leachate as fertiliser (Larsson et al.,
2003). There has, however, been limited work to date on comparing the energy LCA
of alternative fertilisation strategies with conventional wastewater treatment, or on the
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use of dirty water (farmyard washings). As a consequence of the large agricultural
sector and tightening agri-environmental legislation in N Ireland, there is particular
interest in alternative uses for dirty water. The aims of this paper are to analyse the
energy balance of an SRC willow plantation to which farmyard washings are applied,
and to compare the energy demand with that of a conventional WWTW. The analysis
is based on data from an experimental plantation at the Agri-Food and Biosciences
Institute (AFBI) in Hillsborough, N Ireland, which is part of the Department of
Agriculture and Rural Development (DARD) funded research programme on the use
of SRC willow for bioremediation of farm wastewater.

METHODOLOGY

The energy analysis of the SRC willow system was conducted using life cycle
assessment (LCA). LCA is defined as a technique to address the environmental
aspects and potential impacts associated with a product, process or service (USEPA,
2006). The LCA was carried out using the standard LCA framework, which consists
of four main steps: goal and scope definition; inventory analysis; impact assessment;
and interpretation.

The first step is to define the goal and scope, i.e. the reasons for carrying out the
assessment. For the inventory analysis, a flow diagram of the system is produced. The
boundaries of the assessment are defined and the energy inputs and outputs are
identified. Both direct and indirect energy were considered. Direct energy is that used
directly in the system (e.g. diesel for fuelling tractors), while indirect energy is that
used to produce something which is then used within the system boundaries (e.g.
energy to produce herbicide). The functional unit is defined and the impacts
quantified. The functional unit defines precisely what is being studied, and is the unit
through which the system is analysed. Impacts were quantified using site specific data,
where available, supplemented by information from the literature. Following the
impact assessment, results are interpreted. The energy balance of the plantation was
compared to that of a conventional WWTW used to treat an equivalent nutrient load.

ANALYSIS AND RESULTS

Goal and scope

The goal of this LCA is to investigate the energy balance of an SRC willow plantation
to which farmyard washings are applied, and to make recommendations regarding the
treatment of wastewater using this method versus treatment in a conventional
WWTW. The scope can be considered using the cradle-to-grave analogy, the cradle
being the production of SRC willow in the field, and the grave being the use of the
resulting wood chip for energy.

Description of system

The analysis is based on a 4 ha experimental site irrigated with farmyard washings.
The plantation is split into eight approximately 0.5 ha plots, and each plot is
surrounded by guard rows that prevent any external influences affecting the research.
The willow was first established in 2008. As per standard practice, after the first
growth season (in early 2009), the crop was cut back to ground level (coppiced),
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before being allowed to grow for three years for harvesting in year 4. The three year
rotation cycle used in Hillsborough is typical for SRC willow, although the cycle
length can vary between sites depending on site quality, weather, soil, and fertilisation
practices. The expected lifetime of a willow plantation is 19-25 years. A 25 year life
cycle is assumed in this analysis (one year establishment phase plus eight
growth/harvest phases on a three year cycle). The harvested willow is chipped and
then transported to a drying/storage building approximately 2 km from the plantation.
The willow chips are combusted in a biomass boiler and used as a source of heat on
site.

The inputs and outputs of the analysis are presented in Figure 1. Both direct and
indirect operational energy inputs were included within the boundary of the system
(with some minor exceptions), as was the energy associated with the establishment of
the plantation. End of life operations were excluded, as they are assumed to form part
of the next lifecycle. Lubrication oil for machinery was excluded, as the quantities are
small in comparison to diesel consumption (Goglio & Owende, 2010). The embodied
energy associated with construction activities and the manufacture of machinery was
also excluded. This is in line with the EU Renewable Energy Directive (EC, 2009),
which states that the manufacture of machinery and equipment is not to be included
when assessing the GHG impact of biofuels (EC, 2009).

The SRC willow system was analysed in four phases (establishment, growth,
harvesting and use), which were then combined to determine the overall energy
balance of the system. For the overall energy balance, the functional unit was taken as
energy input or output per ha per year, i.e. MJ/ha/yr. The yields, energy inputs and
energy outputs were averaged over the 25 year plantation lifetime. For comparing the
willow system to a conventional WWTW, the functional unit was MJ/m’ of effluent.

End of life
operations

Fotablishment - vee

N
Land preparation: Fertilisation Harvesting Combustion:
Weed/pest control Pumping & chipping Heat
Ploughing & harrowing ~
L|me'appI|cat|or1 Weed control Transport
Planting of cuttings

Drying

Weed control
Cutback

_______ A
Legen d: LSystem boundary J| Phase Energy inputs B GNE

Figure 1 Energy inputs and outputs to LCA of SRC willow system

Direct energy demand over plantation lifetime

The direct energy demands in the establishment, growth and harvesting phases are
summarised in Table 1. The plantation is managed largely in accordance with best
practice guidelines for SRC willow, but there are some deviations, as it is an
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experimental rather than commercial plantation. The most notable difference is
regarding herbicide and insecticide applications (Table 2), which are more stringent
than for a typical commercial plantation (due to the use of the plantation as a
demonstration site). In line with the guidelines, fertilisation did not occur in the
establishment year; this is to prevent excessive growth of weeds (Lazdina et al., 2007)
and to mitigate the risk of nitrogen leaching to waterways (Rosenqvist & Dawson,
2005a).

Table 1 Direct energy demand over plantation lifetime

Operation Method® Fuel Diesel Energy Energy in
consumption®  per phase” lifetime®
(kg/ha) (MlJ/ha) (MlJ/ha)
Establishment phase
Pre-ploughing herbicide T + sprayer Diesel 11.6 496 496
spraying
Ploughing T + plough Diesel 43.1 1,841 1,841
Harrowing T + harrow Diesel 9.7 415 415
Lime application T + dispenser Diesel 1.5 64 64
Planting (step planter) T + planter Diesel 459 1,961 1,961
Post-planting herbicide & T + sprayer Diesel 11.6 496 496
insecticide spraying®
Herbicide spot treatment Hand spraying N/a - - -
Herbicide spraying T + sprayer Diesel 11.6 496 496
Cutback Mower Diesel 3.1 132 132
Establishment phase total 136.0 5,901 5,901
Growth phase
Effluent pumping Electric pump  Grid elec. - 4,200 33,600
Herbicide spraying Q + sprayer Petrol - 248 1,982
H