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Abstract
Adaptive approaches are required to counteragntinenting threats to water security.
Demand management will feature centrally in sudpéation. The increase in use of smart
meter technology offers an improved way for ugltito gauge consumer demand and to
supply consumers with consumption feedback in jneal-time. Such feedback can
decrease the discrepancies between perceived aral water usage. In contrast to the
energy sector, however, where the advantages assdevith smart meter consumption
feedback are extensively documented, few studies fazused on the usefulness of such
feedback when it comes to managing water consumpfiois review assesses the evidence
base for the effectiveness of water usage feedieatkology in encouraging water
conservation. The review highlights the potentalle of high-granular smart-meter
feedback technology in managing domestic waterwopsion. Findings from the papers
included in this review (N = 21) indicate that feadk was associated with decreases of
between 2.5% and 28.6% in water use, with an aeesb@2.15% (SD = 8.75). A single
paper reported a 16% increase in consumption agedawvith smart-meter feedback. The
benefits for water utilities are highlighted, blétcosts for utilities need to be considered
further. Overall, more work is needed to conclulsiy@npoint the most effective type of
feedback in terms of information content and granty, frequency of delivery and medium,
and how water consumption is linked to energy con#ion. This information is needed to
make concrete recommendations to the water indabyt the costs and benefits of

investment in smart metering and consumer feedback.

Keywords: Demand management; smart technology; water nfetback; behavior change.
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Background

Water shortage is an increasing global problent) eytproximately 500 million people
currently living in areas where the potable watailable is insufficient to support the local
population (Evans and Sadler, 2008). Global poparidevels have tripled and water demand
for domestic and industrial purposes has increasetbld, putting intense stress on an
already depleted and decreasing global water sygpigns and Sadler, 2008). In addition,
the consequences of climate change will continumpact negatively on global usable water
sources (Saghir, 2008), with the potential thatr deer billion people — more than half of the
world’s population — will be chronically short ofater by 2050 (Evans and Sadler, 2008;
Saghir, 2008). Rather than increasing fresh wataiyction (e.g., through desalination or
additional abstraction from ground/surface watemneet current demand, better supply and
demand management and conservation efforts aredeedvert water crises in the near
future.

Generally, the balance between water supply anchddroan be managed in two ways:
(1) large-scale regulatory and infrastructural@gtand (2) individual conservation efforts in
the home and community. The former method can revalater use restrictions, pricing
schemes, leakage reduction/control efforts andmwates tailored to specific consumer
habits, as well as the installation of more effitiappliances, centralized and decentralized
water reuse and recycling technologies. For examplerms of structural and technological
efforts to conserve water, rainwater harvestinggney water recycling can be effective (Liu
et al., 2013). Centralized water purification methaircumvent many problems associated
with traditional means of accessing clean wateluoting limited groundwater reservoirs and
non-stationary rainfall patterns. However, watenfpation efforts such as desalination are
extremely cost ineffective, requiring large amourftenergy for a relatively small yield (Liu

et al., 2013). Thus, simply increasing the amodimotable water through water purification
3
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efforts alone is unlikely to be a sustainable sotuin all countries.

In terms of water pricing, past research has shiat) like most other commodities,
water consumption is linked to cost, such that aonsion decreases as price increases
(Arbues et al., 2003; Campbell et al., 2004; Hofimat al., 2006; Olmstead and Stavins,
2007). However, there is some variation in term@ater usage. While water has been
shown to be price elastic (Hoffmann et al., 200&asures such as increasing taxes on
consumption may only work in certain circumstan@san et al., 2016; Ghimire et al.,
2015). This is because water is no ordinary comtgpdut rather a (life sustaining) necessity
and therefore relatively resistant to simple pfiaetuations (Hoffmann et al., 2006; van den
Bergh, 2008). Further, Barrett (2004) notes thabhee the cost of water is so low compared
to other amenities in countries like Australia dnel USA even relatively large price
increases or restructuring of water billing go uicex by the average consumer. Pricing
interventions are also politically difficult to ifgment and/or constrained by regulation in the
water industry and may not be effective in the lbexgn (Duke et al., 2002; Espey et al.,
1997; Steg, 2008). Although regulations and priegmpact water consumption, it is
important to consider other strategies.

Another way to address potential future water stars through grassroots community
and domestic water conservation. This makes sause the fact that in many parts of the
world, more water than needed is used for evergdayestic purposes (Grafton et al., 2009).
Moreover, even within relatively similar industidd countries, there is dramatic variation
in levels of household water use, ranging from\arage per capita water consumption of
382 liters in the USA to 110 liters in France (Goafet al., 2009). Given the similarity of
lifestyles and water availability in Western couest this highlights the potential for
significant water savings through changing indiabioehavior.

The purpose of this article is to review the ergtevidence base on how to expand
4
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domestic water conservation efforts by use of difie feedback technologies (e.g. smart
meters and in-home consumption displays) and metfed. consumption feedback)
designed to encourage consumers to curb their wagerAlthough these approaches are
relatively new in the domain of water consumptibat such techniques have been widely
applied and evaluated in the context of domestrgynuse. In fact, there is solid evidence
for the efficacy of ‘smart’ feedback methods in ragimg energy use, with reductions in
consumption ranging from 5% to 20% (Gans et all32®oude et al., 2013; Vine et al.,
2013). Nonetheless, there are limitations in theadge base on reducing consumption via
smart meter feedback — chiefly in relation to thestreffective feedback method, whether the
effect is sustained over time, as well as the castsbenefits of feedback (Vine et al., 2013).
Here we evaluate the existing evidence on the @ffgeess of consumption feedback in
reducing domestic water use and identify avenuefufare research. The specific objectives
of this paper are to:

0] Critically review existing research on water congtion feedback to identify
current knowledge about the effectiveness of saeldlfack in reducing
domestic water consumption;

(i) Draw on broader research in the application of smatering for household
energy feedback to identify what is yet to be usttexd in the context of water
consumption feedback;

(i)  Based on the review, make recommendations fordurégsearch to address any

knowledge gaps and discuss the implications fomtéer industry.

Using smart-metersto provide consumption feedback to consumers
Conventional water meters are typically read mdgpualmonthly or yearly intervals

to record water consumption for the utility compamg the user. Smart-meters, on the other
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hand, record consumption in real-time or near tiea¢- (e.g. every hour or 15 minutes), and
communicate this information to the utility and samer (Federal Energy Regulatory
Commission, 2013; FERC). This enables instant ugate information on consumption,
with the benefits of accurate, site-specific regdireasier and faster identification of leaks
and water waste, as well as greater transpareraayt abnsumption for the consumer (e.g.
bills based on actual rather than estimated udgelR(F 2013). Governments and water
utilities are increasingly focused on the instadlatof smart meters, largely because smart
meters are expected to lead to reductions in veatesumption beyond those associated with
conventional meters (Anda et al., 2013; Beal anyark|2015; Britton et al., 2013; Lima and
Navas, 2012). One way that smart meters can betaggdmote greater water savings is by
using the data recorded and transmitted by smadrst provide more frequent and
detailed consumption feedback to consumers (Bdydd ,2013; Cardell-Oliver et al., 2016).
However, it is critical to evaluate whether thisdback does change consumer behavior.
What do we know about using smart meters and feddioareduce water consumption?
Given the infancy of smart-metering in the watemadm, there is little research on its
effectiveness in managing water consumption. lecamt study, Fielding et al. (2013)
recruited 221 households in South-East Queenshumstralia (an area that had recently
experienced a prolonged severe drought), and mehsue effect of giving consumers
tailored information obtained through 5-secondijtytspecific smart-meter data. Households
were assigned to a control group or one of threermental groups. The experimental
groups were an education only group, a social coisgpaand education group, and a
feedback group. The education only group receiasdgards with information on how to
save water. The social comparison and educatiampgreceived postcards with information
about the percentage of comparable householdsvedah various water saving actions, as

well as information on water conservation. Finalhg feedback group received information
6
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about total water use as well as that connectedferent activities, as well as postcards with
water conservation tips. Significant differencesa@en the control group and the
intervention groups emerged: the intervention gsotgnsumed significantly less water than
the control group (11.3 liters, approximately 7.88duction). There were, however, no
differences between the intervention groups, aryd@atment effects had decayed after a
year. Thus, smart meter feedback might not be refieetive than other more traditional
(and lower cost) behavior change strategies (eatevgaving information). However,
because consumers were only given feedback fromt sneders at a single rather than
multiple time points, it is possible that continwsxtess to smart meter data with regular
feedback would prevent decay effects and prompgamesi conservation efforts.

Erickson et al. (2012) evaluated the efficacy e Bubuque Water Portal (DWP) — a
near real-time domestic water usage feedback syfanng a 15-week period, smart-meters
logged consumption data in 15-minute intervals,chvlwas then made available to 303
participating households as well as to the watiétyuthrough an online portal. The data was
refreshed every two or three hours and fed batkeéa@onsumer in hourly usage graphs,
detailing not only total household usage, but alse the given household consumption
compared to the neighborhood. Further, the pantdlided a team-based game centering on
water conservation, as well as chat facilities &nglparticipants to communicate with one
another anonymously. Results showed a 6.6% decireasandard water use in the study’s
first nine weeks when only the intervention groopld access the portal. However, it is
important to note that most of the households aéeady saving water. As a result, the
effects of the online portal may have been mutét, Bese results indicate that, at least in
the short term, more frequent feedback can redosurmption.

Petersen et al. (2007) fitted a high resolutionscomption monitoring system in two

college dormitories and supplied users with comgmnsive feedback through an internet
7
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website in order to investigate the impact of watsage feedback combined with incentives
and education. The website interface allowed useveew electricity and water data
collected at any time, and order summary graphsgecific time-series, as well as
information on the environmental and financial sasttconsumption. A comparison group
was provided with low-resolution, aggregate dataliegs once a week. Further, the study
was framed as an energy and water saving compebigbowveen and within the two study
groups (high- and low-resolution feedback). Theugraith the lowest consumption levels
won a prize. Thus, participants received feedb&ckiatheir own consumption relative to
that of others.

Results revealed an average 3% (140 liters) dezliaasater use per capita, with one
dormitory logging an 11% reduction. Energy savingse considerably greater: although
both low- and high-feedback conditions recordedwaarage 32% reduction, the high-
resolution feedback group did conserve more thadaw-resolution group (55% vs. 31%).
In relation to water consumption, it should be ddteat there was no high-resolution
feedback for water consumption (due to techniaarsy, such that participants received only
low-resolution water usage information. For thigsen, it is likely that individuals would
have been less able to strategize in order to eethesr water consumption. Additionally,
because the study’s primary focus was on energyerwation (e.g., the website name was
“Dormitory Energy website”) it is likely that indigtuals would have been more focused on
saving energy than water. A final consideratioates to the fact that any conservation
behavior took place in the context of a competitioth incentives for recording the greatest
reductions, meaning that the effectiveness of faeklimight be tempered in the absence of
such incentives.

Despite the lack of real-time consumption feedidackvater, 55% of participants

indicated that, given the opportunity, they woutshtnue to view high resolution graphs and
8
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gauges of electricitgnd water consumption on a website even after theysuas$ over.
Another 45% stated that the online availabilityhafh resolution consumption data would
encourage them to conserve both water and elégfrstiggesting an appetite for higher
resolution information about one’s water and energg/in order to assist conservation
efforts.

Petersen et al. (2015) conducted a two-year staohguhe same experimental setting
(i.e. an inter-dorm energy and water conservat@npetition) and similar population
(Oberlin College dormitories) as Petersen et &I072. Two studies — one in 2010 and one in
2012 — were conducted to test the effects of thertsmeter based feedback that was made
accessible to students through an online portdeasribed above. In contrast to the 2007
study real-time feedback for water consumption axaslable. Data recorded for the 2010
study was obtained from 107 dorms participatinthenwater competition (20 of which had
access to real-time feedback technology as opposedekly updates) and 471 dorms in the
electricity competition (160 of which had accessdal-time feedback). The 2012 study was
larger and based on 229 dorms participating intler competition (17 with real-time
feedback), and 1072 in the electricity competifipb@9 with real-time feedback). Results for
the 2010 study indicated dorm average electricity \water consumption decreases of 3.7%
and 5.2% (570 000 gallons), respectively. The 2008y recorded a 3.2% decrease in
electricity use and a 2.5% (660 000 gallons) desgr@awater use. These reductions were
statistically significant, and were, at least inms of electricity usage, evident throughout the
20 day post-intervention period. It should be nptemvever, that disentangling the water and
electricity savings was not possible within thedgtdesign. As such, there is no gauge of
how much water was conserved for its own sake pesgul to water saved as a byproduct of
reducing energy consumption (full loads of laundtyprter showers, etc. save eneaggt

water) which was the primary focus of the studytiier, and as with the earlier study, these
9
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results occurred in the context of a race to caesenergy and water and as such might not
reflect the pure effects of smart-meter feedlj@elkse, but rather the impact of a saving
competition. Indeed, the authors note that therabntotivation for the observed reductions
in consumption was related to the competition. Nogless, the study demonstrates the
potential efficacy of smart-meter based feedbaakeducing consumption.

Most recently, Liu et al. (2016) evaluated the ef$eof providing 28 households in
New South Wales, Australia, with water consumptigports -Home Water Updates — based
on smart-meter data. The reports were mailed dgetw once for the summer season, and
once for the winter season. The information walattively high granularity, including a
breakdown of water consumption in liters basedixtife (faucets, shower, washing
machine, toilet, leaks, and outdoor) and lengthsef (shower) or number of times used (e.qg.,
washing machine, toilet). The report also incluggdrmation on the household’'s average
total consumption (in liters and standard buckéigaier) compared to that of the
neighborhood, as well as three tips to save water.

Overall, the results for water consumption wer@mdusive. In terms of average
water consumption for the winter seasons, bothriteevention group (N = 28) and the
control group (N = 29) decreased from pre- to patgrvention. The intervention group used
20.3% less water than at baseline while the cognalp curbed their use by 12.7%.
Between-group comparisons indicated that the cbgtoup used 8% more water than the
intervention group post-intervention. Looking ahsamption by fixture, the intervention
group recorded reductions compared to the corfmlthe intervention group, outdoor water
use was 25% lower than that of the control grouplenrelative savings by use of washing
machine, shower, and toilet, comprised 24%, 15%,18%, respectively. However, these
results were not statistically significant. For twenmer seasons, the intervention group

consumed more water on average than the contrisioddh water use increased for both
10
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groups post-intervention, the intervention groupdu$2% more water than pre-intervention
while the control consumed only 3% more. Looking@isumption by fixture, however, the
intervention group saved 21% in shower use and ih/A#ilet use from pre- to post-
intervention. However, as with the winter seasota,dhe differences in summer season
water use were not statistically significant. Slyispeaking, there was no difference in water
use between intervention and control group actessltiration of the study (Liu et al., 2016).

Although it is clearly tempting to use high resauatdata obtained via smart meters
to provide real-time feedback to consumers, itnpartant to consider consumers’ feedback
design preferences. However, there is limited mesean this topic. Erickson et al. (2012)
found that around 27% of participants reportedrageand openness to the portal and
accessed the portal at least once a week, andibtlyf the sample found the portal too
difficult or confusing to use. Participants valuéé hourly consumption usage graphs (88%)
and social comparison graphs the most (66%). Hoxmvéve online chat room was not widely
used. In addition, although the graphs did not pi®appliance-level data, participants were
able to map their water use to their behavior atath. Specifically, 77% of participants
reported increased understanding of their wateswmption as a result of using the portal,
and 70% made valuable insights into how changésein behavior affected consumption.

Petersen et al. (2015) also attempted to ascevtach feedback features participants
used and valued the most in the online portal. maodly, over half of the 2010 and 2012
cohorts (54% and 55%, respectively) never useavesite, suggesting general disinterest in
the feedback website. One fifth of participantsyleer, reported visiting the website more
than once per week (19% in 2010 and 20% in 201t8.Majority of these felt that the
website was easy to use and navigate (71% in 206d®%.6% in 2012). They further valued
three types of information in particular. Approxitely 92% in 2010 and 89% in 2012

showed interest in competition-standing among dpA1%o0 (2010) and 89% (2012) viewed
11
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graphs showing consumption patterns and changebdagiven student’s dorm, and 81%
(2010) and 80% (2012) valued the capacity for cirapthe unit of expression for resource
use (kWh, gallons, CD$) (Petersen et al., 2015).

Liu et al. (2016) found that 80-90% of their samyddued the feedback report
features (average consumption pie chart, end-ofaetecs, and social comparisons) as
interesting and useful, with 50-60% indicating ttie feedback helped them save water.

Thus, extant research indicates a preference éaibick design that includes
consumption pattern and changes over time as walbaial comparison features (Erickson et
al, 2012, Petersen et al., 2105, Liu et al., 20IBus, it may not be necessary to design more
costly appliance-level monitoring systems to pradhbenefits of real-time data feedback.
What don’t we know about using smart meters andifaek to reduce water consumption?

At present, there is little evidence on whetherrsmmeeters and high resolution
feedback are effective in reducing water consumpfldwus, the knowledge base is relatively
limited, with a number of avenues for future reshaFirst, gaps in the extant literature need
to be addressed. For example, the participantgeidifg et al.’s (2013) study had just
experienced a severe drought and may have beenaware of issues concerning water
conservation and thus more receptive to demand geament strategies than in other
contexts. Thus, the effects of feedback in locatioot prone to drought events or water
scarcity need further scrutiny. It is also relev@amote that most participants in past
research have been volunteers (Erickson et al2;2®dtersen et al., 2007), with the result
that they may have been more ‘water aware’ thagémeral population. In effect, past
studies might have underrated the water conservabtential of various feedback
interventions (as participants may already have lveaserving). Further research, using a
wider and more representative population of wabgisamers, is needed to clarify this

matter.
12
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In addition to any sampling issues, there are moteworthy unknowns. First, a
central concern relates to the “half-life” of feedhk effects — that is, how long are such
effects sustained? In the studies reviewed, waerften returns to baseline levels post-
intervention, suggesting that the savings assatiaith smart meters may dissipate
(Erickson et al., 2012; Fielding et al., 2013). Hwer, Fielding et al. only provided one
feedback once (at the start of the study), sudhhbiaseholds were unable to use the smart
meter technology to its full capacity (i.e. nealfgéme consumption updates), despite the
fact that the meters were installed for 12 mon8asnilarly, Liu et al. (2016) only gave
feedback twice post-intervention. In Erikson esatudy, participantdid have free access to
their consumption data, but the study only ranlfemeeks. As a result, any long-term
impact of the intervention could not be gauged detepy. Petersen et al.’s (2015) study
indicated a continued effect 20 days post-studythis related only to energy, and not water
consumption.

Other unanswered questions concern the kind obgeedthat is most effective in
changing behavior. In other words, is the provissbmore frequent information about one’s
water consumption (i.e., daily updates versus gusgrtipdates via the utility bill) enough to
change water use? Or, is there value in the pavisft comparative feedback, either in the
form of historical comparisons (i.e., is the indiwval using more or less water now than in the
past) or social comparisons (i.e., is the individisang more or less water than others)? At
present, there are no studies shedding any ligkii@se questions as there is no research
(known to the authors) that has looked at meresscttehigh resolution data versus access to
high resolutiorhistorical data versus high resolutisacial comparison data. Fielding et al.
(2013) found that providing social comparison festkbor high resolution data did not
produce greater savings compared to providing wateservation information alone.

However, as established earlier, households redeaweh information only once. Erikson et
13
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al. (2012) provided households were free accebggtoresolution water consumption data,
and to information on how their usage comparedtfters’, but did not isolate the effects of
the different types of feedback. In order for tigk to invest in the installation and
maintenance of smart meter systems, and the dewelatpof consumer portals, it is crucial to
show that providing consumers with more frequeneas to information about their water
use and how they might compare to others leadsstatey water savings than standard water
awareness campaigns. Research in the energy sastshown decreases ranging from 5% to
20%, and emphasized the importance of high frequermnprehensive and easily
interpretable feedback tailored to the individuahgumer and accompanied by conservation
advice (Vine et al., 2013), but the literaturehe tvater domain does not permit such
conclusions to be drawn.

Finally, there is also a need for a systematic exation of consumer interest and
engagement with consumption information dissemuh#tteough websites. As mentioned
previously, Petersen et al. (2015) found that gwstr half of the study population used the
study web portal once or more. This resonates pvigious research on water consumption
feedback where the authors found that in spitb@study population’s enthusiastic
participation in all aspects of their study, on8f4 (26 of 141) visited the website once or

more (Schultz et al., 2014).

Using In-Home Displaysto provide consumption feedback to consumers

Another way to provide feedback from smart metenga in-home consumption
displays (IHDs). IHDs are smart-meter connectedagsvthat can be installed anywhere in
the home (Strengers, 2011) and can be used tonpresesumers with real-time (or near real-
time) information on water use (e.g. by fixture amdime of day), cost, and feedback about

the user’s consumption over time (i.e., histora@hparisons) as well as comparisons with

14



357 other’'s usage. The logic behind IHDs rests on #oe that most people lack knowledge about
358 their own water use, and how much it costs botarfamally and in terms of the environment
359 (Froehlich et al., 2010). As a result, more insighd how one’s behavior relates to water
360 consumption — such as that presented via IHDs —m@ivate behavior change and

361 conservation efforts.

362 What do we know about using IHDs to reduce watesuamption?

363 In an extensive test of IHDs, Kenney et al. (2068)alled IHD devices in 10 000

364 households and tracked consumption behavior overgim year period. The IHDs gave

365 users access to near real-time consumption dateasasers could regulate consumption
366 behavior to fit their monthly water budget. Resuéigealed that participants used

367 significantlymore water (16%) after the IHDs were installed. Howeveis increase was due
368 to the fact that consumers seemed to madlifgn they used water rather thow much

369 water they used to fit with variable price tariffisdeed, during the study period, new pricing
370 tariffs were introduced, and further analysis réeedhat households decreased their water
371 consumption, but only during high peak hours. Tibathe detailed consumption data

372 provided by the IHD enabled consumers to changewaer use to low peak hours, thereby
373 saving money, but not water. This result might sgghat conservation efforts are driven by
374 financial rather than environmental concerns, benrey et al.’s research shows that, given
375 the opportunity, consumers can and do use IHD&aoge consumption practices.

376 The findings from Kenny et al.’s (2008) study aoenplemented in a Swiss study,

377 where researchers installed IHDs in 91 househadvels. The IHDs — fixed to the shower
378 wall — displayed the amount of water used in litarseal time. This intervention reduced the
379 amount of water consumed during showers with anagee18 liters per shower (22.2%

380 reduction compared to pre-intervention) over thregbmonth trial period. Both low and high

381 consumers at baseline reduced consumption post«emion. The former group saved 4.9%
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in overall water use after an initial slight incgean consumption, and the latter group saved
20.9% (Tasic et al., 2012). Further, in a followagsessment, Tasic et al. (2015) found that
this effect remained 12 months after the conclusiathe original study. This research thus
demonstrates that, in their own right, real-tim®#-have high potential in reducing water
consumption. However, the way that the provisiofHids fits with other demand
management strategies, such as variable pricéstéfiénney et al., 2008) and baseline
consumption levels (Tasic et al., 2012) to shapesemers’ motivations for water
conservation needs to be understood.

Next, Froehlich et al. (2012) investigated dispbagferences in relation to IHDs,
rather than testing the impact of IHDs on waterstonption. Consumers preferred
appliance-specific consumption information overralleconsumption information (56% vs.
27%), and preferred to receive detailed breakdafi®t and cold water use rather than
overall use (48% vs. 8%). Individuals also exprdsselear preference to be able to see
consumption levels at multiple levels (i.e., daysgks,and months) as opposed to only a
single level (i.e., days or weeks or months; 65%3%86). Further, consumers wanted to
receive information about both volume and costasfstimption, rather than either metric
alone (71% vs. 29%). Finally, although consumeeduated all forms of feedback positively,
historical self-comparison feedback was rated rsgHellowed by comparison with a goal
and comparison with demographically similar oth@weerall, consumers wanted IHDs to
provide detailed feedback about their water use.

In a slight variation on more ‘traditional’ IHDs, s et al. (2010) installed a smart-
meter connected alarming visual displathe-Wai TEK Shower Monitor — in bathroom
showers of 44 households for three months. Thecdswvorked by sounding an alarm once
water usage exceeded 40 liters. Two weeks postHaisbn, the average reduction in shower

water consumption was 15.4 liters (27%) per houskefdis was because individuals —
16



407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

including those who were already conserving watgpent less time in the shower. For
example, the frequency of shower events greatartdraminutes decreased from 14% to
6.4%, and the shower head flow-rate also decrdag&0.2%. Further, Willis et al. estimated
that the payback period for installing the devicauld be 1.65 years and 3% of total city
consumption would be saved if the devices weraliest in all homes in the region.

In a follow-up, Stewart et al. (2013) examined ithpact of theNai TEK system by
adding a three-month post-intervention consumptiueck and user evaluation to the original
research design. Most users reported favorabtedes to the shower monitor. In particular,
88.2% indicated overall satisfaction with the temlogy, rating it highly in terms of
facilitating greater understanding of water use iacdeasing intentions to change behavior.
However, Stewart et al. found that any decreasester consumption immediately
following the installation of th&/ai TEK system had disappeared completely three months
later, with water use either returning to or excegdhe pre-intervention baseline.
Specifically, after an initial increase in showegeets shorter than seven minutes (from 61%
to 75.6%) and a decrease in mean shower durati®8.6%0, shower duration gradually
increased over the next three months and was 0&% Bwer than baseline at the end of the
three month post-intervention period. Similarlycases in shower event volume and flow
rates (26.8% and 10% reductions, respectively)rdaxbshortly after installation, not only
rebounded to their original level, but surpassdryil.1% and 4.1%, respectively. Thus, the
WaiTEK system may be highly efficient in the short-temfyowith most effects decaying
over time.

Other alarm-based approaches include ambientdigptays, typically installed in
showers and at faucets. These devices are conrtectedple flow-rate sensors and alert the
user to their level of consumption with, for examgraffic light displays (Kuznetsov and

Paulos, 2010) and gradually illuminating vertic&8l[ rods that represent real-time water
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consumption (Kappel and Grechenig, 2009). Someesisdgas been achieved with these
devices, with the low installation cost, simplicégd high interpretability of the alarm
displays particularly valued by users (Kappel amddBenig, 2009; Kuznetsov and Paulos,
2010). Overall, alarm-based devices may be usefehcouraging conservation, and benefit
the user in terms of immediate financial savingsgsEffect, however, may be short-lived
and decay over time, with only a single study dihing a lasting effect (Tasic et al., 2015).
What don’t we know about using IHDs to reduce watersumption?

There are a number of gaps in the research basid@s. For example, Kenney et al.
(2008) and Froelich et al. (2012) note that mondrenmentally conscious and pro-
conservation individuals may volunteer for evaloatstudies, so the size of the effects in the
broader population is unknown. In addition, giveattmany IHDs present information about
cost, as well as volume, of consumption, it iselear which element is the key driver of
conservation efforts. This is particularly relevAetause IHDs can be used to present
different types of feedback to the consumer ardkeal, this is precisely what consumers
want (Froehlich et al., 2012). In addition, anchated above, potential backlash effects need
to be considered, because IHDs may actually inereassumption when combined with
variable price tariffs (Kenney et al., 2008). Orsthote, Tasic et al. (2012) similarly showed
that IHD feedback affected consumers differentlgedeling on their baseline water usage.
Specifically, low consumers initially increasedithgater use before declining relatively
slightly, and high consumers reduced their waterinstantly and dramatically. Finally, it is
important to explore how long any decreases inwmmpsion might last. For example,

Stewatrt et al. (2013) reported that the decreasssawer use with thé/aiTEK had
disappeared at a 3-month follow up but Tasic ef28115) found no effect decay after 12
months. It is apparent that longer term follow-digtbects of feedback need to be undertaken

more systematically.
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Mail-based Consumption Feedback

Advances in technology, such as smart meters, edraimessed to change water
usage by providing higher resolution, more frequdeatiback about individuals’ water
consumption. However, other research has testeeffinet of low technology feedback
methods, such as mail-based feedback (Ferraro, @04al1; Geller et al., 1983; Kurz et al.,
2005). Given the small evidence base on the useaft meters, it may be informative to
review the insights gained from research using nraditional feedback methods.
What do we know about using mail-based feedbackdace water consumption?

Geller et al. (1983) conducted a ten week longitabstudy of 129 households in the
USA to investigate the combined effect of educatianstruction, consumption feedback,
and engineering strategies for reducing water aetgy consumption. The educational
instruction consisted of a handbook given to pguaicts, detailing the problems inherent in
wasteful water consumption, the relationship betwaater and energy use, and methods for
curbing water use in the home. The feedback companeolved weekly consumption
graphs and daily consumption feedback cards mailédo participants, informing them of
the amount of water used the preceding day, anddheentage of increase or decrease from
median baseline and average consumption. The eergigeapproach involved installing
water-saving devices in the household (aeratoitef tams, etc.). Significant water savings
occurred only with the water saving devices, algiothe savings were much less than
expected, suggesting that people may have meeelwater post-installation. There were,
however, no effects of the educational or the faellztomponents. This failure was
attributed mainly to the low cost of water in gealeas well as a water rating structure that
decreased as consumption increased. As a redalieshin saving water was limited due to a
lack of financial benefit.

Aitken et al. (1994) found more promising resutisthe effect of feedback on
19



482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

residential water consumption in 321 householddetbourne, Australia. Participants were
divided into three treatment groupsdiasonance and feedback group, which received
feedback cards highlighting their previously stieseatus as environmentally responsible
citizens (so that using lots of water would be mgistent — or dissonant — with their self-
concept), as well as information comparing the kbo&l’'s consumption with an artificially
low city-wide baseline; &éeedback group that received a card detailing the household’s
consumption and what would be expected for a sirhibasehold; and eontrol group.
Results demonstrated significant decreases in watesumption for both treatment groups.
Thedissonance and feedback group registered the largest decrease over time witl8% 4
(326 liters) reduction in weekly water use. Howevieshould be noted that when households
were divided into high- and low-consumers (base@renintervention consumption), a 12%
(163 liters)increase in water consumption was recorded for low-consgauseholds. This
was thought to reflect a relaxation of conservagtiorts in these households once they
became aware of their favorable comparison to aimoeilhers, suggesting a need to tailor
feedback to households. Such tendencies have eésofbund for energy consumption
(Schultz et al., 2007). Overall, Aitken et al. clugle that simply reminding people of their
previous pro-environmental stance (such that usiigr induces dissonance) along with
feedback about their consumption can effectivetiuoe domestic water consumption.

Kurz et al. (2005) tested the impact of informatieaflets, attunement labels, and
socially comparative feedback on water and eneogguemption in 166 households in Perth,
Australia over a six month period. The attunemahels comprised notes designed to be
attached to various appliances, each indicatingxtent to which the given appliance
impacted on the environment. The same informatiaa wcluded in information leaflets
mailed out to the relevant households. Finallyjatyccomparative feedback sheets were

mailed out to participants as well on a biweeklgibaand contained information on
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households’ water and energy consumption in corapario other demographically similar
participating households.

No effects were found on energy consumption, bertethvere differences among the
treatment conditions on water consumption. Spelficthe use of attunement labels, but not
information or social comparison feedback, was @ased with a 23% decrease (>1,000,000
liters) in consumption from baseline levels. Thalhough the attunement labels contained
identical information to the information leafletgater conservation information needs to be
salient at the point at which individuals make dems about water use to be effective. This
resonates with research on the effectiveness ofeannlight displays and alarms, which also
make water use salient at the point of interactith the device (Kappel and Grechenig,
2009; Willis et al., 2010). However, it should bated that, unlike Aitken et al. (1994) there
was no evidence to suggest that socially compa&tiedback was effective in changing
consumption levels.

In a more recent test, Ferraro and Price (2018t aied residents of a county in
Atlanta USA @ = approx. 170000) to one of three experimental ttmms: aninformation
only condition, aweak social norms condition, and atrong social norms condition. The
information only received “facts and tips” sheets on how bestdoce water consumption,
while theweak social norms condition received a letter detailing the curneater crisis and
the importance of conserving. THeong social norms condition received social comparisons
as well as information detailing water use fromphevious year. Results indicated
significant declines in water consumption acrossthtee experimental groups relative to a
control group: Compared to the previous year, conion declined by 8.41% in the
information only condition, 10.08% in the weak sdciorms condition, and 12.01% in the
strong social norms condition. This was signifitadifferent to the reductions seen in the

control group (7.83%). Compared to the control ¢oowl, the declines observed in the
21



532 treatment groups were greater by between 7.41%a/38%. Further analysis revealed that
533 the effects of social norms were most pronouncethiffh-use households. However,

534 decreases in water consumption were greatest im¢imeh following the intervention, after
535 which the effect decayed, particularly among higk-bouseholds. In a follow-up study

536 conducted two years later, Ferraro et al., (20t ¢riginal study was conducted in 2009,
537 but published in 2013) looked at consumption le¥@isach of the treatment groups to

538 assess any lasting impact. Results revealed adasfiect only in the strong social norms
539 condition, with a complete decay in the weak saetaims and the technical advice

540 conditions.

541 In a similar study, Tiefenbeck et al. (2013) assdgbe impact of norm-based

542 consumption feedback on water use in a 154 houdetpairtment building. The feedback in
543 this research consisted of a weekly water consumptardcopy report, detailing the

544 household’s water use in gallons per person cordgarthe average for the building. The
545 report also included information about the amodnwater needed for everyday activities
546 (e.g. a bath requires 70 gallons of water, a fiveute shower takes 10 gallons), and was
547 framed as an environmental and moral initiativee Tdedback group and the control group
548 both comprised 77 households. While both groupslayed similar levels of water

549 consumption in the initial two-week baseline peribduseholds that received the

550 intervention reduced their water consumption byv@&tle there was no change in the control
551 group. Thus, similar to Ferraro et al. (2011, 20T8fenbeck et al. (2013) highlight the

552  potential of using social norms to curb water comgtion.

553 Similar findings were reported by Schultz et abX2) who conducted a study on the
554  effects of personalized normative feedback in redpeater consumption. Here, the authors
555 supplied 301 participants with either hardcopy ebvbased tailored feedback. Depending on

556  condition, participants received a mix of inforneation consumption combined with tips to
22
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save water, norm comparisons based on others wor hisr neighborhood, and an indication
of social approval or disapproval of the norm corgma. Results indicated that norm-based
information alone as well as combined with socggiraval was related to statistically
significant decreases in water consumption (by%6ahd 16.2%, respectively) relative to the
control group. Water saving tips, however, had iseatnible effect. Similar to Tasic et al.
(2012), baseline consumption moderated the eftdaterm-based information such that high
consumers were affected by the intervention maaa tbw consumers. This moderation
effect disappeared, however, when the norm-badedhnation was combined with an
indication of social approval (essentially replingtSchultz et al.’s 2007 findings on energy
consumption). Participants with strong personaimsowere also less influenced by social
approval than those with less defined personal soRmally, and as stated earlier, the results
showed that hardcopy information was more effediinaa web-based information with only
18% of participants engaging with the web-portadrawe course of the study. The authors
suggest that this may be due to the relatively teeht version of their website, which lacked
in various interactive features, such as, for msta “push” functions and alerts, prompting
users to action via smart phones and tabletsnAdlli the findings by Schultz et al. (2014)
resonate with Tiefenbeck et al. (2013), FerraroRnce (2011), and Ferraro et al. (2013) in
terms of the effectiveness of social norms basedldack. The results also fit well with
previous indications that baseline feedback effeciess is dependent on baseline
consumption, with high consumers the most likelpeanfluenced by intervention (Tasic et
al., 2012).

Finally, Jeong et al. (2014) examined the effettmail-based water and energy
consumption feedback in 18 residential dormito(iés 4700) at Virginia Tech, USA over a
six week period. Three groups were formedortrol group; awater-only feedback group

that received a weekly water report, indicatingeleand per capita daily and overall water
23



582 consumption in gallons, as well as training in watanservation and general environmental
583 awareness information; andhater and energy feedback group that received this information
584 aswell asinformation on energy consumption related to suater use. Results indicated
585 that the water-only feedback group used 3.69%wedsr compared to the control group, a
586 difference that was not statistically significalmt.contrast, the water-and-energy feedback
587  group used significantly less water (7.27%) thandbntrol group, suggesting that tapping
588 into consumers’ desire to save energy might comtgilto greater water savings.

589 What don’'t we know about using mail-based consuompiieedback to reduce water

590 consumption?

591 Overall, the evidence base for the effectivenesnaif-based feedback on water

592 conservation shows relatively strong themes. Algioboth Geller et al. (1983) and Kurz et
593 al. (2005) found no effects of social compariscdteack on water consumption, the bulk of
594 the remaining researchd find that feedback that incorporated social congpais reduced
595 water consumption significantly (Aitken et al., ¥9%erraro and Price, 2013; Tiefenbeck et
506 al., 2013; Schultz et al., 2014). Moreover, Fereetral. (2011) established that only the social
597 comparison condition was associated with reducddnveansumption two years later.

598 Finally, Jeong et al. (2014) found that feedbaabualthetotal cost of water consumption

599 (i.e. water use and the associated energy use) ilmegmost effective in reducing water

600 consumption.

601 Before considering the knowledge gaps for mail-dsedback, it is important to

602 consider how certain aspects of past research nmgdact on our interpretation of whether
603 feedback is effective or not. It is perhaps nopssmg that most studies have been

604 conducted in areas that have recently experiencateaurrently experiencing water scarcity
605 (Aitken et al., 1994, Ferraro et al., 2011; Fietdat al., 2013; Kenney et al., 2008; Kurz et

606 al., 2005; Schultz et al., 2014; Willis et al., PP.1As a result, the population may have been
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primed to conserve, making them more responsiviegantervention strategies, and
lessening the significance of the drops in consionp#lternatively, increased awareness of
the need to save water could mean that the populatas already trying to conserve, making
the decreases in water use all the more signifidapteponderance of studies conducted in
water-stressed areas could over-estiroatender-estimate the true impact of feedback. One
clear unknown is whether feedback strategies deetefe in locations that are not water
stressed, and a priority for future research wéado provide these tests.

Another unknown is how feedback strategies intengitt other demand management
strategies, such as water pricing. Geller et &88) suggested that the reason feedback was
not effective in reducing water consumption wasaose consumers had no financial
motivation to reduce their consumption. Simila#gnney et al. (2008) found that, when
combined with variable tariffs, consumers used oongion feedback to shifthen water
was used rather than to reduce overall consumpliouns, more research linking water
pricing with the impact of feedback is needed.

The optimal frequency of feedback and type of fee#fbs also unknown. In the
energy domain, it is generally true that feedbdtdctiveness increases with feedback
frequency (Abrahamse et al. 2005). However, whetheris true for water use is unknown.
Kurz et al. (2005) found that biweekly feedback dad reduce consumption but Ferraro and
Price (2013) found that a single dose of compagdiedback was effective in reducing
consumption (see also Aitken et al., 1994), antttiese effects persisted two years later
(Ferraro et al., 2011). One possibility is thatdiegck is most effective when consumers can
set their own level of feedback, by choosing hotemto access their own consumption data
through web-based portals (e.g., Erickson et @lL22. In relation to the most effective type
of feedback, it is important to differentiate intralividual comparison feedback (i.e. “how

much do | consume now compared to last year?”) fraar-individual comparison feedback
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(i.e. “how much do | consume compared to my neigbtsamilar others/efficient others?”).
Many of the studies reviewed involve multiple typédeedback and the effects of each type
needs to be tested separately to be able to me&mmendations regarding which type to

use for which consumer/household. Table 1 preseastsnmary of all case studies considered
in this review, including the study location, desigample size, type of feedback provided,
the effects on water consumption, as well as ppatts’ views on feedback if relevant, for
ease of perusal and review.

[INSERT TABLE 1 ABOUT HERE]

Discussion

The evidence base on using smart meters to prolMinestic water consumption
feedback — or the use of feedback on water consamptore generally — is not extensive,
but several themes and variations do emerge. Atdired comprehensive comparison of the
efficacy of the different feedback methods — oried a synthesis of study results — is
difficult as the research reviewed here differgeirms of outcomes assessed and
measurement metrics used, sample sizes, and sifthpds (quantitative and qualitative; see
Table 1). At face value, the results are somewhsatdn In terms of effectiveness in
managing water use, the available evidence sugtiedtéeedback can reduce water
consumption by between 2.5% (Petersen et al., 281bP8.6% (Stewart et al., 2011).
Across all studies that found that feedback deekaster use, and reported a volumetric
indication of this decrease (14 out of 21 studmes,counting studies that report e.g. shower
time; see Table 1), the average reduction in copsiomwas 12.15% (SD = 8.75) (all
reported consumption decreases weighed equalll),tive largest decrease recorded by
Stewart et al (2011).

Effective feedback: Themes and variations
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Most of the 21 studies reviewed found that feedhaak effective in managing
consumption, but three studies (Geller et al., 1988z et al., 2005; Liu et al., 2016) found
that feedback had no effect on water consumptiod,ome study reported a 16% increase in
consumption as a result of feedback (Kenney e2@08). Thus, nearly one fifth of the
studies reviewedn(= 4) do not appear to support the effectivenegseaxdback. Liu et al.
(2016) used a considerably small sample of 68 Humlds, which may account for the lack of
statistical significance in their findings. Gelkgral. (1983), Kenney et al. (2008) and Kurz et
al. (2005) used large sample sizes and lookedfaglyi at the impact of feedback on
consumption, but the lack of effects might reflidnet low salience delivery method of the
feedback (Kurz et al., 2005), a moderating efféddw water prices and billing structures
conducive to overuse (Geller et al., 1983; Kenrtegt.e2008), or the absencetofal
consumption information; that is, the energy use associateld water use (Jeong et al.,
2014). Although these studies seem to undermingghe of feedback in reducing water
consumption, such results may not reflect the &éffecess of the feedback in and of itself,
but rather the influence of other variables (segpifa 1).

Other factors that might determine the effectiversdeedback include how the
intervention is framed and the willingness of cansus to engage with the demand
management strategy. Although the use of an engaggdhotivated population could be
considered a threat to the broader generalizalfifgedback-based interventions, this might
also flag the need to prepare and motivate anylpbpn to use and engage with intervention
measures and technology for maximum effectiverdsseover, given the fact that the
majority of past research has been conducted itegtsfacing water scarcity or drought, the
positive effects of feedback identified are oved above any measures taken by
governments or water authorities to manage demandgiperiods of water stress (e.g. water

restrictions, awareness campaigns). Thus, feedti@ek seem to add value to more
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established methods of promoting conservation.

The nature and delivery of the feedback as wethasttributes of the audience are
also crucial. Social and historical comparisonsenesed effectively in mail-based (Aitken et
al., 1994; Ferraro et al., 2011; Schultz et all&WPetersen et al., 2015), smart-meter
(Erickson et al., 2012) and IHD feedback studiesd€Rlich et al., 2012). High-granular and
frequent (near real-time) data feedback, as wedkay-to-read consumption graphs and
statistics on both volume and price featured asaldé consumer information sources, as did
appliance-level feedback (Erickson et al., 2012ghtfich et al., 2012; Geller et al., 1983;
Kenney et al., 2008; Petersen et al., 2007, 2Fbally, information on how to use the
feedback to cut down on consumption was also aedadund effective measure (Erickson et
al., 2012; Ferraro et al., 2011; Fielding et a012; Froehlich et al., 2012). Thus, most of the
evidence on consumer preference in terms of thmedbof consumption feedback indicated
detailed time-series data about cost and consumgexial and historical (self) consumption
comparisons, appliance-level feedback, and guidandew to use that feedback to manage
water use. Given the potential cost of collectimgcessing and feeding back information in
several different ways, selecting a few feedbadigihes may be prudent to balance cost and
benefit. As indicated in the work of Ferraro anc®(2013), Ferraro et al. (2011), Erickson
et al. (2012), Tiefenbeck et al. (2013), Schultalef2014), and Petersen et al. (2015), social
and historical comparison graphs and data are psnmast valued and effective in curbing
consumption, highlighting these functions as po&¢cbre feedback methods in both mail-
based and high-tech feedback formats.

In terms of delivery methods, the immediacy of etk appears to be related to its
effectiveness. That is, engaging the consumeregbdimt of use (e.g., at the fixture) yielded
some of the most promising effects overall witlyéeffect sizes recorded in studies on

consumption alarms (e.g. 27% reduction in water \&#is et al., 2010; 22% in Tasic et al.,
28



706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

2012 and Tasic et al., 2015) and attunement IgB8P% reduction in water use; Kurz et al.,
2005), although the persistence of such effegtstiso be determined (Stewart et al., 2013).
In the context of the increasing pervasivenessbhe technology in everyday life, it is also
important to note the studies that indicated aixadly low level of participant engagement
with web-portals and other online systems of feelll{&chultz et al., 2014; Petersen et al.,
2015).

The way in which consumers respond to feedbackaappe be dependent on current
consumption levels: high-users react more positit@feedback than low-users, who either
increase consumption, or remain at the same lduede(Aitken et al., 1994; Ferraro et al.,
2011; Tasic et al., 2013; Schultz et al., 2014er€hs also evidence that presentioigl
costs of water consumption by, for example, includinated energy use, maximizes
feedback effectiveness (Jeong et al., 2014). Tieeslback information that is comprehensive
and tailored to specific populations or even indiils is needed. Online portals could be
adapted to include information about the total cdstonsumption and to change as a
function of specific user consumption levels arfteotrelevant information (e.g. socio-
demographics, geographical region, city vs. coymty.). Figure 1 outlines the way in which
feedback method (i.e., web portal, IHD, mail) aeddback type (i.e., real-time consumption,
self or historical comparison, social comparisanjoigether to influence water use, as well as
factors that might enhance or attenuate the impfafetedback on consumption.

INSERT FIGURE 1 ABOUT HERE
Recommendations for Future Research

In the context of any synthesis of results, it dtidae noted that the current review is
based on relatively few studies, and that ther@aarember of gaps in the knowledge base
that should be considered in future researchgimt of the research reviewed, these gaps

include, but are not limited to the following quess:
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731 For whom does feedback work?

732 Most studies draw upon volunteer samples. Howeterunclear whether these

733  samples are representative of the wider populationpnsist primarily of people who are
734  particularly environmentally minded, and thus m@gponsive to feedback. Research to date
735 has also been conducted in only a few countrigs, the USA, Australia, Austria, and

736  Switzerland) and research in other locations isleddo check the generalizability of any
737  effects. Moreover, even within studies, there islence that the feedback is differentially
738 effective for different types of consumers (i.ewland high consuming households).

739  How does feedback work?

740 It is also unclear as to the exact mechanisms hadnels through which feedback
741 changes behavior. For example, is there a minimumaximum amount of data/information
742  that needs to be presented to the consumer to etmatgvior? What type of feedback is
743  most effective (e.g. absolute consumption or comian relative to other consumer)? What
744 is the best means/media (e.g. smart phone, TVjazed water company display) and

745 format (tables, charts, other) for delivering watensumption information to the consumer?
746 More qualitative research is required to understaerde issues fully.

747  When does feedback work?

748 The way in which the price of water moderates fifeceof feedback needs to be

749 investigated (see Kenney et al., 2008). Also, giveth many uses of water also involve the
750 consumption of energy (e.g., showering, laundrshavashing), it is important to investigate
751 further whether water consumption feedback is nefiective when it also provides

752 information on energy consumption (Jeong et all42®etersen et al., 2015).

753  How long do feedback effects last?

754 Most studies are conducted over relatively sharetframes, with evidence of both

755  post-intervention decay effects (Ferraro et alL12&eppel & Grechenig, 2009; Stewart et
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al., 2013), and lasting effects (Geller, 1983; Keral., 2005; Tasic et al., 2015). However,
over half of the reviewed studies (N = 12) reparfpost-study evaluations Thus, the long-
term effects are largely unknown. To this end, Itudinal research could be valuable in
establishing the long-term effect of feedback.

How does feedback compare with other demand management strategies?

It is also important to consider how different feadk methods compare in terms of
cost and benefit and ease of use. That is, anedker savings associated with smart-meter
related feedback greater than the water savinggiated with more traditional demand
management strategies such as awareness campatgespoovision of water-saving
devices? And are the water savings large enouglstidy the additional investment needed
to install, maintain, and monitor the devices, &l &s the investment in developing web-
based portals or applications that allow consureasy access to their consumption data? To
date, no research has investigated these questighéighting the need for carefully
designed research experiments to robustly estatblesrelationship between a multitude of
potential factors affecting feedback design andicgdns in water use.

Recommendations for Implementation

On the basis of our review, consumption feedbackbeaused effectively to reduce
water consumption, but is most efficient in curbwgter use when it:

(i) is delivered at the point of use, such as in thefof attunement labels or ambient
light displays.
(i) includes high-granular time-series data of cost@rsumption, social and historical

(self) consumption comparisons, as well as appéidecel feedback.

(i) is tailored to the household, particularly in terofisigh- vs. low-users.
(iv) is delivered with water saving advice, detailingito use the feedback to manage

consumption.
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Considerations for the water industry

The potential advantages of developing and invgstirsmart meter technology
center on better overall management of water copiom more environmentally
responsible consumption, more effectively managatemsystems (with reduced leakage,
energy use and carbon footprint and other benglta)er cost for both provider and user,
and more sustainable charging systems (Oracle,; 2089sex Water, 2013). While the
evidence generally supports the potential of priogideedback to consumers via smart
meters, implementing the recommendations of theweis not without challenges for the
water industry. A mass roll-out of smart meter teslbgy is a potentially costly affair in the
short term in terms of equipment development, iffecdlties associated with installation
and measurement, the need for enhanced trainipgrebnnel, as well as infrastructure
design and data management and data privacy iBagke et al., 2013; Giurco et al., 2010;
Ockenden, 2014; Oracle, 2009). In addition, thepial disadvantages of reduced demand
for water need to be considered, such as negatipadts on water quality associated with
reduced flow velocities through the water distribatnetwork. Further, as indicated above,
there are several gaps in knowledge on the spex#ithanisms and implementation methods
that facilitate the most effective smart meter rexdbgy and its use by consumers (see also
Boyle et al., 2013). More research is needed to ouhphe most effective types of
technology, the best way to implement it, and tlestefficient user training methods for
both consumer and industry.

Although the main advantage of smart meter teclgyolppears to relate to
facilitating lower consumption on the householdesmider scale implementation can also
provide benefits for water utilities on the watapply system side. Such benefits include the
potential for more accurate water rates, greatee e&identifying and dealing with leaks in

the water distribution network and inside custorngmsmises, and better adaptability of
32



806 water and information systems to keep up with pafparh growth and demand management
807 (Boyle et al., 2013; Oracle, 2009; Cardell-Oliveak, 2016). Further benefits of smart

808 metering for water utilities include: energy sawngeductions in carbon footprints (due to
809 less water being pumped into water systems), rezhscin the consumption of treatment
810 chemicals (due to reduced water consumption arkdégg, the reduction of environmental
811 impacts due to lower pressure on natural resouarescrease in capacity of water utilities
812 to maintain the performance standards, and therdéfd capital costs for infrastructure
813 expansions (Ockenden, 2014; Oracle, 2009). Thecteehs in maintenance, service and
814 operations costs associated with smart meter waeagement also comprise a considerable
815 advantage over the water industry status quo. Eynithen acknowledging those benefits
816 that cannot be quantified in straightforward ecormot@rms — such as environmental

817 responsibility and mitigation of a global decregsiater supply — the advantages of such
818 technology mitigate the short-term expense shoattlby government and water industry.
819 Finally, deploying smart water metering also haspgbtential to provide for

820 significantly improved customer experience (Boyalg 2013). This has become

821 increasingly important as regulators provide finahewards for water utilities delivering
822  high customer service quality. Information prowd®y smart metering technology could
823 improve the quality of customer service by allowaugtomers to understand their actual
824  consumption in real time, by providing high constiom and leak alerts, and by allowing
825 customers to actively control their consumption.

826  Conclusion

827 This paper has surveyed and reviewed the curret¢eee base as to the

828 effectiveness of consumption feedback in managiatgmuse, with a particular focus on
829 recent technologies, such as smart-meters and 18{eall, there is promise in the use of

830 such technologies to inform and educate consurngegdice consumption. This has been
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achieved in most of the reviewed studies throughptiovision of more detailed, frequent and
immediate consumption information delivery. Speaifiy, the included studies that report a
positive effect on water consumption (i.e. 17 ofstidies) indicate reductions between 2.5%
and 28.6%, with an average of 12.15% (SD = 8.7Bls] the overall potential of smart-
meter technology to curb domestic water use ig clé@awever, more research is needed to
determine the most effective type of feedback imgeof information content and

granularity, delivery frequency and medium. Furthlee effect of extraneous factors, such as
water pricing and user demographics upon consuesgonses to water use feedback
requires further exploration. To this end, the eavhas identified several limitations and
gaps in knowledge, all of which represent importargnues for future investigation, and has

considered the implications of the findings of theiew for the water industry.
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Table 1
Empirical studies assessing water consumption feedback type, value and behavioural impact

Author (year) Country Research N Feedback type (technology) Participant rated value Effect on water consumption Length of effect
design & of feedback type
length
1. Aitkenetal. Australia Pre/post 490 Social comparison & cognitive - Decrease in high consumptionNo data available
(1994) (3 mths) dissonance (mail-based) households (4.3%)
2. Erickson et USA Pre/post 303 Social comparison, consumption Hourly consumption Decrease (6.6%) No data available
al. (2012) (15 wks) (households) feedback (smart-meter/web graph & social
portal) comparison most valued.
3. Ferraro & USA Pre/post Approx. Information, social comparison, -- Decrease (8.41%-12%; m = See row below
Price (2013) (4 mths) 170000 historical comparison (mail- 10.21).
based)
4. Ferraro et al. USA Post 106872 Information, social comparison, -- -- Total decay in all
(2011) (2 yrs) historical comparison (mail- conditions but one
based) (social comparison)
5. Fielding et al. Australia Pre/post 221 Conservation education, social - Decrease (7.9%) Total decay <12
(2013) (18 mths) (households) comparison and/or tailored end- months post study
use consumption feedback (smart-
meter)
6. Froelichetal. USA Survey 671 Consumption feedback by Individual fixture -- No data available
(2012) (NA) individual fixture, goal, historical feedback and high
and social comparison (smart-  granularity data most
meter/IHD) valued.
7. Geller et al. USA Pre/post 129 Educational instruction, -- Decrease with water saving 37% had installed
(1983) (3 mths, 2wks) (households) installation of water saving devices only (exact value not device two months post
devices, consumption feedback, supplied); no effects of study.
(mail-based) education or feedback
8. Jeong et al. USA Pre/post 18 Water and energy consumption - Decrease (7.27%) No data available
(2014) (5 wks) residential feedback (mail-based)
halls
9. Kappel & Austria Pre/post 4 Visual consumption feedback LED-rod valued and Decrease in shower water Total decay post study
Grechenig (3 wks) (households) (IHD) intuitive consumption of 10
(2009) liters/day/household
10. Kenney et al. USA Pre/post 10000 Consumption feedback (smart- - Increase (16%) No data available
(2008) (8 yrs) (households) meter/IHD)
11. Kurz et al. Australia Pre/post 166 Information, attunement labels, -- Decrease for attunement label®ecrease sustained six
(2005) (5 mths) (households) social comparison (mail-based) only (23%) weeks post study.
12. Kuznetsov & USA Pre/post 11 Ambient ‘traffic-light’ faucet Light displays valued, Decrease in average shower No data available
Paulos (2010) (3 wks) display, LED consumption graph but suggestions for time (30%)
shower display intuitive design
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improvements

. Liu etal. Australia Pre/post 68 Consumption feedback by fixture,80-90% of participants  No significant decrease N/A
(2016) (10 mths) (households) social & self comparison (mail- valued feedback and
based) perceived it as
relevant/motivating
. Petersenetal. USA Pre/post Oberlin Consumption feedback, educatiorReal-time consumption Decrease (3%) No data available
(2007) (7 wks) college (smart-meter/web portal) data most valued
dormitories
. Petersenetal. USA Pre/post Oberlin Consumption feedback, education- Decrease (2010: 5.2%; 2012: No data available
(2015) (7 wks) college (smart-meter/web portal) 2.5%)
dormitories
. Schultz et al. USA Pre/post 301 Social comparison, social -- Decrease (16.2-26.5%; m = No data available
(2014) (6 wks) (households) approval, water saving tips (mail- 21.35%)
and web-based)
. Stewartetal. Australia  Longitudinal 44 Consumption feedback (smart- 97.1% of participants Decrease (28.6%) Total decay three
(2013) (7mths) (households) meter/IHD) valued the technology months post study
and would continue to
use it
. Tasic et al. Switzerla Pre/post 91 Consumption feedback (smart- - Decrease (22.2%) N/A
(2012) nd (3 mths) (households) meter/IHD)
. Tasic et al. Switzerla Post 50 Consumption feedback (smart- - Decrease (22%) Decrease sustained at
(2015) nd (12 mths) (households) meter/IHD) 12 months
. Tiefenbeck et ~ USA Pre/post 154 Social comparison (mail-based) -- Decrease (6%) date available
al. (2013) (10 wks) (households)
. Willis et al. Australia Pre/post 151 Consumption feedback (smart- - Decrease in 10-minute showerTotal decay three

(2010) (5 mths) (households) meter/IHD) events (7.6%); increase in months post study
<40ltr shower events (19.4%); (Stewart et al., 2013)
decrease in shower flow rates
(10.2%)

43



List of Figures
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