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ABSTRACT

This paper reviews electricity consumption feedback literature to explore the potential of electricity feedback to affect
residential consumers’ electricity usage patterns. The review highlights a substantial amount of literature covering the
debate over the effectiveness of different feedback criteria to residential customer acceptance and overall conservation
and peak demand reduction. Researchers studying the effects of feedback on everyday energy use have observed sub-
stantial variation in effect size, both within and between studies. Although researchers still continue to question the
types of feedback that are most effective in encouraging conservation and peak load reduction, some trends have
emerged. These include that feedback be received as quickly as possible to the time of consumption; be related to a
standard; be clear and meaningful and where possible both direct and indirect feedback be customised to the customer.
In general, the literature finds that feedback can reduce electricity consumption in homes by 5 to 20 percent, but that

significant gaps remain in our knowledge of the effectiveness and cost benefit of feedback.
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1. Introduction

The only feedback received by many Australian house-
holds on their electricity consumption is their quarterly
electricity bill [1]. The information (energy consumption
per tariff, a comparison of consumption from previous
billing periods and total owed for the current billing cy-
cle) and the frequency of the Australian electricity bill
have changed little in several decades [1]. This largely
un-itemised, non-visual and infrequent feedback on their
electricity consumption has been likened to driving cars
without any information on the volume or price of fuel
consumed and instead receiving a non-itemised invoice
at some time in the future for the combined fuel con-
sumption of all family vehicles [2]. This lack of informa-
tion has become increasingly problematic in Australia,
given forecasts for the price of domestic electricity in-
creasing by over 37% between 2010.11 and 2013.14 [3].
This paper reviews electricity consumption feedback
literature to explore the potential of electricity feedback
to affect residential consumers’ electricity usage patterns.
“Feedback” in this context is household-specific infor-
mation on electricity use.

There has been regular enquiry in the literature to im-
prove electricity feedback to consumers since the 1970s
[4]. Various methods of providing feedback have been
explored including more detailed electricity bills [5],
self-reading of meters [6], interactive tools [7] and in-
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home displays featuring various data including consump-
tion comparisons and visualisations [2,8,9]. Feedback is
also regularly studied in conjunction with additional in-
struments for electricity-saving or behaviour change such
as time-of-use or real-time pricing [10] and critical peak
pricing [2]. Encouraging the provision of feedback
through subsidies, mandates, or other policies could be
part of future utility demand-side management (DSM)
programs [11]. However, consistent throughout the ma-
jority of feedback literature is the finding that feedback is
linked to a conservation effect [12].

2. Functions of Feedback

Policies that provide feedback after consumption can be
either “direct” or “indirect” [13]. Direct or real-time feed-
back is immediate and from a meter or other display
monitor and has been found to provide greater energy
savings than indirect feedback methods [14] which is
information that has been processed in some way, e.g.
more detailed electricity bills or household-specific ad-
vice for reducing electricity use [10,13]. Real-time or
direct feedback has benefits over enhanced feedback.
First, it can impact habitual, repetitive behaviour such as
turning off lights or unplugging appliances [15,16]. Peo-
ple perform many everyday activities without reflection
according to routines developed over time and this in-
cludes use of electricity [12]. Economists believe that full
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disclosure of information creates rational consumers [17].

With complete information people act rationally with the
objective of maximising utility for dollars spent [18].
Without complete information, it is argued that people
are imperfectly rational [17]. Direct feedback then should
enhance other demand-response and DSM programs,
including making users more responsive to real-time or
time-of-use pricing programs and realising the cones-
quent benefits of load-shifting [2,11] thereby affecting
peak consumption.

The second major benefit of direct feedback is the ef-
fect it can have on appliance purchasing decisions, as
consumers notice from feedback that certain appliances
are heavy energy consumers, they can consider replacing
them with more efficient ones [12]. It has been argued
that this could also lead to behavioural adjustment [16]
with for example, people upon learning the real cost of
leaving their television switched on decide to switch it
off when no-one is in the room. Behavioural adjustment
or product choice is more relevant when costs and the
extent of energy use are made clearly apparent to the
consumer [19]. The third major benefit is that real-time
feedback can be more easily customised for individual
households [15,20]. With the proper software to manipu-
late data, feedback could present usage patterns in for-
mats most helpful to individual households [20,21]. Re-
views of direct feedback experiments suggest direct
feedback interventions yield between 5% and 15% en-
ergy savings for the time that they are installed, however
their lasting impacts on behaviour are much less certain
[2,13,22]. For example, a 15 month study undertaken by
van Dam and colleagues [23] found that initial savings of
7.8% after four months could not be sustained in the me-
dium to longer term.

3. Empirical Studies

Researchers studying the effects of feedback interven-
tions on everyday energy use have observed substantial
variation in effect size, both within and between studies
with explanations often as varied as the results them-
selves. The variation is partly due to demographic, hous-
ing, and climate characteristics of the households. Stud-
ies have found that households with higher income,
higher education levels, and higher electricity use show
greater reductions when feedback is provided [5,24-26].
Other research has argued a positive correlation between
income and household consumption levels [27,28], al-
though some have found that the link is not always clear
(Brandon & Lewis, 1999). In terms of income and con-
sumption level reductions as a result of feedback (or
other) interventions, again, researchers have found a
positive correlation to exist [5,28], while others have not
[25]. Climate will also impact reductions in use, as the
same type of house would have a different demand in a
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hot tropical or sub-tropical climate than it would in a
cool, temperate climate. Households in more extreme
climates (hotter in summer and colder in winter) would
appear to have more potential for reducing electricity use.
However, several studies have found that feedback has
more of an impact when temperatures are more moderate
[24,29]. Significant gaps remain on the effectiveness of
feedback on different demographic groups and on house-
holds living in different climate regions.

Some studies have found that certain types of house-
holds respond better to feedback than others, but a con-
siderable amount of uncertainty still exists over how dif-
ferent households will respond to increased level of in-
formation [30]. In a recent study of 21 households Wal-
lenborn and colleagues [31] found that electricity feed-
back through smart meters could change electricity per-
ception but only in households already interested or in-
volved in energy savings or willing to understand the
information provided. As a result of real-time feedback,
the participants in another study reported taking action to
reduce their energy consumption, however, the study
found a statistically insignificant reduction in actual elec-
tricity consumption by the participants [22]. Alahmad
and colleagues [22] suggest this could be due to the self-
selection of participants and their already invested inter-
est in electricity conservation prior to the study. In an-
other recent study with 28 Australian households, Stren-
gers [32] acknowledges in-home display feedback as an
important visualisation tool illuminating what would
otherwise be invisible. However, Strengers [32] argues
that feedback has the potential to ignore practices con-
sidered non-negotiable and legitimise particular practices,
for example, the routine use of clothes dryers by concen-
trating on what can be readily measured and saved rather
than whether the practice is normal or necessary. Stren-
gers [32] posits that failing to engage with the practices
seen to be non-negotiable conditions of everyday living
may cause householders to lose interest in this type of
feedback over time. Indeed Ellegard and Palm [33] argue
that a deeper knowledge of everyday energy consump-
tion activities makes everyday life more sustainable.

Despite numerous studies on the effects of feedback,
the potential impacts of feedback programs, especially
large-scale, remain highly uncertain. In the majority of
trials, feedback is designed and tested only in the context
of its ability to facilitate a change in behaviour or to per-
suade consumers to use less power. While feedback pro-
vision generally results in consumers using less electric-
ity for the period that it is installed, precisely why this is
the case remains unclear [9,31]. As a result of testing
feedback only for its energy saving potential, the scope
of design and potential uses and interactions with regard
to feedback, has been limited [34].
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4. Goal Setting

One theme that is prevalent in the literature is the role of
goal-setting with feedback. Several authors argue that
feedback is only effective when it leads to the setting of a
performance goal and that goal-setting is only effective
in the presence of feedback that allows participants to
evaluate their performance [35-38]. In Becker’s [35]
study, feedback alone led to a 4.5% decrease compared to
results of energy savings of 5.7% when feedback was
combined with the modest goal of a 2% reduction and
15.1% in electricity savings when feedback was com-
bined with the difficult goal of a 20% reduction in elec-
tricity. More recently, Schultz [39] detailed examples of
the energy savings that such strategies can achieve, in-
cluding an assessment of OPower’s increasingly popular
Home Energy Report program which has achieved sav-
ings as high as 8% for those households that set personal
conservation goals. Bonino and colleagues [40] in their
online study of nearly 1000 participants found that en-
ergy goal setting is better for improving energy con-
sumption.

The contribution of goal-setting to feedback programs,
however, is not straight-forward. There are, according to
Fischer [12] in her review of feedback programs, many
studies where feedback alone appears to have worked.
Fischer [12] also cites other studies involving commit-
ment that delivered a small result with one study actually
finding no effect on energy consumption. One possible
explanation is that goals can be both implicit and explicit
[36]. Studies where feedback alone appears to have
worked could be the result of implicitly made commit-
ments for goals that participants find meaningful and try
to achieve for themselves.

5. Comparison Standards

The two main types of comparisons that have been in-
vestigated in the literature are “historic” and “normative”
[12]. Historic feedback refers to consumption reported
relative to the consumption of the same household from a
similar time period in the past. Normative comparative
feedback refers to consumption of a household reported
in comparison to the consumption of some other similar
group of households.

5.1. Historic Standards

Historic feedback provides residents with some frame of
reference for their consumption levels and is generally
perceived to be effective in this regard. In one example
where it was implemented for the first time, treatment
groups showed a 10% decrease in consumption which
was maintained for more than three years [Wilhite and
colleagues cited in 41]. The historic standard was found
to be much preferred to a normative standard by focus
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group participants in the UK [42]. It has also been found
to be the most readily recalled piece of information on an
energy bill and what customers use to try and understand
their consumption patterns [43]. In their study, Kempton
and Layne [44] found that only 41% of their participants
paid attention to the recent addition on the energy bill of
a historic comparison standard. Despite Kempton and
Layne’s findings, historic feedback appears to be readily
understandable, relevant, and useful for consumers. In
her review, Fischer [45] found that an historic standard
was one of the main features of some of the most effec-
tive studies for overall conservation.

5.2. Normative Standards

The effectiveness of normative comparative feedback is
unclear. Comparing the consumption of one household to
that of others is said to elicit social pressure to under-
stand why consumption levels differ and to stimulate
competition and ambition [45,46]. Cialdini [47] identi-
fied the importance of social proof in human decision
making as people tend to imitate behaviour of others.
Indeed, there are reports in which consumers have indi-
cated that this sort of comparison based on similar demo-
graphics would be of interest to them [43,48]. In their
study, Kempton and Layne [44] found that 70% of their
participants had at some time discussed their bills with
other people, including their neighbours. More recently,
participants of another study indicated their interest in
sharing energy-consumption feedback with family and
friends [49]. It has been suggested that neighbour-based
comparisons may be meaningful as neighbours tend to
report similar attitudes and behaviours [Beaman and
Vaske cited in 50]. Indeed, the effect of peers has been
found to be more effective than incentives such as saving
money, conserving resources, or being socially conscious
[51]. Whilst the highest quality comparison combines
various household attributes it has also been suggested
that for practicality, individual streets in groups of 30
addresses is a good basis for geographical comparison
[50]. An additional benefit of this type of comparative
feedback is that there is no need for weather-adjusting.
Comparative standards are not universally popular,
however. A UK study reported findings from their focus
groups which suggested normative comparative stan-
dards to be very unpopular [42]. This preference may be
cultural [45]. American [43,46,51,52] and Norwegian [48]
studies have found that residents like normative com-
parison standards. Allcott [52] reviewed data from ran-
domised natural field experiments of 600,000 treatment
and control households in the United States that em-
ployed comparative electricity-use feedback, tips for en-
ergy conservation and an injunctive message of smiley
face/s. Allcott [52] found that the effect of the intervene-
tion was equivalent to that of a short-run electricity price
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increase of 11% to 20% and that the cost effectiveness of
the intervention compared favourably to traditional en-
ergy conservation programs.

As mentioned above, the effect of comparative stan-
dards on actual energy conservation is less clear. Bittle
and colleagues [24] found in their study a result opposite
to what was intended. They found that those who re-
ceived the comparative standard feedback consumed
more than those who did not. In ten studies reviewed by
Fischer [45], there was no savings benefit with compara-
tive standard feedback. Fischer [45] postulates that sav-
ings achieved by high users who were encouraged
through the comparison to conserve energy may have
been cancelled out by lower than average users being
inadvertently encouraged to increase energy use because
of the comparative standard. This phenomenon has been
referred to as the “boomerang” effect and demonstrated
in a study undertaken by Schultz and colleagues [46]. In
their study, all households received comparative electric-
ity-use feedback in which they were compared to their
neighbours, but one group also received an injunctive
message in the form of a hand-written smiley-face for
households whose consumption was below the average
level, and a sad-face for those whose consumption was
above the average level. They found that those who con-
sumed less than the average, but received the injunctive
message of encouragement (the smiley face), maintained
low consumption, whereas, those lower than average
consumers who did not receive the injunctive message,
increased their consumption. This study demonstrated
that the “boomerang” effect can be mediated by not only
providing descriptive norms but also including injunctive
norms that somehow indicate what is commonly socially
acceptable (or unacceptable) within a certain culture
[46].

6. Criteria for Effective Feedback

While research is ongoing into the most effective types
of feedback for encouraging conservation, some trends
have emerged in the literature. It has been suggested that
feedback must meet three characteristics for optimum
effectiveness [53]. These characteristics include that:
feedback must be received as close in time to the con-
sumption event as possible; be related to some standard;
and be presented in such a way that is meaningful to the
consumer [53]. A fourth characteristic of customised and
personalised feedback for individual households has also
been suggested by Darby [54] and McMakin and col-
leagues [55]. According to Fischer [45], feedback should
also be computerised, interactive, have appliance specific
breakdown of consumption use and be provided over a
prolonged period of time. A smaller body of research has
explored detailed specifics of what should be included in
feedback and while interesting and somewhat informa-
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tive, Fischer [45] has argued that specific features may
not always be generalizable across demographic group-
ings or cultures.

6.1. Trusted and Credible Feedback Source

The feedback information needs to be supplied by a
trusted and credible source [19]. People can have an in-
herent distrust of social institutions and think that indus-
try, business and government decisions and priorities are
not aligned with energy efficiency objectives [56]. In an
interesting study undertaken by Miller and Ford [57],
they demonstrated this inherent distrust by sending a
letter soliciting an energy conservation program using
three different letterheads and they found that the letter
that did not list affiliation with the utility received a sig-
nificantly better response. In examining conservation
programs, the use of community-based, non-profit con-
tractors was effective [56,58].

6.2. Presentation of Energy Consumption Detail

For reporting consumption relative to a historic standard,
Roberts, Humphries, and Hyldon [42] and Fitzpatrick
and Smith [59] found that most of their participants pre-
ferred a bar graph representation. For comparative stan-
dards, Egan and colleagues [43] found that customers
preferred a horizontal “sliding scale” bar chart that indi-
cated on the scale with an arrow where the home’s con-
sumption lied. This was preferred over a distribution
chart mimicking a bell curve. In general, Egan and col-
leagues [43] found that the comprehension of the graph-
ics was relatively low, but that adding end-point labels to
the charts helped. In marked contrast to these findings
are those of lyer and colleagues [50] who found that the
distribution chart was easily understood by participants.
In another study, Wilhite and colleagues [48] found their
focus group participants were divided over the preference
for linear representation and distribution charts for de-
picting energy consumption. In her review of feedback
literature, Fischer [45] summarized her findings by sug-
gesting that, for historical comparisons, vertical bar
charts were preferred and for comparative feedback, the
single bar graph is preferred. For information displays in
general, Roberts and Baker [60] found that graphical
displays such as pie charts were preferred, and that they
required text labels for improved clarity. It appears that
appliance usage information is also best represented in
pie chart format [48,61].

6.3. Appliance Usage Charts

Often consumers believe that the appliances that are most
visible to them (e.g. lights, dishwashers) are the ones that
consume the most electricity [48]. It has been argued,
therefore, that providing information on specific appli-
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ances and the home’s appliance mix is desirable and
beneficial to customers and to electricity conservation
[59,61]. In her review, Fischer [45] found that some of
the most effective studies often contained appliance spe-
cific detail. However, appliance-monitoring systems are
expensive and require user configuration [49]. Sundra-
moorthy and colleagues [49] found in their study that
participants were able to attribute dips and curves in the
load to particular appliances and activities thereby possi-
bly negating the need and therefore the cost of specific
appliance-monitoring.

6.4. Consumption Metrics

The electricity consumption metric is also an important
consideration. Dollar values of consumption are consid-
ered by some authors to be more desirable and useful to
consumers [12,13]. Farhar and Fitzpatrick [25] found that
their participants liked cost-based energy feedback and
that it consistently resulted in reductions. However,
Hutton and colleagues [62] and Fitzpatrick and Smith [59]
found that feedback emphasising financial values did not
have positive results across all their samples.
Environmental metrics have been used infrequently by
researchers with Fischer [45] reporting only two in her
review of feedback studies. The use of environmental
metrics is perhaps one way of stimulating personal norms
with regard to environmental concern [12,59] especially
given current climate change issues. In their small study,
Brandon and Lewis [25] found no significant impact on
electricity conservation with the use of feedback con-
taining environmental metrics. The link between envi-
ronmental concerns and consumption may not always be
obvious even to environmentally aware households [27].

6.5. Conservation Tips-Customising

Customisation seems to be important for conservation
tips or advice to be effective [49]. In one study a custom-
ised newsletter including conservation tips was distrib-
uted with presumably customised consumption informa-
tion and customers reported that the tips were the most
useful in helping them to conserve [61]. Other focus
group research recorded participants’ dislike for a generic
leaflet that would have been provided as an insert and
their intention to discard such an insert [42].

6.6. Frequency

More immediate and frequent feedback is more likely to
result in behaviour change [63]. Allen and Janda’s [64]
review of feedback studies recognised the primary bene-
fit of real-time feedback as that of affecting customer
awareness. The current state of the art for feedback de-
vices is electric monitors that indicate how much elec-
tricity the household is using at any given moment. Elec-
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tric monitors have the advantage over written feedback
of being completely automated and likely being much
more cost effective on a large-scale basis. While pilot
projects testing continuous feedback have been more
common recently [18], continuous feedback has been the
subject of research since the 1970s. McClelland and
Cook [65] was the first continuous feedback study and it
found savings of 12 percent.

Ueno and colleagues [66,67] have conducted studies in
Japan using continuous energy monitors. The 2005 study
considered meters which disaggregated feedback by ap-
pliance and achieved savings of 17.8 percent. The 2006
study achieved savings of 9 percent with meters that did
not disaggregate by appliance. Allen and Janda [64] re-
ported on a study of 10 households that found no con-
servation effect from a continuous feedback device
known as “The Energy Detective” (TED). The study par-
ticipants reported that TED was not user-friendly and this
seemed to cause the participants to ignore the device
rather than explore and use the manual. Interestingly, in a
more recent study with TED, Parker and colleagues [67]
identified average savings among 17 households of 7.4
percent. However, the savings in the study ranged wide-
ly and the study participants were self-selected.

6.7. Delivery Medium

Fischer [45] found that the common feature in the “best”
of 10 feedback studies she reviewed was interactivity in a
computerised format and it could be argued that feedback
delivery via email is an extension of this [13,68]. Gleerup
and colleagues [68] in a recent Danish study found that
timely information about a household’s exceptional con-
sumption communicated via email and sms messaging
resulted in average reductions in total annual electricity
use of about 3%. They argued that the type of feedback
tested in their study could have a larger effect in other
countries because Danish households are likely to be
more efficient with electricity consumption as Denmark
has the highest marginal electricity price in the world
[68]. Email delivery also allows for feedback to be sent
directly to the consumer and it can easily be linked to
websites that are perhaps more interactive than the email
feedback alone. Fischer [45] identified that effective
feedback allows for multiple options that the user can
choose interactively which is possible with internet-
based feedback.

While email and internet-based feedback is generally
more feasible for utilities [61] and there are some studies
indicating that customers perceive paper-based feedback
as wasteful [60], demographics and connectivity factors
need to be considered as well. Martinez and Geltz [61]
found in their study of 400 Californian residential cus-
tomers that two-thirds preferred paper-based mail as their
choice of medium for feedback, with a similar percentage
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of commercial customers indicating the same preference.

6.8. Layout, Appearance and Location

Fitzpatrick and Smith [59], Donnelly [69], Hargreaves et
al. [9], Riche et al. [70], Karjalainen [34] Rodgers and
Bartram [71] and Bonino and colleagues [40] explore
design issues related to the integration of feedback into
the household. Concerns over placement, aesthetic ap-
peal and privacy considerations are found to be important
considerations in the successful and long-term integra-
tion of a feedback medium in the home [70]. Bonino and
colleagues [40] found that power visualisation should be
in every room or on a portable device, e.g. a smart phone
and that colour-based feedback was more easily under-
stood and appreciated by their participants. Ambient and
artistic visualisation was found to be a promising method
of providing real-time feedback of residential energy use
[71]. Preferences regarding functionality and aesthetic
appeal vary widely both between and within households
however, with results suggesting that regardless of the
functionality of the feedback, devices which are aesthe-
tically displeasing tended to become hidden from view
and not utilised [9]. Confusingly, half of the participants
in the Bonino and colleagues’ study [40], wanted a less
central “aesthetically acceptable” location while the other
half wanted a visible location to track electricity use.

7. Conclusions

In general, the literature finds that feedback can reduce

electricity consumption in homes by 5 to 20 percent [13],

and that it works best when it is:

delivered regularly;

presented plainly and engagingly;

tailored to the householder;

interactive and digital;

capable of providing information by appliance;

accompanied by advice for reducing electricity use,

and

e associated with a challenging goal for energy conser-
vation.

However, there are key uncertainties from the litera-
ture and significant gaps still remain in our knowledge of
the effectiveness and cost benefit of feedback. A number
of research gaps identified by EPRI [18] and verified in
this review include:

o The effect of feedback on consumers in different de-
mographic groups;

e The effect of feedback on appliance purchasing deci-
sions;

e The response effect on energy consumption from dif-
ferent formats of feedback;

e Whether feedback continues to work over time or
whether it needs to be renewed/reshaped to keep
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householders engaged and maintain any conservation
effects.

In addition, further gaps in research have been high-
lighted through this review and they include:

e The ability for feedback to facilitate the sharing of
electricity information between households, friends or
neighbours is almost entirely unexplored;

e The scope of design, potential uses and interactions
with regard to feedback has been limited;

e The divergence of cost-benefit calculations for feed-
back with advanced metering infrastructure needs to
be explored as does the conditions under which the
costs of feedback outweigh the benefits.

This review has explored one potential solution, more
detailed feedback, to help control the growth of resi-
dential energy and the expansion of electricity infrastruc-
ture. Finding such solutions could become increasingly
important if demand for heating and cooling appliances
continues at its current projection and/or hybrid and full-
electric vehicles become a substantial portion of automo-
bile sales. These are just two examples of situations
which would add significant demand to the grid and
where it would become more critical to try and control
how and when consumers used their heating and cooling
appliances and recharged their cars so as not to exceed
peak capacity. Research shows that feedback does have
the potential to positively affect residential electricity
conservation. With increasing smart grid investment and
improving feedback devices to be more user-friendly
there will be greater opportunity to connect the consumer
to the grid and therefore study the effect of feedback on
large groups of consumers. Results from such studies
would potentially be of interest to a diverse range of
professional areas such as social science, computer sci-
ence, power engineering and energy economics.
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