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Abstract: Stimulated by a large number of socio-cognitive theories,
suggesting that comparative feedback motivates people to adapt their
behaviour according to commonly accepted behaviour and values, we
developed Social Electricity, an online social application motivating users
to change their electrical consumption through effective and realistic
comparisons with the ones of their friends, neighbours and other users
with similar characteristics. By exploiting normative social influence, the
users may perceive their energy behaviour and take steps to reduce their
electricity footprint. Collaborating with the local energy utility, social
electricity has been deployed at a national level in Cyprus, aiming to
influence citizens towards energy savings. In this paper, we present the
conceptual design of the application along with analysis of results gathered
through a questionnaire-based survey with 198 participants, combined with
mini focus group studies, focusing on the investigation of user perceptions
related to several aspects of social electricity, six months after its official
release. This study provides interesting insights about the usefulness and
acceptance of such large-scale, green ICT social applications, and their
potential for affecting energy knowledge and awareness, encouraging users to
become more sensitive about the environment and adopt pro-environmental
behaviours.
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1 Introduction

Feedback comparing current electricity consumption with the past can influence
residents to reduce it by a fraction of 5%–15% (Darby, 2006; Ehrhardt-Martinez and
Laitner, 2010; Wood and Newborough, 2003). However, feedback alone is not enough,
since people tend to lose their interest after some weeks or months (Darby, 2001).
This one size fits all approach provides the same feedback to different individuals with
various motivations for energy saving (He et al., 2010). Moreover, self-comparisons
pose limitations due to their scope, since they consider only the individual’s behaviour
and disregard its relative position among those of similar individuals or households
(Egan, 1999).

These drawbacks of feedback alone pose the need to combine feedback with
other techniques. A promising approach is to provide feedback on energy usage of
other people and compare with the user’s consumption. In many cases, comparative
feedback with others appears to be more effective in motivating conservation than
temporal self-comparisons (Jensen, 1986; Festinger, 1954). It can generate feelings of
competition, social comparison or social pressure (Fischer, 2008).

Comparative feedback with others exploits the phenomenon of social norms, and
in particular normative social influence, according to which people have a tendency
to agree on values, beliefs, attitudes or behaviours of others (Cialdini, 2001; Deutsch
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and Gerard, 1955). Social influence links to pro-environmental behaviour because
people generally engage in rewarding behaviours (e.g., satisfaction for preserving the
environment, reduced bill on waste) and also tailor their actions towards avoiding
adverse experiences such as feelings of guilt or shame (Fogg, 2003). Academic work
shows that providing social norm information induces people to conserve energy and
drives them towards a more persistent behavioural change (Nolan et al., 2008; Chetty
et al., 2008; Allcott, 2011; Foster et al., 2010).

In particular, considering online social networking, users tend to be influenced by
their online friends. Online social networking sites have become gradually platforms
for deployment of applications with increased interactivity, as they support and promote
communication and collaborative activities. Within this highly dynamic and evolving
context, which encompasses a fundamental paradigm shift related to creating and
sharing information among users, social networking applications are effective channels
in motivating people towards obtaining more sustainable behaviours (Mankoff et al.,
2010; OPOWER, 2014). Furthermore, strong participation in sustainable actions is most
likely when activities can be easily integrated into daily life (Mankoff et al., 2007), as
is the case with online social networking today (Nielsen Online Report, 2009).

In this context, collective awareness platforms (CAPs) (Digital Agenda for Europe:
A Europe 2020 Initiative, 2012) constitute a special category of social networking
applications aiming to motivate collective human action in favour of social welfare.
CAPs embody one of the possible directions that the future internet evolution may take,
promoting collaboration and social values in contrast to more individualist approaches
that involve competition. Such platforms could assist in raising the energy awareness of
citizens by increasing their sense of group membership rather than attitude, leading to
higher correlations between social norms and behavioural intentions.

This paper builds upon the success of online social networking applications and the
CAP model, exploiting the effects of comparative feedback with others to present the
conceptual design of social electricity (Social Electricity, 2015), which is a large-scale
ICT application targeting energy awareness of citizens by means of social and local
comparisons of personal electrical consumption. This work also describes the results
of a recent user study related to users’ perceptions on the usefulness, effectiveness,
acceptance, privacy and potential of the presented approach, aiming to shed light into
the incentives and social dimensions that lead people to engage with green social ICT
applications.

The rest of the paper is organised as follows: first, we review related efforts in this
field. Subsequently, we present the conceptual design of social electricity and analyse
and discuss the findings of the conducted user study. Then, we provide some findings
in regard to energy consumption at the areas where our users live and explain the
limitations of this work. Finally, we summarise the implications of the reported research
outlining future work.

2 Related work

This work lies in the research areas of sustainable human-computer interaction (HCI)
(DiSalvo et al., 2010), which is research at the intersection of people, technology and
the environment, and persuasive technology (Fogg, 2003), which attempts to convince
users to behave in a more sustainable way through technology.
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Various applications have leveraged online social networking and followed the CAP
model to achieve sustainability. For example, CiteGreen (2015) is a Web application
inspiring people to perform actions for protecting the environment, giving credits to
them for every sustainable action they commit. Various actions are supported such as
recycling, transportation and energy savings.

StepGreen leverages social networking sites to promote energy-saving behaviours of
users (Mankoff et al., 2010, 2007). This application encourages users to create/commit
to green actions, share these actions with their friends and see their impact over time. In
a three-week field study involving 32 people, it was observed that participants engaged
in about 16 different actions, and reported completing about 100 actions per week.

Other applications leverage normative social influence and comparative feedback to
affect citizens. EnergyWiz (Petkov et al., 2011) is a mobile application that enables users
to compare their consumption with their neighbours, contacts from social networking
sites and other EnergyWiz users. A small evaluation using personal, semi-structured
interviews and 17 individuals showed that social comparison features did not provide
many learning benefits, mainly because the comparisons were performed with not
similar people.

Wattsup (Foster et al., 2010) is an online application that displays live data from
a commercial energy monitor, allowing users to compare domestic consumption with
Facebook friends. After a competition for energy savings in eight homes over an 18-day
period, a significant reduction of energy was observed in comparison to a feedback-only
approach, while the engagement with the application was five times more. A similar
study in two blocks of six and 20 flats, for a period of one month at each, showed
savings of 11.90% and 27.74% respectively (Kamilaris et al., 2012a).

A parallel and complementary effort to our work is offered by the company
OPOWER (2015). OPOWER started by sending energy report letters to customers,
comparing their electricity use to that of their neighbours. This practice has contributed
in reducing the overall domestic consumption by an average of 2% (Allcott, 2011).
OPOWER (2014) has a social application allowing users to compare their consumption
with houses sharing similar characteristics (e.g., square meters, no. of tenants). Users
can use the utility connect feature, to have their energy use automatically updated every
month.

The aforementioned applications target the engagement of users in energy-preserving
actions by exploiting the community effect, but they have some limitations reducing
their effectiveness. At first, most of them do not respect user privacy (OPOWER,
EnergyWiz), as their consumptions or actions are visible to others. Hence, many people
are reluctant to participate. Some have been deployed in a small scale for limited time
(EnergyWiz, Wattsup), thus their findings may not be accurate. Some rely on the user to
provide credible information (StepGreen) and this lowers the reliability of comparisons,
since people may cheat by entering any value (Grevet et al., 2010). Finally, comparisons
in some cases are not efficient (EnergyWiz), since it is difficult for people to find
suitable others.

Social Electricity tries to address some of these limitations, being one of the first
social applications, together with OPOWER, offering comparative feedback among
citizens on a country-scale basis. By collaborating with the national utility, social
electricity provides reliable and detailed statistics about domestic consumption around
the country, respecting the privacy of consumers by giving them the option to hide their
consumption from others. Users are encouraged to add the characteristics of their home,
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including use of renewables, and compare their consumption only with people sharing
similar preferences.

This paper provides interesting insights about users perceptions in using large-scale
green ICT social applications, investigating several dimensions and presenting
qualitative findings, acquired after a large questionnaire-based analysis triangulated with
mini focus group studies. Our contribution includes as well the design aspects of social
electricity, in an effort to develop an enticing and engaging platform for raising energy
awareness of citizens, taking into account privacy concerns. The effort to understand the
privacy requirements of users in regard to sharing online their energy figures is another
important contribution, since tenants generally worry about their privacy (Chetty et al.,
2008). Our work is one of the first, to our knowledge, trying to understand and illustrate
these user concerns.

3 Social Electricity application

Social Electricity is an online social application allowing people to perform comparisons
of their electrical consumption with their online friends, neighbours and other online
peers sharing similar profiles (Kamilaris et al., 2011, 2012b). It can be classified as
a CAP platform, considering that people share their electricity footprint with the aim
of raising their understanding about their energy profile collectively. Users can register
either directly through the website or through Facebook. Facebook was selected because
it is easy to access, widely used in our country and accepted by our target users.
The application is based on the promise that by providing effective features aiming to
perform realistic comparisons, the consumers may perceive their electricity footprint and
take steps to reduce their electricity and carbon footprint. The application exploits the
reveal and compare pattern, which is one of the most influential patterns for persuasion
in online social networks (Weiksner et al., 2008).

For achieving this fundamental goal, we collaborated with the Electricity Authority
of Cyprus (EAC, 2015), which is the governmental electric utility in Cyprus. EAC
delegated us with anonymous access to the country’s domestic consumption, categorised
according to the streets of the consumers for the last two years. This data includes
the measurements of around 300,000 domestic premises, collected every two months.
More frequent updates are not yet possible, because the utility has still not upgraded
its electrical meters to smart meters. Respecting the privacy of citizens, the electricity
measurements are aggregated at street level (address, postal code, city). From this data,
users can select the average consumption of their street as their personal consumption,
or they can add their own consumption each month.

Social Electricity has been used by more than 1,200 citizens in less than six months
from its official release, while its Facebook page (Social Electricity Facebook Page,
2015) counts more than 1,800 supporters. It was awarded the first prize for the most
innovative green ICT application at the 2nd Green ICT Application Challenge, organised
by the International Telecommunication Union (ITU) (2012).

3.1 Design considerations

As mentioned before, the main scope of the application is to provide trustworthy
comparative feedback to the users, allowing people to compare their energy footprint
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with other online peers or with the consumption at their neighbourhood, village or town,
to perceive if their own consumption is low, average or high. Social characteristics are
highlighted through the application in various means, following the design guidelines
in Froehlich et al. (2010) and Fogg (2003). For example, friends with better energy
behaviour are displayed in green colour while friends with worse behaviour in red. In
addition, a ranking between friends according to their consumption is given, starting
from the greenest to the most red friend.

Comparisons can be performed among Facebook friends (see Figure 1), citizens
living at the same street or town/village, or users sharing similar house characteristics
(e.g., house size and type, heating/cooling method, etc.). Users can also compare their
consumption with the average one of their local street, as depicted in Figure 2(a).

Figure 1 A visualisation showing the comparisons among Facebook friends
(see online version for colours)

Rankings are offered about the most energy-efficient streets and villages near the user’s
location, motivating people to acquire awareness, inspired to take actions to help the
local community maintain a better ranking. Temporal comparative feedback is supported
too, in regard to previous months and for the same month in previous years, as shown
in Figure 2(b). Users may also compare with their friends’ temporal patterns.

Besides the main features, social electricity gives useful tips to people to save energy
and become more educated about best energy-saving practices (see bottom bars in
snapshots of Figures 1 and 2). Other features include competitions for savings, learning
material about green practices, online educational social games relating to energy,
statistics about the areas, villages and towns with the least/most energy consumption
around the country and the option to associate electricity with actual costs, enabling
users to have a more meaningful view of their energy profile. Comparisons and
rankings are presented by means of easy-to-understand graphs, with consumption and
price figures. Moreover, users can add their personal electrical appliances and declare
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how they use them (e.g., specs, frequency, time of use, consumption), and then view
analytical breakdowns of their overall monthly consumption according to the particular,
seasonal use of their home devices.

Figure 2 (a) Normative comparative feedback in neighbourhood level
(b) Temporal comparative feedback, comparing also with a friend’s street
(see online version for colours)

(a) (b)

We note that normative feedback has a boomerang effect for users who consume less
than average electricity, in relation to their neighbours or friends (Clee and Wicklund,
1980). This effect can lead households to increase their consumption as they become
aware that they are not as bad as their contacts. To mitigate this, we employed injunctive
norms (Kallgren et al., 1990), involving eco-visualisations with happy/sad bulbs on the
feedback graphs (Allcott, 2011). Users with low consumption could see a happy bulb
when viewing the graphs, as shown in Figure 2(a). Boomerang effect may be further
moderated by the energy-saving tips.

3.2 Geospatial visualisations

In the context of social comparative feedback, geospatial visualisations are a nice
way of displaying comparisons. The friends of a user are tagged on a geographic
map, in their current place of stay. Respecting privacy, social electricity provides the
option to keep a user’s address private. Friends with higher consumption are displayed
in red colour while friends with better energy behaviour are displayed in green. By
clicking on any of his friends, a user can view energy-related information about the
location where his friend lives, observe his energy consumption and compare it with
his own. A snapshot of this visualisation is provided in Figure 1. In another feature,
the map of Cyprus is coloured according to the electrical consumption in different
areas. The same coding is followed as before, colouring low-consuming areas with
green and high-consuming locations with red colour. Through this visualisation, it
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was observed that urban areas had higher consumptions than the mountains. Urban
households consume much electricity for heating during winter, while rural houses
mostly use a diesel heater or a fireplace. In addition, touristic cities have an increased
consumption during the summer period.

3.3 Implementation

The application has been developed using Web technologies, including JavaScript, PHP
and AJAX. The electricity consumption data is received every two months from EAC,
in the form of CSV files. After some normalisations, it is stored on a MySQL online
database.

Residential street addresses around the country were acquired from the local postal
services and Google Geocoding API (2015) was then used for converting each street
address to its geographic coordinates. Postal codes were converted to coordinates by
means of GeoPostcodes (2015), which is a website offering databases of zip codes
for various countries. Google Maps were used to display the users’ friends and their
consumptions at the location where they live, while the social network of each user was
retrieved from the Facebook Graph API (Facebook, 2015).

After few months of operation, the consumption measurements exceeded some
millions, causing the queries to the MySQL database to become slow to execute
(five to ten seconds). To avoid this delay, views and stored procedures were developed,
for aggregating data in street level and for maintaining the rankings between friends,
streets and areas. In this way, the performance was improved, with query times of less
than a second now.

4 Method of study

In this section, we present a user study aiming to investigate users’ perceptions relating
to various aspects of social electricity, along with the effects of performing comparative
feedback to affect citizens towards energy conservation. Our study aims to address the
following research questions:

• How effective and useful is the concept of social electricity for raising energy
awareness?

• What are the motivations influencing people to reduce their consumption?

• Which are the privacy concerns and the limits for sharing electricity consumption
data in a large-scale online social application?

• What is the potential of green ICT applications that employ normative social
influence?

4.1 Procedure

A survey was conducted to collect empirical evidence on the importance of quality
factors relating to the usage of the application. An online questionnaire was formed
consisting of 65 questions. The research questions were grouped in five categories:
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a demographics (sex, age, education, income)

b usefulness and influence

c motivations

d privacy

e potential.

A five-point Likert scale was used to rank the level of importance from not important
(1) up to most important (5).

The participants were recruited by sending an invitation through email to users who
were using social electricity for more then two months. Users who participated to the
online questionnaire could express their willingness to participate as well to subsequent
focus group studies. To increase participation, six energy monitors were offered to some
of the subjects after a lottery. The response rate for the questionnaires was (surprisingly)
around 20%, and we believe this is because some users felt being a part of a large study
promoting Cyprus.

Semi-structured mini focus group sessions (Kitzinger, 1995) were conducted with
the participants’ subjective preferences and perceptions of the provided features, and
their influence towards energy awareness. The focus group participation was about 5%,
and those who fitted better to our target categories were selected (see Section 6). The
specific themes under discussion were selected after the analysis of the questionnaire,
focusing on themes in which the questionnaire analysis did not provide clear insights.
The sessions have been directed by one objective interviewer and minutes were recorded
by one observer. The focus group sessions have been organised in two phases. The
first phase consisted of a discussion around the research questions of the evaluation.
The second phase involved free brainstorming, in which the groups were encouraged to
suggest enhancements for further engaging users towards energy savings.

We note that this paper highlights the most important findings of this case study,
including (mostly) statistical significant results. A complete review of the findings,
including the statistical analysis performed, is available in Kamilaris et al. (2013).

4.2 Demographics of participants

A total of 198 people participated in the survey. The distribution in age groups is
depicted in Table 1. Males were the majority of the sample (63.6%). The most popular
age group was 25–34 years old (N = 97, freq = 49%), mostly young couples.

Table 1 Demographics of the sample

Male Female 18–24 25–34 35–49 50–64

N 126 72 62 97 32 7
% 63.6 36.4 31.3 49.0 16.2 3.5
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5 Analysis of online questionnaires

The findings derived from the online questionnaires are discussed in the following
subsections, categorised according to the main research questions.

5.1 Usefulness and effectiveness

From the 198 subjects, 82% found the application useful, while male found it
significantly more useful in relation to female. More than half of the users (57%)
claimed they were positively affected to become more energy-aware. Moreover, 79%
of the users declared they perceived their energy behaviour and understood whether
they consume low, medium or high amounts of electrical energy, while a percentage
of 18% believed their energy consumption is high, in comparison to their neighbours
and friends. This is apparently the main target group that needs to become more aware
about consumption.

Table 2 shows the usefulness and influence of the features of social electricity
to the users (average ratings and standard deviations on a five-point scale, 5 being
‘very useful’ or ‘very influential’). The features of learning material, breakdown of
consumption to electrical appliances, statistics and educational games were not included
in the questionnaire, as they were developed after the case study.

The findings indicate that users prefer simple and easy to understand measures such
as tips for saving energy and comparisons with their neighbours. Also, different age
groups are affected by different features. As the analysis showed, the age group 18–24
was mostly affected by energy-saving tips, while the age group 35–49 by temporal
comparative feedback.

Considering frequency of use, the participants consider themselves using
occasionally the application, i.e., once every month. This could be explained by the fact
that energy consumption figures can be updated only monthly. This is validated by our
log files, showing monthly visits in general.

Table 2 Average ratings of social electricity features, in terms of usefulness and influence

Feature Usefulness Influence

Energy-saving tips 4.17 (0.91) 3.94 (1.01)
Local comparative feedback 3.85 (0.99) 3.75 (1.01)
Temporal comparative feedback 3.74 (1.06) 3.44 (1.12)
Social comparative feedback 3.62 (1.08) 3.36 (1.11)

5.2 Motivations

The general incentives of using social electricity are mainly financial reasons (73%), but
also curiosity (50%) and environmental sensitivity (45%). Financial incentives motivate
male (81%) more significantly than female (58.3%), while users who pay the bill
themselves have stronger financial motivations (84.4%) that those whose parents pay
the bill (61.5%). The latter group is significantly influenced by friends (69.2%), in
comparison to users who pay their bills themselves (30.8%). Different age groups have
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different motivations in using social electricity. Teenagers (18–24 years old) are highly
motivated by the influence from their friends, while the age group 25–34 is influenced
mostly from financial reasons (79.3%) and in a smaller degree by curiosity (51.1%). The
most effective incentives for energy reduction, as claimed by the users, include discounts
on their electricity bills (80%), small gifts to energy-aware citizens (56%), competitions
betweens friends and neighbours (35%), and prizes to green streets or areas (34%).

Finally, low frequency of use (once a month) is observed on people whose motives
include improving their social profile and being responsible as citizens.

5.3 Privacy

From the participants, 85% are willing to share their personal consumption with their
friends while 77% believe the application respects their privacy. The rest 23% have
some concerns about the overall privacy, e.g., that their personal consumption could be
revealed to third parties. However, 60% of those having concerns declared willing to
share their consumption with people they trusted.

To identify the tolerance levels of our users in regard to sharing electricity data,
we asked them whether they would share their consumption figures with people
they trusted, and with whom they would be willing to share the consumption of
their neighbourhood, that of their house as well as the detailed consumption of their
household’s electrical appliances. The different user categories for sharing were:

a only me

b family members

c relatives

d close friends

e all friends

f everyone.

Their answers are depicted in Figure 3. The graphs are interpreted as follows: starting
from only me and ending to everyone, each subsequent category is a superset of the
previous one. For example, sharing personal consumption with relatives, this means that
the user agrees to share also with his family members and himself.

Figure 3 Privacy concerns of users with regard to whom to share their consumption data in
(a) neighbourhood level, (b) house level and (c) detailed consumption of
their appliances (see online version for colours)
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As the results show, users have different sharing preferences, depending on how
personal the data is. While 19% are willing to share their neighbourhood’s consumption
with everyone, they are reluctant to do this with their home’s consumption, or the
consumption of their appliances. In this case, they prefer to share it only with family
members, relatives and/or close friends.

A large percentage (30%) trusts only the other members of their family for sharing
their detailed consumption, while it is remarkable that from the general to the more
specific consumption data, an increasing percentage of users trust only themselves
for viewing these values. This percentage starts from 5% in neighbourhood level and
increases up to 17% in appliance level. The idea of sharing only some consumption
indicators (e.g., peak consumption during the day, the latest energy savings achieved)
sounded promising to more than half of participants (59%).

5.4 Potential

A percentage of 61% are confident that the application will help them to reduce their
electrical consumption by more than 10%, around 10% of responders believe in 1%–5%
reductions and 27% in 6%–10% decrease of consumption. Concerning the relation
between usefulness and time, 63% believe it is mostly useful today, while 27% believe
it will be more useful in one to two years and 10% in more than two years. It is notable
that 37% envision the potential of the application in the coming years, probably having
in the back of their minds the introduction of smart metering and the smart grid.

Interestingly, 69% agree that social electricity could be extended for comparisons
in inter-country level, between citizens of different countries. Related to this, 63% are
interested to compare their electricity footprint with their Facebook friends who reside
in another country. Such comparisons could reveal behavioural patterns and attitudes of
people from different cultures.

Finally, 93% argue that electric utilities and energy agencies should offer
standardised and open interfaces, to encourage and promote such ICT applications.

6 Analysis of focus groups

The focus groups were divided in two categories, selected in a way to best represent
our users, as the large majority of our users (75%) fits into these two categories. Each
category included seven people (four male, three female):

• students (18–24 years old) living with their parents not paying any electricity bills

• citizens who live and work in Cyprus (26–32 years old).

We will refer to the former group as students and to the latter as citizens. Each session
lasted 50 minutes and was audio-recorded. For better results, we initially performed a
pilot focus group, consisting of university students.

6.1 Phase A: current status of social electricity

Concerning usefulness, all agreed that the application is very useful, helping them to
perceive their category of consumption. Two people from each group admitted they had
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high consumption, and this motivated them to take measures to reduce it. In particular,
a student started turning off the lights, switching off the laptop during night while a
citizen stopped turning on the heater for heating the water in days of sunshine.

From the various features, students preferred temporal comparative feedback and
citizens comparative feedback with their neighbours. A student mentioned that the
adoption of the application has been promoted by being available on Facebook. This
made it more reachable, easy to use and interesting.

In regard to motivations, students were mainly affected by the social influence of
their friends and by curiosity. As they did not pay electricity bills, the financial motive
was not strong. On the other hand, citizens claimed they had mostly environmental and
financial reasons. Both students and citizens agreed that they used the application only
once every other month, usually when they received their bill.

About overall potential, three students believed it is more useful today, due to the
financial crisis, while citizens did not have a clear opinion. Both groups agreed that
the application can contribute in reducing total energy demands. The citizens were
more optimistic, discussing about 20%–30% reductions (!), while the students predicted
5%–10% savings. Students were more interested in the opportunity of comparing their
consumption with people from other countries. An interesting aspect is that both students
and citizens consider their electric utility responsible for raising the awareness of
consumers about the environment. Citizens strongly believed that the electric utilities
should have a social responsibility, since electricity is a basic need for people.

In both groups, privacy issues created much discussion. Students agreed that the
application respects their privacy, but asked for more control over the sharing of
consumption and location. They were positive in sharing their personal data with online
friends, since this would happen for a good purpose. Citizens were less reluctant about
privacy, since the government and many companies know already a lot about us. They
agreed on sharing their consumption, and one declared that it is our duty to share
our consumption, because our habits affect the environment and the society. This is
definitely an interesting point of view. Students were afraid that exposing their personal
consumption could encourage thieves to attempt to rob the house while the owner
is absent. Citizens were not afraid that their consumption patterns could reveal their
lifestyles and one claimed that common benefits overcome the risks. Another citizen
noted that banks constitute more serious privacy risks as they know much about our
personal lives.

6.2 Phase B: requirements elicitation for future releases

In the second part of the focus group sessions, we explained to the participants that
a serious concern is that people use the application occasionally. Then, they were
encouraged to discuss ways to engage the users to social electricity more frequently.
Citizens were more actively involved in this discussion, probably because electricity for
them has more direct financial implications.

Some of the ideas discussed are (the category in parentheses indicates who offered
the idea):

a use of mobile applications (students and citizens)

b more frequent feedback (students and citizens)
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c adding statistics to the electricity bills of consumers (students and citizens)

d engagement with the electric utility e.g., to provide useful information about latest
tariffs or important announcements (students)

e offering personalised tips for energy savings (citizens).

Finally, we asked them about extra features they would like to see in future updates of
the application. Their answers are as follows:

a notifications/alerts for increased consumption (students and citizens)

b allowing to define a threshold of maximum consumption, triggering an alarm
when this threshold is approaching (citizens)

c translating consumption figures into more meaningful information such as direct
impact on the environment (citizens)

d predictions on future consumption based on previous consumptions and weather
forecasts (citizens).

7 Discussion

Both the participants at the questionnaires and at the focus groups had a general
consensus about the value of the application. This consensus between different user
groups is reflected by the fact that the inferential analysis of the questionnaire did not
reveal many statistically significant results (Kamilaris et al., 2013).

A remarkable observation is that different user profiles are triggered by
different feedback schemes. Younger users prefer direct suggestions for savings like
energy-saving tips while older people vote for local comparative feedback, seeking to
perceive the semantics of their electricity footprint. This type of feedback proved to be
the most suitable also in EnergyWiz (Petkov et al., 2011).

Social comparative feedback was not rated high by the participants at the
questionnaires and the focus groups, though people agreed that the adoption of the
application has been promoted by being available on Facebook. These facts indicate that
normative social influence may be under-detected, though it can constitute a powerful
lever of persuasion (Nolan et al., 2008; Festinger, 1954).

Still, normative influence could have been improved, if comparisons were more
meaningful and fair. Some users complained that the houses of their neighbours and
friends have varied characteristics and weather conditions. Although there was a feature
about comparing consumption with similar others, users would prefer to see more fair
comparisons with their friends, perhaps by normalising consumptions according to each
house’s specs. Similar complaints were recorded as well in EnergyWiz.

It is important that people are motivated to use social electricity and save energy by
different factors. Most users aim to reduce their bills, while preserving the environment
is not their top priority. Younger people are influenced by curiosity and their friends,
while older people by their financial needs. These findings are validated both with the
questionnaires and the focus groups, and also agree with Katzev and Johnson (1984),
who claimed that energy use behaviour is highly determined by monetary incentives.
However, we note that a small category of high-income users declared to be more
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affected by environmental incentives than by potential cost savings, which could be
insignificant for them.

These observations suggest the offering of more personalised services and features
to the users, according to their profiles and motivations. For example, since male found
the application more useful than female, we need to better design our various features
to influence female too. Utilities could adapt their awareness strategies according to
different user groups or even areas of the country.

It is interesting to see how our users conserve energy through day-to-day behaviours
like turning off lights, unplugging electronics and adjusting thermostats. Similar patterns
have been reported in Allcott (2011) and Chetty et al. (2008). Unfortunately, no
long-term investments in energy-efficient home renovations have been recorded at these
six months.

Since some users are reluctant to share their personal data with their online
friends, asking for more control over this sharing (although the option to hide their
consumption from others is available), we plan to add more sophisticated privacy-related
features, supporting confidential one-to-one comparisons. A solution for ensuring
privacy influenced by Google+ is suggested, according to which users may categorise
their friends in privacy circles. Then, users can associate varying sensitivity levels
with each of their circles, and share different electricity data with each of them
(e.g., neighbourhood data with all friends, home data with close friends and relatives,
electrical appliances with family members).

As mentioned in introduction, people tend to lose their interest in eco-feedback
systems after a few weeks (Darby, 2001). However, when the energy feedback is
delivered within a social context, the effect can be more persistent. Our analysis
reinforces this, as our users still use the application six months after release, although
with a low frequency of use.

It is notable that one third of our users envision the usefulness of social electricity in
the coming years, when the smart grid becomes a reality. Finally, participants recognise
the important role of their utilities in regard to energy awareness and conservation
campaigns. They believe that the utilities have significant social responsibility and it is
their duty to offer online comparative feedback services to their customers. Perhaps their
opinion is partly affected by the fact that the local utility in Cyprus is governmental.

In summary, the main findings of our user studies are the following:

• Local and social comparative feedback techniques are useful in helping people to
perceive the amount of energy they consume.

• Users prefer easy to understand information regarding their consumption and
simple ways to reduce it.

• Different user groups are engaged with different eco-feedback features. Younger
people prefer energy-saving tips while older people are interested in comparative
feedback.

• Different user groups have different incentives and motivations. Financial
incentives motivate older people while social norms are more effective in younger
people. High-income citizens prefer environmental incentives that pecuniary
motives.
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• There is a need for more personalised feedback strategies, taking into account
user profiling, incentives and motivations.

• Social comparative feedback may not seem very effective as a feedback
technique, however, when green ICT applications involve social characteristics, it
is easier to grow their user communities and engage more people.

• When eco-feedback is delivered within a socially-enabled context, the effect of
losing interest after some time can be mitigated or even avoided.

• Comparative feedback with others needs to take into account home characteristics
and weather conditions, to make the comparisons more realistic, meaningful and
fair.

• Users are concerned about the sharing of their personal consumption data among
their contacts and a privacy policy needs to be applied that satisfies the ability to
control this sharing.

• Electric utilities have the social responsibility of offering various eco-feedback
services to their consumers.

• Comparisons of electrical consumption between citizens of different countries and
cultures is an interesting feature.

8 Results on electricity consumption

Our analysis denotes that people’s impressions are positive and encouraging in regard
to the usefulness and potential of social electricity. It is still important to measure from
an objective point of view its actual effectiveness in terms of energy savings. This
effort cannot be easily performed because, although the users had the option to add
their personal consumption each month, some of them used the one provided by EAC,
which was the average consumption at the street where they lived. Hence, we attempt
to compare the average consumption of the users, in relation to the average one at
their streets and at the postal codes of their streets, with some reservation. Figure 4(a)
illustrates the consumptions starting from the official release of the application, for a
period of six months. The consumptions are calculated in two-month periods, due to the
fact that EAC provides domestic data only once every two months.

As the figure shows, the users consume less electricity in comparison to their streets
(4.3%–6.5%) and to their postal codes (2.5%–4.8%). This observation is a positive
indication that our users have slightly reduced their energy footprint. Considering that
each street has in average 10–15 houses, it is expected that the contribution of the users
to their streets’ energy figures is rather small and even smaller at the postal code case.

Moreover, it is interesting to compare the electrical consumption of the users’
streets in regard to the previous year. This comparison is presented in Figure 4(b). A
significant reduction of electricity (11.55%) has happened at the users’ houses at the
third two-month period of the study (months 5–6), while in the first two periods the
consumptions are similar, though slightly lower at this year (0.7%–0.8%). Although the
percentage of energy reduction at months 5–6 is high, by observing the overall energy
consumption at the streets of the users, there is a general consumption reduction at this
period in regard to previous year, which is around 11%. By considering the temperature
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conditions during this period (11◦–14◦ Celsius in previous year and 13◦–18◦ in this
year), some consumption in previous year has been used for heating. In addition, this
may have occurred due to the financial crisis and the high costs of electricity around
Cyprus.

Figure 4 (a) Comparison of the average users’ consumption, in relation to the average
one at their streets and at their postal codes over three two-month periods
(b) Comparison of the average users’ consumption in relation to the average
one at their streets in regard to the previous year over three two-month periods
(see online version for colours)
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We need to keep in mind that users of such applications are generally
environmentally-aware. Strengers (2011) identifies a tendency where eco-feedback
systems are generally more appealing to people who are environmentally motivated.
Thus, less opportunities for energy conservation may exist since users may have already
taken measures to reduce their consumption. Nonetheless, by taking into account this
small decrease of energy consumption of our users in comparison to the one at their
streets and the one at of the users at the previous year, we have some indication that
social electricity may have influenced them to reduce their consumption. More concrete
evaluation is for future work, taking particular home characteristics and environmental
factors into account.

9 Limitations

A core limitation of social electricity is the not-very-frequent data update of
consumption at street level, which occurred once every two months by EAC. Academic
work shows that for decreasing domestic consumption, feedback should be provided
frequently, if not continuously (Seligman and Darley, 1977; Fischer, 2008). This was
the main reason for the low frequency of use by our users (ca. once a month). If
near real-time feedback from smart meters was possible, we believe that users would
use the application more frequently, and its effectiveness would have been increased
significantly. Supporting real-time feedback from smart metering is an important future
goal of this study.

Our analysis revealed that different user groups are influenced by different features
and feedback types. social electricity does not take into account user profiling for
motivating citizens to reduce their consumption in a more personalised manner. In
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regard to privacy, though users were encouraged to add their personal consumption and
compare with their friends, many were reluctant to reveal their consumption data to all
their online contacts. Privacy circles, mentioned in Section 7, are expected to satisfy
these concerns.

Finally, a limitation of this study is the dominance of rather younger respondents
(around 80% were between 18–34 years) at the questionnaires and at the focus groups
(100% were between 18–32 years). This age imbalance could affect the general findings,
as older users might have different perceptions, needs and motivations towards energy
saving and sustainability issues.

10 Conclusions

The purpose of this paper is to present the conceptual design of social electricity,
an online social application aiming to influence users towards energy savings through
comparative feedback, along with results derived from user studies aiming to exploit the
phenomenon of eco-feedback and normative social influence towards energy awareness.
Such an endeavor is considered valuable for designing more effective, large-scale web
applications that affect user behaviour with regards to energy consumption, through
credible comparisons with the energy figures of friends, neighbours and peers with
similar preferences.

A subjective evaluation, by means of online questionnaires and focus groups, showed
that the presented approach is perceived as useful and effective to the users, since
it helped them to become more sensitive about energy management and reduce their
consumption. This analysis revealed the need for more personalised feedback strategies,
taking into account different user profiles and motivations. It is important that normative
social influence may contribute in averting the effect of losing interest after some time.
Participants of the study stated that such persuasive applications have the potential
to influence people towards sustainability, and at the same time they consider social
electricity capable to affect energy conservation at the whole of Cyprus. The social
responsibility of electric utilities in offering online services of comparative feedback
was stressed by the participants.

Another important finding is related to privacy issues and concerns that users have
in such social online environments. The participants stated clearly the requirement of
sharing personal energy consumption data through a privacy policy that satisfies the
ability of revealing energy consumption on a street and home level to different user
categories inside social networking applications.

With the aim of providing a complementary point of view on the above results, we
performed an objective analysis too, by comparing the average consumptions where our
users live, together with their streets. This analysis indicated some savings, however,
due to the many assumptions made, the trust on the findings is low.

Based on the presented results, which embrace objective quantitative data as well
as subjective qualitative self-reporting data, we started a more close collaboration with
EAC, with the aim of examining various ways to further promote social electricity. Our
future actions concern sending informative leaflets, accompanied with the electricity bill
of each domestic premise, embedding the application on the official website of the utility
and giving some awards to local communities and villages that effectively reduce their
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overall electrical consumption. These awards could involve lower billing of the local
consumers, prizes and small gifts to people, such as real-time energy monitors.

Since the concept of social electricity is compatible with the future grid, as smart
meters could enable real-time energy comparisons, we aim to offer support for real-time
electricity measurements and apply social comparative feedback services to houses that
have installed smart meters. In this way, we may examine as well the impact of
continuous feedback on large-scale applications that exploit normative social influence
and we could create competitions for energy savings among friends, neighbours, streets,
villages and towns.

Social Electricity is currently being re-designed in order to be deployed all around
Europe, inspiring European citizens to collaborate and interact towards saving energy.
Thus, our vision is to transit this social application to a Pan-European online platform,
enabling a global, online social networking application targeting energy savings, use of
renewables and sustainability. Finally, we plan to adopt many of the suggestions of the
participants in our evaluation efforts, engaging users through gamification approaches
and enabling forums where people can exchange suggestions and opinions about energy
conservation.

Overall, social electricity demonstrates the need for further research in the domain of
eco-feedback, for better understanding of the needs, incentives, motivations and privacy
concerns of people in terms of using online, green ICT applications towards becoming
more aware about energy and the environment. Personalisation in a social context might
be the key for engaging users with such applications for a long time.
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