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University of Technology, Eindhoven, the Netherlands; bDepartment of Urban Planning and Engineering,
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ABSTRACT
The aim of this study is to investigate people’s willingness to
participate in and their preferences regarding a web-based,
neighborhood-level energy conservation program. We created a
hypothetical program that incorporates several intervention
strategies and presented it to 715 respondents in the form of a
stated choice experiment. A strong majority of participants
indicated that they would be willing to join such a program. Their
preferences as to how the program should be constructed
reflected interest in personalized feedback, privacy protection,
monetary incentives for reducing energy use, and a relatively
short-term initial commitment. However, there was variation in
people’s taste for such attributes. We conclude with reflections on
how to design and implement a web-based intervention program
and on future research possibilities.
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Introduction

In recent years, energy conservation and environmentally sustainable living have become
popular topics due to the threat of climate change and diminishing natural resources. Resi-
dential energy consumption accounts for about 28 percent of all energy use in the Euro-
pean Union countries and 11 percent of all consumption worldwide (European
Environmental Agency [EEA], 2012; International Energy Agency [IEA], 2007). There-
fore, the residential sector offers considerable opportunities for efficiency improvements
that could substantially reduce energy consumption and CO2 emission. Residential
energy consumption is expected to continue increasing because of growing affluence
and lifestyle trends (Intergovernmental Panel on Climate Change [IPCC], 2014). One
way to improve energy efficiency is to educate residents on sustainability issues and
guide them toward energy saving behaviors.

Although climate change and its consequences are now widely known, most people still
lack awareness of the implications of their daily behaviors (Roberts et al., 2004; Holmes,
2007). However, slight changes in daily behaviors can reduce energy use by 5 percent to 15
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percent (Faruqui et al., 2010). Generally, research has indicated that the pathway to adop-
tion of energy saving behavior begins with raising awareness, followed by increased motiv-
ation and giving people practical ways to engage in such behavior. To facilitate behavioral
change toward energy conservation, authorities use intervention strategies such as pro-
vision of information and feedback, comparison of energy usage with peers, and
rewards for desired behavior. These strategies have been shown to be effective, especially
when used jointly in an intervention program (Abrahamse et al., 2005).

More recently, with the advances in smart metering and Internet-enabled information
and communication technologies (ICTs), smartphone and web-based platforms have
been launched to help households reduce their energy consumption by supporting behavior
change for environmental sustainability (Sivarajah et al., 2015). Examples of such applied
platforms are Opower Facebook Application (2017), Energy Wiz (Petkov et al., 2011),
Wattsup (Foster et al., 2010), and Social Electricity (Kamilaris et al., 2016). These platforms
take advantage of online social networking, which enables individuals to communicate, col-
laborate, and compete with their online friends (Kamilaris et al., 2016). The underlying idea
is that people are more willing to modify their behavior when the impact becomes visible to
their social network (Barreto et al., 2014). These ICT platforms permit users to see their own
household energy consumption, display it, and make comparisons with other platform
users. Moreover, users can compete with each other based on their household energy con-
sumption, by means of rankings within the user community.

These ICT platforms not only appeal to people’s competitiveness but also encourage
information sharing, such as giving and receiving tips on ways to save energy. They
have demonstrated that a single ICT display can facilitate implementation of a wide
range of energy conservation intervention strategies. Overall, these platforms facilitate
users to connect, interact, and share information in an effective and enjoyable way.

The integration of ICT platforms into energy conservation intervention programs is an
emerging topic in the literature (Foster et al., 2010; Mankoff et al., 2010; Petkov et al., 2011;
Viitanen et al., 2015; Kamilaris et al., 2016). Darby (2010) and Jain et al. (2012) pointed out
that ICT platforms should be designed according to people’s needs and preferences, so as
to maximize their engagement with the system and their motivation for behavior change.
Recent studies (Kamilaris et al., 2016; Petkov et al., 2011) have examined the potential and
the impact of existing ICT platforms. In general, most of them do not respect user privacy,
as they display energy consumption information publicly; they are used only for a short
period of time; they have been developed and used by private parties, thereby raising
data security and ownership questions; they do not provide comparisons between
similar people (in terms of household size, income, and other features); they do not
give personalized feedback; and they have been tested only with small groups of house-
holds. These limitations reduce the platforms’ ability to generate the desired motivation
and engagement. Although various research has explored the impact of such ICT-based
intervention programs on energy use reduction, no prior study has examined individuals’
perspectives about their willingness to participate in such programs or their preferences
concerning the features of these programs.

It is important to gain a clear understanding of people’s preferences before attempting
to develop effective ICT-based energy conservation programs. This input could aid the
fashioning of programs that will sustain user interest and remain effective for longer
periods. Therefore, exploratory research from the user perspective is certainly needed.
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Within this context, our first aim is to construct a hypothetical web-based intervention
program designed to reduce household energy consumption within a neighborhood. We
focused on the neighborhood-level because residential neighborhoods generally contain
people with similar backgrounds, living in similar types of housing, with a shared sense
of community, and under the same weather conditions. Therefore, neighborhoods have
the potential to use ICT platforms to demonstrate energy-efficient actions (Viitanen
et al., 2015). The web-based intervention program examined in this paper embodied a
mixed approach consisting of energy consumption information, multiple forms of feed-
back, comparison, competition, and rewards.

Our second and main aim is to understand how households respond to the proposed
program. For that purpose, we investigated which attributes respondents value the most
among information and feedback provision, competition, compatibility, privacy, rewards,
and commitment. We did this by means of a stated choice experiment with large-scale data
collection. We collected our data in the Netherlands, where several energy management
pilot projects are already functioning at the local neighborhood-level, in the form of load bal-
ancing and energy trading. Additionally, theDutchmarket has shown interest in testing auto-
mated feedback mechanisms using ICT platforms (Van Aubel and Poll, 2019). Thus, the
paper also provides insights applicable to ICT platforms in the Dutch energy market.

Overall, this study adds to our knowledge about using ICTs to promote urban infor-
mation and communication technologies and energy conservation interventions. The
results of this paper can be used as a guide for designing a web-based intervention
program that can create awareness, promote engagement, and change people’s behavior
so as to reduce energy consumption reduction within a neighborhood.

The next section of the paper explains the background of our intervention strategies,
the limited ability of current ICT platforms to integrate such strategies, and the Dutch
energy context. In the methodology section, we describe the hypothetical intervention
program and the construction of a stated choice experiment to investigate households’
attitudes toward the program. We then explain our data collection and results. Finally,
we conclude by offering policy recommendations and directions for future research.

Background

Intervention Strategies to Support Energy Conservation

Because of the growing concern for energy conservation, various intervention strategies
have been investigated in prior research. One strategy for increasing consumer awareness
is to provide individuals with information about their energy consumption (Karjalainen,
2011; Horst, 2011). Henryson et al. (2000) stressed the importance of presenting infor-
mation in an easily understandable, motivating way. Traditionally, information about
energy consumption is delivered in monthly energy bills, which arrive a month after
the consumption. As it is hard for people to think back to what they did a month ago;
this delayed information feedback does not support conscious behavior change. In con-
trast, recent developments such as smart meters and electronic displays can make
people aware of their actions in real time. Such technologies have been effective in per-
suading people to change their behavior by enabling them to see the impact of the behavior
change immediately (Hinterbichler, 2008; Yun, 2009). Due to new ICTs, this information
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can be delivered in different forms (e.g., energy consumption in kilowatt hours, cost in
monetary units, or kilograms of carbon dioxide emission) and with varying frequency
(e.g., every month, week, day, or in real time) (Fischer, 2008).

Information provision on energy consumption can function as feedback helping people
to recognize and evaluate the results of their actions. However, such feedback enables only
comparisons to one’s own previous behavior rather than to that of other people; also, the
lack of competition can cause people to lose interest over time (Darby, 2001). According to
Fischer (2008), the most effective feedback methods combine multiple formats, such as
consumption over various time periods, comparisons with peers, and energy saving tips.

Comparative feedback to information on neighbors, friends, and colleagues can elicit feel-
ings of competition or peer pressure and can thus support energy saving goals (Vine et al.,
2013; Petkov et al., 2011; Abrahamse et al., 2005). Comparative feedback has helped to
reduce energy consumption among high- and medium-level consumers but can actually
increase consumption among low-level consumers as they discover that they are using
less energy than their peers (Schultz et al., 2007). Therefore, this type of feedback might
not be suitable to produce motivation and engagement among all groups of energy consu-
mers. However, combining comparative feedback with rewards in a competition setting has
proved to be successful (Abrahamse et al., 2005). As new habits and behaviors do not come
naturally to people, a monetary incentive is often helpful in motivating behavior change. The
amount of reward can depend on the amount of energy saved or can be a fixed amount for
participating in the program (Abrahamse et al., 2005).

Although it is possible to provide information, feedback, peer pressure, and compatibil-
ity in conventional ways, ICT platforms that exploit social networking can incorporate the
above-mentioned intervention strategies in a single display, with efficiency, and accuracy.
In addition, they are effective in motivating people toward more sustainable behaviors,
because the activities become diffused into their daily life (Mankoff et al., 2010). Therefore,
they create opportunities for a systemic approach to changes in energy behavior.

Although ICT platforms are innovative and helpful in motivating reduced energy con-
sumption, they also raise questions regarding privacy (Kamilaris et al., 2016). For instance,
Opower and EnergyWiz make users’ consumption levels and other actions visible to other
users. Such perceived invasions of privacy through disclosure of detailed consumption
information can become a constraint preventing people from using such platforms
(Moere et. al., 2011). The visualization of energy usage data unavoidably reveals the
activity schedule of households to other users. Moreover, the availability of such infor-
mation leads to the risk of being influenced by third parties who may have an interest
in affecting people’s behavior. In addition, the generation and storage of extensive
amounts of data create issues surrounding data ownership and management.

When data privacy and management become a concern, this issue may have a negative
influence on people’s commitment to the ICT platform and to their energy saving targets.
One useful approach to this problem is to define authentication and consent mechanisms.
Under the European Union’s General Data Protection Regulations (GDPR), people must
be asked to give consent to the storing and processing of their data. In addition, they
should have access to their data and be able to determine with what third parties the
data are shared. One possible solution is the privacy-by-design approach, in which the
data processing and platform are designed in compliance with the GDPR. However,
this method might have undesirable consequences for the program’s effectiveness. For
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instance, using aggregated feedback instead of detailed data visualizations would reduce
the quality of both peer comparisons and overall feedback. Therefore, trade-offs
between privacy and benefits are necessary in the construction of the ICT platform.

In some of these platforms, such as EnergyWiz, comparisons with others are not con-
sidered useful due to the difficulty of finding similar people (i.e., in terms of energy con-
sumption patterns, household size, dwelling size, and weather conditions) with whom to
make the comparisons (Petkov et al., 2011). Since these platforms use social networking,
most people prefer making comparisons with others who are already in their social
network, without taking similarity into account.

These ICT platforms are applied to small groups of people for a short period of time.
One reason for this limitation is that most people have busy schedules and lack the time or
motivation to engage with these platforms on a long-term basis. According to Kamilaris
et al. (2016), people who participate in an online social electricity platform are motivated
mainly by government-sponsored financial incentives. Moreover, Jain et al. (2012) found
that incentives rather than nuances of technological design are more likely to encourage
engagement with intervention programs. These findings suggest that it is beneficial to
use such ICT platforms alongside other intervention strategies such as rewards. Thus, gov-
ernment support is crucial to make these programs work.

The Dutch Context

In the Dutch energy system, using ICT platforms for energy reduction is possible due to
the advanced metering infrastructure available and the parties involved in this system. Van
Aubel and Poll (2019) explained that, with the introduction of smart meters in the Nether-
lands, a new entity called Independent Service Provider (ISP) is involved in the energy
system. ISPs use meter readings to offer additional services to households and businesses
via ICT platforms (i.e., smartphone apps and web-based platforms), to provide more
detailed insights on energy consumption and how to reduce it.

Meanwhile, Distribution System Operators (DSOs) operate the electric grid at the
regional level and are responsible for the installation of smart meters and for collecting
meter readings. The electricity is produced and sold to consumers via energy suppliers
that use the DSOs’ infrastructure to deliver it. To centralize the administration processes
of regional DSOs, Energy Data Services Netherlands (EDSN) was created. EDSN provides
energy data to energy suppliers and to ISPs, which can access customers’ energy consump-
tion data at intervals of 15 minutes if they have customer consent.

With the integration of smart meters and ISPs into the energy system, data privacy and
security concerns have arisen regarding the measurement intervals, informed customer
consent, and data authentication, especially in neighborhood-level initiatives. Energy
management at the neighborhood-level is more decentralized due to the involvement of
many parties, including citizens. The privacy-by-design approach referenced above is
one way to address these concerns (Van Aubel and Poll, 2019).

Methodology

In this section, we first describe the proposed, hypothetical web-based intervention
program and its specifications. We used this program for a stated choice experiment,
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which is a useful way to understand people’s reactions to hypothetical situations. It was
presented to our respondents as a government action designed to reduce energy consump-
tion in neighborhoods. The specifications of the program are used as attributes and their
levels in the stated choice experiment.

The Hypothetical Web-Based Intervention Program

The proposed program was described as reducing household energy consumption within a
neighborhood by using a web-based platform along with conventional intervention strat-
egies. The web-based platform empowers the intervention strategies (information pro-
vision on energy consumption, multiple feedback, competition, and social comparison
between residents within a neighborhood), while the overall program also contains
rewards, peer pressure, and a request to commit to the program for a defined time.

Since the local government is posited as manager of this hypothetical program, it takes
overall responsibility. To implement this program in a real-life situation, there should be
local web-based platforms at each pilot site, and each one should be connected to smart
meter information on energy consumption. In such a neighborhood, every block in the
neighborhood would be equipped with smart meters that would generate the data for
the local platform. The web-based platform would be owned by an ISP, which would
receive the data from EDSN. In this case, the ISP could be a neighborhood initiative or
a private company. These details were not presented in our hypothetical program,
however.

The web-based platform was described as available only to participants in the specified
neighborhood. According to the description, residents involved in the program can see
their own and their neighbors’ energy use information over time and can try to decrease
their consumption so as to compete with others. The platform also offers feedback to par-
ticipants, describing their consumption relative to the neighborhood average, and
suggesting ways to reduce it. Each household is ranked within the neighborhood, and
this ranking is presented on the web-based platform, with the participating household
who consumes the least energy ranked as number 1. The ranking takes into account dwell-
ing size and the number of people living in each house.

Our description also stated that before participants decide to enroll to the program,
they would receive an explanation of the nature of their participation, the percentage of
their neighbors who are already participating, and the possibility of earning monetary
rewards for consuming less energy than the neighborhood average.

Web-Based Platform Specifications

Extent and Frequency of Information Sharing. Energy consumption information, the
primary form of feedback in systems of this nature, can be provided in the form of com-
parative or historical reports (Darby, 2001). This type of feedback, called indirect, can be
delivered monthly, weekly, or daily, and is based on actual energy use measures. Therefore,
the participants of the suggested program can see their household energy use information
and can share it with their neighbors on the program website if they so desire. Participants
might have different sharing preferences depending on the extent to which they feel willing
to disclose personal data (Kamilaris et al., 2016). Therefore, this information may be

80 G. DANE ET AL.



shown either as actual energy use (consumption), such as the number of kilowatt hours of
electricity used yesterday or last week, or as percentage change in use, such as 15 percent
less or more than yesterday/last week.

Feedback on Energy Saving: Generalized and Personal. Information on energy consump-
tion may not be very useful for all consumers, as this information may not be easily under-
standable, or they may not know what to do to reduce their consumption based on this
information. Therefore, other types of feedback are included in the system to help respon-
dents change their behavior so as to reduce their energy consumption. This feedback can
be given in two forms: general and personalized. General feedback consists of commonly
known energy saving tips, such as “Switch off your light if you are leaving the room.” Per-
sonalized feedback is based on a household’s actual energy use data, such as “You have left
the lights on during the daytime; turn your lights off when they are not needed.”

Chat Option: Communication with Other Users. To support interaction and compatibility
between participants, convenient communication should be facilitated. Therefore, a chat
tool is integrated into the hypothetical web platform. This chat tool can be used to
leave notes for other participating neighbors or to exchange ideas related to energy saving.

CO2 Production Based on Energy Consumption. As discussed above, feedback on energy
use can be provided in various measurement units: kilowatt hours, monetary cost, or
environmental impact (e.g., in kilograms of carbon dioxide emissions or the number of
trees needed to counteract these emissions). Different types of visualization can make it
easier for participants to understand the impact of their energy consumption. Thus, in
addition to actual energy consumption data, we present environmental impact by
giving CO2 production information, based on each participating household’s energy
consumption.

Intervention Program Specifications

Rewards. Social or monetary rewards can motivate people to do something and keep doing
it. The social reward in this program consists of the ranking system explained above. In
addition, the program incorporates the possibility of monthly monetary rewards, based
on how a household’s energy consumption compares to neighborhood data. The
reward would increase for each 1 percent decrease in consumption achieved, relative to
the neighborhood average.

Peer Influence: The Percentage of Neighbors Involved in the Program. Along with rank-
ings, peer pressure can be another effective form of social motivation. People tend to
change their behaviors to match the attitudes, beliefs, and behaviors of their social
network (Cialdini and Goldstein, 2004). Some empirical studies have suggested that
peer pressure plays a crucial role in decisions on sustainable behaviors such as using a
bicycle to commute to work (Pike and Lubell, 2016) or joining a car-sharing program
(Kim et al., 2017). Thus, before deciding whether to enroll in the program, prospective
participants are informed of the percentage of their neighbors who have already joined.
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Time Commitment to the Program. The possibility of exiting the program is an important
consideration for participants. Therefore, participants are given a period of commitment,
ranging from short-term (with the option of leaving after each month) to long-term
(i.e., a one-year commitment).

The Stated Choice Experiment

Stated choice experiments measure people’s preferences by observing their choices from
among various options in a given hypothetical situation. In stated choice experiments,
individuals are usually given a sequence of choice situations and asked to select their pre-
ferred alternative from several choices in each situation. The levels of attributes of each
alternative vary systematically across the choice situations, so that a researcher can inves-
tigate people’s decisions based on the trade-offs between the levels of attributes in the
different alternatives. Therefore, stated choice experiments enable estimating how much
weight individuals attach to the different attributes, and the probability of an option is
chosen among a set of alternatives. This method is used mainly in health, economic,
and transport-related fields to understand consumer behavior and define target groups
for products or policies (Louviere et al., 2000).

We designed a stated choice experiment to explore households’ willingness to join the
proposed web-based intervention program. First, we explained the aims and general
characteristics of the suggested web-based intervention program. Then, respondents
were asked to choose one of three alternatives: Program A, Program B, or neither. Pro-
grams A and B each describe the specifications of the associated web-based platform
and the overall intervention parameters.

To define the choice alternatives, the attributes, and their levels were defined based on
the context of the study (See Table 1) and were explained to the respondents before the
experiment began. The attributes of the web-based platform were described as the
degree of information shared on the participant’s energy consumption, frequency of infor-
mation sharing, feedback on energy saving, existence of a chat tool, and existence of CO2

production information. The degree of privacy offered by each alternative selection was
also explained, in terms of the visibility of information to oneself or others. Moreover,
another set of choices described the attributes of the intervention program: rewards
based on how one’s energy consumption compares to the neighborhood average, percen-
tage of neighbors already participating (a form of peer influence), and time commitment.

The choice situations shown to respondents were created using an optimal orthogonal
choice design (Burgess and Street, 2005; Street et al., 2005). To maintain orthogonality,
we created 64 choice situations and divided them into eight blocks. Therefore, each respon-
dent was given eight choice situations in sequence. Based on their selections, a discrete
choice analysis was conducted to investigate the effects of the selected attributes on house-
holds’willingness to engage in the program.Multinomial logitmodel is themost commonly
used estimation method in discrete choice analysis. However, this model assumes hom-
ogeneity in preferences. To take heterogeneity into account, we used a Mixed Logit (ML)
model because it allows for variation in taste by introducing random coefficients for each
attribute (McFadden and Train, 2000; Hensher and Green, 2003). A random coefficient
is generally assumed to have a particular probability distribution, mean, and standard devi-
ation. Therefore, ML estimates two parameters (i.e., the mean and standard deviation) for
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one coefficient, so as to represent the average effect and the level of heterogeneity, respect-
ively. The present study estimated an ML model to capture the (possible) heterogeneity in
the stated preferences for the hypothetical intervention program.

Data

We collected our data via the Berg System, an online survey tool developed by the Infor-
mation Systems in the Built Environment Group of Eindhoven University of Technology.
The respondents were recruited via a company called PanelClix, which has an available
paid panel in the Netherlands. For statistically appropriate data collection, a sample
resembling the overall Dutch population in terms of age and gender was required. Our
online survey was sent to the selected panel of respondents from across the Netherlands
in March 2017. In the questionnaire, respondents were first introduced to the study and its
aims. Then they were asked to give socio-demographic and socioeconomic information.
After that, the hypothetical situation that provided the basis for the choice experiment
was presented, and they were asked to indicate their preferences in response to each of
the eight choice sets. A total of 715 respondents completed the questionnaire over a
two-week period.

Characteristics of Respondents

The socio-demographic and socioeconomic characteristics of the sample are presented in
Table 2. The respondents varied in age from 20 to 84, with a mean age of 49. The 65-and-
older age group was less represented than other age groups in the sample. There were
slightly more male than female respondents. With regard to education, 39.7 percent of
the respondents had a middle level of education, 48.5 percent had a high level, and 11.5

Table 1. Description of attributes and their levels used in the stated choice experiment
Specifications Attributes Levels

Web-based platform Level of information shared on participant’s energy
consumption

Actual use
Relative change in use

Frequency of information sharing Weekly
Daily

Feedback on energy saving General
Personalized

Existence of chat tool Yes
No

Existence of CO2 production information Yes
No

Overall intervention
program

Rewards
(per month)

No reward
5 euros per 1% less than
average

10 euros per 1% less than
average

15 euros per 1% less than
average

Percentage of neighbors in the program 20%
40%
60%
80%

Time commitment to the program Every month
At the end of a year
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percent had a low level of education. Most households in the sample were either a couple
or a family with children. Regarding employment, 31.7 percent of the respondents were
not working, whereas the others were employed part time or full time. Among our
three categories, the most frequently selected length of work week was 24 to 39 hours
(30.5 percent), followed by 40 hours or more, and fewer than 24 hours. The most
common income level was 30,000 to 40,000 euros (22.7 percent), or middle income, fol-
lowed by more than 50,000 Euros (high income); 13.1 percent of the respondents did not
wish to share their income information.

Most of the respondents owned their dwelling; 72.7 percent of the respondents lived in
a house and the others lived in an apartment. The most common dwelling size was
between 50 and 100 m2 (41.3 percent). Most respondents stated that they considered
themselves to be aware of their home energy consumption; 37.1 percent indicated that
they had made energy-related investments such as installing insulation or double-paned
glass in their dwelling within the last five years.

Table 2. Descriptive Statistics

Variable Levels Frequency
Percentage

(%)

Age 20–34 180 25.2
35–49 199 27.8
50–64 201 28.1
> 64 135 18.9

Gender Man 368 51.5
Woman 347 48.5

Education Low 82 11.5
Middle 284 39.7
High 349 48.8

Household situation Single 133 18.6
Couple 281 39.3
Family with children 267 37.3
Other 34 4.8

Work hours No work 227 31.7
< 24 hours per week 100 14.0
24 to 39 hours per week 218 30.5
>39 hours per week 170 23.8

Income per year (in euros) < 20,000 78 10.9
20,001 to 30,000 121 16.9
30,001 to 40,000 162 22.7
40,001 to 50,000 101 14.1
> 50,000 159 22.2
I don’t know/I don’t want to tell 94 13.1

Ownership Owner 493 69.0
Renter 222 31.0

Dwelling type House 520 72.7
Apartment 195 27.3

Dwelling size (m2) < 51 40 5.6
51 to 100 297 41.5
101 to 150 281 39.3
> 150 97 13.6

Energy consumption
awareness

I pay particular attention to my annual electricity bill / I pay
particular attention to energy consumption in the home

490 68.5

I pay attention to my electricity bill if it is higher than
expected

148 20.7

I don’t pay particular attention to my energy consumption 77 10.8
Energy investment done in the
house in last 5 years

Yes 265 37.1
No 450 62.9
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Results

Of the 715 respondents, 74.6 percent chose either Program A or Program B and only 25.4
percent selected the “neither” option. Thus, most respondents were willing to join an
energy saving intervention program when it was offered to them.

Based on the stated choices, an ML model with all the main attributes, and socio-demo-
graphic and socioeconomic variables was estimated. The estimation was carried out by
using the maximum simulated likelihood procedures in NLOGIT econometric software,
with 1,000 Halton draws for the simulations (Greene, 2009). Rewards and the percentage
of neighbors in the programwere used as continuous variables; the others were treated as cat-
egorical variables, whichwere effect-coded to allow for calculating the coefficient for the refer-
ence category. According to the estimation, r2 was found to be 0.24, which shows a decent
model fit (Hensher et al., 2005). The results of this estimation can be seen in Table 3.

The mean parameter of the shared information level was not found to be significant,
but its standard deviation was estimated to be significant. This result suggests that
although on average this attribute did not play an important role in explaining individuals’
choices regarding the intervention program, the taste for this attribute varied significantly
across individuals. In contrast, for the other main attributes except CO2 representation,
both the mean parameter and the standard deviation were significant. These results indi-
cate that all the other attributes significantly affected people’s willingness to join the pro-
posed intervention program, and that the size of the effect was heterogeneous across
individuals.

With regard to the frequency of information sharing, on average the respondents pre-
ferred weekly over daily information. Privacy concerns might have been a factor in this
preference, since weekly information sharing is less disaggregated than daily sharing.
Moreover, the respondents preferred personalized feedback from the platform over gen-
eralized feedback. This result was expected, as personal feedback is more beneficial in
helping people alter their behavior so as to consume less energy.

Another interesting finding was that the respondents tended not to prefer a chat option
in the platform. This might be due to different attitudes between residents in a neighbor-
hood, or because people usually do not know everyone in the neighborhood. In addition,
increasing the percentage of neighbors already enrolled in the program had a negative
influence on willingness to participate. This relationship was not expected, as people
are usually more likely to participate in initiatives that have already attracted a large
number of others (Sivarajah et al., 2015), due to social pressure. However, this finding
might also be interrelated with privacy issues, as people may not like the idea of
sharing their information with neighbors whom they might not know. Another reason
could be that a greater number of participants increase the level of competition within
the program, which makes participants less likely to receive a reward. Also, most of our
sample was composed of high and middle educated people who were aware of their
energy consumption. It is possible that these people live in a neighborhood with house-
holds like them (highly educated and energy-aware) and felt that this situation would
raise the competition for rewards. However, since we do not have information about
the residential location of respondents, we cannot investigate this possibility further.

The respondents preferred being able to quit the program every month instead of com-
mitting to it for a year. This result is plausible, as usually people need time to become
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Table 3. Mixed Logit Estimation Results
Variables Levels Coefficient Standard Error t-value

Constant − −0.114 0.035 −3.25
Level of information shared on
participant’s energy
consumption

Actual usage 0.004
(0.110**)

0.020 0.2

Relative change in usage −0.004 NA NA
Frequency of information
sharing

Weekly 0.093***
(0.190***)

0.020 4.64

Daily −0.093 NA NA
Feedback on energy saving Personalized 0.109***

(0.182***)
0.020 5.35

General −0.109 NA NA
Existence of chat tool Yes −0.036*

(0.179***)
0.020 −1.79

No 0.036 NA NA
Existence of CO2 production
information

Yes 0.080***
(0.004)

0.019 4.12

No −0.080 NA NA
Rewards − 0.069***

(0.018***)
0.004 16.12

Percentage of neighbors in the
program

− −0.008***
(0.044***)

0.002 −4.01

Time commitment to the
program

Every month 0.080***
(0.249***)

0.021 14.9

At the end of a year −0.080 NA NA
Age 20–34 0.613*** 0.146 4.19

35–49 −0.050 0.113 −0.44
50–64 −0.147 0.101 −1.46
> 64 −0.416 NA NA

Gender Man 0.318*** 0.062 5.1
Woman −0.318 NA NA

Education Low −0.475*** 0.124 −3.84
Middle 0.248*** 0.090 2.75
High 0.227 NA NA

Household situation Single −0.010 0.139 −0.07
Couple 0.299** 0.122 2.45
Family with children 0.274** 0.112 2.44
Other −0.563 NA NA

Work hours No work −0.288 NA NA
< 24 hours per week 0.083 0.131 0.63
24 to 39 hours per week 0.056 0.107 0.53
> 39 hours per week 0.149 0.130 1.14

Income per year (in euros) < 20.000 0.060 0.191 0.31
20.001 to 30.000 0.135 0.130 1.04
30.001 to 40.000 0.288** 0.123 2.34
40.001 to 50.000 0.386*** 0.143 2.69
> 50.000 0.267* 0.147 1.82
Don’t know/want to tell −1.136 NA NA

Ownership Owner 0.212** 0.087 2.45
Renter −0.212 NA NA

Dwelling type House −0.194** 0.076 −2.57
Apartment 0.194 NA NA

Dwelling size (m2) < 51 0.175 0.193 0.91
51 to 100 0.358*** 0.098 3.66
101 to 150 −0.103 0.115 −0.9
> 150 −0.430 NA NA

Energy consumption
awareness

I pay particular attention to my annual
electricity bill / I pay particular attention to
energy consumption in the home

0.402*** 0.082 4.91

I pay attention to my electricity bill if it is higher
than expected

0.238** 0.101 2.35

I don’t pay particular attention to my energy
consumption

−0.640 NA NA

Energy investment done in the
house in last 5 years

Yes 0.066 0.062 1.06
No −0.066 NA NA

Note 1: ***, **, * ==> Significant at 1%, 5%, 10% level.
Note 2: Standard deviations of random parameters are shown in brackets.
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accustomed to doing something new and therefore prefer flexible programs instead of
fixed programs. Increasing the monetary reward that is depending on energy savings
had a significant positive influence on engagement; this is not surprising, since monetary
rewards are normally an effective extrinsic motivator for engaging in energy saving (Abra-
hamse et al., 2005; Li et al., 2017).

Overall, our sample preferred receiving an additional representation of their energy
consumption in terms of production of CO2. This result was expected, because such a rep-
resentation can help people visualize their consumption in a more tangible way. The esti-
mates for the standard deviation on this choice revealed that a desire for CO2 presentation
was homogeneous in the sample.

Looking at the socio-demographic and socioeconomic variables, we find that young
people (age 20 to 34) were more likely to join such a program than the elderly. This differ-
ence might be because older people are not as familiar with web applications and the Inter-
net as young people. Male respondents were more likely to join than females. Couples
without children and families with children are more likely to attend the program than
singles or other household structures. This result might be related to the increasing
concern for energy consumption that accompanies having a greater number of people
in the household. Respondents with low education levels were least likely to enroll;
those with middle education, however, were more likely to join than highly educated
respondents. Also, middle- and high-income groups were more likely to join the
program than those with lower income. People with higher education and income
might have greater awareness of energy issues and therefore might be more willing to par-
ticipate for this reason.

As for home ownership characteristics, owners were more willing to join the program
than renters. Respondents who pay special attention to their energy consumption and
expenditures showed the strongest interest in joining, as expected. Those living in a
house were less inclined to enroll than people living in an apartment. Respondents who
lived in a dwelling between 51 and 100 m2 had the greatest likelihood of joining.

Discussion and Conclusions

This research has addressed people’s willingness to enroll in a web-based intervention
program to promote energy conservation. Although much research has been conducted
on the impact of such ICT-based programs and pilots on energy use reduction, there
has been no research on people’s willingness to participate in them. Therefore, we con-
structed a hypothetical intervention program with various features and explored consu-
mers’ willingness to enter the program, as well as investigating their preferences with
respect to program specifications by using a stated choice experiment.

The overall results indicate that people are inclined to use the suggested web-based
energy savings intervention program when it is offered to them. However, privacy con-
siderations affect willingness to participate. The respondents did not indicate a clear pre-
ference overall concerning the level of energy consumption information shared, but they
did prefer a lower frequency of information sharing. As this information is exchanged with
other participants, they preferred that it is represented at a more aggregated level, so that
their daily patterns would not be visible to others. Another privacy-related result was the
tendency not to prefer a chat option. This feature would be more valuable if people could
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select the contacts with whom they wish to interact or create their own chat groups,
because people usually prefer to exchange information and ideas with people they know
or with like-minded people.

Another conclusion from the results is that people seek more personalized detail and
tangible representations of their energy consumption, as reflected by their preferences
for personal feedback and CO2 production information within the web-based platform.
The forms and representations of feedback are important factors in producing behavior
change (Froehlich et al., 2011). Furthermore, monetary rewards should be used in such
intervention programs as they increase the likelihood of engagement. Interestingly,
higher levels of participation by neighbors had a negative effect on willingness to enroll.
This result might be connected to privacy considerations or to perceptions of greater com-
petition between participants, which would make individuals less likely to receive a
reward. The results also suggest that people are initially reluctant to commit to long-
term involvement; therefore, a dynamic program that will keep people motivated and
interested is desirable. Finally, we found that people with different socio-demographic
and socioeconomic characteristics had different attitudes toward the proposed interven-
tion program.

In general, privacy was an important concern for potential participants in our proposed
neighborhood-level energy conservation program. Therefore, participants should be given
more control of how their information will be shared and in choosing which other partici-
pants they wish to communicate and share information with. The platform should offer
personalized and understandable feedback so that people can be aware of their actions
and change their behavior accordingly. Although competition for energy consumption
reduction rewards can be useful, the program should also emphasize friendly and colla-
borative forms of interaction between users. As people have different tastes related to
their socio-demographic and socioeconomic backgrounds, the web-based platform and
the overall intervention should be flexible and adaptable to individual users’ needs and
motivations. These suggestions can be crucial to keep people motivated, involved, and
engaged on a long-term basis.

The method selected for this study, a stated choice experiment, has some limitations, as
some respondents may have experienced difficulty in imagining the hypothetical platform
based solely on a textual form of representation. In addition, a general problem with this
approach is that what people say they would do in a hypothetical situation could be incon-
sistent with what they actually do in the real world. To enhance the validity of this
research, it is important to consider all the relevant attributes and set reasonable ranges
of selection alternatives in designing the experiment. Since this was pioneering research,
we had no reference values to guide the selection of experimental attributes or to deter-
mine the appropriate choices to be offered. We hope that our results will help other
researchers to develop further studies investigating the conditions under which people
are willing to enter such a program.

To more fully understand the reasons underlying our results and thereby make better
recommendations for actual practice, a focus group discussion with a subsample of the
respondents would be beneficial. This option was not available to us as we recruited the
respondents via a company and could not contact them directly. One possible solution
to this limitation would entail asking respondents, at the end of the questionnaire, if
they would agree to be contacted for a qualitative interview. Moreover, in a future
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study, a latent class analysis could be conducted to classify people into unobservable sub-
groups based on their preferences and random taste variations. In this way, potential target
groups could be identified for a prospective intervention.

Using a mixed approach that can incorporate ICT-supported platforms with conven-
tional strategies within a government intervention program might be a solution to solve
the problem of facilitating motivation and engagement. Once smart grids and smart
meters have been applied broadly, ICT-supported intervention programs can be
implemented at the neighborhood-level to encourage energy conservation. Such appli-
cations will increase awareness of energy saving in general, but in addition, connecting
a community by means of a digital network can help governments achieve overall
energy targets such as energy-neutral neighborhoods. However, such applications also
raise important concerns regarding privacy, data protection, and long-term commitment.
Addressing these questions requires increased cooperation among governments, energy
suppliers, and end users.
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