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A B S T R A C T

The European Commission envisages smart home technology (SHT) as reducing energy costs and simplifying
consumer engagement in a low-carbon-energy retail market without inconveniencing them. With consumers’
consent, SHT allows continuous seamless interaction between the home and the smart grid, offering the grid
ongoing demand flexibility resources for reshaping the demand curve. This study assesses perceptions of a
nontechnophobic segment of the Israeli public (N = 554) regarding demand flexibility and energy management
through SHT. Sociodemographic variables, personality traits, and attitudes toward smart homes and demand
flexibility through SHT were examined as predictors of consumers’ interest in adopting a smart home and in
demand flexibility through SHT. In a hierarchical linear regression model, gender, income, openness to ex-
perience, and positive and negative attitudes toward SHT explained 64.4% of the variance in interest in smart
homes. Age, openness to experience, a positive attitude toward smart homes, and perceived benefits of demand
flexibility explained 31.4% of the variance in interest in demand flexibility through SHT. Regarding respondents’
willingness to allow SHT to manage appliances, dishwashers scored the highest and refrigerators, the lowest.
Findings indicate that prospective adopters value the perceived benefits of comfort and convenience over risks
associated with smart home technology.

1. Introduction

The flexibility to respond quickly to various constraints, signals, and
situations is an important property of an energy system. In the pre-
dominantly techno-economic energy literature, flexibility refers pri-
marily to the supply side and includes components such as flexible
generation, grid frequency, networks, interconnects, and storage [1,2].
Increasingly, however, demand-side flexibility is becoming a note-
worthy resource, offering significant economic and environmental
value to society. We benefit economically because the alternatives to
reducing peak loads through load shifting is to opt for oversize capacity
or an oversize network and to use peaking plants, which are high-
marginal-cost resources [3]. We benefit environmentally because added
capacity implies a larger ecological footprint and, depending on the fuel
mix and generation technology, peaking plants are often less efficient
and more polluting than base load plants (e.g., [4,5]). Load shifting is a
service that the demand side can offer the grid to help reduce the peak
load and to reshape the demand curve so that it will better match the
profile of intermittent renewable energy production. The grid benefits
from this service, as do the customers, who enjoy cleaner energy and

lower electricity prices [3].
To harness the various benefits that demand flexibility can offer the

grid, demand-side management (DSM) programs introduce demand-
response (DR) features. DR is argued to be the most reliable and cost-
effective mechanism to smooth demand in times of stress [6]. DR pro-
grams provide energy consumers with economic incentives for shifting
their energy consumption from peak to off-peak times or, in systems
with many intermittent energy sources, from times when energy is
limited to times when it is abundant. Essentially, DR programs pay
consumers for altering their consumption practices and routines.

The most common DR categories are time-of-use (TOU) pricing and
dynamic pricing. TOU pricing applies flat, fixed tariffs at different times
of day or on different days of the week. Attractive tariffs are available to
customers who shift their load to off-peak times, as opposed to the
relatively high tariffs during peak times [7]. Dynamic tariffs refer to a
group of time-varying electricity rates—for example, day-ahead, real-
time, and critical-peak rates [3,8]. In general, dynamic tariffs are more
sophisticated than TOU tariffs, reflect the grid’s needs more accurately,
and require a smarter communication infrastructure (e.g., a smart
meter). Here, too, a price signal is expected to lead consumers to shift
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their demand. The attractiveness of DR programs for utilities and so-
ciety is increasing, and the number of programs offered to consumers is
on the rise [3,9]. More than four million American households had
adopted time-varying pricing, and more than 21,000 households had
adopted real-time pricing, as of 2015 [10].

Research on DSM and DR in the residential sector highlights some of
the challenges that such programs face, including, for example, the
unresponsiveness of consumers to price signals, equity issues, the high
cost of metering infrastructure, a low level of trust in the utility, con-
sumer concerns over a potential loss of privacy, and the inability to
design programs that meet consumer needs [11–13]. Moreover, studies
that look at temporal aspects of everyday domestic energy practices
suggest that certain types of consumption that are often perceived as
fairly flexible, and thus ideal for DR (e.g., laundry and dishwashing),
are actually rather inflexible, given the interconnection of various ac-
tivities in the reality of a functioning household [14,1,15,16]. A fun-
damental barrier, therefore, is the impact of DR programs on con-
sumers’ convenience, which is often associated with temporal flexibility
and the ability to spontaneously shift and rearrange the timing of var-
ious events [17]. In that sense, DR programs actually reduce the
household’s flexibility and spontaneity and increase inconvenience
[14]. The associated economic incentives cannot always overcome
these challenges [12].

Bronski et al. [10] see demand flexibility (DF) as a distinct form of
consumer participation in the energy system. Existing DR programs,
they argue, are utility-centric business models for providing traditional
generation services with flexible demand. They suggest that DF differs
from DR programs because it is essentially a customer-centric business
model that offers attractive benefits primarily to consumers. With DR
programs, consumers are offered incentives for their demand-shifting
activities, whereas with DF, consumers see savings in their energy bills.
DR targets all the power that can be shifted, while DF focuses on
flexiwatts: power consumption that can be moved from one time of day
to another without compromising users’ comfort or any of the energy
services that electricity provides to end users [10].

Bronski et al. [10] argue that a fundamental feature of flexiwatts is
seamless technology—technology that is invisible to customers or af-
fects them only minimally. In the context of DF, seamless technology
means a reliance on an automatic response to a signal, with customers’
consent but with minimal further engagement from them, rather than a
reliance on customers’ awareness, action, and involvement. From the
energy utility’s point of view, automation allows for a continuous,
seamless interaction with the grid and an ongoing reshaping of the
demand profile. The continuous seamless interaction, in turn, makes
flexibility a full-time resource for lowering energy costs, integrating
renewables, and reducing peak demand. In many respects, DF via
seamless technology contrasts with energy feedback and visualization,
which aim to generate energy savings by raising awareness of con-
sumption. As Bronski et al. ([10]:16) note, “demand flexibility can
deliver DR’s benefits and more, by different means, with different in-
stitutions and business models, so a diverse range of approaches can
compete in whatever legal environment emerges.”

Home automation systems—“smart homes”—constitute one type of
seamless technology. This digital technology can improve the perfor-
mance and efficiency of the house and increase convenience for the
members of the household. Through tools such as smartphone apps and
remote control devices, smart home (SH) systems offer consumers the
means to monitor and manage their home and to control the operation
of electric appliances [18]. When connected to a smart grid, a smart
home system may enhance the demand responsiveness of the household
because appliances can be turned on and off automatically in response
to price signals, without any active involvement of the householders. In
addition, SH systems might be the most widely accepted DSM tech-
nology, because unlike “enslaving” technologies such as energy displays
or feedback apps, which force people to constantly monitor and con-
front their energy use [19], SH technology can deliver similar savings

while requiring minimal engagement. And finally, the option to let your
own SH system manage your appliances is likely to be perceived more
positively than to let a third party, or energy utility, control them. In
this way, SH technology overcomes the trust barrier for participating in
DR programs [12].

The European Commission’s Energy Union Framework Strategy also
sees SH technology’s potential value to consumers and the energy
system and suggests that such technology “should simplify consumer
involvement in the new retail market and not create burdens.
Integrated automated solutions can enable and simplify consumer ac-
tion by connecting smart metering systems with SH energy manage-
ment systems, and smart appliances which make it simple to manage
consumption, participate in demand response, or match consumption
with their micro-generation as closely as possible according to energy
price information” ([20]:7).

The home automation market is growing fast, and market research
highlights smart homes’ numerous potential benefits to homeowners.
Consumers recognize the energy-related benefits of the technology but
see them as relatively marginal compared to the security and comfort
benefits (e.g. [21,22]). Cost savings, nonetheless, are the main moti-
vation for purchasing the energy management component of SH sys-
tems [23].

Social science researchers look beyond the techno-economic, hard-
ware, software, and design aspects of SH technology and examine the
interfaces and interactions between people and home automation
technology more critically. Such researchers highlight difficulties and
challenges associated with technology adoption, such as the high up-
front cost; feelings of alienation, loss of control over home routines, and
helplessness; concerns over loss of privacy; and issues related to trust in
technology [24–28]. Studies suggest that relationships between people,
technology, and its application are more complex and nuanced than
price and availability and are influenced and mediated by socio-
demographic variables; values, beliefs, and attitudes toward consump-
tion and toward benefits and beneficiaries; and personality traits
[29,14,28].

Across the globe, the public’s interest in owning SH systems is
growing [24,21,27], and while smart appliances with an integrated DR
option (e.g., the Nest smart thermostat) are still rare, they are becoming
more available. Some scholars predict that in the future, consumers will
participate directly in the electricity market and bid, via their auto-
mated energy management system, for their DR services [30–32].
Home automation, thus, may hold the key to harvesting the various
environmental and economic benefits of DF and flexiwatts. However, if
we are to achieve home automation’s full potential, we must recognize
the socio-techno-economic obstacles to adopting smart homes and
participating in DR programs through SH technology and address these
obstacles by design, policies, and other means.

Our study investigates the nuanced relationship between demand
flexibility through seamless technology in a smart home environment
and public perceptions of this flexibility and home automation tech-
nology. More specifically, we report on findings from a June 2016
survey (n = 554) that assessed perceptions of the nontechnophobic
Jewish Israeli public regarding energy management in a smart home
environment. This sector of the Israeli population includes prospective
adopters of SH technology and hence is of particular interest to devel-
opers of that market.

We began the study by investigating factors that influence people’s
interest in adopting SH technology. Next, we focused on demand flex-
ibility in the context of the smart home, closely examining sets of so-
ciodemographic variables, personality traits, and attitudes toward SH
systems and demand flexibility through seamless technology. In addi-
tion, we sought to identify perceived domains of flexibility. To the best
of our knowledge, this study presents the first large survey that focuses
on the perception of demand flexibility in the context of seamless
technology and the SH environment.

DF through seamless technology holds great potential for improving
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