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Abstract

Background: Norway is currently in the process of replacing internal combustion engine (ICE) vehicles with electric
vehicles (EVs). A steadily increasing number of EVs being charged in the evening when the demand peaks are already
high has added to the strain on local electricity grids. Smart charging is proposed as a solution to peak-load chal-
lenges of this kind, as it can delay charging until evenings and nights when demand peaks are generally low. How-
ever, current knowledge of the preferences and motivations of EV owners regarding the installation and use of smart
chargers is lacking. Accordingly, the study aims to contribute an improved understanding in this respect.

Methods: The authors conducted a qualitative study based on semi-structured interviews, in which they gained
information on householder’s experiences following their participation in a pilot project to test smart charging of EVs.
The interviews explored the interviewees motivation for participating in the project, their experiences of using and
charging EVs, and their thoughts on flexibility in the timing of EV charging. Interviews were recorded and transcribed
verbatim, after which a domestication theory approach was employed to perform an in-depth analysis of the inter-
view data.

Results: The analysis of the interviews revealed that the study participants had four motivations for participating in
the smart charging demonstration project and engaging in the further use of smart charging: (1) the fire-safety aspect
and speed of charging devices for EVs was better than charging from a socket; (2) they derived a broader interest in
and more joy from using smart home technology; (3) attractive practical and economic benefits; and (4) the flexibility
offered by smart charging had the potential to have a positive impact on physical comfort.

Conclusions: The study revealed key domestication processes unfolding in the Norwegian energy transition with the
increasing numbers of EVs and the corresponding grid peaks. The findings clearly indicate that users’motivations go
much further than simple economic rationalization, which should be of interest to policymakers, smart home devel-
opers, and all others that work with end-user flexibility in the grid.
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Introduction

As energy transitions unfold, new complexities emerge
when changes across infrastructures and sectors affect
one another [1, 2]. Electricity grids are particularly prone
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to being impacted by such dynamics. On the one hand,
new and variable renewable energy production provides
new challenges in terms of synchronizing the timing of
the supply and demand of electricity [3—5]. On the other
hand, the demand for electricity increases as sectors,
such as transport, become electrified [6, 7]. These fac-
tors have resulted in increasing interest among policy-
makers and innovators who are working to make energy
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consumption more flexible [8—10] by reducing demand
during peak-load hours and shifting it to other times of
the day [11].

With the introduction of electric vehicles (EVs), charg-
ing constitutes a key site in the demand for electricity, as
well as a new means whereby households that own EVs
can contribute to grid flexibility. The research focus on
those working to instigate flexible energy consumption
by households has been aimed at providing economic
signals, often in combination with technologies medi-
ating those signals to guide individual households to
adjust their energy consumption. This strategy for pro-
viding more flexible energy consumption has often been
referred to as demand-side response (DSR) or demand-
side management (DSM) [12]. Most mechanisms of this
type are based on the assumption that individuals’ flex-
ibility will be motivated by economic incentives and
rational choices [13—15]. Furthermore, many approaches
to smart charging have relied heavily on economic incen-
tives as a key element in product design [16].

Social scientists have often problematized the focus
on economic incentives and/or they have called for
approaches that regard economic incentives as one of
several situated elements in flexibility interventions [17].
As part of their problematizing, social scientists have
found new ways to analyze schemes that are supposed
to provide end-user flexibility [18], including focusing
on the elements that constitute practices in everyday life
[19-21]. Through such expansions, their focus has shifted
from mainly addressing questions of how to implement
DSR to exploring the unanticipated consequences of such
mechanisms. For example, Powells and Fell [22] explore
how price signals and technologies that promote flex-
ible consumption of energy tend to reinforce existing
social divisions. Following their observation that affluent
people have both the technological means (e.g., electric
vehicles, thermal loads, batteries) to capitalize on flex-
ibility and the financial means to choose whether or not
they want to participate, Powells and Fell developed the
concept of “flexibility capital” to highlight that not every-
one has the same ability to be flexible. Similarly, Johnson
[23] uses the idea of “flexibility woman” to illustrate how
household-related flexibility in less affluent homes tends
to be highly gendered, whereas Fjellsa et al. [24] note that
young adults tend to have fewer opportunities for flex-
ibility. Research on flexibility is important in order to
draw attention to potential risks, unwanted impacts, and
injustices that may be reinforced by the introduction of
technologies.

Another approach taken by social scientists has been
to perform reality checks on assumptions, such as the
assumption that people are mainly motivated by eco-
nomic gains, which tend to enter into the processes in the
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largely top-down driven implementation of smart energy
technology for home users [25]. As many more technolo-
gies are envisioned and deployed in the home setting,
and in more and more advanced iterations, it is increas-
ingly important to evaluate to what extent technology
development processes employ a salient user perspective
vis-a-vis the more traditional economic and technologi-
cal approaches to grid optimization.

Smart EV charging is one of the newer add-ons to the
different configurations of smart home devices, and stud-
ies conducted to date have primarily focused on public
expectations and desires for this technology. Delmonte
et al. [26] found that EV owners in the UK were inter-
ested in smart charging if costs were reduced, if users
could retain personal control, and/or if broader advan-
tages to society were clear. Similarly, a study of a German
demonstration project found that contributing to both
the stabilization of the electricity grid and integrating
renewables was an important motivation for most partic-
ipants, alongside economic benefits [27]. It has also been
shown that environmental benefits and the integration of
renewables are important motivations for smart charging
in the Netherlands [28].

In this paper we focus on a case in Norway, where the
rapidly unfolding electrification of transport [5, 29] has
resulted in a new local demand for flexibility. We inves-
tigate a case featuring flexible EV charging in order to
explore how end-user flexibility stemming from either
technological fixes or behavioral changes enters and
modulates everyday life. This kind of demand-response
(DR) technology has been rather immature in the last
10 years, and the issue of flexibility has been treated on
conceptual level, with few empirical studies looking at
actual implementation of, for instance, smart charging
and its relation to flexibility work. Accordingly, in this
paper we study the shaping of flexibility as individual
processes in the use of smart charging of EVs by private
households. We address the following research question:
How are EV chargers domesticated, and what can this tell
us about the potential for flexible end use of EV charging?

The following section presents some central aspects
of EV policy and regulatory measures that pertain to the
rather rapid deployment of EVs in Norway. Thereafter, a
short presentation of the state of the art of smart grids
and charging in Norway is given. “Domestication of the
smart home charger” section describes the domestica-
tion theory approach, and it includes examples of how
the approach can be applied to understand how a tech-
nology is appropriated, used, and made sense of by users.
“Method and pilot description” section, the methods sec-
tion, describes the pilot project and our research design,
Finally, “Results and interpretation: domesticating smart
charging—four motivations” section present the results
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and analysis, “Discussion” section is a discussion of our
findings and “Conclusions” section the conclusions.

Norwegian EV policy and smart charging

In 2020, the share of physically delivered renewable
power in Norway was 98% [30]. This indicates that to
fulfill commitments to achieve emission reductions
under the EU’s Renewable Energy Directive and the
Paris Agreement [31, 32], policies have mainly targeted
the transport sector and increasing the share of elec-
tric mobility. Over the last 25 years, Norway has imple-
mented a series of quite radical policies to stimulate the
uptake of electric vehicles. The political goal has been
that all new cars sold by 2025 should be either zero emis-
sion (electric or hydrogen) or low emission (plug-in
hybrid). In recent years, EVs have become mainstream
and a normalized element within Norwegian mobility
culture [33]. In November 2020, more than 52% of new
cars sold were electric cars [34].

The rapid rate of EV adoption has contributed substan-
tially to an increasing demand for local power capacity
in Norway [35, 36]. Although EVs are very fuel-efficient
and electrification of Norwegian car parks represents
a modest 0.42% of the total electricity use in Norway
[37], this can still impact local conditions where many
new electrical appliances are added yearly to local, aging
neighborhood grids, thus increasing the burden on them
considerably. Thus, the increase in deployment of EVs has
resulted in several new practical challenges, particularly
those related to providing sufficient charging infrastruc-
ture for people living in apartment buildings, community
housing, and other buildings that lack options for public
parking.

The challenges have been exacerbated by stricter reg-
ulations and the advent of a responsible charging cul-
ture that stresses safety more than before [38, 39]. In
the early days of EVs in Norway, car owners would just
simply plug their vehicle into a regular socket wherever
one was found available and charge outside their home
or in their own garage. However, where once familiar
scenes of cords emerging through ground-floor or sec-
ond-floor kitchen windows to bridge the gap between
the car and access to the grid, safety concerns have now
led many EV users to install dedicated EV charging sta-
tions [40, 41]. The stations are a huge improvement in
terms of fire safety, and they provide the added bonus
of higher charging speeds. This has resulted in a mass
market for different kinds of EV chargers in Norway.
With regard to pilot studies, many actors, especially grid
operators, are implementing EV chargers in all kinds of
homes in order to employ their smart charging capabili-
ties, thereby enabling them to provide not only safer and
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faster charging, but also load patterns that are sensitive to
grid congestion.

One main difference between smart and conventional
charging is the ICT possibilities linked to the charg-
ers. The charger can be connected to the home energy
management system (HEMS), or the home area net-
work (HAN) of a smart electricity meter (as in the case
study), which opens up the possibility of managing
charging though demand response, either from the level
of grid operators or by using automatic power manage-
ment (APM). Thus, smart chargers can integrate EVs
and charging schedules into smart home solutions (in
the studied case, also via smart meters), thereby helping
to reduce consumption peaks and potentially also elec-
tricity costs for EV owners. This is especially important
given the prospect of Norway replacing the existing sys-
tem of energy bills (whereby users pay by the kWh) with
power tariffs (settled according to kW peaks). Recently, a
market for solutions that manage EV charging and smart
house solutions for customers has started to mature and
to transform the energy retail sector into an arena for
energy service providers that provide electricity to cus-
tomers at one end and a portfolio of load profiles (house-
holds) at the other end.

Domestication of the smart home charger

In the study on which this paper is based, we employed
a domestication theory approach [42, 43]. In its first
iteration, the theory was employed to understand how
media technology involves active use rather than passive
consumption [44]. At the time, the approach ‘gave back’
some long-lost agency to users of media technologies,
that hitherto had been described mainly as passive con-
sumers who were vulnerable to the risk-filled effects of
media content [45]. The domestication theory approach
is relevant for other technologies too, as it makes us less
prone to blaming technological outcomes, whether suc-
cessful or not, merely on the design of the technology
itself [46]. In other words, it is useful when we are, as
now, at a point in time when we need better knowledge
about how to facilitate EV adoption.

Domestication is particularly useful for analyzing how
technology becomes both part of and integrated into
people’s everyday lives. There are several examples of its
use in the study of smart energy and smart home tech-
nologies [47, 48], and electric vehicles [49]. In our case,
the domestication theory approach has enabled us to
see how EV charging becomes part of household mem-
bers’ habits and routines, and their use of EVs and other
appliances, whether old or new. More importantly, the
domestication theory brings to the foreground how such
micro-networks lead to the formation of relationships
between humans, artifacts, knowledge, and institutions,
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and to the interplay and influence of people’s everyday
practices [42]. With the concept of domestication, we can
further understand how, when opting to use an EV, peo-
ple not only need to learn how driving an EV differs from
driving a conventional car, but also about using a home
charger to charge the battery, which is a different process
from filling a gas tank. In other words, the charging hab-
its of EV owners are part of their domestication in the
use of EVs.

Thus, domestication theory stresses the importance of
the symbolic value of technologies, not just their func-
tion [50]. In short, a domestication analysis considers
three aspects of technology appropriation and use: the
symbolic, the practical, and the cognitive. These aspects
of technology appropriation and use are embedded in
scripts and revealed by the way the scripts are read and
the objects are used [51, 52]. The symbolic aspect deals
with how technology is understood, interpreted, and
attributed meaning. Practical aspects of technology use
address the actual use of a technology, its affordance (or
lack thereof), or whether the use of it is considered to
achieve the expected results successfully. Lastly, cogni-
tive aspects are related to learning about how and in what
ways we are given a chance to get to know a technology,
how we come to learn or teach ourselves or one another
how to use it, and whether learning occurs at all [43].

Domestication theory enables us to become attuned to
the practical, cognitive, and symbolic aspects of use, and
can qualify negotiations between users and technology
in those three domains. Although not hierarchical, suc-
cessful domestication is qualified only by the presence
of mutually adaptive activities in all three domains [46].
Finally, domestication is rarely an isolated undertaking; it
always happens in relation to the social and technological
surroundings.

Previous studies have found that EV users can become
more conscious of their own energy consumption and
more environmentally sensitive through EV domestica-
tion processes [49, 53], also in cases when vehicles have
been purchased primarily due to economic motivations.
Furthermore, experiences of using EVs have played a role
in the domestication of other energy technologies, such
as solar panels [54]. Thus, EVs and driving practices have
become part of a broader repertoire of ideas and ration-
alities, wherein material elements such as the location of
chargers, symbolic understandings of what a car is, and
ways of using the car change over time. Hence, as EVs are
resulting in new electricity peaks, domestication allows
researchers to follow how these new conditions render
new paths of domestication possible. However, to iden-
tify potential ways forward, there is also a need to under-
stand how EV users themselves understand and make
sense of smart charging, and whether they are willing to
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test it. In short, we need to understand how users domes-
ticate smart charging. This paper aims to contribute to
such understandings.

Method and pilot description
In Norway, 97% of fuse boxes have a smart meter and
many EV owners have their own parking space at home
[55, 56]. As mentioned in “Introduction” section, grid
companies in Norway are facing a substantial increase in
EVs drawing power from the grid, and a consequent need
for costly upgrades to the low-voltage network. Thus, the
goal of the pilot study reported in this paper was to test
solutions that could aid in postponing investments and
at the same time provide EV charging as needed. The
innovation tested in the pilot was designed to enable the
smart meter to communicate with the EV charger and
to enable the user to avoid charging at peak hours. The
charger in question could connect to all kinds of EVs.
However, the most common brand used in the pilot was
the BMW i3, followed by Mercedes, Tesla, and Hyundai.
The grid company that was involved in the pilot
recruited participants through an announcement in a
newsletter. Participants were incentivized by the offer of
a 50% discount on a new EV charger. In 2019, chargers
were quite expensive (around EUR 1800-2000). Due to
technical issues, the smart part of the charging was not
up and running before 2020 and thus after we had con-
ducted our interviews. Therefore, the focus of this paper
is on the users’ motivation for opting to use smart charg-
ing and direct load control of the EV charging.

Research design

We used a qualitative research design. The research was
based on semi-structured individual interviews with
14 participants and e-mail correspondence with 1 par-
ticipant from the 18 households that participated in the
pilot; the remaining three participants did not respond
to our invitation. The households were users of smart EV
chargers in Stavanger, a town with ca. 130,700 inhabit-
ants in western Norway. The participants gave their writ-
ten consent to participate in our study when they signed
up to the pilot, and therefore the demo-site owner (the
local grid operator) was able to provide us with the home
address of each participant. Each interview lasted ca. 1 h,
and was audio-recorded and subsequently transcribed
verbatim. More details of the interviewed participants
are listed in Table 1. The anonymity of participants has
been preserved.

Qualitative interviews are intended to provide in-depth
knowledge and thick descriptions relating to the topic of
study. We set out with the aim of discovering each partici-
pant’s motivation for participating in the pilot. Originally,
we had intended to gain insights into their smart charging
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Table 1 Description of the interviewed participants, their households, and their reasons for participating in the pilot

Interviewee Genderand age Number of Carsinthe Preferred charging site Main motivation to participate in the pilot
of interviewee  personsin household
household
1 Man 4 1EV Home, but also used elsewhere  Charger price
1 diesel
2 Man 4 1EV Home Charger price
1 hybrid
3 Man 2 1EV Home Charger price and technology interest
4 Man 2 1 hybrid Home Charger price
5 Woman 2 2 hybrid Home Charger price
6 Man 4 TEV Home Charger price and technology interest
1 diesel
7 Man 3 2EV 70% home; 30% work Charger price
8 Man 3 3EV Home Technology interest
9 Man 4 TEV Home Fire safety and technology interest
1 diesel
10 Man 5 TEV Home, but not every day Fire safety and technology interest
1 gasoline
11a Woman 4 TEV Home Charge faster and fire safety
11b Man
12 Man 1 hybrid Charger price
13 Woman 4 TEV Home Fire safety, technology interest, and price
1 diesel
14 Man 2 2EV Home Price and technology interest
1 diesel
15 Man 5 TEV Daily at work Price and it was a good project
e-mail 1 diesel

experiences, but due to technical issues that caused delays
in the project the smart charging user interface was not
operational at the time of when the interviews were held
in January and February in 2019. In addition to not being
smart chargers (i.e., with load and price forecasting and
machine learning capabilities), the chargers used by the
participants in the pilot were still under development.

In the in-depth interviews we asked the following ques-
tions, among others: “What made you sign up for this
pilot?” “What charging solutions did you use before?” and
“Do you schedule/program the car’s charging hours?” The
interviewees’ quotes in this paper have been translated by
the authors from Norwegian into English. Our analysis is
inspired by grounded theory, which is guided by an induc-
tive approach that treats empirical results as the foundation
of analysis [57]. The goal of such analyses is not to gener-
alize statistically, but rather to provide in-depth insights,
which in our case is insights into different motivations for
using domestication EV chargers.

Results and interpretation: domesticating smart
charging—four motivations

As delays in the development of the smart charging
ICT platform occurred late in the project, many partici-
pants were initially motivated to participate in the pilot

by the prospect of saving money on a state-of-the-art
wall-mounted EV home charger at half-price. The offer
resulted in the pilot having all participants fully signed up
within half an hour of the grid company’s announcement
of the offer in an e-mailed newsletter. This indicates that a
relevant financial incentive was important and that many
recipients of e-mails from the network were sufficiently
interested to open the emails. However, the recruitment
method introduces a potential bias, as it can be expected
to attract those who are most interested, or who have
what Powells and Fell [22] call the most flexibility capital.
While financial incentives are important, earlier research
indicates that price is often only one element in a broader
configuration of elements that constitutes the interest in
novel energy technology and pilot project participation
[17]. Hence, to understand the popularity of the pilot,
we needed to probe beyond the initial focus on eco-
nomic aspects. Our analysis revealed four different, albeit
somewhat overlapping, motivations for participation in
the pilot and adoption of the use of a smart charger: (1)
fast and fire-safe charging; (2) technological interest and
enjoyment; (3) practical and economic concerns, and (4)
flexibility as a means to enhance physical comfort. Each
motivation is described in more detail in “Fast and fire-

safe charging’, “Technological interest and enjoyment’,
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“The practical and economic concerns” and “Flexibility as
a means to enhance physical comfort” sections.

Fast and fire-safe charging

One important reason for participants wanting to pro-
cure a charger for their household was their concern for
the lack of fire safety inherent in the practice of charging
from a regular outlet. Even though the fuse on the circuit
that could be used to couple and charge an EV would
be sufficient in many cases (max 10 A), the impedance
added to a long cable could risk adding to the amperage
requirements without any immediate indication, result-
ing in cables overheating and eventually catching fire.
Stories of such incidences had been more or less a recur-
ring theme in news media, in step with increased EV
adoption in Norway, and eventually the Directorate for
Civil Protection and Emergency Planning (DSB) [38] and
the Norwegian Electrotechnical Committee [39] issued
stark recommendations on how to charge EVs safely. This
included advice to install a dedicated charger, but there
were still several concerns. In cases where it is necessary
to use a regular outlet, an EV owner needs to make sure
that it is earthed, and that is on a separate circuit with
at minimum a 10 A fuse. Furthermore, a connector (usu-
ally one that comes with the car as standard equipment)
can be damaged due to its weight, and therefore it is rec-
ommended that it should be hung on a hook or stored
in a basket. Otherwise, according to Directorate for Civil
Protection and Emergency Planning (DSB), the optimal
solution is a home charging station [38]. Such a device is
usually fitted with a 16 A or 32 A fuse, but up to 63 A
fuses are used in some cases. As long as the local grid can
cope, installers can accommodate high levels of power
consumption by users by adjusting chargers to deliver
the maximum possible electrical current according to the
make and model of a car. The above-mentioned points
illustrate how domestication is seldom done in isola-
tion, but is an undertaking whereby actors such as news
media (see e.g., [58]), and government regulators partake
in shaping societal awareness of EV charging and safety,
and/or the cognitive and practical dimensions of domes-
tication. Many of the EV owners who participated in the
study were aware of the DSB’s recommendations but had
not yet purchased a charger station due to their relatively
high price. Hence, when an offer of a half-price charger
appeared in an e-mail, they immediately responded. The
following dialogue between a couple from one household
explains why they had acquired a charger:

Man: Better charging. Faster.

Woman: We had an EV like the one [the man] has,
so I often was able to borrow it and thought it was a
safe solution.
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Interviewer: In terms of fire safety?

Woman: Yes.

Man: If you have extension cables over a long period
of time, they can get worn. (Interviewees 1la and
11b)

The charging station was considered more effective and
simply better to use than an ordinary outlet: “I've come to
realize it is much safer to use it. We can control it much,
much more than with a regular outlet, when consider-
ing the fire hazard” (Interviewee 13). Interviewee 5 said
“I had just bought an electric car and was of the opinion
that if you have an electric car you should have a charger
in the house and not charge on a regular outlet,” thus
indicating she would think about the car and charger in
terms of a responsible, packaged solution. The quote also
shows how her attitude towards charging at a regular
outlet was clearly connected to the risk of fire. She (Inter-
viewee 5) clearly considered it improper to not charge
from a dedicated charging station, even though at the
same time it was not in any way illegal or uncommon to
do so. Thus, charging in a fire-safe manner was common
practice for some interviewees.

Technological interest and enjoyment

In contrast to the somber safety concerns of some inter-
viewees, other EV users had signed up to join the pilot
purely out of a keen interest in technology and the
prospect of enjoyment from the use of smart technol-
ogy—an important motivation that has been found in
other studies of other smart homes and smart energy
technologies (e.g., [59]). The users ascribed the motiva-
tion to their interest in mixing, matching, and playing
with smart home technologies. For example, Interviewee
10 said “I like to control the thing myself [...] I think it
is fun to optimize things [...]. I think the technology and
project is exciting” Another interviewee stated outright
that offers of technology in general, such as the smart
charger offered through the pilot project, were not inter-
esting if he could not play with the technology: “I don't
pay for it if I cannot play with it [...] It is when you can
‘knock yourself out’ and try things and do things that you
find interesting solutions [...] I do not like technological
solutions that are locked to one system or brand” (Inter-
viewee 3). The described kind of creative playfulness is
indicative of another, entirely different kind of motivation
than the somber safety aspect. However, the EV owners
with an interest in technology and enjoyment encoun-
tered problems with lock-ins, bundling, and any kind of
proprietary gadget or app that restricted their DIY aspi-
rations, as they were unable to mix and match gadgets
to achieve creative solutions and optimal conditions. In
other words, if a piece of technology did not offer such
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users the prospect of freely configuring it into an already
existing technical landscape in their household, it would
never be considered for appropriation.

Even though sometimes the consequences of the smart
and technical endeavors to allow for playfulness could,
for instance, constitute a kind of load shifting, this often
was not the main interest and did not seem to be the goal
of the user’s engagement with the technology. Rather,
the driving force was the prospect of the fun to be had
from exploring technology and making smart solutions
work, and any grid optimization result would be coin-
cidental. This indicates that such EV owners acquire a
sense of joy from tinkering and being in control of their
technical equipment—a phenomenon that is not studied
further in this paper. Enjoyment derived from the abil-
ity to play also functions as a motivation for some users
of EV chargers who are part of the DIY communities on
the Internet, as described by [60], but meshes poorly in
the absence of a personality that identifies strongly as
technologically avant-garde or technologically compe-
tent, or if the person lacks sufficient income to spend on
technology. In our case, some study participants’ playful-
ness motivated them to sign up for the pilot and obtain a
smart EV charger, while load shifting might have become
a second-order effect of having fun, and be interpreted
as belonging to the symbolic dimension of the domesti-
cation of what kind of meaning an EV charger can have
for such participants. The charger was appropriated into
existing network of gadgets, and as part of a hobby and
area of expertise it reflected the identity of the users.

The practical and economic concerns
The practical rationale for smart charging as a motiva-
tion for using smart chargers was initially elicited by the
discount on the charger, but when the participants were
asked to elaborate we gained the impression that signing
up for the pilot was motivated by the prospect of install-
ing smart home technology in the form of smart chargers
because first and foremost it was practical to do so. For
example, one participant reasoned “because it is smart,
not cool” (Interviewee 2), while another compared the
installation of the EV charger with the installation of a
smart thermostat in the bathroom, which was to stabi-
lize the floor temperature, not to save electricity. It first
appeared that the participant seemed interested in the
technology, but did not have the same sense of enjoy-
ment and fun in the optimization of the smart house as
the participants discussed in “Technological interest and
enjoyment” section. By comparison, those with practical
concerns were more interested in ensuring that a prob-
lem was solved in the most practical way.

To some extent, there was also an element of economic
interest among the participants, but one that differed

Page 7 of 10

from securing a good price for the charger itself. Such EV
owners were more interested in the potential economic
benefits of using a charger that only charged off-peak and
when electricity was cheaper due to less demand. This
kind of motivation can also be seen as a typical reflection
of the “resource man” who assigns control by practic-
ing “set-and-forget” [19], as described also by Harper-
Slaboszewicz [61]. We found this kind of motivation in
the participants’ descriptions of why EV charger users
chose an EV when replacing their old car, which was
simply because they gained more value for their money,
given the many policy measures favoring EVs, such as
tax reduction, free parking, permanent access to carpool
lanes (also known as high-occupancy vehicle lanes), and
free admission to toll roads.

Flexibility as a means to enhance physical comfort

When inquiring about charging habits, we found there
were many different practices. Some participants charged
their EV immediately after they returned home, while
others charged their EV after “the last trip of the day”
and yet others did so every 2nd or 3rd day simply because
they drove less often. We also found that even if the
charger was not smart capable at the time of our inter-
view, some of the EV owners planned to use the com-
panion app that came with the car in order to achieve
a certain level of smartness. In some cases, users even
manually set their car to start charging at night and then
during oft-peak times via the in-car interface. One EV
owner explained that he did that because he wanted to
alleviate grid congestion, but most of the others pointed
out that they programed their charger to start charging at
night because they wanted their car battery to be healthy.
Another practical concern that influenced the partici-
pants’ charging practices was their desire for physical
comfort during wintertime:

Yes, when it is like it is in this time of year [...] it’s
normal to set it to charge and set it so that it’s done
in the morning. Then you have a preheated battery,
[and] that’s important in the winter, that the battery
is preheated. (Interviewee 8)

To preheat the battery in wintertime in Norway was
important for some of the EV owners, due to their expec-
tations about battery health and battery-life expectancy
(arguably one of the main concerns of the EV owners
compared with owners of ICE vehicles). They claimed
that as preheating would save the power in the battery,
they would have a slight increase in driving range. How-
ever, nighttime charging and preheating afforded some
degree of physical comfort too, as the EV would be warm
before setting out in the morning:
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Well, the way I use the app is that I've set up the car
so that it will charge in a certain period. It'll preheat
to a certain time or another, and that’s automatic,
or I just set it up to be warm at 07:21 or thereabouts.
And then it’s been charging for three hours. (Inter-
viewee 3)

Another EV owner explained that he had timed the
charging because his wife preferred the car to be pre-
heated before she used it in the morning. Preheating is
also commonly done with ICE vehicles in wintertime in
Norway, with the aid of an electric engine heater. This
is both fuel-efficient and ‘healthy’ for the engine, as well
as providing comfort in the morning, and it is an estab-
lished part of the Norwegian comfort-oriented driving
culture [33]. Among our EV users, some preheated their
EV while it was charging, but others used a traditional
car heater to avoid draining the battery. In short, preheat-
ing is a way of providing comfort and can also be a moti-
vation to do load shifting.

In this analysis we have presented examples of a cog-
nitive dimension (fire-safe and fast charging), symbolic
dimension (technological interest and fun), and practical
dimension (practical and economic concerns, and flex-
ibility as means to enhance physical comfort). The rea-
sons why and ways in which the EV users in our study
appropriated an EV home charging station and used it
in everyday life differed, but in all cases this resulted in
one kind of charging behavior or other. In sum, we find
that the ways in which the charger was domesticated was
not determined by the charger alone, but also by how the
charger became part of the users’ home life.

Discussion

Transport electrification is a central part of the Norwe-
gian energy transition [6, 7], in which the result of long-
standing support policies has been a formidable increase
in the fleet of EVs. It has been argued elsewhere [33]
that, for different EV owners, the EV has what Pinch
and Bijker [62] describe as interpretative flexibility. In
this paper, we argue that the (smart) EV charger also has
this kind of flexibility with regard to its domestication in
households. By analyzing how the symbolic, practical,
and cognitive aspects of the EV charging technology are
used, we have found that the domestication process is a
part of a micro-network between fire safety (in accord-
ance with DSB recommendations), policies, the grid,
and the EV owners’ charging practices, all of which are
aspects that interact with the economic incentive that
many participants pointed to as important for participat-
ing in the pilot. This process has also made possible and
led to developments in the energy service markets, where
traditional electricity providers have morphed into actors
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that also harvest and provide flexibility upstream from
household consumption.

However, even though we argue there are many indi-
cators of an increase in the uptake of smart chargers,
our findings may be limited by the recruitment strategy
of the study. There are indications that our participants,
who were selected from a pool of early adopters of smart
charging who had been elicited by their strong interest in
joining the demonstration project, were more concerned
with technology and smart charging than were other
members of the population in Norway. This also brings to
mind the critique by Strengers, with her “resource man”
[19], mentioned in “The practical and economic con-
cerns” section. Since our participants were by no means
selected from a random sample, and the sample size was
small, generalization of our findings about use habits is
not possible. However, such limitations are quite com-
mon in smart energy technology pilot projects, which
tend to be characterized by the sort of biases described
here [5]. Hence, our study provides further support to
social scientists’ calls to diversify technology processes
of innovation in order to make results from such pilots
more generalizable, while it also provides insights into a
key domestication process unfolding as part of the Nor-
wegian energy transition.

This study’s relevance is also merited by its provision
of insights into how the Norwegian regulations facilitate
charging on dedicated chargers [38], but not dedicated
smart chargers. Even if our pilot users exhibited charg-
ing habits that provided flexibility even without a smart
charger, we cannot expect that all EV owners will have
the same habits that reflect this grid awareness. The rel-
evant question to follow up on is how to motivate house-
holds to procure smart chargers that ensure that they can
charge during off-peak hours.

Finally, there are a number of ongoing developments
in the Norwegian energy landscape, which potentially
will have an impact on electricity consumption aware-
ness and cause end users to become more flexible. The
first development relates to the upcoming introduc-
tion of power tariffs. The tariffs will come online after
2022 and will cause end users to pay for high concur-
rent power use (kW) rather than energy use over time
(kWh). This will be a rather fundamental change in the
way Norwegians relate to their electricity consump-
tion, and in some cases even to how, for instance water
and space heating systems within households, will be
designed (in many cases they are designed to work in
short but incredibly high bursts). At any rate, when this
introduces a strong motivation to reduce power con-
sumption peaks throughout the day, users may start
looking for loads that can be moved, such as heating,
cooking and washing, and the motivation for smart
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charging will receive an added dimension. The new
power tariff, and the fact that 97% of Norwegian house-
holds have installed a smart meter in their fuse box has
also created a market for new types of electricity com-
panies providing energy services. Once example of a
company currently disrupting the Norwegian energy
market is the Tibber, which provides real-time pricing,
a smart home platform, and a smart charging that can
provide of peak charging. However, our findings indi-
cate that many users are motivated to engage in smart
charging and flexibility by reasons that are not econom-
ically oriented. This begs the question as to whether
smart charging and flexibility provision should be in
control of demand on behalf of a third party through a
smart home platform, and, if so, what would motivate
different kinds of consumers to adopt the technology
besides saving money?

Conclusions

The study revealed key domestication processes unfold-
ing in the Norwegian energy transition as a consequence
of the increasing numbers of EVs and corresponding grid
peaks. The findings clearly indicate that users’ motiva-
tions to use smart charging, such as fire-safety aspect
of smart chargers, the joy and fun of using smart home
technology, the practical and economic benefits, and
the enhancement of physical comfort, can be as impor-
tant than the economic rationale. Moreover, the findings
indicated that the ways that different motivations for
using smart home technology are articulated will have an
impact on the potential for flexibility and grid optimiza-
tion in the future. In sum, the study findings should be of
interest to policymakers, smart home developers, and all
others that work with end-user flexibility in the grid.
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