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Abstract

Background In many countries, essential infrastructures, like power systems, are often taken for granted and thus
invisible to ordinary people. However, because of energy transitions and climate impacts, the power system in coun-
tries such as Sweden is changing. For example, due to variable renewable power sources and increasing demand
there is a potential need to deal with changing conditions, including disruptions at an end-use level, which makes
the energy system come to the foreground. As argued in the paper, deeper knowledge about people’s understand-
ing of a changing energy system is needed to support households in taking on new roles. The aim of this study

was to explore energy resilience from a household perspective by investigating how households make sense of pos-
sible future power deficit scenarios. The concept of household energy resilience was used as a lens. Twelve interviews
were conducted with people from seven households participating in a trial with remote-controlled heat pumps. The
participating households all lived in detached houses in Sweden.

Results The findings illustrate how the households relate to energy resilience through diverse approaches. More
specifically, they anticipate the need to become resilient while questioning the idea that they should have to become
resilient, and negotiate resilience as a shared responsibility between the different stakeholders of the grid. These
insights reveal conditions under which households anticipate taking more active roles in a changing energy system.
However, the insights also show that other energy actors need to communicate clearly which responsibilities they
are taking on to support households and the energy transition overall. Households cannot be expected to embrace
household energy resilience without reciprocity and other actors'taking on responsibility.

Conclusions Our results show that there is potential for more active and engaged electricity end-users, beyond,

for example, flexibility programs. However, households’ active participation, including becoming more energy resil-
ient, is conditional on challenges of value, involvement, and reciprocity. The results will be of interest to professionals
involved in electricity supply-related matters including suppliers, policymakers, and researchers.
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Background
Although technology is omnipresent in the daily lives
of many people, numerous artifacts and systems have
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able and ordinary [1]. Oftentimes, these systems become
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noticeable and conspicuous to end-users only when dis-
ruptions or breakdowns occur [1-4]. Additionally, many
technological systems and aspects of infrastructure serve
to isolate us from the cycles of nature by lessening the
effects of seasonal variations of daylight, precipitation,
and temperature [3, 4]. Centralized, reliable infrastruc-
ture, while enabling comfort and convenience, thus has
the drawback that it becomes immaterial in everyday life,
and there is a risk that end-users such as households get
the impression that resources are limitless and abundant,
especially if such systems put no constraints on usage [4].
Consequently, it is often through disruptions in the relia-
bility of this infrastructure that we are exposed to natural
cycles and experience resource scarcity [3-5].

When it comes to electrical power, the energy transi-
tion from fossil fuels to renewable energy suggests that
the power infrastructure is about to become more visible
and noticeable to households [4, 6]. Renewable power
generated from solar radiation and wind has high vari-
ability and causes challenges in balancing supply and
demand for electricity, indicating that the link between
weather cycles and power supply is becoming stronger.
The spread of innovation that diversifies and decen-
tralizes electricity production and distribution, such
as domestic solar panels and batteries, also makes the
electricity system more tangible for households [4]. Fur-
thermore, phasing out fossil fuels in the transport and
industry sector will likely lead to a higher overall demand
for renewable electricity in the future. Additionally, cli-
mate change may affect the power grid infrastructure,
leading to a higher vulnerability of the electricity supply
overall [7-9]. The International Energy Agency [10] lists
several threats to the power systems in terms of cyber
security, flexibility needs, variability, decentralization of
production, climate change impacts, and production ade-
quacy. Taken together, the energy transition, along with
these new challenges, suggests that the power infrastruc-
ture will be moved to the forefront in the future.

In the Swedish context, where this study is situated,
electric power has been described as relatively reliable
and cheap for a long time and for a large share of the
population [11], although Sweden is not exempt from
instances of energy poverty [12]. However, in 2022, Swe-
den along with the rest of Europe experienced a general
increase of and volatility in the cost of electricity. This
was caused by many different factors, some of which
are significantly related to Russia’s invasion of Ukraine
and the price of fossil gas [13]. The Transmission System
Operator (TSO) and national authority managing the
Swedish grid (Svenska Kraftnit) warned against possible
planned power cuts because of the strain on the electric-
ity supply. This situation indicates the potential conse-
quences households may encounter when the supply and
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utilization of fossil fuels experience disruptions. Further-
more, the Swedish grid is already facing challenges in
terms of insufficient capacity and transmission [14—16].
The combination of high prices and power cuts suggests
that in countries like Sweden, households are facing
energy-related changes—or disruptions—that are already
impacting or will impact everyday life. Arguably, it might
be valuable or even necessary for households to become
more “energy resilient” to handle these changes. For
example, this may be necessary to avoid high costs at the
household level as well as resource intense investments
and growing energy use at infrastructural and societal
levels. In recent years, Swedish governmental authori-
ties as well as energy companies have actively encouraged
households to reduce power consumption, avoid power
peaks, and be prepared for emergencies [17, 18].

Resilience, a concept that originates from the natural
sciences, is in simplified terms the ability of a system or
entity to persist, adapt and recover from disturbances
and changes, and transform to improve and strengthen
this capacity over time [19, 20]. In recent decades, this
concept has also been extended to sociotechnical systems
and human endeavors [21]. Resilience in energy contexts
is often associated with the grid, technological aspects of
infrastructure, and power production. However, in rela-
tion to changing demand, households and other end-
users can be seen as important actors in the co-creation
of a resilient power system.

While energy resilience holds promise from the per-
spectives of power system stability and ecological sus-
tainability, any approach targeting demand hinges on
the acceptance and participation of households. Before
households can build up resilience to handle a chang-
ing power system, they need to anticipate that change is
underway and make sense of an infrastructure that so far
has been largely taken for granted by a large share of the
population. While a growing body of research is investi-
gating the social ramifications and conditions for adopt-
ing energy flexibility in response to price signals [22—24],
few papers investigate situations involving extreme vari-
ation such as very high prices, very low prices, power
cuts, blackouts and possible limitations on power use,
meaning a wider category of power deficit conditions and
disruptions [25, 26]. Notable exceptions include Watts’s
[27] and Martin’s [28] work on the Orkney Islands and
the Isle of Eigg, demonstrating instances where power
disruptions are normalized in affluent communities;
however, this is not the case in Sweden. Hasselqvist et al.
[26] argue that there is a need for further research to find
out more about the current state of household resilience
and how householders imagine their ability to be resilient
now and in the future. Papers investigating household
energy resilience in an everyday life context are few, and
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even fewer investigate households who are not specifi-
cally interested in preparedness [25]. Given the changes
that we are now seeing in Europe due to electrification
and climate impacts as well as other risks related to the
power system, there is a need to better understand how
households can become more aware of the grid and the
limitations of electricity supply.

This paper aims to explore energy resilience from
a household perspective. More specifically, the paper
investigates how households interpret and make sense of
power deficit scenarios caused by growing power limita-
tions and threats to the power grid. Using the concept
of household energy resilience, it also examines how
householders envision their response to such power defi-
cit situations were these to happen in everyday life. The
paper contributes to the emerging scientific literature on
energy resilience at the household level [25-28], where it
explores the new concept of household energy resilience
[26], by seeing how it fits into discussions with house-
holds on power deficiency in everyday life.

Energy resilience

Broadly speaking, resilience can be understood as four
different system behaviors: toleration, adaptation, resto-
ration, and transformation [26, 29]. These behaviors are
divided into what happens before, and during or after the
disturbance has occurred: toleration and restoration are
classified as absorptive behaviors while transformation
and adaptation happen before the next disturbance and
are thus preventive [26, 29].

An important parameter of resilience is the notion of
what we mean by function and what it means that the
function persists in the face of disturbances. In research
on energy resilience and power grid resilience, the sys-
tem or unit that is in focus is often the electricity infra-
structure, and the function that is supposed to persist
and adapt is the electricity supply [9, 30, 31]. Such resil-
ience perspectives focus on the larger technological sys-
tem, and the central agents for strengthening resilience
are the grid operators, energy companies, and govern-
mental authorities responsible for building, managing,
and maintaining the grid. Other perspectives on energy
resilience emphasize social approaches of resilience and
focus on other agents of energy systems, such as house-
holds and communities of energy users [25, 26, 32, 33].
Still others suggest that energy resilience should be about
how energy services are connected to fulfilling different
human needs [34].

Household energy resilience

In this paper, the concept of household energy resilience
is used to examine how householders understand energy
resilience and the power system through possible power
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deficiency scenarios that have been pointed out as more
likely when transitioning to renewable energy sources
such as solar radiation and wind. Developed by Has-
selqvist et al. [26], household energy resilience is a way of
understanding resilience as social practices and resources
at the household level, which serves to complement the
resilience narrative that addresses the infrastructure at
large. Returning to the above-mentioned question of
what function is supposed to persist during disturbances,
this concept defines the function as a good life for house-
hold members and argues that it can be decoupled from a
constant, undisrupted electricity supply. In line with Jalas
et al. [3], Trentmann [5] and others, Hasselqvist et al. [26]
argue that shorter disruptions in electricity supply do not
necessarily have to be problematic for everyday life to
function.

Hasselqvist et al. ([26], pp. 3) define household energy
resilience as follows:

As an interwoven part of everyday life, household
energy resilience is to ensure a good life through
adjusting what activities that are performed, when
they are performed and how they are performed
in the face of expected and unexpected power out-
ages and shortages as well as to prepare for future
adjustments of activities and to more fundamentally
change to reduce the need for adjustments.

From a practice perspective, household energy resil-
ience can be divided into different approaches related
to changing electricity use, namely flexibility, suffi-
ciency, efficiency, and back-up systems [26]. These four
approaches to resilience have different implications for
the function (a good life), environmental effects, tech-
nology, activities, and overall energy practices [26].
Flexibility entails changing when or where activities are
performed to adapt to power cuts or high prices. Effi-
ciency is about making sure appliances are as efficient
as possible, to adapt to limitations on power. Sufficiency
is about finding a level of electricity use that enables “a
good life” without excessive or wasteful use, for example,
by replacing energy-intensive activities with more fru-
gal alternatives. Back-up systems represent an approach
where investing in different types of systems or tech-
nology enables prioritized activities to continue during
disruptions, such as cooking or heating during a power
outage [26].

Methods

A qualitative interview study was carried out to explore
energy resilience from a household perspective. The
interview study was part of an interdisciplinary research
project investigating Swedish households’ potential to
provide flexibility to the power grid, to offload the grid
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during periods of limited capacity. Flexibility in this
case means temporarily decreasing or shutting off the
household’s heat pump. The households were therefore
recruited based on having a heat pump that could be
remotely controlled. Participating households agreed to
be interviewed as well as allow the project team to moni-
tor and steer their heat pump based on the power grid’s
needs. This paper focuses on the interviews and the par-
ticipants’ understanding of a changing power system and
possible future disruptions and limitations on electricity
use. However, in the interviews, the focus of the technical
study, i.e., the remote-controlling of heat pumps, acted as
a gateway for discussing changing electricity use in eve-
ryday life. The heat pump can thus be seen as a mediator
between the household and the grid [35].

The participating households lived in detached houses
located in the south of Sweden, an area that has experi-
enced frequent electricity shortages and power surges
in recent years. These occurrences can be attributed to
transmission bottlenecks originating from the electricity
production concentrated in northern Sweden, although
regional bottlenecks also contribute to the issue [36].
This sample is significant as the households involved
are situated in regions with insufficient grid and sup-
ply capacity. Moreover, they represent a target group for
flexibility measures due to the presence of heat pumps
in their detached houses, which offers potential for load
shifting [37, 38]. Detached houses are significant in
energy research for several reasons. They are typically
privately owned, allowing residents to make decisions
about their energy systems. Generally, detached houses
also represent higher electricity consumption and energy
use per household overall in comparison to multi-family
buildings [39]. In rural communities, where detached
houses are common, their resilience becomes particularly
important compared to multi-family buildings or densely
populated areas with shared responsibilities for energy
performance. Longer distances to societal services, less
access to public transport, weaker grid conditions and a
higher frequency of power outages [40] are some of the
reasons why resilience in rural communities is important
to investigate.

Moreover, the participating respondents predomi-
nantly represent the Swedish middle class. We argue that
middle-class households owning detached houses are
specifically interesting from a household energy resil-
ience perspective as they have control over their homes
and the opportunity to make investments to strengthen
their own resilience. In contrast, less affluent households
are not likely to be able to invest in smart energy technol-
ogies and back-up systems to the same extent and have
less flexibility capital overall [22], i.e., capabilities and
resources that enable households to adapt to changing
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circumstances or challenges. Thus, they have fewer
choices for how to adapt to a changing power system.
Importantly, in contrast to Hasselqvist et al. [25] these
households were not recruited because they were spe-
cifically interested or knowledgeable in matters of energy
resilience or preparedness. Rather, they represent ordi-
nary households in the sense that they were not experts
in preparedness or energy resilience; although, as we will
describe later, there were big differences in knowledge
and interests among them.

Semi-structured interviews

A total of 12 semi-structured interviews with 12 residents
from seven households in Sweden were conducted. Of
the respondents, seven were men and five were women.
All respondents lived with a partner, and all the adults
in the households were invited to participate. Two peo-
ple, however, declined. The interviews took place from
November 2021 to January 2022, before the steering of
the heat pump had begun, and took approximately one
hour each. The first interview was carried out by the first
and second author to evaluate and discuss the interview
guide. The remaining interviews were conducted by the
first author. All the interviews were carried out sepa-
rately except one where both respondents from the same
household were interviewed together. The interviews
were recorded and transcribed, except for one inter-
view, due to technical problems. For the purpose of this
study, fictitious names and numerical identifiers (1-7)
have been assigned to the respondents to indicate their
households.

Interview guide on resilience

To investigate energy resilience from a household per-
spective, it was essential to operationalize resilience
into concepts within a relatable, everyday context, one
that respondents could easily understand, regardless of
their knowledge of energy or professional background.
We argue that “resilience” is a rather academic term and
not something that can be expected to be understood by
the respondents. As such, the interview guide did not
directly inquire about resilience. Instead, the concept was
embodied in various dimensions and relatable situations
that were designed to be easily discussed by all of our
respondents. The interview guide was developed based
on primarily two overarching aspects of resilience: (1)
situations that could require resilience from households,
and (2) possible approaches to resilience that households
could implement, as identified by Hasselqvist et al. [26].
The first aspect meant that the interview guide explored
themes that were connected to one of three realistic sce-
narios or situations in which the electricity supply in
everyday life could change so that households would be
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affected in the future. The three scenarios were devel-
oped in collaboration with technical experts in electrical
power systems from Chalmers University of Technology.
The scenarios were the following:

1. Electricity is limited: in this scenario, there are power
shortages, and the grid operator or an aggregator
temporarily limits the use of certain appliances such
as the heat pump. It could also mean short power
cuts, during which electricity is turned off com-
pletely. The scenario was explored by asking about
limited use of specific appliances such as the heat
pump, prioritization of appliances, and a situation
where all appliances are turned off temporarily.

2. Electricity is expensive: in this scenario, electric-
ity prices surge during periods of time. This was
explored by asking about how the households would
deal with both general price increases as well as so-
called “price peaks” during certain hours of the day.

3. Blackouts: in this scenario, power is completely gone
for a day or more. This was explored by investigat-
ing both if the household had previous experiences of
such powerouts as well as how they reasoned around
what they would do if a longer blackout occurred.

At the start of the interview, we informed the respond-
ents that the interview would revolve around the future
power system and how the electricity supply might
change in a number of ways, for example, because of
weather dependent power sources and increasing elec-
tricity demand. We also explained that it is not certain
how this will be managed by society, which is why the
interview guide explores different scenarios and changes
that may or may not happen. Importantly, it was a delib-
erate decision to not prompt the respondents with details
or a backstory around these scenarios. The reason for
this approach was to avoid making the respondents feel
that there was a "right" or "wrong" answer, or to mor-
ally pressure them into responding in a certain way.
Instead, we asked how specific situations or the poten-
tial consequences of these changes would impact their
everyday lives, what their thoughts were on the matter,
and how they might react. Our goal was to capture their
perspective on how they would realistically handle such
scenarios, considering not only their values but also the
practicalities of daily life and the needs of their house-
hold. The second aspect of the interview guide was about
the dimensions of resilience phrased by Hasselqvist
et al. [26]: flexibility, sufficiency, efficiency, and back-
up systems. These elements were incorporated in the
interview as well, by asking questions that investigated
whether households would be willing and able to change
the timing of electricity use, reduce this use, invest in
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technologies that would reduce it, or invest in back-up
systems. For a complete overview of the interview guide,
see Appendix 1.

During the interviews, respondents were initially asked
to provide a detailed description of their typical day, from
morning to evening. The researcher followed up with
additional questions to elicit further information about
specific needs and practices throughout the day, such as
personal hygiene, exercise, childcare, and more. Subse-
quently, the interviews focused on how the respondents’
daily routines would be affected if there were changes in
the power supply conditions. It is worth noting that these
interviews were conducted before the energy situation
in Europe was strongly impacted in 2022. Therefore, the
scenarios discussed were invented for the purpose of the
study at that time. The last part of the interview revolved
around questions of responsibility and the household’s
view on electricity as a commodity. This was put at the
end of the interview on purpose, so as not to impact the
rest of the questions, to avoid that the respondents felt
that there was a right or wrong answer.

Analysis

The interviews were transcribed verbatim, and thereaf-
ter the data were analyzed using thematic analysis [41],
during which the data were processed in different phases.
Importantly, the analysis was abductive in the sense that
although we used the household energy resilience frame-
work from Hasselqvist et al. [26], we wanted to remain
open to the ways in which households react to ideas of
being resilient, especially since the paper takes an explor-
ative approach. This meant that analytical findings were
not constrained to the resilience approaches outlined
in the household energy resilience concept but could
also point to important conditions for such resilience
to appear meaningful and realistic from households’
perspectives.

First, the transcripts were read in full to get an over-
all understanding of the material. Thereafter, codes that
were close to the text and captured the phenomena that
the respondents described were created in Nvivo. Exam-
ples of these codes are: “Securing energy supply and
decreasing vulnerability”, “Technical problem—techni-
cal solutions” or “Requesting guidance and informa-
tion” These codes were derived from the content of the
excerpts, focusing specifically on household energy resil-
ience. We used Hasselqvist et al’s [26] four approaches
for resilience, namely flexibility, sufficiency, efficiency
and back-up systems, to explore how households envi-
sioned their response to various power shortages and dis-
ruptions. To exemplify, responses that revolved around
moving electricity use in time to adapt to variability in
price and supply, either automatically or manually, were
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understood as representing flexibility. Measures aim-
ing to reduce electricity use and reflections on accept-
able levels of comfort were associated with sufficiency.
Measures that involved buying appliances with bet-
ter energy performance or making sure that appliances
could perform as well as possible were seen as examples
of efficiency. Finally, back-up systems were interpreted as
measures where households envisioned utilizing alterna-
tive energy sources or energy storage, such as batteries
or diesel generators. Initially, the codes could largely be
divided into two categories: (1) codes that were related
to households’ activities and experiences, and (2) codes
that addressed households’ understanding and perspec-
tive on the changing power system. After initial coding,
the analysis was discussed among the authors to discern
what these codes represented and to identify the broader
themes they exemplified. For example, the authors found
that codes could be divided into different levels depend-
ing on what the respondents were discussing: the house-
hold level, the supply level, and the national level. In
addition, a cross-cutting perspective was constructed
where respondents discussed the relationships and
dynamics between actors at different levels. In the next
phase of the analysis, these levels were examined through
the lens of energy resilience. We found that, rather than
representing levels between actors, the pattern could be
better understood as varying approaches to resilience.
These approaches reflected how households reasoned
about the extent to which, and under what circum-
stances, they would be able and willing to become resil-
ient. Additionally, it highlighted how a resilient energy
system is seen as a shared responsibility among different
actors in society. The analysis also revealed that these dif-
ferent standpoints on household energy resilience were
associated with specific conditions, from the households’
point of view, which we discuss in the final chapter. The
codes were subsequently organized into clusters deline-
ated by three overarching themes (Table 1) that encapsu-
late the various manners in which the households related
to energy resilience, the changing power system, and

Table 1 Overview of themes and examples of content
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power deficiency. In Table 1, we give an overview of the
three themes and provide examples that highlight some
key messages that were described under each theme.

Results

All respondents were homeowners and car owners or car
leasers and normally had two sources of income. Engi-
neer, economist, teacher, assistant nurse, and official at
governmental authority were examples of the respond-
ents’ jobs. At the time of the interviews, the households
did not seem to struggle to pay their electricity bills and
thus were not at risk of falling into energy poverty, which
was clear from the way they responded to scenarios with
higher prices. However, based on the way the households
speculated how they would react if electricity prices were
to increase rapidly, it seemed that the households’ finan-
cial situation differed. Some had children and were ear-
lier in their careers or had jobs that did not pay as well
as others, or were on parental leave or other types of
leave resulting in reduced income. There were notable
variations in technical knowledge and interest among the
respondents, in part due to differences in professions and
related interests. Some like Tomas (4) expressed deep
reflections regarding the Swedish power supply, while
others like Adrian (2) and Susanne (7) admitted to never
having considered it before.

Another important variation between respondents
revolved around the experience of longer blackouts.
Susanne (7), Martin (1), Karin (5), and Jakob and Mona
(6) all had experiences of longer blackouts, while others
such as Adrian (2) or Tomas and Camilla (4) could not
clearly recollect any experiences of blackouts. In some
cases, their experiences displayed clear material ele-
ments. For example, Susanne mentioned that they quite
frequently lose power at their summer cabin, which was
not very problematic because they could use a camping
kitchen, candles, and the fire stove to keep warm and
cook food during those times. In contrast, Marcus’s (3)
primary recollection of power cuts was related to a house
he used to live in where there was a hidden problem with

Theme

In which households...

Anticipating household energy resilience

- Envisioned approaches in terms of flexibility, sufficiency, efficiency, and back-up systems

- Related resilience to everyday life and specific power deficiency scenarios
- Saw obstacles and opportunities for resilience

Questioning household energy resilience

- Demonstrated expectations of a functioning power grid

- Questioned allocation of responsibilities
- Saw resilience as a task for the physical infrastructure, market, and authorities

Negotiating household energy resilience

- Had a collaborative view of resilience, according to which responsibility should be shared

- Questioned their own expectations on electricity supply
- Provided views that showed how resilience is conditioned by value, involvement, and reciprocity
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a power cable; thus, his memories of these sudden black-
outs were associated with frustration and stress until they
found out what was causing them.

The analysis yielded three main themes: (1) antici-
pating, (2) questioning, and (3) negotiating household
energy resilience. Each theme corresponded to different
perspectives on resilience as the respondents attempted
to comprehend power deficiency in terms of the chal-
lenges in the power system, power supply, and their
responses. The respondents discussed power deficiency
and resilience at the household as well as the supplier
and national system level, but also as a responsibility
shared and negotiated between all stakeholders. The idea
of energy resilience at the household level was associ-
ated with some tension as respondents both anticipated,
questioned, and negotiated resilience as something
they would need for their energy security. The discus-
sions around the themes focused on how respondents
described power deficiency, including the challenges
and responsibilities associated with the power system
in terms of their own needs and those of society in gen-
eral. They also explored potential solutions and measures
based on their understanding of these disruptions. They
analyzed their reactions and imagined possible courses of
action in scenarios of expensive electricity, limited sup-
ply, remote appliance control, or complete power outage.
Certain respondents encountered difficulty in identifying
areas of electricity usage that could be changed, including
pinpointing which appliances consumed most power. In
contrast, others, who monitored their household’s elec-
tricity usage, had clear strategies in place for dealing with
high electricity prices or increased risk of power outages.

Anticipating household energy resilience

Asked to reflect upon power deficiency and changes in
future power supply, the respondents frequently dis-
cussed these matters concerning their own lives and
households. It should be noted that they did not com-
pletely embrace the idea of becoming resilient, as we will
describe in the later sections. They also had certain res-
ervations about becoming resilient and questioned what
can reasonably be expected of them. Yet, they anticipated
different approaches, some revolving around technologi-
cal ways of dealing with power deficiency, others related
more to ability and willingness to change practices, as
well as norms, goal conflicts, needs, and households’ con-
ditions. Respondents thus expressed the need to develop
their preparedness for power deficiency, which resonated
with the resilience approaches coined by Hasselqvist
et al. [26]: flexibility, sufficiency, and back-up systems.
These anticipated measures to strengthen resilience
were derived both from technology and from changing
activities, depending upon respondents’ knowledge, their
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understanding of the power system, and their motivation
behind strengthening their resilience. In addition, obsta-
cles for strengthening one’s own resilience and prepared-
ness were highlighted as well.

Respondents strongly associated power deficiency with
issues of self-reliance and preparedness at the household
level, clearly connected to investments in technology.
Certain respondents with backgrounds in technical pro-
fessions, like Martin and Tomas, expressed an interest
and even excitement around reducing their own vulner-
ability to power deficiency. For example, Martin, being
a construction engineer, said that he was interested in
“constructing away vulnerability’, that is, building and
investing in things that would make him and his house-
hold more prepared.

Possessing an interest, expertise, and familiarity with
technology emerged as a significant motivator, play-
ing a pivotal role in comprehending power shortages
as unforeseen disruptions and anticipating appropriate
responses to such situations of power deficit. Sven (5),
Martin (1), and Tomas (4) stated their interest in tech-
nology and mentioned it as a motivation for trying out
new things. Martin’s keen interest in technology and his
enjoyment of learning how to digitally control household
appliances were major motivations for him to explore
new approaches, reduce electricity usage, and adopt
greater flexibility with energy. He considered it to be a
bigger driver than both economic and environmental
incentives. As described below, other participants men-
tioned other ways to deal with disruptions which differed
from these purely technological approaches.

Technology was also brought up by respondents as an
envisioned solution to avoid having to change routines
or reduce comfort in the face of disruption. For example,
Tomas (4) repeatedly said that he would try to “fix the
problem through more technology’, as a response to both
scenarios of power shortages and price peaks. Notably,
the challenges of the power system did not seem to be
news to Tomas as he had already thought about several
related investments that would help him deal with power
shortages. He was already considering getting a home
battery in the near future and was optimistic about the
potential for smart control of appliances to avoid price
peaks, including, for example, scheduling heating for cer-
tain rooms or automating the charging of his car. Tomas
reasoned that because they used their car so little during
the week, it was possible for him to charge it during the
weekends only, which was favorable from a power price
point of view. At the same time, he acknowledged that
having solar panels meant that his yearly power bills were
so low, or even non-existent, that financial incentives
to reduce or timeshift electricity use were rather weak.
His interest in optimizing thus went beyond financial
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incentives to an interest in having an efficient home and
contributing to the grid. In Tomas and Camilla’s case,
the presence of energy technologies in their home can
be seen as a way in which electricity supply was already
being re-materialized [4]. By having smart heat pumps
and solar panels, for example, variations in electric-
ity supply and power price were already present in their
lives.

In addition to Tomas (4), other respondents such as
Martin (1) and Adrian (2) also stated that they would
consider getting back-up systems such as generators, gas
stoves, gas grills or batteries that would prepare them
for temporary power outages or limitations in electric-
ity. Other respondents such as Cecilia (1), Mona (6),
and Marcus (3) mentioned smaller back-ups such as
power banks for the phone or battery-driven radios, as a
response to shorter blackouts.

While some technologies were emphasized as back-
ups—such as diesel generators—others, like smart
chargers for the car or smart lighting systems, were a
response to scenarios of variable price. Other technolo-
gies were brought up as helpful for both changing the
timing of power use and dealing with power cuts, such
as solar panels, batteries, bigger water boilers, or hot
water tanks. Importantly, households’ existing material
resources also affected how respondents discussed their
own resilience and preparedness. For example, both Mar-
cus (3) and Martin (1) mentioned they had gas-driven
grills that could be used to cook food in case of power
cuts, which made them feel less vulnerable. Susanne and
Tom (7) as well as Martin and Cecilia (1) had summer-
houses that were equipped to deal with power shortages
in different ways. Susanne and Tom’s summerhouse was
old and thus had an iron stove and open fireplace. In con-
trast, Martin and Cecilia’s summerhouse was newly ren-
ovated but with the conscious choice of a gas stove and
oven and heating it with a wood-burning stove. Martin
even said that it was his intention to make it robust from
an energy perspective, motivated by his interest. Mona
(6) and Susanne emphasized that if the indoor tempera-
ture were to drop significantly because of limitations in
electricity supply, or if electricity prices were to become
extremely high, they would likely use their wood-burning
stoves a lot more than they do today. In contrast, Adrian
(2), who did not have any additional heating sources, rea-
soned that they were more vulnerable because they have
an old house that quickly becomes cold, and he felt that
this made him more reliant on the security of the power
supply.

Overall, technology-derived measures for strengthen-
ing household energy resilience were connected to the
resilience approaches of flexibility, efficiency, and back-
up systems [26], addressing either the need to avoid
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price and power peaks, reduce overall electricity use, or
to deal with power cuts. While efficiency was mentioned
concerning overall standards of appliances at home and
the house’s energy performance, it was not as apparent
in the respondents’ reflections about their preparedness
for power deficiency. The notion of efficiency was instead
woven into aspects of flexibility and back-up systems,
like how long one could turn off the heat pump without
losing too much indoor comfort, or how long one would
have to run a diesel generator to get the house sufficiently
warm, depending on the insulation of the house.

Another way to make sense of how life would change
at the household level in the face of power deficiency was
by thinking about how chores and activities can be done
differently. Respondents envisioned alternative ways
to perform household chores, do hobbies, and adapt
the time they use appliances. Certain changes in prac-
tices were suggested as a response to limited electricity
or temporary power outages, while other practices were
more related to high and volatile electricity prices. Exam-
ples of possible practices that were mentioned as open to
change included wearing warmer clothes, avoiding using
the washing machine, showering less often, running only
one appliance at a time, and moving the timing of hob-
bies and recreational activities. Some of these sugges-
tions reflected an idea of making do with a reduced or
limited amount of electricity and can thus be connected
to the resilience approach of sufficiency [26]. Other sug-
gestions, like running only one appliance at a time or
waiting to do something, were more connected to flex-
ibility but in a manual way rather than through smart
technology. Some activities were discussed as the old way
of doing things, relating power deficiency to a time in
the past when electricity was scarce or non-existent. For
example, Susanne (7), who was in early retirement age,
remembered that her mother used to wash clothes in the
bathtub when discussing how one can make do without
a washing machine. But she also stated that because she
did not own a bathtub, she would have to use a bucket,
which seemed less suitable. Similarly, Karin (5) recalled
her experiences with fluctuating phone call rates, which
were notably higher during daytime hours, prompting
individuals to postpone calls until evening when rates
were lower. This familiarity with variable pricing schemes
made the concept of fluctuating electricity prices more
relatable to her. This reflects how memories of previous
practices can become useful in situations of power defi-
ciency and as an approach of resilience [42].

Obstacles for household resilience

In line with existing research on flexibility and demand
response, respondents also reflected upon certain prac-
tices that seemed difficult to replace or change in a sig-
nificant way, due to their fixation in the rhythm of daily
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life. For example, cooking dinner on time and providing
entertainment for children was important and seemed
non-negotiable for Adrian (2) and Marcus (3), in line
with Nicholls and Strengers [23]. Risks associated with
running appliances at different times also came up when
discussing changing the timing of practices. For example,
Cecilia (1) stated that she was not comfortable with run-
ning the washing machine at night due to the risks of fire
or leakage.

Some reasoning around difficulties in changing energy
practices was related to the respondents’ ideas about
what is considered acceptable, and what is not. This
was particularly apparent when it came to hygiene, such
as showering before work or after a workout, or the
importance of having sufficiently clean clothes, mean-
ing washed in a washing machine and not by hand. For
example, Susanne (7) expressed a reluctancy to take the
tram with many other travellers without taking a shower
beforehand, and Martin (1) as well as Jakob and Mona (6)
stated that they needed a shower before going to work.
Even Tom (7), who was retired, did not want to be with-
out his daily shower. Being able to eat dinner together
was also considered important, and not something that
one particularly wants to change or move around too
much because of power deficiency. For example, Adrian
(2), who had small children, felt that dinner was one
of the most inflexible activities because of the limited
number of hours between work and the children’s bed-
time. Marcus (3) reflected on the idea of not charging his
phone every day: “seems an insane notion nowadays”.

These above-mentioned examples are aspects that
respondents feel are important parts of everyday life and
can be understood as their interpretation of what suffi-
ciency means for them. In relation to this, thermal com-
fort norms also came up, especially as Tom (7), having
lived in the UK, stated the difference between indoor
temperature in Sweden and the UK, arguing that people
in Sweden are used to having it much warmer than peo-
ple in the UK.

Beyond reflecting upon what activities to change and
how, respondents also mentioned individual and house-
hold-specific conditions, such as work hours, family con-
stellation, money, time, and knowledge, that can make
it easier or harder to adapt to power deficiency, similar
to previous research on flexibility [22, 23, 43—45]. Hav-
ing a flexible working life and being able to work from
home were brought up as things that enable more flex-
ible energy use. Taking care of children—for example
maintaining bedtimes, dinner times, entertainment, and
homework—was raised as a parameter that make it more
difficult to be flexible with energy use or to engage with
energy management at home overall. In contrast, being
retired potentially provides more time and flexibility to
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actively participate in energy-related activities. How-
ever, as Mona (6) also stated, aging itself may change
one’s energy needs such as preferring a higher tempera-
ture indoors because of being less mobile, meaning that
what is sufficient heating changes over time. Finally, the
participants anticipated that it would be easier to work
around things and adapt if power limitations and power
cuts were to occur based on a predictive pattern, rather
than as unpredicted situations.

In summary, the respondents envisioned several ways
to adjust their electricity use, both technology-derived
and self-derived, in the face of disruptions. Approaches
like flexibility, back-up systems and sufficiency were
observed when discussing power deficiency at a house-
hold level, while examples of efficiency approaches were
not as visible or strong. At the same time, respondents
mentioned challenges and reluctance towards changing
certain routines of everyday life because of electricity
shortages, which reflected their expectations of a func-
tioning electricity grid.

Questioning household energy resilience

While respondents imagined ways to strengthen their
own resilience, as described above, they also reasoned
that it should not be their responsibility to deal with
power deficiency and secure the electricity supply. When
discussing power deficiency, respondents hesitated to say
that they needed to become more prepared to deal with
power shortages in the future. Rather, Sven (5), Adrian
(2), and Martin (1) reasoned that the system should be
improved so that these shortages do not occur. State-
ments from respondents revealed an expectation that the
power supply simply should function in a country like
Sweden and that a reliable power supply is something
that households are dependent on. For example, when
asked to reflect upon a scenario with possible limitations
or shortages in electricity, Adrian (2) reasoned: “You still
think of it [Sweden] as a developed country where things
like this should function. To some extent. That it should be
a part of societal structure, so to speak”

Respondents associated electricity with normal life
and comfort. A normal life in this context included
being able to shower before work or after other activi-
ties, entertain children, perform hobbies, cook din-
ner on time, make coffee or tea, use communication
technologies, wash clothes when needed, and being
comfortably warm. For example, Sven (5) reasoned
that while he could see himself adapting the timing of
activities in scenarios of electricity shortages or very
variable prices, he thought that the authorities should
make sure that the electricity system would eventually
“go back to normal”. Similarly, Adrian (2) reasoned that
it would be okay to introduce a power tariff as long as
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his family’s everyday life was not disrupted and they
could “live normally” Sometimes, respondents also
expressed difficulty coming up with ways to reduce
or change their consumption of electricity; they felt
that they were already saving electricity and that most
things that required electricity were necessities or used
only a modest amount. From a resilience perspective,
it seems efficiency and sufficiency were assumed to
already have been achieved according to these house-
holds. For example, Tomas (4) claimed that his house
already uses very little electricity and that his appli-
ances are efficient. This underscores the perception of
a reliable power supply as an integral aspect of daily
life. Essential amenities such as maintaining an accept-
able temperature, access to hot water, and electricity for
cooking, laundering, entertainment, and communica-
tion were emphasized as crucial and expected to func-
tion consistently. While they did mention suggestions
for becoming more prepared, some respondents also
questioned why there would be any need for them to
make that effort. This was interpreted as respondents
questioning the need for resilience at the household
level and instead emphasizing the need for resilience at
a societal level.

Power deficiency was discussed as a matter of national
and regional energy security and self-sufficiency. Mar-
tin (1) and Sven (5) reflected on earlier decisions to shut
down nuclear power plants in Sweden and wondered if
it would result in power supply challenges forcing Swe-
den to import electrical power made from coal. Cecilia
(1) wondered why Sweden is not producing more power
when we need it, and why local actors such as munici-
palities are against investing in more wind power. Other
respondents such as Karin (5) acknowledged challenges
in expanding electricity production to new locations.
This reasoning revolved around future energy demands
and how electricity can be sufficient for all needs, such as
for transportation and work. Marcus (3) was not worried
about himself personally but felt concern for his work-
place where they have alarms and equipment that need
to function to make sure that the people they care for
are safe. His concern about electricity for work and the
way he was not as worried about his own consumption at
home reflects the need for understanding resilience from
an energy service perspective, acknowledging that elec-
tricity supply serves different human needs, with some
being more vital than others [34].

Another way the respondents made sense of what will
happen to the power system and how society should deal
with power peaks was to frame it as a matter for the mar-
ket and price mechanisms to sort out. For example, Sven
(5) stated that market forces are the ones steering elec-
tricity use and trading and that the government cannot
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do much about it, emphasizing the silent force of the
market.

Other statements revolved around financial incentives
as the most important tool that will make the most dif-
ference, and for Adrian (2) and Tomas (4) it was under-
stood as the only thing that can make people change
their behavior. It was clear that the respondents believed
that financial incentives and financial resources have a
big impact on how households such as theirs respond to
power deficit situations. One line of reasoning was that
energy flexibility will be a choice between expensive but
comfortable, and cheap but with more effort and adapta-
tion needed, and respondents like Martin (1) and Camilla
(4) saw this as fairly reasonable. This reflects the idea that
the electricity market needs to create favorable condi-
tions for resilience measures to be expected at a house-
hold level.

There were also statements arguing that if electric-
ity is too cheap, households will not make the effort to
become more flexible or efficient in how they use it. For
example, Tomas (4) stated that the price of electricity, at
the time of the interview, was too cheap to impact their
actions or energy use at home and that potential savings
could be compared to “a couple of family pizzas per year”.
In contrast, Marcus (3), who worked as a nurse and was
currently on parental leave, stated that he did not earn
much money and said that he would definitely be affected
if prices were to go up further. Similarly, respondents
like Tom said that their electricity use would have to be
reduced if prices continued to rise.

Some respondents were confident that more technol-
ogy on both the production side and the demand side can
solve more or less all issues related to power peaks and
power deficiency, and that power deficiency problems are
related to investments and physical infrastructure. Fuel
cells and green electricity were mentioned for the larger
system, while steering of appliances, charging of elec-
tric vehicles, and indoor heating were mentioned for the
household level. This was interpreted as a way in which
respondents envisioned that the infrastructure itself
could be strengthened to increase resilience.

Furthermore, respondents expressed uncertainty
regarding different types of energy actors and who does
what in relation to the grid and the energy system. As an
example, Marcus (3) stated that he did not know how he
would react to a situation of power deficiency. He associ-
ated power deficiency with a bigger blackout, which he
envisioned might involve issues of insurance and hav-
ing to leave home to go live with family or friends or in
a hotel, assuming these locations had power. This reflects
an expectation that the power supply should function,
and if it does not, you may expect to be compensated
by the supplier or go somewhere where there is power.
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It also reflects the invisibility of the infrastructure, as
respondents’ statements suggested that they are unsure
of who is responsible for what, since they so far have
not needed this knowledge in their daily use of the grid
infrastructure.

In sum, the questioning of household energy resilience
revolved around a discussion about households’ depend-
ency on a functioning power system and the assumption
that power supply is linked to investments in technol-
ogy and power provision, as well as their expectations
that the government should make sure that the electric-
ity supply is sufficient and functioning. The respondents
thus envision and place the responsibility for resilience at
a national level rather than a household level. A frustra-
tion around goal conflicts related to production and dis-
tribution was also revealed. Wind power, nuclear power,
and electric vehicles were subjects that came up in asso-
ciation with power supply and power deficiency, in rela-
tion to a low-carbon transition. However, a contrasting
argument was that the system is more or less dominated
by the market and prices and that the government can
do nothing about this. As such, households questioned
resilience as a responsibility for households, but at the
same time, they asked for the government and market to
ensure favorable conditions that will incentivize resilient
behaviors, such as flexibility, sufficiency and efficiency
[26]. It was argued that stronger financial incentives
would make households see the value in adapting their
use of electricity.

Negotiating household energy resilience

Respondents made suggestions for enhancing their own
resilience yet concurrently expressed partial reluctance to
accepting sole responsibility for adapting to and strength-
ening the changing power system, especially without
strong incentives in place. Thus, intermediate discussions
revealed that households’ initiatives to strengthen resil-
ience were influenced by the actions of other stakehold-
ers within the system. This was interpreted as a form of
negotiation, with the voluntary resilience of households
being conditioned on mutual trust, effort, and an agree-
ment between actors about who is responsible for what
in the electricity system.

One example is the relationship between the electricity
supplier and the householders, as well as potential flex-
ibility aggregators which came up as a parameter that
could affect whether participating more actively in energy
use seemed acceptable or not to the respondents. For
instance, reflecting upon the potential remote steering of
certain loads or appliances, Susanne (7), Marcus (3), and
Tom (7) stated that it is important to trust the utility con-
trolling your electricity. In these interviews, the remote
steering of the heat pump was a concrete example used
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to talk about trusting new stakeholders such as aggrega-
tors, or more traditional stakeholders such as municipal
energy companies. Because the project involved this type
of steering for research purposes, the respondents could
use their own experience of the experiment as an exam-
ple to discuss potential energy services of a similar kind.
They emphasized that it matters who is in charge at the
other end. For example, Susanne (7) said that she was
more inclined to trust a public governmental authority or
municipal energy company rather than a private profit-
making company.

General mistrust against energy companies, specifically
electricity trading companies, their incentives, and inter-
ests also came up, and whether or not they are actually
willing to take responsibility and care about the house-
holds in future situations involving disruptions. Tomas
(4), Karin (5), and Martin (1) stated that in the end it is
always about money, questioning whether energy compa-
nies can be trusted to have good intentions and empha-
sizing the need for regulations to make sure they are
not using households’ efforts to be resilient to make a
profit. Marcus (3) pointed out the paradox in the busi-
ness model being based on the idea that more electric-
ity consumption equals more profit, while the very same
company is expected to actively promote the reduction
or shifting of energy use. That they were not helpful or
caring enough about their customers was also mentioned
in association with this mistrust against the energy com-
panies. Some respondents specifically said that they had
been treated badly by some electricity trading companies
and that there is a need for these organizations to shape
up and make more of an effort to help and support house-
holds if power deficit situations should occur more often
in the future. Tom (7) said he hoped that these compa-
nies would not punish their customers or only invest in
new solutions to be able to increase profits, but rather
be driven by the cause of finding solutions that work for
everyone. Not all were dissatisfied with their energy com-
pany, however, and some felt they simply had no relation-
ship with their supplier other than paying their monthly
bill.

This distrust further reflects some of the previously
mentioned confusion around what specific actor the
respondents had in mind as they mentioned “energy
companies’, a label that may include a range of differ-
ent types of companies. The actors in the energy market,
District System Operator (DSO) and electricity traders,
tend to be lumped together or discussed as one category
although they are different.

Another discussion directed at the supplier level was
the matter of being supported in being an informed and
aware user. Engaging actively in addressing power defi-
ciency and mitigating power peaks can be challenging
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when one lacks experience, knowledge, and understand-
ing regarding the problem and appropriate courses of
action. This was raised as an important need by respond-
ents, pointing towards energy companies as possible
stakeholders that could help and support households in
learning what to do. Mona (6) argued that this should be
part of the energy companies’ responsibility:

I think they have a responsibility to make sure that
we are using electricity in a good way. They could
contribute to that. Not just supplying us with elec-
tricity and then that’s it. But rather, they have a
fundamental responsibility for the environment
and how we produce electricity. Where is the power
coming from? So yes, they could have incentives, for
example, if you save electricity you get some sort of
bonus. I mean that's another way to change behav-
ior. Sort of like Systembolaget,” who says they don’t
want to sell alcohol, but they do it because people
want it. You could reason the same way, that ‘we
deliver electricity but wed like you to use as little as
possible!

Identifying, differentiating, and prioritizing between
different energy-demanding activities raised questions
for some respondents as to what sort of energy reduc-
tion matters, and what activity should be avoided and
when. Respondents expressed difficulty in knowing what
they should change. Susanne (7) argued that informa-
tion about how to change energy use needs to be easy to
understand and accessible, especially for people who are
not interested in kilowatt-hours. Thus involving house-
holds in power deficiency issues and showing how to pre-
pare for them seemed important to respondents.

Transparency, forecasts, and information about the
current situation were mentioned as crucial parameters
for guiding households to further make sense of the
power system. A need to understand the household’s
electricity use was highlighted as well, and the informa-
tion needs to be more interesting and creative than just
a total of charges on the electricity bill. Some statements
revealed an expectation that this information and guid-
ance should come from outside the household and is not
just the household’s own responsibility. It was suggested
that energy companies, or the authorities, give tips on
alternative sources of energy and provide illustrations of
how changes in household energy use may benefit soci-
ety and do good. A possibility for more direct contact or
dialog with the energy companies was also mentioned, as

! Systembolaget is the Swedish, governmentally owned company that has
the monopoly on selling alcohol in Sweden. It is known for trying to pro-
mote a healthy alcohol culture through their communication [46].
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well as a request for clear instructions and pedagogical
help rather than just financial incentives. Respondents
also raised the need to understand the value and impor-
tance of adapting electricity demand, and to understand
when limitations on power may occur. It is thus about
getting information both about the larger system and
the local system, the house as well as the grid. To some
extent, these discussions reflect a belief that it is the
bigger stakeholders in the energy system who have the
responsibility to involve households in the energy transi-
tion, by teaching or guiding households and consumers
in the right direction, for example. The need for guidance
can be connected to transformation as a resilient behav-
ior [29, 47], with insights and know-how helping house-
holds to become more resilient over time.

While the interviews suggested that the respondents do
not think too much about electricity in everyday life, the
respondents also reflected on how much they take elec-
tricity for granted. Some of them, like Adrian (2), Mar-
cus (3), and Mona (6), who stated that they expect the
power to function, were also somewhat self-critical—are
we maybe too comfortable and “spoiled” with an energy
supply that never fails? And at what cost? Such questions
were posed against the expectation of a fully reliable elec-
tricity grid, as illustrated by Adrian (2): I would like to say
that yes, of course we should expect that it [power supply]
should function. That is my spontaneous answer. Then you
can always go deeper into it and think that maybe you're
a little bit spoiled if you think it should work all the time,
that maybe it is not something obvious. Considering that
it takes a lot of resources to keep it [power grid] up and
running all the time.

Some mentioned that taking functioning power for
granted results in a lack of preparation for power outages
or other changes. For example, Martin (1) and Marcus
(3) believed that other countries experience more distur-
bances in power supply than Sweden, thus making them
more prepared to handle disruptions when they happen.

Power deficiency was not only understood as a politi-
cal issue or something that would have to be dealt with
through market forces. Respondents pointed to all citi-
zens’ shared responsibility to engage and care about the
needs of society, for several reasons related to the public
good, such as social and environmental sustainability. For
example, Tomas and Camilla (4) emphasized the need for
everybody to contribute to and do what it takes to have
a functioning society and a sustainable energy system, to
be aware and not waste energy, and that all citizens are
part of the system. These statements showed that some
respondents had a certain awareness of the vulnerability,
variability, and dynamic characteristics of the power sys-
tem infrastructure.
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There were also discussions about the need for behav-
ioral change, in addition to investments in technol-
ogy or political decision-making. Adrian (2) mentioned
sufficiency when it comes to energy use and said that
although we should be able to expect a functioning elec-
tricity supply, it is debatable how many appliances one
should expect to be able to run simultaneously at home.
Susanne (7) wondered if there should be a cap on elec-
tricity use to prevent overconsumption. This type of rea-
soning can be connected to the sufficiency approach of
household energy resilience [26].

Camilla (4) reasoned that she would do what is
required of her if it meant that key parts of society get
to utilize that power instead. This reasoning connected to
flexibility and sufficiency, while also negotiating a form of
interdependence between households, the grid and other
stakeholders, as illustrated in Camilla’s statement:

If it's about making sure the hospitals have enough
and these more important institutions that need to
have [power], then absolutely, I would not need any
compensation for that. (...) I don’t need to run eve-
rything at once during those times. I would do my
part and think that there are benefits in that. I mean
it could be more of a collaboration in that sense. As
long as society works, that is the most important
thing. (...) I will not get to work unless the train has
electricity, so I mean it’s about the functioning of
society

In relation to this, Susanne (7) asked for reciprocity and
wondered how she could trust that the industries are also
doing all they can at their end to reduce power consump-
tion to avoid shortages. Respondents such as Marcus (3)
made sense of reducing electricity use by comparing it to
other sustainable practices and said that of all the things
one can do to live sustainably, reducing or changing elec-
tricity use is difficult to motivate, in comparison to recy-
cling or walking instead of driving, for example. Similarly,
other respondents stated that it would be easier to be
engaged in the issue if they knew what type of change
would truly make an impact, asking for a clearer sense
of the value of household energy resilience. Respond-
ents like Karin (5) also reflected on the injustice and
differences in conditions for changing behavior, as not
all households have the same possibility to change their
daily lives or adapt to the power supply. Similarly, Mona
(6) reflected upon the fact that different individuals will
have different opportunities to take responsibility for the
shared energy system, and reasoned that if she were a sin-
gle parent, it would not be easy to engage in such issues
on top of everything else. This relates to statements from
parents Adrian (2) and Marcus (3), who, although they
both had partners to share the parenting with, mentioned
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during interviews that they have limited flexibility in
terms of time, as they first and foremost have to maintain
routines and make sure their children are all right.

In summary, the idea of anticipating and poten-
tially strengthening energy resilience at the household
level was neither completely embraced nor completely
rejected by the respondents, but rather negotiated and
conditional. Respondents reflected on their own expec-
tations and the interdependence between demand and
supply. They also reflected upon other actors and their
role in managing the system, guiding and supporting
households, and making sure these challenges are met in
a just way across society. Respondents need to know that
their efforts are contributing to a desired and sustainable
development of the grid and electricity system and that
this responsibility and effort is shared among stakehold-
ers on the grid, confirming the value of their efforts. As
such, these respondents’ efforts to strengthen their own
household energy resilience require reciprocity, involve-
ment, and a sense of value.

Discussion
With energy transition and climate impact underway,
the power systems in Sweden and other affluent nations
are going through changes. The integration of vari-
able renewable energy sources and escalating electric-
ity demands in combination with different threats to the
power system potentially require household-level prepar-
edness for disruptions and shortages. However, how do
households comprehend and anticipate these shifts? As
past research shows, infrastructure like the power sys-
tem remains largely taken for granted in everyday life and
mostly becomes apparent during breakdowns [1, 3, 48,
49], although this is arguably changing due to the above-
mentioned challenges and technological transitions [4].
In this study, we have explored how individuals living
in single-family households in Sweden make sense of
energy resilience, power deficiency, and the future of the
power grid in relation to everyday life. As described in
the beginning, the concept of resilience usually involves
four characteristic system behaviors: adaptation, tolera-
tion, restoration and transformation [29]. Notably, the
respondents in our study primarily discussed energy
resilience in terms of anticipation, which we interpret
as making sense of a potential need to adapt, tolerate,
restore, and transform in the face of disruptions. This
can perhaps be explained by the fact that the interview
was somewhat future oriented, since we framed the sce-
narios as possible future events and some of the situa-
tions discussed are not something the households have
experienced thus far. This in turn relates to the fact that
most Swedes are used to a well-functioning grid where
supply has rarely been disrupted. Conducting this study
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in another context, for example the Orkney Islands [27],
would perhaps result in more focus on the toleration and
restoration parts as households are already being resil-
ient in a number of ways. However, it should be noted
that some respondents in the present study already were
engaging in resilient practices, for example, by using
price adaptation on their heat pump to avoid price peaks,
resulting in a variable indoor temperature. Nonetheless,
we suggest that anticipation can be seen as a preventive
behavior or perhaps a component of transformation.

From a resilience perspective, the respondents in
part anticipated a need to become more resilient them-
selves in different ways, primarily through technology or
changing routines which can be linked to the resilience
approaches of sufficiency, flexibility, and back-up systems
[26]. However, at the same time, they also resisted house-
hold energy resilience by questioning whether it should
be their responsibility to deal with threats of power defi-
ciency. Our results thus differ from Hasselqvist et al’s
study [25] to some extent, in which the participants both
described themselves as more prepared and embraced
the concept of household energy resilience more unprob-
lematically. Although our study explored resilience from
an everyday perspective rather than a crisis context, the
observation that households sometimes resist the idea
of having to be resilient aligns with strands of research
in the field of disaster risk reduction, in which inhabit-
ants’ resistance to being labeled resilient has been found
as well [50]. Unpacking energy resilience further, the
respondents in our study did not completely reject nor
did they completely anticipate household energy resil-
ience but rather suggested that dealing with power defi-
ciency needs to be a negotiated, joint effort involving all
parts of society with everybody contributing. This find-
ing aligns with, for example, Harris et al’s understanding
of resilience, which holds that resilience must always be
negotiated in order to be successful and just, by aiming
for inclusivity and consideration of multiple stakeholders’
interest and prerequisites [51].

However, negotiating energy resilience among actors in
a society or in an energy system is not a trivial matter, and
our interviews shed light on potential tensions between
households and other stakeholders, since households
both questioned and negotiated in what way they would
be willing to contribute to a resilient energy system.
Below, we discuss three interconnected themes of chal-
lenges, related to (1) value, (2) involvement, and (3) reci-
procity, that we believe need to be considered if societies
and/or energy actors wish to see households strengthen-
ing their own energy resilience and/or contributing to the
resilience of the energy system.

The first theme relates to value and is about taking
seriously peoples’ concerns; they need to feel that their
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efforts really matter in strained situations—in terms of
both their own households and the power system. The
results show an understanding of reliable electricity as a
given part of everyday life, which to some extent indicates
that respondents resist the idea that increased house-
hold resilience should be needed. However, other ways
respondents reflected on power deficiency opened up for
resilience thinking, relating primarily to three out of four
of the resilience approaches (sufficiency, flexibility and
back-up energy systems) identified by Hasselqvist et al.
[25]. Focusing on securing energy supply, technology,
and costs seems to be related to flexibility, efficiency and
back-up energy systems, since these approaches primar-
ily revolve around optimization and having technologi-
cal “insurance” for when disturbances occur. Changing
practices and understanding power deficiency as a mat-
ter of solidarity and shared responsibility, on the other
hand, was more connected to sufficiency and accept-
ance, being able to make do with the situation and adjust-
ing to supply to support the functioning of society. That
households’ perceptions of value are pivotal to changing
energy practices can be seen in previous studies as well.
Households” willingness to adopt sufficiency and flexibil-
ity in their electricity use seem to be stronger when such
efforts can be clearly connected to values of solidarity or
care for shared systems [52] or the planet [53], or when
they can significantly reduce costs [54, 55]. Summing up
the first theme, an important condition for households
to make changes is understanding the value of increasing
resilience and changing habits. Although fundamental, it
is not enough in itself, but households also need informa-
tion and guidance in navigating a changing energy land-
scape, which is leading to the second theme.

The second theme relates to involvement and is about
the importance of providing clarity and support to
households. This is a task for energy actors and govern-
mental organizations to support households in becom-
ing more active participants through household energy
resilience. Respondents asked for guidance, and want to
be shown that their efforts and their engagement in the
energy system matter. Knowing what to do, how to do
it, and why was argued to be important and difficult to
grasp on their own, and some respondents argued that
energy companies or authorities need to communicate
better what householders are expected to do and why.
Involvement through guidance and information can be
connected to previous research pointing to energy lit-
eracy as an important enabler for households to engage
in, for example, flexible electricity use [56]. Previous
studies suggest that careful consideration needs to be
made around how communication towards households is
designed, that is, how they are involved, in order to get a
desired response, both to prevent emergency power cuts
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[57] and to encourage participation in smart grids in eve-
ryday life [58].

Our results reflect that, in similarity with previous
research on flexibility capital [22, 43], interest and knowl-
edge in technology, financial resources, and practical
capacity in everyday routines allow for a range of meas-
ures to strengthen resilience that may not be accessible to
all households.

Summing up the second theme, households need sup-
port to be able to learn how to navigate the changing
energy landscape and, as discussed above, what actions
are effective. In addition, policymakers and stakehold-
ers of the grid, wanting to facilitate involvement, need to
consider that not all households have the same capability
to participate in the same way. Furthermore, households
also want to be certain that they are not given the sole
responsibility for supporting the power system, which
leads to a final challenge.

The third and final theme relates to reciprocity and is
about proving to households that their efforts are met
with reciprocal actions from energy actors and govern-
mental organizations. Reflecting upon taking on new
roles, the respondents in this study raised questions
as to whether all parties involved are taking their share
of the responsibility, and if not, why should the house-
holds make the effort? Related to trust and transpar-
ency, households wondered whom they could trust and
if their interests households are really the same as those
of the energy companies, revealing distrust that has been
shown in previous research as well [59-62]. These actors
were often talked about as one category even though
they consist of multiple, different types of organizations,
which also points to the invisibility of the social stake-
holders of the infrastructure [1]. Based on what was said
in the interviews, reciprocity in this case could entail, for
example, energy companies communicating which efforts
are made to avoid price peaks and grid companies com-
municating what the network fee is for, how that money
is invested, and how industries (and not just households)
are participating in energy resilience. This aligns with
research showing that the prospects of contributing to
local emission reductions, for example through local
stakeholder efforts, can make households more inclined
to participate in demand response [63].

Summing up the final theme, households might be will-
ing to provide flexibility and make other efforts related to
household energy resilience if they see and can trust that
energy actors and governmental organizations are clearly
working to address and improve both the social and tech-
nological aspects of the power infrastructure by investing
in the power grid, for example. Existing and new energy
actors need to define and communicate roles and respon-
sibilities in a changing energy system, which would bring
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the sociotechnical infrastructure to the foreground and
support change.

To summarize the discussion, the results show that
electricity is taken to be a given part of a functioning
everyday life, but that households can anticipate tak-
ing on new roles, including learning about and develop-
ing household energy resilience. However, household
energy resilience cannot be assumed to be accepted by
households, and our results indicate that any potential
for such resilience is conditional. The social actors of the
infrastructure need to address challenges related to value,
involvement, and reciprocity if households are to actively
engage in supporting their resilience. This means that
resilience from households needs to be complemented
with the right investments as well as continuous efforts
to improve the system for the common good and to com-
municate reciprocity. For policymakers and energy com-
panies wanting to strengthen resilience in the household
customer segment, our results point to the importance
of making the link between resilience and value clear.
For example, if households are able to see how their
efforts contribute to reduced environmental impact,
cost savings, or societal good, it seems more likely that
they would want to adopt resilient practices. Similarly, if
authorities and energy companies provided guidance on
how to follow multiple price signals such as power tariffs
and electricity price, in a way that is tailored to house-
holds’ different knowledge and conditions, it could be a
way of working with involvement. Furthermore, in line
with previous research, different household-specific con-
ditions need to be considered when designing energy ser-
vices for renewable energy futures to ensure a just energy
transition [23, 24, 64]. These findings are relevant for pol-
icymakers and authorities encouraging preparedness, as
well as energy companies wanting to enable and support
resilience, flexibility, and more active electricity users.

Limitations and future directions

Before concluding, we wish to discuss the study’s limita-
tions and suggestions for future research. First, the study
represents a small sample of 12 respondents living in
detached houses in southern Sweden. Thus, the data are
not representative of Swedish households in general. For
instance, single-person households, students, and unem-
ployed individuals were not represented, nor were young
adults or individuals over the age of 75. Future research
should endeavor to extend the findings to diverse con-
texts, encompassing various countries and socioeco-
nomic strata beyond middle-class households residing
in detached houses. It is imperative to consider factors
such as climate, geography, socioeconomic status, house-
hold composition, and employment all of which are influ-
encing individuals’ daily lives and resources. Therefore,
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further studies targeting a broader spectrum of house-
holds are necessary to comprehensively assess the pros-
pects for resilience at the household level. Moreover, if
resilience at the household level is to be strengthened
as a part of sustainable energy futures, it is imperative
to acknowledge the responsibility of suppliers and gov-
ernmental entities tasked with infrastructure planning.
Thus, a future area of research includes exploring how
electric utilities and other energy companies anticipate
their role and interaction with households both presently
and in the near future by examining their perspectives on
challenges related to value, involvement, and reciproc-
ity. Additionally, studies could investigate households’
encounters with various power deficiency conditions and
the influence of learning from these experiences on alter-
ing social practices.

Conclusions

Many households in Sweden are used to a reliable and
affordable electricity supply that is rarely disrupted, but
with a changing energy system, this is likely to shift. Elec-
tricity is associated with a normal life and is expected to
function at most times. Households in this context mostly
do not consider the fact that electricity supply could be
limited and often do not know how to respond to such
situations. The idea of a less reliable and more dynamic
electricity supply seems almost unrealistic because of
how reliable electricity has been in the past. However,
the respondents in our study anticipated and reflected on
the need to take on a new role, including adopting energy
resilient practices. Results from this study thus show that
households both anticipate, question, and negotiate the
idea of energy resilience in the face of a changing power
system. While they to some extent anticipate strength-
ening their own resilience, they also question whose
responsibility energy resilience really is. In discussions
of where energy resilience should be achieved and by
whom, households emphasize the need for a shared effort
and reciprocity from central stakeholders such as energy
companies, industries, and governmental authorities.
These results reveal social and organizational challenges
related to household energy resilience, flexibility, and the
new role of the end consumer. More active engagement
and energy resilient behavior from households is condi-
tional and is more likely to happen if households’ needs
in terms of value, involvement and reciprocity are con-
sidered. These challenges are relevant for policymakers
and stakeholders of the grid and electricity market who
want to enable more active electricity users.
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