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Highlights
- Material relations challenge energy flexibility.
- Material relations connect various household practices that might not directly relate.
- Timer functions must be viewed in wider networks of things, technologies, and infrastructures, including
the capacities of batteries.
- Energy flexibility risks being overlooked in demands for convenience and comfort.

Abstract: Energy demand flexibility is important to balance supply and demand in energy systems based on
renewables. However, attempts to steer the timing of energy demand seem to overlook how energy practices
are influenced by the wider network of things and technologies in homes. Based on photos from house visits,
this paper demonstrates the importance of various material relations for the timing of energy practices to assess
the potential of flexible energy demand. The study focuses on the practices of washing clothes and charging
batteries using three locations of material energy flexibility; embedded flexibility refers to built-in functions,
connected flexibility lies in the interplay between technologies and objects, and networked flexibility situated
in systems of things, including energy infrastructure, house layout, and matter. The results show how material
relations challenge energy flexibility, for example, when devices compete over plugs, stuff is in the way, and
convenience is prioritized. The study suggests that the flexibility of an appliance is viewed in a wider network
of things, technologies, and infrastructures, including battery capacities, and that policy pays more attention
to energy flexibility in the context of material networks and that energy flexibility risks being overlooked in
demands for convenience and comfort.

Keywords: energy demand; energy flexibility; energy consumption; material relations

1. Introduction

The temporal patterns of energy consumption have gotten increased attention in recent years.
Especially, flexibility in energy consumption has been promoted to balance intermittent energy
production with energy demand load (Sioshansi, 2021; Smale et al., 2017; Torriti, 2015; Walker, 2021).
However, efforts to change the timing of energy demand seem to overestimate the ability to manage
and steer everyday energy practices, for example relying on tools such as dynamic pricing, where
tariffs in different ways reflect temporal rhythms of energy production (Faruqui, 2010; Smale et al.,
2017; Torriti, 2015), smart home control, where demand is monitored or automated (Hargreaves and
Wilson, 2017; Larsen and Gram-Hanssen, 2020; Powells et al., 2014), or different forms of feedback
(Foulds et al., 2017; Hargreaves et al., 2013, 2010; Martin, 2020; McKenna et al., 2017). Such energy
demand side management (DSM) seems to ignore that energy is consumed in the course of
accomplishing practices (Shove and Walker, 2014; Warde, 2005), and the stability and fixity in the
rhythms of everyday activities, such as watching TV, cleaning, cooking, and doing laundry (Blue et
al., 2020; Walker, 2021) risk being underestimated. Further, the material dimension of the temporality
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of energy practices seems largely overlooked, although material co-constitution of practice
temporalities is demonstrated to be important to the development of practices like doing laundry and
keeping warm (Spurling, 2021).

This paper demonstrates how materiality shapes the temporality of energy practices by
exemplifying ways materials shape the flexibility or fixity of charging batteries and washing laundry.
In doing so, this paper contributes to existing literature in two ways. First, the energy flexibility of
everyday practices is found to relate to various aspects of everyday life such as institutional rhythms
(Blue, 2019) and the temporal organization and intensity of everyday activities (Anderson, 2016; Friis
and Christensen, 2016, 2016; Jalas, 2005; Jalas and Juntunen, 2015; Jalas and Rinkinen, 2013;
Southerton, 2020, 2009, 2003; Walker, 2014), as well as energy provision and prosumption (Gram-
Hanssen et al., 2020; Hansen et al., 2019; Khalid et al., 2019; Kubli et al., 2018). However, despite this
rich literature, the understanding of how material relations shape energy flexibility is largely missing
in current energy research and policy (Rinkinen et al., 2020, p. 86). Although some studies touch upon
the role of materiality for flexibility of practices, for example, how “[...] energy forms do value ‘work’
in repeating, rhythmic patterns” (Walker, 2021), there is a need to better understand how material
relations shape the temporality of everyday practices, and thereby energy demand flexibility.

Second, using photos of things, technologies, and material settings from 10 household visits, we
apply an approach inspired by principles of object interviews (Holmes, 2020) and of ‘following the
thing’ (Evans, 2020). In this way, we demonstrate how to analyze materials as being integral to
practice temporalities by focusing on the material co-constitution of practice temporalities (Spurling,
2021). This means that we investigate the photos as a source of documentation of everyday life
(Cleland and MacLeod, 2021; Latour, 1987). The photos are supplemented with interviews with the
10 Danish households with dynamic electricity retail tariffs and field notes.

We chose practices of charging batteries and washing laundry as cases because they hold the
potential for energy flexibility, such as load-shifting and peak shaving (Khalid et al., 2019), and
because they were very present in the photos taken during the house visits. Using these two cases,
we describe three locations of material energy flexibility in everyday practices. First, the design or
built-in functions of technologies provide embedded flexibility, for example when timer-functions can
time-shift start. Second, the interlinkage of technologies and things in related energy practices
provides connected flexibility, for example by considering the relation between charger and battery.
Third, the wider systems of things, technologies, and matter used in complexes of energy practices
provide networked flexibility, for example by considering the interplay of electricity infrastructure,
house layout, technologies, and energy.

This study contributes with nuanced descriptions of how systems and networks of appliances
and things provide energy demand flexibility. It illustrates how technology alone is not sufficient to
assess the potential for energy flexibility in everyday practices. Rather, the potential for flexibility of
energy demand must consider the connectedness with other appliances and other practices related
to the specific energy use. Especially, the study visualizes how seemingly unassociated materials
might influence the flexibility of energy practices, for example, the material relation to house layout
and stuff. In addition, the paper suggests a framework that distinguishes the location of energy
flexibility in three forms of material relations: embedded, connected, and networked.

The paper starts by presenting the main themes in this study in the form of energy, material
relations, and socio-temporal rhythms. Then follows a section presenting methods and data, then the
analysis, and finally, a discussion and conclusion.

2. Background

This paper builds on the assumption that to understand the temporality of energy demand, we
need to understand the temporality of energy practices, for example, framed as socio-temporal
rhythms of energy practices (Southerton, 2020) or the rhythmic patterns of energy as matter used in
energy practices (Walker, 2021). In this section, we describe ways to understand how material
relations shape the temporality, or specifically the flexibility, of energy practices.
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Around 20 years ago, turns towards social practices (from individual behavior) and mundane
aspects of consumption (from more conspicuous forms) simultaneously set new directions for
consumption research (Reckwitz, 2002a; Schatzki et al., 2001; Shove and Warde, 2002; Warde, 2005),
and especially energy consumption research were set to go in a new direction (Wilhite et al., 2000).
This new direction focusing on mundane consumption practices rather than expressive individual
consumers also included innovative ideas on the role of materiality in the performance of social
practices (Reckwitz, 2002b; Shove and Pantzar, 2005). Building on Latour’s (Latour, 1993) ideas of
separating the human (culture) from the non-human (nature) and Schatzki’s account of ‘theory of
social practices” (Schatzki, 1996), emphasizing the performance of practices, Reckwitz (2002a)
conceptualized how materiality are components in practices, and emphasized the role of materiality
as it is applied and handled in practices, rather than how materiality could be viewed as a symbol.
These three trends (materiality, mundane, and practice) became especially popular in energy demand
research (Gram-Hanssen, 2011; Shove and Walker, 2014), often with a specific interest in
infrastructures as networks of things (Coutard and Shove, 2019; Jacobsen and Hansen, 2021; Shove
et al.,, 2015). Moreover, understanding the change and reproduction of practices entails considering
a wider nexus or complex of practices (Blue, 2019; Hui et al., 2016). This suggests that patterns of
energy consumption or individual performances of practices result from the interconnection of
multiple practices, including how practices connect over time (see 2.3) and according to material
arrangement (see 2.2.). The so-called social practice theory (SPT) has also proved valuable to
understanding energy flexibility, for example in the way that multiple interactions and
interconnectedness between practices means that “[energy] flexibility is an emergent feature of
complexes of practices” (Blue et al., 2020, p. 14).

According to SPT, material arrangements, or material relations, enable or restrict ways of
performing energy practices, thereby consuming energy. Studying the impact of materials on
neighborhoods, Maller et al. (2016) distinguish between ‘natural’ materials, such as trees, parks, and
weather, and ‘built’ materials, referring to human-made infrastructure, such as lights, roads, and
paths. Another distinction is between materiality having a background role, such as infrastructures
and buildings, and materiality directly mobilized in practices (Rinkinen et al., 2015). This distinction
opens how things can move from background to foreground and back again, like for example with
removable heating stoves (Rinkinen et al., 2015). This is further exemplified by Rinkinen et al. (2020:
32) as three roles of materiality; first, in the form of resources that “[...] are used up or transformed in
the course of doing practices”, second, when materiality “[...] figure as instruments or artifacts that
are interacted with directly” in practices or when “[...] devices and appliances are mobilized in
practice”, third, as wider systems of infrastructure that “[...] are necessary arrangement that exist in
the background”, where materiality “[...] enable many practices at once”.

To further understand how such material arrangement of practices shapes the temporal
organization of everyday energy consumption, Spurling (2021) demonstrates that “[...] materiality
and temporality are intimately connected and mutually shaping”. She points to three material-
temporal relationships. First, pre-practice conversion of spaces, technologies, and matter (e.g., water
and energy) refers to the practical effort of organizing materials into new or immediate arrangements
for a practice, exemplified by the rearranging of a twin-tub washing machine to do laundry. Second,
conversion lag refers to the time lag between human intervention and effect, for example, the time
switching on a heater to its effect in terms of hot water. Third, coordination refers to the organization
of materials and people in practices, for example when doing laundry requires frequent interaction,
and therefore, the presence of a practitioner. Further, Spurling (2021) also emphasizes the importance
of the layout of the house and the capacity of the infrastructure providing matter, such as energy and
water, to energy practices.

Another approach to conceptualizing practices within temporal material relations is proposed
by Hui and Walker (2018). Focusing on how energy demand emerges from connected practices, for
example, following in sequence, they suggest that practices, such as reading, cooking dinner, and
drinking coffee, are anchored in doing-places and doing-paths within a particular setting. Using the
practice of cooking dinner as an example, a stove and fridge are anchors for doing-places, the kitchen
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floor and counters are anchors for doing-paths, and the kitchen is the setting. This perspective
highlights how practices are situated in complex relationships with multiple practices and material
arrangements.

Finally, comparing time diaries from the 1930s with everyday temporal rhythms of society 70
years later, Southerton (2020) identifies a shift from strong collective to individualized timing of
everyday activities, which tends to put time pressure on households to micro-coordinate daily
activities. Inspired by Adam (1994) and Zerubavel (1985) among others, Southerton (2020) identifies
dimensions of socio-temporal rhythms to understand the temporality of energy practices. For
example, timing refers to when an activity takes place, periodicity and frequency refer to how often a
recurring activity takes place, and, sequence or synchronization refers to the order of activities.

To sum up, various forms of material relations shape the temporality of energy practices, for
example, related to when (timing), how often (frequency), and how long (duration) a practice is
performed. Building on the existing frameworks, this study illustrates three locations of flexibility in
terms of how materiality shapes energy practices. First, embedded flexibility refers to how functions
or capacities enabling flexibility are built into the design of a technology, such as batteries and timers,
and thereby have the potential to provide energy flexibility. This builds on the status of materials as
handled and directly mobilized in practices (Reckwitz, 2002b; Rinkinen et al., 2020). Second, connected
flexibility refers to the potential for energy flexibility situated between more objects or things, such
as the connection between a charger and the technology being charged. This adds to the directly
mobilized materials that are connected with other materials, for example, exemplified by the relation
between textile, detergent, and washing machine (Shove, 2003). Third, networked flexibility
incorporates wider material arrangements, such as systems of infrastructure that work in the
background (Rinkinen et al., 2020), which includes matter, spaces, and building layout (Hui and
Walker, 2018; Maller et al., 2016; Spurling, 2021). This also refers to how complexes of practices share
materiality of different forms (Blue et al., 2020; Hui et al., 2016). From previous studies, these three
locations of flexibility in energy practices appear important to understand energy demand flexibility,
but the question is how this might look in everyday life, and this study aims to illustrate this and
relate it to the potential for energy flexibility.

3. Methods and Data

This study is based on 10 household visits that combined interviews with household members,
field notes, and photos of things. All visits were conducted in Denmark in the period between 6
September 2021 and 22 December 2021 and covered all six Danish regions in Denmark. The
interviews took on average one and a half hours, including a house tour and photographing. The
house visits represented ages from 32 to 77 with most households being older than 60 years old.
Appendix 1 shows a table with an overview of all households and informants in the study.

The informants were recruited via customer service of two Danish electricity retailers, and in
total, 16 households were contacted. Because this recruiting procedure was not successful, to begin
with, the sample was added to two informants recruited via Twitter and personal relations. The
informants were chosen based on their electricity product; they needed to have dynamic electricity
pricing products, such as Time-of-Use. However, one household turned out not to have such a
product after all. The households were given a voucher as thanks for their participation and a
document with information about the project and their rights and options as informants.

Three authors participated in the visits, two authors contributed to transcribing, and all four
authors participated in coding and analyzing data. All interviews were transcribed and coded in
NVivo together with field notes.

The interviews were mostly about everyday routines, the timing of everyday activities,
electricity pricing schemes, and energy consumption. The field notes included short reports about
the visits, for example, to describe the atmosphere and impressions from the homes. The interview
guide was structured around two main themes: first, timing and flexibility in everyday practices, and
second, dynamic electricity pricing. The questions were inspired by previous studies on the
importance of dynamic electricity pricing (Nicholls and Strengers, 2015; Powells et al., 2014;
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Strengers, 2019, 2012), and aspects of the temporality of everyday practices were predominantly
inspired by the works of Southerton (2020). Finally, object interviews Holmes (Holmes, 2020) inspired
the photographing during the visits, for example by trying to take the perspective of the object in
everyday practices, which relates to how an approach of ‘following the thing’ can contribute to
understanding the consumption process of appropriation and appreciation (Evans, 2020).

The photographs were only targeted material objects. We focused on electricity consumption
and everyday routines, although we also tried to capture a broad representation of the technologies
and things in the homes. Among other things, the photographs showed white goods (e.g., freezer,
refrigerator, and dishwasher), entertainment devices (e.g., speaker, TV, and game console), and
devices for everyday chores (e.g., vacuum cleaner, microwave, and hairdryer). One home was set up
with smart technology and another had extensive gaming equipment. However, activities related to
charging and washing clothes appeared especially noticeable during the household visits, and
therefore, we chose to focus on these in this study.

The photos were taken by the interviewers only. In most cases, we were two interviewers, which
meant that one was responsible for taking pictures and another one for interviewing. The number of
photos taken varied from 13 to 62, with an average of around 35, which depended on the specific
situation, for example, whether there were more interviewers and to which degree the households
were comfortable with photographs. After the house visits, we sent the photos to the informants and
asked for permission to use them in publications. One informant used this option to reject the usage
of some photos taken during the house visit. In the cases where the photos showed people, we blurred
the faces, so that these were unidentifiable.

To start with, we labeled each photo with the number linking these back to the specific
household visit. The initial analysis consisted of coding them into themes reflecting everyday
practices, such as washing clothes and sleeping. After this, we recorded the pictures according to
different locations of energy flexibility, which we identified based on the initial analysis. Finally, we
combined the two steps to identify practices (of energy flexibility) within different locations of
flexibility (embedded, connected, and networked). We did not use any software to analyze or code
the photos. However, for the initial analysis, we presented the pictures on a large screen for a joint
discussion of the relevant coding with the researchers involved in this study.

Our approach to analyzing the photos was inspired by object interviews (Holmes, 2020) and
how photos as data become objects of memory of snapshots of material relations from everyday life
at a particular time (Cleland and MacLeod, 2021).

4. Findings

This analysis is based on photos taken during 10 household visits. To supplement these,
interview data and field notes from the household visits act as background information. During the
household visits, especially two everyday practices appeared interesting for analyzing energy
flexibility and material relations. These were practices of charging batteries and washing clothes,
which are also deemed important for energy demand flexibility (e.g., (Anderson, 2016; Friis and
Christensen, 2016; Khalid et al., 2019). Moreover, washing and charging are interesting case studies
of the ordering of time because they refer to very different practices. Practices of washing clothes
have a long history, where especially the domestic washing machine has reconfigured norms of
convenience and cleanliness (Shove, 2003), whereas EV charging is a relatively new practice entering
the organization of daily life (Friis and Christensen, 2016), often involving battery storage of various
kind (Pink, 2022).

4.1. Charging Batteries

Several activities are related to charging, for example, putting appliances to charge or setting up
automatic charging. Here, we frame this as energy practices involving these activities of charging,
and to specify, this involves temporal dimensions of commuting and car use (Ramirez-Mendiola et
al., 2022) as well as the sporadic or organized charging of appliances, smartphones, and other types
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of batteries. As batteries move with things and people, they leak into devices, infrastructure, and
everyday activities, such as routines, rhythms, and experiences (Pink, 2022).

4.1.1. Connected Flexibility of Plug-In Hybrid Car Charging

We visited three households with plug-in hybrid cars, which included an Opel Corsa-e and a
Ford Kuga. Using the Ford Kuga as an example of a charging practice, this has an estimated charging
time of 3-3.5 hours, when charging using an EV Home Charger, according to Ford (www.ford.co.uk),
and in the interview with the MJ2 household, the husband also stated that it normally took about 3.5
hours to charge. The household paid by subscription, which according to them meant that they used
the electric charging as much as possible. However, occasionally, they also charge the hybrid vehicle
at the shopping mall.

The charger was placed outside, where the car was parked in this picture, which seems to be
routine and also seems convenient, and the household described the charging as easy. However,
focusing on the material relations, it was striking how many objects surrounded the charging box,
which was situated in the carport. Pictures 1 and 2 show how the area of the charging practice was
filled with various stuff that was not related to the actual practice.

Picture 1 and 2. Hybrid vehicle charging inside and outside of a carport attached to the house (M]2).

Another example of a household with a plug-in hybrid vehicle appeared very different. Pictures
3 and 4, illustrate a very organized material environment for charging with no material obstacles, and
the car is placed inside a parking facility. An interesting detail is that the cable had a small hook close
to the charging box so that it did not touch the floor and could be extended if necessary. According
to the main user, this hybrid car was set to start at midnight following a stable and organized routine.
Therefore, it was plugged in when it was parked at home so that charging would start automatically.
From the interviews, it seemed that the car was used primarily for commuting to work during the
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Picture 3 and 4. Hybrid vehicle charging in a basement parking facility of the apartment complex
(NJ2).

Although these two examples appeared very different, the flexibility of energy demand seemed
located in the connection between the vehicle, the charger box, and the cable connecting these. This
seemed convenient and unproblematic. However, in the first example (M]2), the materials close to
the charging box connected charging to many other practices, for example, gardening and house
maintenance. This was contrary to the second example (N]J2), where the material setting was only
dedicated to the materials directly related to charging. This meant that the charging practice
happened in a tidy and organized place, leaving no material obstacles to hinder the flexibility of the
charging practice.

4.1.2. Stuff in the Way of Flexibility of Mobile Charging

During the house visits, we captured a lot of appliances and devices with batteries, but perhaps
the most frequent were smartphones and connected charging equipment. This is not surprising as
smartphones are estimated to be found in 9 out of 10 Danish homes (Hohnen and Hansen, 2022).
Pictures 5-9 illustrate how the charging of smartphones was situated in different material settings
with various material relations. In pictures 5 and 6, the smartphone was set to charge at a form of
workstation next to permanently placed technologies such as fixed-line phones and PCs. In picture
5, the charger is neatly placed next to the computer keyboard and mouse, whereas in picture 6, the
charger is placed on the floor together with other chargers and cords. In both situations the flexibility
of charging seems related to the use of the computer, but with different forms of organization of the
material arrangement around charging. Charging from the power strip gives the option of turning
off the power of the power strip itself and relocating the charger if it is needed elsewhere.

_

Picture 5 and 6. Smartphone charging in connection to computer desk (NJ2 and MJ1).
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Picture 7, 8, and 9. Smartphone chargers and charging (SL1, SJ1, and M]3).

In picture 7, the charging of the smartphone was also close to a computer in the form of a portable
PC, which also needed charging. In this case, the flexibility of charging potentially conflicts with the
charging of other devices because the smartphone charger might ‘compete’ over the same plug with
other forms of chargers. In picture 8, the charger for the smartphone ‘competed’ with a lot of stuff
including decorations and flowers, which appeared to block the interaction with the power socket.
Picture 9 illustrates how the length of the charging cable makes the charging of the smartphone rather
‘“uncomfortable’. Taking the perspective of the charger, it appears less exposed in picture 5, where it
is placed next to a PC, and more exposed in pictures 6 and 7, where it competes with other electronic
devices over power sockets. These examples illustrate how the effort of charging, and thereby energy
flexibility, might be influenced by the placement of the socket, placement of other appliances, and
other stuff in addition to the equipment for charging, such as the length of the cable. From these
examples, charging smartphones seems rather unrhythmic, but still connected to other practices and
other devices. However, connecting charging with other stable and rhythmic practices was especially
apparent in several homes, where the smartphone charger was placed next to the bed. In these cases,
the material relations around charging were closely connected to the temporal aspects of sleeping,
including the synchronization and timing of bedtime, the duration of sleep, and not least the
periodicity of sleeping at home. Picture 10 shows how wireless charging can be an extra convenient
way of accommodating the charging of a smartphone with sleeping, and maybe using the
smartphone as an alarm clock. Picture 11 illustrates how the charger and cord might occupy space
alongside other things related to practices of sleeping, such as books, reading glasses, and a bottle of
water. An interesting detail is that the cord has an extension, presumably so that it has better reach
to the bed.

Picture 10 and 11. Smartphone charging next to bed (NJ4 and M]3).

For charging other appliances than smartphones, we found similar examples of material
relations to other stuff and practices. Pictures 11, 12, and 13 illustrate examples where charging was
placed according to specific practices. In picture 11, charging batteries for equipment used for
hunting were placed next to hunting trophies. In picture 12, a smartwatch was charged next to the
favorite spot on the couch in the living room, according to the user of the watch, and in picture 13,
the tablet was charged next to the favorite (rocking) chair used for gaming.
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Picture 11, 12, and 13. Charging of rechargeable batteries (S]J1), smartwatch (NJ3), and tablet (NJ4).

It appears important how charging or chargers are placed close to practices related to the use of
the appliance. Cables often need to literally be flexible to find ways through things and accommodate
other practices. The location of energy flexibility seemed to relate to several objects, such as furniture,
pillows, tables, sockets, and lamps, and the location and temporal flexibility of these.

4.1.3. Energy Flexibility Hiding in a Box

The examples of charging smartphones and other devices illustrate how charging connects to
other practices. However, charging also very much depends on the wider infrastructure of things and
the capacity for electricity supply in the homes. Starting with capacity, an important material feature
of the flexibility of charging practices was the location and number of sockets in the homes and
specific rooms. The location and number seemed to depend on the time of building the houses or
apartments. An illustrative example was an apartment with several power sockets placed close to the
ceiling, making interaction with them difficult, whereas in other cases, the number of power sockets
was limited making extensions, such as power strips advantageous. However, it is not only the
infrastructure of the house or apartment, which connects to wider energy systems, that is important.
The ‘micro’ infrastructure inside the house, which the household makes and accommodates to their
energy practices is also important. A good example of this was the charging box in picture 14.
Functioning as a charging station, it was conveniently placed in the middle of the house on the main
‘route’ from rooms to kitchen. In this case, the material relations between the specific charger, the
energy supply and power sockets, and the layout of the house accommodate the activity of the house
and thereby potentially also the temporal patterns of everyday practices.

Picture 14 and 15. Charging box (M]2) and box with cords, power strips, and various equipment
(NJ4).

We found several examples of unused cords, chargers, and other types of electric equipment
stored in boxes as shown in picture 15. This might also influence the easy access and energy flexibility
of charging appliances or in general to use of energy. We found a few examples of plug timers, but
these were not in use and were put aside. These could provide a better basis for energy flexibility, for
example in connection with a charging box (picture 14) or power strip (picture 6).

4.2. Washing Laundry

In this analysis, washing practices cover activities of cleaning and preparing laundry for use.
This involves activities of loading and starting a washing machine or tumble dryer as well as
organizing laundry before and after washing. The temporality of such washing practices has
historically been shaped by changes in society, for example, a shift in laundry activities from mid-
week morning to early weekday and Sunday morning related to changes in (female) labor market
participation (Anderson, 2016). Also, the norms for cleanliness over time have shaped what has been
perceived as laundry, and thereby the demand for washing clothes (Hitchings et al., 2018; Jack, 2022),
as well as the access to infrastructure and resources shape cleanliness practices (Jack et al., 2020).
Generally, washing practices are something that takes up physical space in everyday life (Spurling,
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2021), and the practices involved are important for the timing of energy demand (Torriti, 2017), for
example as activities of pilling up, washing, and then drying laundry has inherent temporal
sequences and involves material transformations (Blue et al., 2020).

4.4.1. Give Flexibility some Space

Laundry practices were present in the homes we visited primarily in the form of washing
machines and tumble dryers, which most often were stacked or standing next to one another (pictures
16-19). This connection between the washing machine and tumble dryer seems convenient for the
synchronization of the process of washing and drying laundry. In other words, it makes it easy to
dry clothes effectively right after washing rather than the alternative of using a drying rack. In the
interviews, we got various glimpses into what these practices could also entail, for example, the
sensory experience of air-dried clothes (SL1).

Focusing on the material relations, it was clear how laundry practices were designed and set up
for convenience and effectiveness, exemplified by picture 16, where these are part of built-in closets,
and picture 17, where these are placed in the bathroom. Picture 18 shows an exception, where the
washing machine and tumble dryer seem cramped into a smaller room with a lot of other stuff
surrounding them. In addition, picture 19 shows how these white goods act as a table for decorations.

Picture 16, 17, 18, and 19. The washing machine and tumble dryer are stacked (M]3, NJ4, and SL1)
and placed next to each other (NJ3).

4.4.2. Organizing and Laminated Flexibility

The alternative for drying wet laundry in a tumble dryer is to use a drying rack, preferably
outside. In one newer apartment, there was an example of a drying rack that was built into the wall
on a large balcony (picture 20). As seen in picture 20, it seemed to be frequently used although there
was also a tumble dryer in the home. Moreover, the layout of the apartment made it convenient to
carry wet laundry from the washing machine to the drying rack on the balcony, primarily because
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there were not many things blocking the way, but also because the apartment was relatively small,
and the walk from the bathroom, with washing machine, to balcony was relatively short. This was
not the case for the home shown in picture 21, where the passage from the washing machine to the
terrasse was short but filled with furniture, and several doors needed to be opened on the way. In
other words, the wet clothes had a harder journey from the washing machine to the drying rack.
Another temporal aspect of this is that the clothes need to be hung to dry rather quickly. This is
the case for the tumble dryer as well as the drying rack. After this, the clothes lie relatively safe in the
tumble dryer, and in several homes, the clothes seemed to stay in the tumble dryer for a while (see
picture 16), in one case described as several days. The clothes on the outdoor drying rack are naturally
more exposed to changing weather, adding to the inconvenience of this solution. This is of course the

same with the use of a tumble dryer. can be done effectively Compared to using the tumble dryer,
the

Picture 20 and 21. A drying rack integrated into the wall on a balcony of an apartment (NJ2) and a
free-standing drying rack (MJ2).

Following the journey of laundry, such as clothes and towels, we miss the stages before and after
washing and drying, namely the organization of unwashed and washed laundry. We found a lot of
variety in these processes, and pictures 22 and 23 show some of the more organized solutions.
Especially picture 22 is a clear example of using material relations to organize washed laundry. The
different boxes contained various stuff, like baking paper that sticks out in the picture, but also
different forms of towels, and each box was given a label. In this sense, the material relations between
label, box, and towel (or other stuff) in combination provide the organization related to practices such
as laundering. Picture 23 shows two containers for unwashed laundry, which separate different sorts,
for example, this can be used to separate laundry for a gentle wash.

Picture 22 and 23. Towels and other things are stored in laminated boxes (NJ2) and laundry is sorted
in two containers (NJ4).

The temporal flexibility of washing and drying clothes seems strengthened by the proximity of
the washing machine and tumble dryer. Moreover, space and house layout seemed important to the
flexibility of practices related to washing clothes. This included room for a washing machine and
tumble dryer, but also for storing and organizing clothes.
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5. Discussion

Analyzing photos of material relations from 10 household visits underpinned the importance of
networks of things, technologies, and infrastructure for the flexibility and fixity of battery charging
and washing clothes. Based on the analysis, we would like to highlight four indications from the
analysis. First, comparing two examples of charging a hybrid vehicle, the analysis showed that the
practice of charging primarily involves the connection between the charging box and the car, but that
the surrounding material setting seems important for the temporal flexibility of the practice. In this
way, tools and stuff used for other practices, like gardening, could potentially hinder energy
flexibility. Second, the proximity of things seems essential to the energy flexibility of practices, for
example, bed and charger link practices of sleeping and charging, and proximity of objects might
provide stronger energy flexibility of the practices. This, for example, makes the location of the
tumble dryer and washing machine important, as well as the house layout and size become important
to energy flexibility. Third, devices were found to compete over space, power sockets, and ultimately
time. For example, we found some devices put in “uncomfortable’ positions and places, illustrated by
chargers hanging from, or stretching to reach, a power socket and cords and timers put away in boxes.
Fourth, materials that are best described as stuff seem to occupy much space in key locations and
thereby potentially obstruct or hinder the flexibility of energy practice, for example, if decorations
and plants block for chargers.

Like previous literature (Blue, 2019; Blue et al., 2020; Hui et al., 2016), we found that the timing
and flexibility of practices of charging and laundry rely on several other interconnected practices,
and thereby also on multiple material relations, including infrastructures, technologies, and matter.
Continuing the examples above, the flexibility of energy used for washing and drying laundry also
needs to consider the relations to other materials, such as clothes or fabrics, as well as the layout and
decoration of the home, and the complex of practices related to these materials, for example, shopping
and working. As pointed out in other studies as well (Powells et al., 2014; Spurling, 2021), the question
of capacity is important for networked material flexibility, especially for charging appliances, the
number of power sockets, the placement of chargers, cords, and other things, seems important for
flexibility in energy use.

Inspired by literature on socio-temporal rhythms related to material relations, the analysis
focused on three locations of the flexibility of energy practices, illustrated in Figure 1. First, flexibility
can be seen as embedded in the design or built-in functions of technologies. Second, flexibility might
lie in connected and interlinked materials and thereby the temporal organization of related practices.
Third, flexibility might be located in networked material relations and situated in systems of things,

1 '
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technologies, and matters.

Figure 1. Three locations of flexibility of energy practices. .
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Using this framework, we would argue that functions designed to provide embedded flexibility,
such as timers, need to be viewed in connection to other devices, and related practices, as well as in
networks of things, technologies, and infrastructures, and perhaps also the complex of practices that
this infrastructure enables in the home.

Considering Spurling's (2021) conceptualization of material-temporal relationships, it seems that
meanings of convenience and comfort tend to overrule energy flexibility. Conversion lag and
coordination of humans and materials seemed to favor convenience over energy flexibility, which, in
this study, might be explained by the house size and capacity of the infrastructure that left an
abundance of room for the simultaneous display of practices. Also, the pre-practice conversion of
spaces, technologies, and matter appeared unnecessary. We found some indications of moving
drying racks in the pre-practice conversion of drying clothes, but in most cases, as stated above, the
tumble dryer was (conveniently) stacked on top of the washing machine. However, on the other side,
we found examples of stuff like decorations and flowers that blocked the use of technologies, best
exemplified with chargers hiding behind plants, which needed a pre-practice conversion before use.

The analysis focused on charging practices and laundry practices, but in the house visits, we
found several examples of similar material relations in other everyday practices, for example, related
to socializing, cleaning, and leisure activities. The flexibility of these other practices could be as
relevant to explore in connection to material relations, and these might elucidate other insights and
nuances.

6. Conclusion and Policy Implications

Material relations are found to be important to the flexibility of household energy demand, and
this study provides examples of how energy flexibility is challenged by material relations, for
example when devices compete over plugs, stuff is in its way, and convenience is prioritized over
flexibility. Thus, the flexibility of energy practices must be viewed in networks of materials, including
infrastructure, house layout, and furniture, and in the complex of practices that this network enables.

Therefore, policy makers and energy suppliers must consider that a single technology’s function,
efficiency, or quality do not provide energy demand flexibility in isolation. Although these might be
designed to time-shift energy demand, for example like timers in a washing machine, the potential
for flexibility of energy demand must consider the connectedness with other appliances and other
practices related to the specific energy use. Moreover, material relations might influence energy
demand flexibility in hidden ways. This means that inconspicuous barriers might influence the
flexibility of practices, for example, the placement of chargers, appliances, or things, as well as the
capacity, space, and interior layout of houses.

Technologies and devices might be designed for flexibility and efficiency, but they are at the
same time designed for convenience and comfort. Based on this analysis, it seems that convenience
and comfort, in the end, overrules energy flexibility. However, it is not unlikely for convenience and
flexibility to coincide. One example could be the stacked washing machine and tumble dryer, which
likely increase the tempo of activities of washing laundry, and thereby demonstrate temporal
reorganization of practices. Another example is a smartphone charger located next to the bed. These
examples suggest that the proximity of materials of interconnected practices, such as washing and
drying clothes or charging and sleeping, might provide convenience while facilitating flexibility by
enabling changes in the temporal organization via material relations.

Finally, the three ways material relations matter to energy demand flexibility presented in this
paper (embedded, connected, and networked) might be a useful framework for future
operationalization and analysis of the material dimensions of energy demand flexibility, for example
alongside conceptualizations of temporal dimensions of practices related to materiality (Spurling,
2021). Future research might also further develop research designs around ‘object interviews’
(Holmes, 2020).
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Appendix

Table 1. Overview of informants and house visits. All informants have been given other names.

Pseudonym Danish

Code . Housing Family Extra information
(age) region
He lives alone but
Rented room inshares a house with
MJ1 Magne (57) Central his landlord.
farmhouse
He has adult
children.
Michael (51) Sinele-famil They have a Hybrid car.
M]J2 and Maren Central &< y daughter a Several smart
dwelling )
(55) grandson and a dog. home technologies.
Mette (51) Sinele-famil Morten has an adult Roof PVs from
M]3 and Morten Central & i y child from a 2011.
dwelling . . .
(60) previous marriage. Hybrid car.
Married to Nikoline
. . Single-family (38).
NJ1 Nikolaj (37) Northern dwelling Son (10) and
daughter (8).
They have a
Nina (NA) .
NJ2 and Niels (65) Northern Apartment c?aughter (29), who Hybrid car
lives nearby.
Nicklas (32) Single-famil
NJ3 and Nikita  Northern &< y They have adog.  Roof PVs.
(33) dwelling

He lives alone and
NJ4 Noa (35) Northern Apartment has a girlfriend

living nearby.
CO1 Sabine (31) Capital Apartment She lives alone.

They h dult
Sylvester (70) chii}i’reive adu
SJ1 and Sybille Southern Farmhouse . Roof PVs.
grandchildren and a
(68)
dog.
. They have an adult
1
SL1 Solvej (65,) Zealand  Terraced house son, who lives
and Sami (77)
abroad.
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