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Abstract. Eco-conferences like COP26 in Glasgow (UK) in 2021 have brought the debate 
on energy consumption and climate change to the fore. Given that a third of the energy pro-
duced worldwide is consumed in the home, it is pertinent to investigate how households use 
emerging technologies that allow households to monitor their energy consumption. This paper 
investigates how Danish households use green IT to monitor and manage their energy use 
and studies the related meaning householders attach to the green IT. We present qualitative 
data collected through interviews with 14 households, electric car owners mostly, who have 
adopted an application to monitor green energy availability – and its derived consumption. 
The paper highlights these householders’ green energy monitoring practices with an emphasis 
on the meaning they make of the green IT application they used. Our study found that house-
holds can use more green energy without interacting continuously with the green IT applica-
tion. This contrasts with a common assumption in the field of green IT design that consumers 
must continuously engage with the green IT to consume more green energy. We also posit that 
including householders in future green IT design is paramount for designing successful green 
IT applications. Finally, this paper calls for household energy consumption studies to view 
energy consumption as a service where specific practices are matched to energy sources – 
rather than viewing energy availability as a solitary incident.
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1 Introduction

Since the formulation of the Sustainable Development Goals (SDGs) by the 
United Nations (UN), environmental sustainability has become of great inter-
est to world leaders. The UN Climate Change Conferences (referred to as COP 
– Conference of the Parties) have been gathering country leaders with the aim 
of negotiating plans to reverse climate change. These negotiations have been 
motivated by the rise in global energy consumption (Pablo-Romero et al., 2017). 
Such worldwide initiatives have also become the catalyst for business leaders 
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to include environmental sustainability in their corporate visions (Wunderlich, 
2013), leading to a proliferation of IT solutions to better support the green energy 
transition.

The above developments have led to a rise in studies on energy and sustain-
ability (Pierce and Paulos, 2012), as well as studies on technologies designed 
to support more sustainable living (e.g., technologies including smart homes, 
smart cities, censors, energy feedback systems, electricity consumption feed-
back). Some of these studies are related to energy use and consumption in work-
places (Bedwell et al., 2016), while others examine the domestic setting (Fischer, 
2008; Pothitou et  al., 2017). Within Sustainable Human Computer Interaction 
(S-HCI) (Disalvo et  al., 2010a, b; Hansson et  al., 2021), investigating ways to 
nudge consumers towards a behavioural shift in energy consumption is becoming 
increasingly popular (Lehner et  al., 2016; Ranchordás, 2019). However, nudg-
ing approaches have been criticised for failing to have significant and long-term 
effects (Hansson et al., 2021). This has led some researchers to shift focus from 
changing consumer behaviour to understanding the everyday practices related to 
consumer consumption behaviours. Some of these studies use the practice theory 
approach, and focus on the interplay between people and technologies, and the 
way in which this manifests itself in everyday practices (Neustaedter et al., 2013; 
Rinkinen et al., 2019). Other scholars argue that the study of everyday practices 
is not enough to inform S-HCI, and posit that we also need to understand how 
practices are part of wider experiential environments and flows of practical activ-
ity (Pink et al., 2013).

While there has been a sharp increase in the number of studies of energy 
monitoring technologies in S-HCI and Ubiquitous Computing (UbiCom) (Hans-
son et al., 2021), this has not been the case in Computer Supported Cooperative-
Work (CSCW), despite the field’s increasing attention on sustainability (e.g., 
Meurer et al., 2018) and sustainable design (Simone et al., 2022). In sustainable 
CSCW (S-CSCW) (Prost et  al., 2015), research focuses predominately on the 
social aspects related to the use of technologies, and on finding ways to motivate 
users (Dillahunt et al., 2014). We believe that the CSCW community has much to 
contribute to energy monitoring studies by providing a deeper understanding of 
the diverse energy consumption practices within the household setting, and thus 
to the design of technologies that actually support these local and situated prac-
tices (Suchman, 1987). Furthermore, the CSCW approach is able to identify gaps 
between on the one hand designers’ intentions for and assumptions about users, 
and on the other hand actual use (Jensen et al., 2018; Orlikowski and Gash, 1994).

The topic of sustainability has become increasingly popular in the past dec-
ade, giving rise to a wide range of studies that focus on different technological 
solutions to support sustainable behaviour. However, research into technologies 
that support everyday energy consumption practices in households is still at an 
early stage. Furthermore, not much attention has been paid to understanding 
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how householders use and experience these technologies in real-life settings over 
a longer period of time (Costanza et al., 2016; Jensen et al., 2018). This paper 
attempts to fill the gap in the literature by examining the meaning householders 
place on green energy monitoring technologies. Meaning is one of three elements 
that (re)configure practice over time and refers to a socially shared understand-
ing about how a practice ought to be performed based on purposes and common 
beliefs of what is considered as socially acceptable by a specific community of 
practice (Shove et al., 2012). Focusing on meaning (e.g., purposes and beliefs) 
is essential, as it is one of the elements that holds practice together (Gram-Hans-
sen, 2011) and can help explain actual use of green energy monitoring technolo-
gies. The term green IT is used in a broad context in the CSCW literature, but is 
always linked to energy demands and global warming. Some studies have used 
this term as an expression to denote the need to raise awareness of data centres’ 
energy consumption, see for example (Lincke, 2012), while other studies use it 
to refer to paper reduction, see for example (Bandi et al., 2015). In this study, we 
will use the term green IT for technologies that enable householders to monitor 
and shift their energy consumption to periods when energy is green (i.e., pro-
duced from renewable resources).

We address three key research questions: (1) how do householders make sense 
of, and engage with, green IT? (2) What impact do these different types of mean-
ing-making and engagement practices have on the actual use of the green IT? 
(3) How can green-IT be designed to better support various types of energy con-
sumption practices? The paper draws on interviews with 14 households in Den-
mark who have used an application for monitoring their household energy con-
sumption over a period of 18 months. This study is therefore based on a unique 
and rich sample of long-term use of green-IT in real-life settings. While the study 
is not a longitudinal study, the data collected reflect a long-term use of green-IT. 
This paper is motivated by a recognition that one of the challenges facing energy 
monitoring technologies is the question of how to translate everyday energy con-
sumption practices into viable design requirements.

The study’s findings show a shift away from viewing continuous engage-
ment—with the green IT—essential for successful green energy monitoring. In 
line with other studies within the literature, we found a group of respondents 
that had stopped engaging with the technology after a while -see e.g.(Strengers 
et al., 2019a, b)-, while another group deemed certain energy consumption rou-
tines non-negotiable (see Pink et al., 2013). We also identified another group of 
respondents: early adopters as defined by Rogers (2003). These are users who 
have been with their green IT provider ever since the product was launched and 
see themselves as part of a community of practice (see Prost et al. (2015)). We 
find this new form of engagement raises the question of how we might design 
green IT that also allows for engagement not solely driven by energy cost sav-
ing. Many energy monitoring technologies are designed with a strong focus on 
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monetary benefit alone, at the risk of neglecting other aspects that may be mean-
ingful to householders. This had led some designers to focus on finding ways to 
ensure users maintain a constant engagement with the technology. This focus is 
due to the assumption that constant engagement is necessary for changing indi-
viduals’ energy consumption behaviour. Our study problematises these assump-
tions and argues for the need to rethink the design of energy monitoring technol-
ogies such that they accommodate various types and levels of dis/engagements 
driven by different motivations. Our empirical case contributes to the fields of 
S-CSCW and energy monitoring technology by discussing ways in which we 
can design technologies to support a wide range of green energy consumption 
practices.

In the next section, we introduce our conceptual grounding and present the 
literature related to energy consumption practices and technologies designed to 
support these practices. We then present our research and the methods used to 
collect and analyse the empirical data. This is followed by our results and a dis-
cussion of the actual types of engagement we identified and design suggestions. 
We conclude with a few remarks on future implications for design of green IT. 
We believe this case study to be a strong candidate for empirical generalisation 
as defined by Yin (2013). By this, we mean transferable to a larger population 
of cases (Byrne, 2013) in a secondary or even tertiary empirical enquiry. This 
paper’s main contribution is to identify different types of user engagements at 
play when designing green IT to support the monitoring of green energy. This 
paper contributes to CSCW literature by highlighting ways in which household-
ers engage with the technology that allows them to monitor green energy—for 
better future green IT design.

2  Related work

This work can be placed within the 3rd paradigm of human–computer inter-
action (HCI) (Pink et  al., 2013), which views interaction as a form of mean-
ing making that is inseparable from its situated context and is open to multiple 
interpretations.

Practice theory gives us a lens through which we see the world. We use Shove 
et al’s (2012; p12) three-part model ‘Meanings, Materiality and Competences’ to 
express the meaning that householders make of the technology that enables them 
to monitor green energy.

To establish the conceptual grounding required to analyse energy consump-
tion in households, we provide a brief overview of studies focusing on everyday 
practice and energy consumption in the household, and an overview of studies of 
technologies that support the monitoring of green energy consumption.

N. S. Tchatchoua et al.
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2.1  Energy consumption practices in households

There is a wide range of studies investigating everyday consumption practices 
in domestic settings, using quantitative, qualitative, and mixed methods. Some 
studies are based on quantitative data and focus on developing databases of 
both household expenditures and energy usage and time, in order to map pat-
terns related to the total household energy consumption of the various household 
activities (Mashhoodi, 2021; Smetschka et al., 2019). For instance, de Lauretis 
et  al. (2017) found that income, household composition and the dwelling type 
are all drivers of energy and expenditure intensities, influencing the time of use 
of energy and the type of use. While these quantitative studies help map various 
energy usage patterns of behaviour (the ‘what’), they fall short of providing an 
understanding of the meanings and reasons (the ‘why’) behind the identified pat-
terns. Furthermore, they tend to focus on the individual consumer, neglecting the 
cultural and social dimensions that influence the consumer’s behaviour (Dourish, 
2010; Pierce and Paulos, 2012).

These shortcomings have led some scholars to draw on a practice theoretical 
research tradition, arguing that energy consumption behaviour cannot be stud-
ied meaningfully without considering its relationship to the larger cultural sys-
tem surrounding it (Gram-Hanssen, 2010; Reckwitz, 2002; Shove and Walker, 
2014). Essentially, we need to move away from focusing on the consumer as 
someone driven by self-interest and economic rational choice (Froehlich et al., 
2010), to holistically examining the social practice within which behaviour 
is embedded. This implies a move away from identifying individual personal 
attributes, to examining shared conventions and routines for how sustainable 
practices might be developed and cultivated (Shove and Spurling, 2013.p.104). 
Thus, scholars drawing upon social practice theory argue for several shifts in 
the units of analysis. First, a move away from behaviour and rational choice 
(Froehlich et al., 2010) to socio-cultural practices (Reckwitz, 2002); and second, 
a move away from individual consumers to groups and communities (Disalvo 
et al., 2010a, b; Prost et al., 2015).

Several scholars have applied the above-mentioned analytical shifts, carrying 
out qualitative studies of household practices, while considering both cultural 
and socio-technical aspects related to these various practices (Gram-Hanssen, 
2010). These scholars demonstrate how our everyday life is defined by the rise, 
change and collapse of social practices (Shove et al., 2012). Some of the every-
day practice studies include analysis of housework as well as washing and cook-
ing practices (Bourgeois et al., 2014; Rinkinen et al., 2019). To this effect Wilhite 
(2005) points out that people do not consume energy per se, but rather the things 
energy makes possible, such as light, clean clothes, travel, refrigeration and so 
on. Put differently, “energy is…not something that the consumer has a direct 
interest in but is something that happens because they perform other activities, 
which are important to them” (Gram-Hanssen et al., 2020.p.2). Common to these 
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studies is the focus on the way in which expectations, practices, routines, and 
habits change over time, and what their consequences are. In a recent collection 
of essays, Energy Fables, Rinkinen et al. (2019) analyse different everyday prac-
tices (e.g., showering and cooking) in the past 50 years and show a direct cor-
relation between climate change and changes in everyday practices. Hargreaves 
(2011) reveal the profound difficulties encountered in attempting to challenge 
and change practices – difficulties that extend far beyond the removal of contex-
tual ‘barriers’ to change and instead implicate the organisation of everyday life.

In keeping with the idea of the limitations offered by consumer choice and 
behaviour, Pink et al. (2013) argue that studying everyday practices is not enough 
to inform sustainable HCI. They posit that we also need to understand how prac-
tices are part of wider experiential environments and flows of practical activ-
ity. Their approach builds on theories of place, perception and movement and 
enables us to situate practices, and understand practical activities, as emplaced 
within complex and shifting ecologies of routines.

This paper wishes to contribute to these studies, by examining energy con-
sumption practices as part of a wider ecology in the home, whilst moving a 
step further, to present the meaning that householders make of energy monitor-
ing technologies. Studying households’ energy consumption requires an under-
standing of the technology that makes energy monitoring consumption feasible 
whilst providing an opportunity for the user to act (Pink, 2011; Pothitou et al., 
2017). Householders have always been able to monitor their energy consumption 
through utility bills. Studies report that people do not typically investigate their 
bills unless the bills are exceptionally high, since people are more concerned by 
the costs the bills impose on them than they are by energy conservation (Kemp-
ton and Layne, 1994). Therefore, technologies that enable real-time energy con-
sumption monitoring could potentially play a significant role in shifting consum-
ers’ behaviour toward a more sustainable energy consumption (Hargreaves et al., 
2010). In the next section, we will provide an overview of studies that focus on 
understanding how technology might support the monitoring of energy consump-
tion in households.

2.2  Technologies for monitoring energy consumption

There is a wide range of technologies that are designed specifically to raise 
people’s awareness about energy consumption and nudge them to change their 
behaviour towards more sustainable energy consumption. Some technologies 
focus on persuading people to reduce their energy consumption (Selvefors et al., 
2015; Wågø and Berker, 2014), others persuade them to shift to off peak-time/
low demand (Pierce and Paulos, 2012; Prost et  al., 2015), and some persuade 
them to shift energy consumption to when it is green, i.e., produced from renew-
able resources such as wind and solar power (Wunderlich, 2013). These tech-
nological solutions are composed of technological artefacts (e.g., IoT, digital 
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displays/dashboards, and web-based/mobile applications), and they come with 
different labels such as energy consumption feedback systems, eco-feedback 
systems, energy monitors, and green IT (Froehlich et  al., 2010; Petkov et  al., 
2011; Pierce and Paulos, 2012; Vassileva et  al., 2013). Despite their increased 
popularity, these technologies and systems have been criticised for providing fast 
and temporary solutions to energy consumption monitoring, with relatively low 
impact (Brynjarsdottir et al., 2012).

The configurations of the feedback provided in current energy consump-
tion technologies have relied predominantly on cognitive or behavioural fac-
tors (Schwartz et al., 2013). Some studies focus, for example, on understanding 
the effects of different attributes and factors on energy consumption behaviour. 
These include, for instance, demographic attributes related to the individual user 
(e.g., age, education and income) and behavioural factors related to the house-
hold’s energy consumptions (e.g., household composition and appliances) (Baka-
loglou and Charlier, 2019; de Lauretis et al., 2017; Mashhoodi, 2021; Vassileva 
et al., 2013). Other studies focus on identifying features for effective feedback, 
for example in terms of frequency, duration, or presentation of information (Fis-
cher, 2008). While these may be important aspects to take into account, such a 
limited and somewhat mechanistic focus on mapping individual behaviour and 
effective feedback (e.g., Leroy and Yannou, 2018) may risk missing other charac-
teristics that support sustainable lifestyle and are important for technology design 
(Schwartz et al., 2013). To overcome these limitations, researchers have argued 
for the need to move away from focusing heavily on individual behaviour, and to 
analyse collective responsibilities and decision-making around energy consump-
tion practices (Bedwell et al., 2016; Dourish, 2010; Pierce and Paulos, 2012).

Providing consumers with information and feedback has been found to have 
the potential of reducing energy consumption by up to 25 percent (Vassileva 
et al., 2013). This has given rise to the development of various types of energy 
monitoring systems designed to provide feedback on energy consumption. 
Indeed, these technologies have been found to be successful in terms of increas-
ing awareness and getting consumers to pay attention to their energy consump-
tion practices (Prost et  al., 2015). Furthermore, some studies have found that 
these energy monitoring technologies do lead to reduction in energy consumption 
(Bull et al., 2018). While some scholars question the extent to which these lim-
ited behavioural changes have a global impact (Brynjarsdottir et al., 2012; Pierce 
and Paulos, 2012), others view the residential sector as a crucial hub for saving 
energy and achieving CO2 emission reductions (Pablo-Romero et al., 2017).

As mentioned above, not all energy monitoring technologies focus solely on 
reduction in energy consumption. Some technologies emphasise the shift of con-
sumption to off-peak periods and/or periods where energy is green (i.e. renew-
able). To this effect, various types of incentives have been used to encourage 
householders to modify their energy consumption practices. This includes, for 
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example, informing consumers about the amount of energy saved, the amount 
of CO2 emission reduced, and/or the amount of money saved. The last incentive 
has been highly popular, used in many technological solutions, as it has been 
shown that monetary saving can be achieved by shifting energy demands to green 
energy availability periods and/or to off-peak hours (Monigatti et al., 2010). Nev-
ertheless, some argue that despite substantial reduction in energy consumption, 
the monetary saving is rather minimal when compared to the total household 
costs (Prost et al., 2015).

In recent years, much attention has been paid to the type of information and 
feedback provided to consumers. This is due to the fact that researchers have 
observed that while energy monitoring technologies increase consumer aware-
ness, they tend to leave users in a state of ‘helplessness’, missing concrete actions 
as to how to change unsustainable practices (Prost et  al., 2015). Researchers 
have, therefore, been experimenting with different types of technologies and 
devices that visualise households’ energy consumption/usage in real time. This 
includes, for example, an IoT-enabled ambient display that glows in different col-
ours depending on the energy consumption level in the home (Chowdhury and 
Moore, 2018); a smart light that indicates its energy sources and provides rec-
ommendations for appropriate times to undertake energy-intensive tasks (Martin, 
2020); a prototype that uses traffic light symbols to convey to householders when 
it is recommended to use energy (Monigatti et al., 2010); or a system that dis-
plays a single polar bear or a family of polar bears on a block of ice to indicate a 
household’s energy consumption level (Dillahunt et al., 2014). While these stud-
ies are highly valuable, they often tend to be tested over a relative short amount 
of time, and typically use a small sample of users, making it difficult to gener-
ate clear conclusions about the effects of these technological solutions on house-
holds’ energy consumption. Furthermore, while studies that target the design 
and adoption of technologies are useful, they rarely consider how technologies 
transform social practices (Rinkinen et al., 2020). Tolmie et al. (2007) made an 
attempt at highlighting the wider ecology that technology and the social context 
households exist within, thus coining the term ‘digital housekeeping’. The term 
digital housekeeping refers to all the work done in a household to make the home 
network of technologies work.

In order to address the above-mentioned shortcomings, some scholars argue 
that, for successful adoption in households, technology needs to be ‘domesti-
cated’ and become rooted in daily lives (Brause and Blank, 2020). Aune et  al. 
(2016) bring technology to the fore by first and foremost using the concept of 
domestication to challenge the linear understanding of technology within domes-
tic energy consumption.

Understanding how householders use and experience energy monitoring tech-
nologies in real-life settings and over a longer period of time has been overlooked 
in research (Costanza et al., 2016; Jensen et al., 2018). This paper attempts to fill 
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this gap in the literature by examining the meaning householders make of their 
green energy monitoring technologies. Such understandings of actual use can in 
turn be used to enhance the design of green IT.

Studies that do examine the acquisition of these energy monitoring technolo-
gies and their impact on energy consumption practices report that some energy 
consumption practices are changed, while others are not (e.g., Selvefors et  al., 
2015). These unchanged practices have been labelled ‘non-negotiable practices’ 
(Strengers, 2011), as they are practices (e.g., cooking habits) that cannot be so 
easily changed and/or influenced by external circumstances. There are many rea-
sons for why some practices are non-negotiable; these include for instance, per-
sonal reasons, such as not wanting to be tied up to the technology and perceiving 
the monetary saving as too small; social reasons, such as practical negotiations 
with other household members; and cultural barriers, such as stable cultural 
arrangements which cannot be influenced (Prost et al., 2015).

While energy monitoring technologies offer great potential for increasing 
consumers’ awareness, several studies report a decline in users’ interaction with 
these technologies over time (Barreto et  al., 2013; Erickson et  al., 2012; Har-
greaves et al., 2013); in some cases, this has led to non-use (Prost et al., 2015). 
This declining pattern has been described as a stage where the technology’s nov-
elty wears off (Strengers et  al., 2019a, b). Other scholars associate the decline 
in interaction not with the technology’s novelty, but rather to the users and 
their desire to ‘detox’ from the digital technology (Syvertsen and Enli, 2019). 
A related phenomenon is technology un-use, “a form of human-artefact disen-
gagement that focuses on the activities involved in disengaging with interactive 
systems or functionality” (Krischkowsky et al., 2021.p.2). This refers to the tran-
sitional capabilities of users to actively reduce their engagement with the tech-
nology to different degrees over time (ibid.).

Research shows that user engagement with these energy monitoring systems 
depends on social practices, location and time (Prost et al., 2015). This has led 
some scholars to examine ways of addressing the decline in interaction and pre-
serving long-term engagement. For example, Petkov et  al. (2011) examine the 
use of elements from gamification and reward systems (by comparing data within 
a community of energy consumers) and the potentials for socialising energy-
related feedback.

To better support the integration of energy consumption practices with other 
daily activities in the domestic sphere (Selvefors et al., 2015), a few scholars have 
explored the use of other artefacts beside stand-alone technology. This includes, 
for example, the use of a calendar as a tool to incorporate energy-related infor-
mation into people’s calendars of everyday activities (Neustaedter et al., 2013), 
and households diaries (Ellegård and Palm, 2011). Many of these solutions are 
often designed for adults, excluding children, who—despite being part of the 
household—are not made aware of energy consumption choices by their parents 
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(Neustaedter et  al., 2013). To address this, (Dillahunt et  al., 2014) present an 
application that is designed, not only for adults, but also for the involvement of 
children. While this approach opens up the idea of the ‘household unit’ to include 
all members of the household, it does not provide an analysis of the long-term 
effects the application.

3  Methods

This paper is based on data collected from interviews with 15 participants from 
14 Danish households. These interviews were conducted with the aim to under-
stand households’ existing practices in relation to energy monitoring with a spe-
cial focus on the meaning householders make of their energy monitoring technol-
ogy. We use Practice theory as a lens through which we see the world.

We use Shove et al’s (2012, p12) three part model ‘Meanings, Materiality and 
Competences’ to express the meaning that householders make of the technology 
that enables them to monitor green energy.

3.1  Case setting

The Danish government has recently announced that it aims to ensure all 
domestic flights use renewable energy by 2030. Such initiatives have reawak-
ened the debate on energy across Denmark, a country where a third of the total 
energy produced is consumed at the residential level (Gram-Hanssen et  al., 
2020). To meet the residential sustainable development goals, various green 
transition initiatives are being developed at both public and private organisa-
tional levels. For instance, Photo Voltaic systems – solar panels – are being 
introduced in homes across Denmark (Gram-Hanssen et al., 2020). Moreover, 
numerous technical solutions target residential consumers; technical solutions 
that aim to nudge householders towards either reducing their energy consump-
tion or shifting their consumption demands to green energy availability times-
lots. To this effect, there is currently a proliferation of energy monitoring solu-
tions being developed to help householders through the monitoring of their 
energy consumption behaviour.

As a green IT solution, Barry for example, is both an energy start up and an 
app. Barry is a member of Fortum, a Finish company which generates and sells 
electricity and heat. Barry was founded in Denmark in 2018 and has employees 
in seven different countries. On their website, the company describes itself as 
“the electricity supplier of the future”, and goes on to explain that:

‘A promise of "100% green power" is 100% hot air. But you probably 
already know that. On the other hand, we believe that data can show us the 
truth and help us on our way to a better everyday life and a greener future. 
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We do this by showing you exactly how green your electricity is and how 
much CO2 it emits, hour by hour - kWh for kWh. (https:// barry. energy/ dk/ 
about, accessed 24 Jan 2022, own translation).’

As can be seen from the above statement, Barry is strongly capitalising 
on their application’s ability to enable users to monitor their green energy 
consumption – and the related CO2 emission. While there are many other 
options for households in Denmark to monitor their energy consumption, 
there are not so many electricity suppliers that offer a related application 
solution (green IT). Moreover, as can be seen from Fig.  1 below, Barry as 
a green IT provider targets specifically electric car owners, by stating that 
Barry is ‘100% digital electric supplier created for you who has an electric 
car’ (https:// barry. energy/ dk/, accessed 3 Dec 2021, own translation).

Most of the electricity in Denmark is hydro-based and natural gas is used 
for home and water heating. Stoves are typically electric and, as mentioned 
above, Barry as an energy provider also provides an application that comes 
with various features displaying energy consumption charts over a period 
of time (see Fig.  1 below) as well as the energy price forecast for the next 
24 hrs.

Barry allows its users to see historical energy consumption, as well as 
the monitoring of energy type and price through a 24- hour forecast. Having 
access to energy type forecast– and its subsequent price- thus makes it pos-
sible for the users to plan energy consuming activities accordingly and thus 
shift energy consumption to ‘green energy windows’, i.e., when the sun shines 
and when the wind blows. In effect, tools such as Barry empower households 
to consume green energy and participate in the global green transition.

Barry was chosen as the principal technological application in this 
study because it had been very popular amongst participants in an earlier 
study—also related to green energy consumption -see (Tchatchoua et  al., 
2020). It had therefore felt obvious to us as researchers to carry on with 
the same technological solution in this study for consistency and ease. It 
had been our intention during the research design to only interview Barry 
users in this study. However, we found ourselves having to add two users 
of a different green IT tool to the pool of respondents towards the end 
-due to the tight project deadlines. Since the questions we asked were not 
application specific per se, we believe the tool does not diverge from the 
research goals and findings.

The other application used by our participants (two households) was an 
application called SEAS-NVE, provided by an energy company of the same 
name. SEAS-NVE is a company also based in Denmark. SEAS-NVE offers 
users the same type of data as Barry does, with a similar interface and func-
tionality. For the purpose of brevity, in our analysis we use the term green IT 
to refer to both Barry and SEAS-NVE.

https://barry.energy/dk/about
https://barry.energy/dk/about
https://barry.energy/dk/
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3.2  Data collection

 ‘[…] there are no such things as unmediated data or facts; these are always 
the results of interpretations. Yet, the interpretation does not take place in 
a neutral, a-political, ideology-free space. Nor is an autonomous, value-free 
researcher responsible for it’ (Alvesson and Sköldberg, 2009.p.12)

Qualitative research was chosen in order to create in-depth understanding of 
the diverse experiences of individual households (Bansal and Corley, 2012). 
There was a need to focus on specific practice cases and their special features 
– or contextual setting – for each of our 14 households. In doing so, we also 
hoped to unearth implicit and -or—unconscious aspects of a social phenomenon 
linked to green IT and its related green energy consumption support in house-
holds in Denmark (Bansal and Corley, 2012). Additionally, we had planned 
for observations in our participants’ homes; the planned observations ended 
up being hampered by the ongoing COVID-19 pandemic. However, the online 
interviews did allow for a wider geographical sample for our study.

We chose the interview approach for our data collection because we had 
aimed to capture a rich account of the householders’ experiences, knowl-
edge, ideas and impressions (Alvesson, 2003; Bryman, 2006; Fontana and 
Frey, 2003).

We recruited households’ participants through snowball sampling and ads 
on Facebook, Twitter and LinkedIn. The majority of study participants were 
selected from a pool of households who have already made a leap towards 
green energy monitoring, and use an existing energy monitoring application 
in Denmark called ‘Barry’. The first author contacted Barry’s group of users 
on Facebook after suitable vetting by the group administrator – who acted 
as a gatekeeper and subsequently surrendered the right access and credibil-
ity in due course. This same author created a series of posts on the website 
giving details about the research and its purpose. It is also worth noting at 
this stage that because of the ongoing pandemic, and due to the fact that the 
home became multifunctional as a result, the interviews generally competed 
with householders’ other home responsibilities. The posts needed refreshing 
in the -fast paced and highly technical content—group quite frequently. The 
researchers also used another type of gatekeeper: owners of an electric car for 
access to such closed Facebook groups – the Tesla car owners’ group in this 
case—in order to recruit through these individuals’ posts.

All participants lived in Denmark. Table 1 below provides an overview of 
the participants’ sample used in this study, including, age bracket, the type of 
household composition, type of home and participants’ role in energy moni-
toring activities. The length of time householders had been using the energy 
monitoring technology at the time of the interview is also provided. ‘Given 
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that the claims that we, as qualitative researchers, want to make are based on 
working closely with relatively small numbers of people, interactions, situa-
tions or spaces, it was essential that our participants are chosen for good ana-
lytical reason’ (Chalhoub and Kraemer, 2021). We focused on interviewing 
people who had already made a leap towards using a green energy monitor-
ing technology. Emergent analysis and the researchers’ reflexivity prompted 
a decision to also interview households—two in total—with a different type 
of energy monitoring technology than Barry. Meaning that in total we inter-
viewed 12 users of Barry and two users of SEAS-NVE. Due to the fact that 
Barry and SEAS-NVE offer users the same type of functionality and infor-
mation, we judged that the SEAS-NVE users’ experiences could be combined 
with those of the Barry users in addressing this study’s research questions. 
In the research design, we had not intended to only interview educated men 
between 40 and 45 who drive an electric car, but this is the main constitu-
ency we have ended up interviewing. The research plan was to interview 20 
participants, based on literature illustrating similar studies; 11 interviews into 
the project, we reached a saturation point – where no new information was 
coming through in the respondents’ responses – and therefore decided to stop 
collecting data after three additional interviews, two of which happened to be 
SEAS users (Byrne, 2013). Homogenous recruitment in energy related studies 
is not uncommon or new. Literature illustrates a heavily gender-biased sample 
in similar studies – see for example (Wunderlich et al., 2013). In addition, our 
sample was largely homogenous in that 13 of 14 households owned electric 
cars. We return to the issue of homogeneity of our sample and its implications 
for this study and future research in the study’s limitations section.

We conducted a semi-structured interview with each participant (representing 
a household). Interviews lasted between 30 and 60 min. All but 2 interviews were 
conducted online—due to the pandemic distancing measures. The interviews tar-
geted 5 main areas. The first area investigated how and why the green IT was 
introduced into the household, as well as its main usage norms within the house-
hold (e.g., who uses it, when and how). The second area of focus was the techni-
cal affordances the green IT provides to the households, and the influence that it 
had on householders’ day to day activities. The final part of the interviews was 
centred around the meaning householders made of the technology after it had 
entered their homes, and the way in which the technology had been domesticated 
within each of the households. We also asked participants to describe the typical 
energy routines in their household as well as a description of their homes, their 
energy related appliances—including electronics such as iPads.

3.3  Data analysis

All interviews were conducted in English and transcribed. We kept hand-
written or typed notes and audio-recorded all interviews. The transcribed 

N. S. Tchatchoua et al.
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interviews were coded using NVivo. We applied open, axial and selective cod-
ing (Strauss and Glaser, 1967) to the empirical data, in order to identify simi-
larities and differences in energy consumption practices and use of technology. 
Open coding was mainly performed as debriefings of the interviews and dis-
cussions of the general meanings of the choice of words and statements of the 
interviewees. Axial coding (Corbin and Strauss, 2008) allowed for categorisa-
tion of the codes found in open coding and comparing them through various 
weightings (e.g. finding the attribute of ’height’ and extrapolating how inter-
viewees deem that attribute as both ’tall’, ’huge’, ’short’ or ’wide’ in the data).

We worked both inductively and deductively when connecting and generat-
ing ideas from the data. We first applied induction to outline themes and key 
elements in the empirical data such as energy monitoring practices, the mean-
ing of the energy monitoring technology, the length of use of the application, 
the main learning activities derived from using the application etc. A deduc-
tive approach then followed to apply practice theory to our empirical data. In 
using practice theory, we wanted to know how the technology was used in 
their household. To this effect, we targeted questions focused on the usage 
of the technology. Namely: ‘are there any householders who do not use your 
energy monitoring application?’, ‘why did you choose to bring the green IT 
into your life?

Deduction was adopted owing to the research questions: How do household-
ers make meaning of, and engage with, green-IT? What impact do these dif-
ferent types of meanings and engagement practices have on the actual use of 
the green-IT? How can green-IT be designed to better support various types of 
energy consumption practices? Some of the key patterns derived from litera-
ture using deduction included ‘non/negotiable practices’ and ‘if/how the appli-
cation had moved to the background after a certain period of usage’. The goal 
of our analysis was to understand each household’s practices around the adop-
tion, usage and meaning they made of the technology—together with their 
everyday energy consumption routines. We were less concerned about whether 
their recollection of specific energy related consumption routine was linear but 
focused more on the overall picture. During the interviews and data analysis, 
reflexivity was used by the researchers as a framework to stimulate the inter-
play between co-constructing interpretations and challenging them (Alvesson, 
2003; Alvesson and Sköldberg, 2009.p.12). Reflexivity came to play during 
the data analysis when we regularly stopped and ask ourselves if our data was 
pointing to a particular direction. When the informant said ‘they had not used 
the application in a while’ for example, reflexivity was used to ask ourselves 
to quantify ‘a while’ in terms of months or weeks in order to better assess the 
new usage status and deduct actual engagement practice for example. In this 
particular example, we had to use additional data such as the question asking 
‘how often do you use the app’ for instance in order to confirm our conclusion.
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Worth reiterating at this stage that throughout the data analysis, our aim was 
not to develop or extend a theory but instead we hoped to extend our under-
standing of households’ everyday energy consumption practices and discuss 
the implications such practices may have on future energy monitoring technol-
ogy design. To this effect, our research falls within the subjective ontology 
paradigm, with specific focus on interpretations (Thorpe, 2019). We believe 
there to be multiple coexisting realities, experiences and meanings, and there 
is, therefore, not one single successful manner to design green technology.

Next, our results step through the various stages of our analysis and present 
the general themes we constructed from our participants’ responses.

4  Results

4.1  Sporadic yet similar acquisition of green IT

We asked participants how their green IT system entered their households and 
what meaning it had for their households. The analysis of our data identified 
that there was a sporadic acquisition pattern across the households.

Most of the negotiations that led to the acquisition of the green technology 
were similar throughout the data analysis: the purchase of an electric vehicle. 
Typically, our respondents were keen to monitor green energy – through the 
energy monitoring technology- after they had bought a Tesla for example. New 
energy demands resulted in new considerations which in turn led to the procure-
ment of the energy monitoring technology. For instance, Kristian explains that:

‘It was… I think it was around the time when I was looking at electric cars I 
also looked into different ways of purchasing electricity. And especially for… I 
found that… Basically I just stumbled across Barry on the internet. It wasn’t like 
recommended or anything it was just doing research and finding it’. (Kristian).

Similarly, Nis observes:
‘I came across Barry because I bought an electric car. And when you have 

an electric car of course the price of electricity is quite a bit more important to 
you than before, because you are going to use a lot more electricity. So, there 
is a lot of talking in Facebook groups and other forums for owners of electric 
vehicles about, where do you get your electricity from’. (Nis).

Looking beyond the adoption stage, the data analysis highlighted a sense 
that householders dealt with the new green IT differently; sometimes rejecting 
the green IT as a tool after a while and at other times working out how exactly 
to fit it into their everyday routines. To exemplify the first scenario, a respond-
ent conceded: ‘I don’t know if it (the green IT) has a place. It is you know… In 
the beginning it was kind of fun it is not something I use actively now; I don’t 
think Britt (my wife) does either. So, you know in the start you look at it’.

N. S. Tchatchoua et al.
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We spoke to another respondent, Kristian, who defined the place that the 
green IT occupies in his household in these terms:

‘It was more... It definitely was a bigger deal just when we started, because 
there was a lot of information that I, we, haven’t had before. So basically, for 
us and for me what was really interesting was seeing obviously the changes 
in price during the day but also the changes in the carbon footprint or green 
energy as I think they call it. But obviously given a certain period of time 
you kind of learn when these periods are, so I would say that the green IT has 
definitely helped us to adapt or change our habits when it comes to using elec-
tricity but it is something that happened because of the data that was available 
in the beginning but now that this data has kind of been processed and is part 
of our daily life I don’t really... I don’t think Barry, honestly, I don’t think it is 
that big of a difference than any other company with the same pricing would 
be to us. If that makes sense?’

By contrast, other respondents, newer users, found a way to include their 
green IT regularly into their routines. We spoke to Rasmus, a fireman, who 
explained:

‘I think it has become a little habit to check out (the green IT)... For myself 
every afternoon almost every day, I go in the app and check out, what are the 
prices going to be tomorrow and then I’m scheduling do I need to charge my 
car and then we talk about it, okay, do we need to put over a wash or the dryer 
or anything tonight. And then we also got to... It is just a habit just checking it 
out, I do it every afternoon and I know my mother does it in the morning when 
she gets up. I do it in the afternoon because then I get the day ahead price 
because it is available around 2 o’clock or something like that’.

Here we could see that the energy monitoring technology has become a 
well-integrated part of Rasmus’ life and checking green energy availability 
(and price) is almost a kind of ‘sport’ that he enjoys practicing.

Staying with the acquisition process, we looked to understand how house-
holders mobilised the energy monitoring technology as part of their identi-
ties and how they presented themselves to the researchers. Again, it was clear 
from the data analysis that some of our respondents identified strongly with 
the green IT and felt that it helps them achieve their ‘green energy transition’ 
ambition. To exemplify this, a respondent observed: ‘It helps me… It enables 
me to make more or better choices when it comes to choosing green energy, 
so yes. I guess the rest is up to me.’ (Respondent). While another respondent 
added:

‘Yeah, yeah, it doesn’t have to be like big like TV2 – a local tv channel- …I 
think we all just have to do some thinking regarding that (being green). To me 
it’s like a stamp of approval that Barry has implemented this feature (the CO2 
feature)... I think that having a focus on it catches the spirit of the users as 
well, so I do feel like Barry-the green IT- is helping towards this. And I do feel 



696

like every time I am doing small things it just adds up, so I do personally feel 
that it (the green IT) is helping me contribute. In a tiny bit in a larger scale but 
I suppose it all adds up’.

In summary, the responses we received in regards to what the green IT meant 
were fairly similar, geared towards climate change reversal, with a lesser focus on 
monetary gain. Barry was therefore a useful tool in helping towards a common 
intrinsic value. To this cohort of participants, the green IT is a form of ‘green 
energy consumption coach’. Having stated the above, although they welcomed 
the idea of Green IT helping them be ‘greener’, other participants did not share 
the same enthusiasm about the impact their green IT monitoring regime has at 
a larger scale. They feared that it was too big a problem for their little input. It 
was felt that, to these householders, the climate change issue appeared too big 
a task to tackle by an isolated household monitoring energy consumption in a 
small country as Denmark. To this effect, a respondent conceded: ‘Denmark is a 
small country’. (respondent). While another respondent declared:

‘What we do in order to be green is that we probably try to pick the greener 
solutions and in all honesty without compromising our own mental well-being 
too much… always making sure that the washing machine is running in the point 
in time where the electricity is the greenest is probably a little above our involve-
ment. But I wouldn’t mind paying a little bit more for my electricity in order to 
make sure that we receive green energy as a preferred energy source.’

The above expositions of the acquisition framework of green IT in this study 
illustrate that although technologies come with meanings through the guidance 
of design and advertising discourses, householders generally invest said technol-
ogy with their own personal meanings and significance. To sum up, the overall 
acquisition of the energy monitoring technology is sporadic and diverse, where 
to some the green IT means a step towards their green transition goals and val-
ues, while two others that sentiment is somewhat too ambitious.

4.2  Green IT as a learning tool

Our data highlights that, despite the fact that the majority of participants had 
adopted the green IT because it had been recommended to them as a techni-
cal intervention for energy consumption monitoring, many of them no longer 
checked their apps frequently. Consequently, once they felt they had memorised 
the regular green energy availability – and the equivalent low pricing (at times) 
-windows, they stopped engaging actively with the app although still operating 
within the new routines – such as charging the electric car at night or hoovering 
the house on a windy day for instance.

Our participants described different energy consumption practices and activi-
ties, some driving the electric cars to drop the kids off to nursery a mile away 
from home, while others saved the drive for longer commute for instance. How-
ever, what was shared amongst them was the fact that regardless of the current 
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frequency of use of their green IT, most respondents had ‘memorised’ typical 
green energy availability timeframes. They had thus taken the appropriate steps 
to shift an essential bulk of their energy consumption routines to meet those 
timeframes – despite some participants no longer engaging regularly with the 
technology.

To this effect, respondents with a focus on green energy consumption men-
tioned washing clothes at night because that is when energy is green. Others, 
although more interested in the monetary gain, reported to have made a correla-
tion between low energy prices and green energy availability and were also wash-
ing their clothes during such timeframes. This latter group felt a sense of ‘double 
achievement’, as they were both consuming green energy and saving money. To 
exemplify this, Nis, an engineer living by himself, who has used Barry since the 
company first started, no longer checks the app but is still keen on saving on 
his energy bills, observed: ‘…my dishwasher exclusively runs at night when the 
electricity is cheap, and I also wash my clothes at night’. Meanwhile Sune, the 
male adult of a family of 5, is keen to leave a better world to his children and a 
fairly new and loyal user of Barry declared: ‘But now I always program the dish-
washer to run in the middle of the night…I have noticed a few times I even got 
money for spending electricity at night’; signalling here that the one sometimes 
gets paid to use green energy, when there is an abondance of it in the grid. Simi-
lar to Sune, Oscar learnt to relate the weather conditions to green energy avail-
ability: ‘So, I always know now when it has been windy today, I know tomorrow 
is a good time to charge up things and wash laundry and so on’.

The above scenarios demonstrate the learning opportunity available within 
green IT design. Many of our participants have memorised slots during the day 
when electricity is green and cheap—from using the technical intervention and 
paying attention to weather conditions. Our results demonstrate how when oppor-
tunities for green energy consumption are learned, long term on-going engage-
ment with the technology is no longer felt to be necessary.

4.3  Non/negotiable practices

All the study households reported a reluctance to sacrifice convenience in order 
to save money or to make best use of green energy. The data analysis confirmed 
that when it comes to using green (or cheaper) energy in the household, there 
exists negotiable and non-negotiable practices. Householders were generally 
willing to move certain routines they deem ‘negotiable’ to more suitable time-
frames when energy is green – or cheaper. Some of these negotiable household 
practices include: doing the laundry or washing the dishes for example. Our data 
supported that; electric car owners typically waited for such time slots to charge 
their vehicles.

In contrast to the aforementioned negotiable practices, other household prac-
tices such as cooking dinner at a set time were deemed non-negotiable for our 
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participants. All respondents in our study supported that they preferred to cook 
dinner around six o’clock in the evening regardless of the type of energy avail-
able at that time – or its related price. To this effect, householders with young 
children went on to elaborate on the short time window in the evenings before 
their children bedtime routines. Chris, our host, later confirmed: ‘We have some 
hard things, so we have Pauline -our daughter- coming home from school and her 
bedtime and that window is actually quite small and we can’t leave dinner too 
late because she needs to eat’.

For others in our study without the added pressure imposed by children’s bed-
time routines, dinner cooking at a set time, nevertheless, remained a non-nego-
tiable practice. In most cases, practices that were routinely labelled negotiable 
or flexible in some households were non-negotiable in others. For example, in 
one household, a participant reported having stopped doing the laundry during 
the night because the washing machine noise kept her husband awake, while 
in another household, daytime laundry was not an option due to home working 
requirements.

4.4  A conflated picture of ‘digital housekeeping’

We observed that the green IT usage in these households is part of a digital 
housekeeping routine. In these households, once it enters the home, the green 
IT is accountable to existing routines in the home, such that it will not unduly 
disrupt other courses of action central to domestic life. Our participants checked 
the green IT periodically because they didn’t want the monitoring process to 
interfere with other activities- such as watching a movie together as a family for 
example—key to their domestic lives. To this effect, some householders checked 
green energy availability as part of their traditional housekeeping routines -such 
as hoovering for instance.

For a subset of our participants, once they had taken all suitable measures 
for green energy consumption (i.e., learning and acting upon the suitable green 
energy slots), they continued to engage with the green IT frequently. They also 
attended all the workshops organised by the green IT provider as a form of loy-
alty to the green transition cause, or to show support to the provider. Digital 
housekeeping for these specific householders was motivated by a different goal, a 
goal not intended in the original design of the green IT.

To this effect, Oscar, an informant living in a flat in Copenhagen, enjoyed 
being part of the green IT community. He highlighted his regular engagement 
with the green IT as a form of loyalty to the green IT provider. He mentioned 
‘having been there since the beginning’ with a sense of achievement. Similarly, 
Anders had a grin on his face when he explained: ‘…I was actually a part of 
Barry, a customer with Barry in the beginning’. These cases exemplify the fact 
that loyalty to the start-up was a sentiment some of our participants tapped into 
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in order to keep their motivation to use the green IT, thus giving the perceived 
digital housekeeping role a secondary – or maybe even tertiary- value.

Meanwhile, others kept the green IT as part of their digital housekeeping work 
– nothing else. In other words, this specific cohort of participants used the green 
IT when they needed to perform a task, they then turned off every notification 
and suppressed the interaction with the green IT after that. Similar to putting the 
vacuum cleaner back in the utility room after usage, in traditional housekeeping, 
for example. To highlight his sentiment about the green IT’s notifications in par-
ticular, and his interaction level with the green IT in general, Henrik observed:

‘…I just have another way of “working” with it, I choose when I want to go in 
and plan laundry or whatever. I don’t want the app to come up with something on 
the screen when I’m in a meeting or doing something. I mean sometimes I need 
to focus, and I don’t want to be disturbed… I don’t have any noise or sound on it, 
also when I get I don’t get alerts either. I choose myself when I want to go in and 
look at emails or Facebook or whatever. I don’t think the phone should help me 
because that is not a help it is actually a disturbance’. In other words, he engaged 
with the app, as with traditional housekeeping, as and when necessary.

5  Discussion

We next examine the different types of household engagement with energy moni-
toring technologies, including the meaning attached to these. This will lead to 
a discussion about some of the assumptions embedded in the design of these 
energy monitoring technologies, and how we can design technologies that sup-
port a variety of energy monitoring practices – and types of engagement with the 
technology.

5.1  Acquisition of the green IT

Our results show that soon after householders had adopted the energy monitoring 
technology, the acquisition process led to an energy ‘audit’, where household-
ers used the app to quickly identify any inefficient energy consumption practices. 
Indeed, one of the strengths of energy monitoring technologies is that they make 
visible inefficient energy consumptions which arise due to misconceptions, mis-
takes and/or errors. For instance, Peffer et  al. (2011) have illustrated how mis-
conceptions of heating systems can result in inefficient heating in the homes. 
Similarly, Yang et  al. (2014) describe how participants in a study realised that 
they had left the air conditioning on by mistake while away from home -using 
a technological solution. Finally, Bedwell et  al. (2016) demonstrate how tech-
nologies can be used for, among other things, fixing errors, and thereby lead to 
significant energy saving. Indeed, our empirical data confirms the usefulness of 
features built in in the monitoring applications in this study.



700

To this extent, once the technology is adopted and further appropriated 
through the energy audit, we witnessed householders shift some of their energy 
consumption routines to a time window when green energy is available. Indeed, 
they have developed new technology-in-use practices (Orlikowski and Gash, 
1994), using the technology proactively to change their energy consumption and 
integrate these into their housekeeping activities. In addition, our data demon-
strate that once the energy monitoring technology enters the home, it is made 
accountable to existing routines in the home, such that it will not unduly disrupt 
and interfere with other courses of action central to domestic life.

In line with other studies, we have observed that in every household, there 
exists practices that can be changed, while others are non-negotiable (Strengers, 
2011; Pink, 2012; Strengers et al., 2019a, b). While it was clear that households 
with more than two adults as family members tend to have less flexibility when it 
comes to changing their energy consumption practices. Most of these households 
had some practices deemed non-negotiable; dinner cooking for instance. As was 
pointed out by (Prost et al., 2015), some practices are unchanged due to personal, 
social or cultural reasons. Indeed, several households in thus study were reluc-
tant to shift certain energy consumption practices due to personal preferences. 
A number of householders in this study often perceived the cost saving to be too 
little, while others’ reluctancy to change habit came from ingrained cultural hab-
its. In these particular set ups, comfort seemed to be more important than lower 
energy price – or energy type available—at the time for that matter. This is in line 
with other studies that also found households to typically prioritise comfort over 
price (Shove et al., 2014).

In essence, energy monitoring—and its related consumption—behaviour 
cannot be studied disconnected from the larger cultural system surrounding 
it (Gram-Hanssen, 2010; Reckwitz, 2002; Shove and Walker, 2014). Our data 
demonstrates not only how energy consumption practices are embedded in other 
social practices, but also how they are interconnected and, at times, inseparable 
from other domestic practices. For instance, the practice of cooking dinner was 
interconnected to the practice of running the dishwasher in several households. 
Similarly, in a number of households with children, the practice of cooking (and 
eating) dinner could not be altered as it was interconnected to the children’s bed-
time routines. While this may be obvious, the interconnectedness of everyday 
households’ practices is often overlooked in the design of energy monitoring 
technologies, as these typically target specific and independent practices rather 
than practice bundles. However, isolated energy consumption practices depend, 
among others, on household composition (e.g., social composition, electronic 
appliances, etc.), and are thus essentially part of an ecology of social practices 
within a household, where various elements will typically be shared amongst 
the practices. In so doing, changing one practice might affect another practice 
(Gram-Hanssen, 2011). To this effect, we echo other scholars who have argued 
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for more holistic understanding of the ‘where energy consumption happens’ and 
‘why’ (Bedwell et al., 2016).

5.2  Different levels of engagement with green IT

Our empirical data shows that the level of engagement with the technology 
decreases for many householders, once the technology has become domesticated 
and the negotiation process between the routinised energy consumption practices 
and the new recommendations provided by the technology is over. This perceived 
decline in interaction with the energy monitoring technology is not new in litera-
ture. In reality, it has previously been reported in several other studies (Barreto 
et al., 2013; Erickson et al., 2012; Hargreaves et al., 2013). A number of studies 
have even reported a trend from use to non-use (Prost et al., 2015). A range of 
scholars have described it as a stage where the technology’s novelty wears off 
(Strengers et al., 2019a, b). On an ambivalent note, our empirical data highlights 
the fact that although the level of engagement recedes after a while, the energy 
monitoring technology initially allows for great learning about green energy 
availability, learning that the householders embrace – despite not interacting with 
the technology as much—when shifting their consumption practices to suitable 
time periods. To this effect, the energy monitoring technology acts as an edu-
cational platform for future energy consumption shifting (Cockbill et al., 2020). 
Indeed, as mentioned earlier, householders do learn, for instance, that electricity 
is cheaper at night and that it is greener when the wind blows. However, while 
these technologies do provide a learning opportunity for energy management, it 
has been argued that the design of these real-time feedback systems “might…
distract from the ‘real’ problems” (Prost et al., 2015), as these focus on paying 
attention to short-term spikes (Prost et al., 2015) caused by appliances that are 
not necessarily major contributors to household’s energy consumption, as these 
are used for a short period.

We also noted many householders to have disabled the notifications from the 
green IT in order to keep the level of disruption to a bare minimum -thus pushing 
back on the deemed ‘overwhelming’ energy type availability information. With 
these notions/phenomena in mind, we argue that disabling the notifications is not 
necessarily equivalent to complete disengagement with the energy monitoring 
technology, but rather a desire to control when they receive information related 
to energy consumption. In other words, lack of constant and continuous engage-
ment should not be confused with lack of interest in the technology’s ability to 
monitor green energy- or the initial effect through the learning as seen above. 
Rather, it should be seen as an indication of the extent to which the technology 
has become integrated in the traditional housekeeping routines, thus household-
ers not perceiving constant engagement with the technology essential—or neces-
sary. Afterall, energy monitoring is ubiquitous, and is not something at the fore-
front of householders’ lives. Monitoring energy consumption can be seen as a 
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new form of housekeeping, or digital housekeeping (Tolmie et  al., 2007). The 
new technology-in-use practices (Orlikowski and Gash, 1994) developed across 
the household differs depending on the contextual circumstances surrounding 
energy consumption. This includes, for example, major changes in weather con-
ditions (e.g., the transition towards the winter season), changes in everyday prac-
tices (e.g., going away), or changes in energy consuming devices (e.g., buying a 
new electric vehicle). In these circumstances, householders’ engagement with the 
technology tend to follow the trend and adjust to the changes in settings.

5.3  Engagement is related to the meaning attached to green IT

While for several households the technology’s novelty did fade over time 
(Strengers et al., 2019a, b), our data also demonstrates that other householders 
continue to maintain a high level of engagement with the technology. This is 
due to a different type of meaning they attach to the technology. To a number of 
these households, the energy monitoring technology is perceived as a medium 
that nudges towards green energy consumption, thus an environmental meaning 
attached. For others, the energy monitoring technology is essentially a cost sav-
ing device, making monetary gain a primary focus. This has been reported within 
literature, where many technologies for monitoring energy seem to focus on 
highlighting monetary gain, inscribing the assumption that this is the main moti-
vator for all users. While it is undeniable that price does motivate households to 
improve their energy consumption (Morrison et al., 2013), some researchers have 
argued that we need to move away from focusing on the consumer – or house-
holds in this case- as someone driven by an economic rational choice (Froehlich 
et al., 2010). Indeed, our data demonstrates that price is not the only incentive for 
energy monitoring practices and that householders typically have a range of other 
meanings they attach to their green IT.

While a few studies have identified price, comfort and environmental concerns 
as major motivational factors for shifting energy practices (Morrison et al., 2013), 
our study presents a new cohort of householders driven by a particular meaning 
they attach to their green IT. That is, a sense of loyalty to the green IT provider 
and its community of first users. In other words, their continuous engagement 
with the energy monitoring technology is due to the intrinsic symbolic value the 
green IT provider and its community of users represents.

Indeed, the green IT applications in our study, do provide such communities 
of users. These are typically tech-savvy householders, with numerous online and 
offline platforms and forums within which they can gather and exchange experi-
ences, and/or take part in the further development of the said technology. This 
includes, for instance, a private Facebook group dedicated solely to a particu-
lar green IT’s users as well as various offline events where users are invited to 
provide input and feedback on new releases. Combining agile techniques with 
a human-centred approach in the development process, Barry for example 
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constantly releases new features and actively involves users in the design deci-
sions. Indeed, Cockbill et  al. (2020) have proposed that householders be co-
designers for energy monitoring technologies since they are experts in their own 
behaviour. Thus, one of the features that gives these green IT solutions a stronger 
standpoint in the family of energy monitoring technologies is the establishment 
of a strong user-community and their active inclusion in the design process. To 
this effect, several scholars have pointed out the importance of moving away 
from individual consumers to groups and communities (Disalvo et  al., 2010a, 
b; Prost et al., 2015; Salovaara et al., 2021). This has led to a range of studies 
examining different forms of users’ connectiveness by, for example, creating dif-
ferent types of comparisons, ranking and competitions (Dillahunt et  al., 2014; 
Petkov et al., 2011). Other studies have explored various forms of gamifications 
and reward systems: by comparing a community of energy consumers to another 
for instance, the potential of socialising energy-related feedback (Petkov et  al., 
2011). Such studies aim to address the declining interaction with energy moni-
toring technologies (Petkov et al., 2011). We argue that they can also be used to 
highlight the urgent need to pay attention not only to the technologies’ design 
and their affordances, but also to establishing and connecting communities of 
users and householders, thus actively involving them in the design of the said 
technologies.

Results from this study also identified a new group of engaged users who are 
driven by loyalty to the supplier and/or to the sense of belonging to a specific 
type of user community. This is compelling, as it raises the question of how we 
design energy monitoring technologies which can also accommodate engage-
ments not driven by monetary gains or environmental preservation.

A range of energy monitoring technologies tend to be designed with a strong 
and, at times, sole focus on energy price. We argue that this narrow focus may 
lead to an oversight of other features that hold a stronger meaning to house-
holders. To attract customers, Barry’s provider for instance initially buys into 
the populist monetary gain narrative by highlighting energy cost savings in its 
promotional videos. However, the green IT applications in this study offer an 
interface which also displays CO2 consumption forecast as well as notifications 
of when the energy is green, thus also appealing to householders motivated by 
climate change reversal. In effect, these green IT solutions do provide various 
technical features with access to different types of data, appealing to different 
types of households – i.e., with different meanings attached to their energy moni-
toring technology. For instance, as aforementioned, they provide an overview of 
energy price forecast to those householders primarily motivated by cost saving, 
while also providing an overview of CO2 emission and green energy availabil-
ity to householders interested in climate change reversal. When designing energy 
monitoring devices for households, it is therefore paramount to consider the fact 
that the said householders’ engagement with the technology highly depends on 
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the meaning they attach to it. Therefore, we posit that energy monitoring technol-
ogy designers follow an explorative approach with room to accommodate various 
types of practices and meanings (Cockbill et al., 2020).

5.4  Designing green IT for different types of engagements and meanings

Many technological solutions have a tendency to support a frequent and constant 
mode of engagement, by for instance, incorporating gamification elements and 
reward systems (Petkov et al., 2011). This reflects an implicit assumption that the 
perceived decline in interaction and engagement with these technologies is to be 
expected. However, results from our study problematise the assumption that reg-
ular engagement with energy monitoring technologies is essential. It also raises 
the question of how much householders can keep shifting their energy consump-
tion practices – as a result of energy monitoring. Our findings show that whilst 
householders can always shift more—due to the sporadic nature of green energy 
availability—, their engagement with the technology naturally tails off after they 
have memorised the peak times for green energy availability. Our data presents 
cases where householders have chosen to actively disengage with the technology 
and turn the notifications off in order to minimise disruptions from all the infor-
mation they are constantly presented with. Indeed, there are various recommen-
dations in the literature for ways to present data to users in a meaningful manner, 
thus avoid information overload (Cockbill et al., 2020). Fischer (2008), for exam-
ple, recommends that feedback ‘is given frequently and over a long period of 
time, that it provides an appliance-specific breakdown, is presented in a clear and 
appealing way, and uses computerised and interactive tools’ (p. 79). Similarly, a 
range of studies have examined the use of visualisations (Murugesan et al., 2013) 
and additional artifacts—e.g. calendars and diaries—to support the relay of infor-
mation to users (Neustaedter et al., 2013). While these studies are valuable, we 
encourage broadening the focus to include the establishment of communities of 
energy monitoring householders for instance.

Findings from our research reveal that while energy monitoring technologies 
can be designed as platforms for educating householders about energy types and 
consumption, they do not necessarily require to be continuously engaged with. 
As is evident in this study, householders use technology to monitor energy and 
adapt—when necessary- their energy consumption practices. However, the mon-
itoring through technology does not require a specific frequency. The level of 
engagement with the technology, changes, depending on various other factors—
as with any practice. This leads us to problematise implicit assumptions that may 
be found in the design of some energy monitoring technologies. We argue for 
the need to re-think the design of green IT in ways that cater for numerous types 
and levels of engagement—driven by the variety of meanings householders may 
attach to the said green IT.

N. S. Tchatchoua et al.



705Green IT Meaning in Energy Monitoring Practices: The Case of…

Finally, we propose that when designing energy monitoring technologies, 
designers view energy as a service rather than a ubiquitous commodity and 
move towards technology design to match specific household energy practices 
to energy type – and perhaps price – for example. That is, for instance, hav-
ing the green IT default to green energy for energy intensive practices such as 
electric car charging for instance and saving other energy sources for lighter 
energy consumption practices- such as cooking. We posit that by design-
ing green IT in this way, a lower level of engagement will be required – and 
expected—of householders and green energy would thus be distributed in a 
more democratic and priority-based approach. Hence a huge step towards the 
global green energy transition.

Our empirical case contributes to S-CSCW and energy monitoring technolo-
gies, by discussing ways in which technologies can be designed to better sup-
port households’ energy monitoring practices. That is, to include various forms 
of domestic work, and various levels of engagements householders may display 
towards the said green IT and its associated data.

6  Limitations and further study

This study presents some limitations in that the sample of informants was limited 
and quite homogenous. For example, 12 of the 14 households included in this 
study were electric vehicle owners (Teslas), which influenced their decision to 
adopt green IT, the meaning they made of it and how they used it. However, as 
mentioned in the Methods section, homogenous sampling is not new in energy-
related studies – see for example Wunderlich et al. (2013). The intention was to 
capture early adopters, i.e., people at the forefront of the green energy monitoring 
chain, so we could learn from them for future green energy monitoring technol-
ogy design for a more diverse group of users.

Due to the ongoing COVID-19 pandemic at the time of the data collection, 
it was not possible to visit the households—as initially planned in the research. 
Consequently, both adults were not always present during the interviews. We rely 
on information relayed to the main researcher by the informants online – mainly 
by the male adult in the household. A future study could interview female 
respondents only and compare the perspectives with the present study. Moreover, 
due to the above-mentioned reasons, interviews are used in this study as the only 
source of data. Since everyday householders’ practices and engagement with 
the technology were the focus of this paper, we concur with Schatzki that ‘lan-
guage is an important clue as to which activities and practices exist’ (Schatzki, 
2012.p.24). We therefore consider the interviews to be a valuable source of data. 
We do however recognise that data from home visits and observations would 
complement interviews.
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Based on the above, we posit that this study offers a foundation for further 
investigations that could use a wider sample with a mixed cohort of informants 
and supplementary sources of data.

7  Conclusion

Energy monitoring technologies can exist as educational platforms for energy 
consumption awareness that householders access if and when appropriate. Co-
design to include householders is necessary when designing energy demand 
shifting interventions because, as we have seen, although energy is a ubiqui-
tous commodity, energy consumption practices vary depending on the meaning 
attributed to the green IT—not merely with price. This study has demonstrated 
that while the green IT and its built-in features are similar throughout, differ-
ent householders have different energy consumption practices and needs, and 
make different meanings of the green IT. Householders are the experts in their 
behaviour, and energy consumption should be viewed by green IT designers as 
a continuous practice with interconnected elements in an ecology of everyday 
household practices and activities. We have, therefore argued for the need to 
move towards green IT design that matches specific household energy practices 
to energy type – and perhaps price.
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