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Demanding expectations: exploring the experience of distributed heat generation in Europe 

Keywords: microgeneration; energy demand; domestic practices; home; online journal; UK; 

Netherlands. 

Highlights:  

• Installation and initial experience are key aspects influencing everyday domestic practices 

• Householders anticipated and planned greater capacity and/or demand for heating in the future  

• First time an online journal has been developed for householders with microgeneration heating 

in the UK and Netherlands  

1. Introduction 
Decarbonising energy production is a key global goal (Sustainable Development Goal 7) and increasing 

renewable energy generation is essential to address the climate emergency, energy security and 

affordability. The majority of policy and scholarship on renewable energy focuses on electricity 

generation despite heating accounting for roughly a third of carbon emissions world-wide [1]. This is 

partly because of the complexity of intervening and altering countries’ heating systems as heat is 

produced by millions of separate installations at different scales (e.g. district heating to household 

heat pumps) from different fuels (e.g. biomass, coal, electricity) and across a range of temperatures. 

Due to these factors, heat metering is uncommon making it harder to develop renewable heating 

policies or measure their effectiveness. Housing is a particularly important sector, accounting for a 

quarter of national energy consumption [2] with heating representing the main demand of energy for 

space (c.53%) and water (c.16%) [3]. While (biomass and solar) district heating schemes and 

innovations in hydrogen are important interventions to increase renewable heat at neighbourhood 

and city-scales, the focus on microgeneration for heat1 (hereafter MfH) in the home is also essential 

considering the decentralised nature of heat generation.  

When compared to microgeneration for electricity, uptake rates of MfH technologies are low [4-6]. 

While explanations for adoption decisions and uptake of microgeneration technologies are a 

dominant area of enquiry [7,8], the majority of this work follows from techno-econometric traditions 

resulting in a focus on the building fabric, technical specifications and individual psychology of 

householders, and lacks more sophisticated understandings of how and why households install and 

live with renewable energy technologies. In contrast, this paper responds to calls to give ‘voice to 

 
1 Microgeneration for heat (MfH) is a label we use to describe small-scale systems of heat provision (up to 50 
kilowatts, which is the maximum capacity for government subsidies), normally used by households, small-
businesses or community buildings. In this paper we are only concerned with household MfH. 
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consumers on this topic, which has been mostly silent in previous research’ [9, p.15]. Drawing on 

practice informed energy studies [10,11] and Science and Technology Studies (STS) scholarship on 

futures [12,13] we argue that it is crucial to understand not only how MfH systems are adopted, used, 

and adapted, but how this is informed by views of the future. Therefore, in this paper we present a 

cross-cultural comparison of 32 UK and Dutch households living with the MfH technologies of ground 

or air ground source heat pump systems (GSHP/ASHP), biomass boilers or solar thermal heating.  

The paper begins by providing an overview of scholarship on microgeneration, focusing on major lines 

of enquiry related to understanding uptake and satisfaction, before adopting energy futures 

scholarship to enhance these debates and raise questions of energy sufficiency and changing 

expectations affecting demand. The third section explains the methodology which includes location 

of research, sample, design and reflections. The fourth and fifth sections explore our results and how 

these MfH technologies were embedded into everyday lives and visions of the home. The final section 

offers concluding remarks, emphasising that a focus on the motivations or barriers of installation is 

too limited in terms of explaining satisfaction with MfH technologies. 

2. Literature Review 

Scholarship around microgeneration can largely be separated into two dominant areas: explanations 

for adoption decisions and the performance of microgeneration systems. Indeed, it has been 

recognised that most empirical research concerning microgeneration focuses on the adoption 

decision [8], and that overall, the empirical explanations for such activity are based on work with 

microgeneration for electricity [14,15] not heat [1,5,16]. Moreover, not only is the adoption decision 

and its wider sociotechnical temporal context often overlooked (i.e. adoption is treated as a discrete 

entity, independent from a household history, or prior experience with similar systems etc.), how it 

ties into householders’ imagined futures has almost entirely been ignored. In part, this is because of 

the dominance of techno-econometric traditions and the resulting focus on the building fabric, 

technical specifications and individual psychology of householders. In this literature review, we 

explore key debates on adoption decisions before moving on to set out an alternative approach 

drawing on literature surrounding energy practices and socio-technological expectations.  

2.1 Adoption of Micro- and distributed generation Technologies 
Research on uptake rates for micro- and distributed generation has been approached from theoretical 

and empirical perspectives across a wide range of disciplines [14, 15, 17, 18]. Theoretical work has 

largely been informed by theories of innovation and technology diffusion [19,20], transition [21], or 

theories of consumer behaviour [17,22]. Empirical work has employed a wide range of methodological 

approaches from economic valuation [3, 23] to, more infrequently, case studies of subjective 
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explanations [16, 24]. The former, which dominate the literature, adopt a neoclassical framework 

assuming private households are utility-maximising consumers which is used ‘for explaining switching 

behaviour…and explanatory variables [such as] socio-economics and socio-demographic 

characteristics’ [18, p.97]. Whilst research on installation rates for MfH uptake is limited relative to 

that for electricity generation, where it does exist, it also tends to focus on sociodemographic, 

economic, and housing characteristics [23, 25, 26]. Despite this, research on domestic renewable 

energy is now demonstrating that ‘building owners’ decisions are rarely driven by sophisticated 

financial analyses of alternatives [7]’ [27, p.580], casting doubt on approaches which place the utility-

maximising consumer at the core of household decision-making.  

The type of technology and its performance accounts for a significant area of academic enquiry on 

microgeneration. Three main catalysts for installation have been identified [22]:  a problem situation 

(e.g. existing heating system breaking down and requiring replacement), an opportunity situation (e.g. 

an incentive is created which encourages installation), or as a part of a new construction. Allan and 

McIntyre [25] demonstrate that local social effects help explain adoption in the context of visible 

installations (e.g. solar PV). Nonetheless, we suggest that there are ‘energy cultures’2 [28] at play 

which may influence installation in all of these cases. In other words, variation in uptake rates result 

from local and or social contexts, suggesting that ‘more qualitative and case-study research is merited 

to understand the significance of local level factors in early and later diffusion stages’ [27, p.588]. 

Nascent literature on adoption decisions recognises the utility of approaches which seek to 

understand the experience of the MfH householder or installer [16, 26, 29-21] and how that varies by 

place and time [32,22]. Yet we still lack appropriate understandings of how ideas of the future, 

specifically what householders aspire and expect of their homes, may impact on current desires and 

energy demand. 

2.2 Everyday expectations of home and future aspirations affecting 

microgeneration uptake and use 
Although scholarship on living with MfH systems [8, 34,35,36] is growing, the ontological and 

methodological basis upon which this scholarship has developed retains a largely natural 

science/technical perspective [24, 30]. In response, a focus on the everyday has arisen which attends 

to understanding how domestic practices co-evolve with changing patterns of energy demand [10, 11, 

37]. Furthermore, research on comfort in energy studies demonstrate that new technologies and 

building fabrics impact expectations of home as well as what energy is used for [26, 38-40]. These 

 
2 Energy cultures is a specific area of academic enquiry which explores how ‘energy behaviours are embedded 
within the physical and social contexts of everyday life, and how they are both repetitive and heterogeneous’ 
(28, p.117). 
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socio-material changes thus can run counter to policy goals and reducing demand. Kuijer and Watson 

[41] offer an illustration of this analysing new practices in UK homes emerging between 1920 and 

1970. During this period, the introduction of central heating systems led to more of the home being 

heated as the family spread out from socialising around an open fire in the living room to individually 

studying and playing in heated bedrooms. This example points to the way in which altering heating 

systems can impact on more than perceptions of thermal comfort to also shift family interactions, 

expectations of privacy and use of space in the home. Ellsworth-Krebs et al. [38] found that installing 

microgeneration technologies did not happen in isolation, these were carried out at the same time as 

other home improvements such as adding a guest bedroom to make family visits easier or en-suites 

to provide more individual privacy. Home comfort, home-making and future housing aspirations [38, 

42] influence installation decisions and resulting energy patterns. 

Emotional [43] and normative expectations of home [44], including how that influences energy 

demand and retrofitting [38, 45-47] have been acknowledged elsewhere. Hansen (23, p.140), for 

instance, has alluded: ‘understandings of what constitutes a nice home can play a huge role in the 

ways households refit their homes’. Without consideration of excess and how to ‘live sufficiently well’ 

[48] more energy demanding ‘needs’ may be negotiated and normalised [49]. This is interesting as the 

focus on the future, and planning MfH around visions of a future home requires, we argue, a more 

‘relational, time sensitive’ understanding of energy demand (50, p.130). Bringing an imagined future 

into frame draws attention to the temporality of heating practices, not just the day-to-day routines 

and rhythms of everyday life but the stability and future of these over time [51, 52]. Development of 

microgeneration technologies need to be understood within this wider context of how visions and 

expectations of the future inform their installation and use. 

Within a broader field of work on environmental futures [53, 54] and socio-technical futures [13, 55] 

energy futures scholarship has investigated energy systems [12] governance regimes [56, 57] scenario-

planning and forecasting [58]. This scholarship has highlighted how ‘ideal’ visions of future energy 

users and the attributes of future energy systems are ‘literally and materially scripted into’ these 

energy systems [12, p.2]. Science and Technology Studies (STS) dominates future studies: exploring 

different ways of thinking about the future, specifically the anticipatory concepts of expectations, 

visions and imaginaries [59]. These distinct concepts have been used to ‘explore how the future, as a 

dimension of the present, is constructed through practices as well as through discourse and thus 

contributes to the production and reproduction of social reality’ [59, p.473]. This means that 

conceptualisations of the future are co-constructed with the present in material ways.  For example, 

the default settings on a household central heating system are imbued with judgements about what 

time of day, duration and temperature the home needs to be heated. These judgements are based on 
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the anticipation of daily routines and rhythms, such as who will be in the home, how often, for how 

long, and what they will be doing. In effect, current heating settings in some way make possible (or 

not) future daily practices (e.g. the availability of heat may make staying at home, or being less active 

at home, possible).   

The future has therefore been recognised as an often ‘taken-for-granted category’ [60, p.778], one 

deserving of interrogation given that ‘the experience of the presence of certain futures is used to 

demand, justify and legitimate certain forms of action to secure life (including inaction)’ [60, p.787]. 

Coming from Human Geography (HG), research explores the differing logics of anticipation, using 

precaution, pre-emption and preparedness as concepts to understand a variety of futures [60]. 

Together, the HG and STS scholarship emphasise the importance of anticipatory practices, which are 

also fundamental, we argue, in the way that MfH systems are designed, chosen, installed, and used 

based on an understanding of future home life, practices and energy requirements, whether explicit 

or implicit. These anticipatory practices are held by all those involved in the development, selling, 

installing, and use of such systems – but importantly, by the householder who chooses to adopt a 

heating technology or chooses a home with these systems. For instance, a prediction of what 

(maximum and minimum) energy demand will be required. Many of these assumptions and 

anticipations are held within the imaginations of those who design, develop and install the MfH 

systems [see 29 on installer perspectives], but we need to also consider anticipated use by ‘non-

experts’ or by householders whose own imaginations and anticipatory practices will evolve over time, 

impacting on the use of and demand for MfH systems. Yet non-expert anticipatory practices are 

seldom explored or visible in the literature [61], particularly in relation to energy [see 62 for an account 

of users in smart grid design], and especially MfH. In this study, we therefore advance thinking around 

MfH, moving debates on from issues of adoption and performance to bring richer and more 

sophisticated understandings of how and why households install and live with microgeneration 

technologies, particularly in relation to future imaginaries of homes and associated energy demands.  

  

3. Methodology 
In this paper we present qualitative self-reported data collected through an online photo journal to 

provide insights on the subjective experience of MfH technology. In this section we explain site 

selection (3.1), our research method (3.2), and describe our sample (3.3), reflecting on the overall 

methodological process (3.4). Our ontological approach was inductive and exploratory in nature 

following well-established qualitative research values [63], rather than seeking to ‘test’ for causality. 

Indeed, in a review of methods in energy social science, online qualitative methods such as photo-
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journals do not feature as commonly utilised [63], so its use in this way was exploratory, which we 

also reflect on in 3.4. To our knowledge this is the first time this methodological approach has been 

used in a study on renewable heating and represents something of a departure from traditional in-

person qualitative research. The attraction of this approach was that it would allow us to undertake 

cross-country comparative research within a single week, simultaneously collecting data from 32 

households, asynchronously. This has the added advantage in the context of heating practices to 

ensure that variables such as external ambient temperature were common, and because it would 

allow participants to upload and discuss photographs. It also reduced travel to undertake fieldwork.  

3.1 Location of research 
Both the UK and the Netherlands have historically been amongst the European countries with the 

lowest proportion of registered renewables and microgeneration systems [64], and a focus on them 

offers both the opportunity to understand why this is, and the greatest potential for improvement. 

For example, in 2016, renewable energy accounted for 19.1 % of total energy use for heating and 

cooling in the EU-28, but only 7% in the UK and 5.5% in the Netherlands [64]. For the same period, 

household renewable energy consumption accounted for 15.9% (EU-28), 4.4% (UK), and 4.8% (NL) of 

final energy consumption [64]3. To encourage the adoption of MfH, both countries have adopted a 

similar policy approach using subsidies; in the UK this has been the Renewable Heat Initiative (RHI) 

(2014-2020, £117million in 2018/19) [65] and in the Netherlands the Investeringssubidie Duurzame 

Energie (ISDE) [66] (2016-2020, €100million budget for 2018) [67]. For both, the type of technology 

installed determines the amount of subsidy received and households only qualify for the subsidy if an 

approved installer has done the work and a valid Energy Performance Certificate has been provided. 

An important distinction between the two schemes is that prior to applying for the ISDE, the MfH 

technology must already be installed and paid for, unlike the RHI where a householder can apply for 

upfront funding to help fund the purchase and installation of the technology (called the ‘Assignment 

of Rights’) [68].  

3.2 Research design 
Digital methods are an approach gaining popularity in the social sciences [69-71], because of 

participant convenience, the number of participants who may be involved, and the level of 

information they divulge. Yet despite online and virtual methods [72, 73], digital methods [71] and 

netnography [74] being popular neologisms, they are seldom used in domestic energy or 

microgeneration research. We have used them in our work for this paper because we believe online 

 
3 Figures from 2016 are included because this was the year data collection occurred. The most up-to-date 
figures are for 2018: renewable energy accounted for 21.1% of total energy use for heating and cooling in the 
EU-28, but only 7.5% in the UK and 6.1% in the Netherlands [65]. 
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discussions are an extension of casual conversations and may accurately reveal householders’ areas 

of interest and concern [75].  In this paper, we predominantly rely on the qualitative data generated 

through the platform which took the form of written entries from participants. This is because it 

provides insights on the subjective experience about the technology. Indeed, ‘the use of qualitative 

methods in energy research enables the examination of personal narratives associated with everyday 

use of energy and energy-related practices [28]’ [9, p.12]. Throughout we asked participants to upload 

photographs or videos to help contextualise their written entries, to add greater richness and context 

to the written accounts, although few did this (see 3.4).  

The online journal was hosted by an organisation running online qualitative research projects. The 

platform required no special software for either the researchers or participants, with only a standard 

web browser and internet connection necessary to allow access by smartphone or computer. The data 

were self-reported and collected using an online journal over the course of 7 days in the winter of 

2016. There were 7 days of the online journal, with a separate section visible to participants each day. 

Given the intense and compacted period of data collection, we were particularly keen to avoid 

participant fatigue [76] so alternated sections which asked for more or less information. The 7 section 

topics covered: 1) ‘you and your home’ which sought information about the participant, the age, 

location, type, fabric and environmental performance of the home; 2) ‘your household life’ which 

asked about daily, weekly and seasonal routines (within the past 12 months) which may impact on 

energy demand, as well as the sociodemographic makeup of the household; 3) ‘renewable energy’ 

which asked about the date, installer, capacity of their installation, motivations for installation, skills 

they gained, and maintenance practices; 4) ‘energy demand’ which asked about consumption and the 

impact of having renewable energy on demand, as well as whether or not government payments were 

received/would make a difference to installation; 6) ‘improving support’, where participants were 

asked what advice they would have liked to receive and would give to others, as well as how they 

thought more people could be encouraged to uptake renewables; 7) ‘your future home’ which asked 

about the extent to which smart devices were used, how they anticipated future demand, the extent 

to which they had planned for the end-of-life of their installation, and their dream home. The choice 

of these topics was informed by the literature, particularly social practice theory [40], and we 

developed the guidance/prompts/questions so that we would capture the competencies (skills), 

materials, and meanings (routines) which make up practices.  

Throughout the week, prompting of the participants was undertaken by the authors, and during the 

7 days we prompted 328 times. This process provided greater insight as the researchers were able to 

respond to comments and ask for clarification (e.g. you said ‘quooker’; I’ve never heard of that before. 

Can you tell me what it is please?), further explanation (e.g. why did you think this happened), or for 
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evidence to support the contribution (e.g. can you please upload a photo to show us and help us 

understand). Indeed, this was a resource-intensive task for the researchers not least as much input 

was required outside of conventional working hours but was only for a very short period of 7 days. 

The researchers shared fieldnotes (e.g. who had been responded to, which comments required follow-

up), which were also useful in reflecting on the value of the method.  

The data were explored using thematic analysis (initially using the elements of social practice theory 

e.g. meanings, materials, competencies [40]) involving a process of data immersion and interpretation 

by both authors [77]. Following Sovacool et al., [63], the approach was exploratory to understand the 

reasons for accounts from participants, investigating both individual narratives and shared 

perspectives between (e.g. according to installation and whether UK/NL) and across the whole sample. 

We also attempted to assess the role of the methodology during our analysis. Transcripts of the online 

discussions, in addition to uploaded media, were downloaded from the platform and coded into 

categories. Ethical approval was awarded by the University of St Andrews, and pseudonyms are used. 

3.3 Sample  
A total of 32 households were involved in the study, 16 from the UK and 16 from the Netherlands. A 

purposive sampling strategy [77] was used to recruite householders with one of three MfH systems 

(see table 1), in common with many studies where the aim was to understand experiences of 

households in their adoption of a specific technology [8, 18]. Three key criteria guided the strategy 1) 

that households had one of three types of MfH system (e.g. GSHP/ASHP; Biomass; Solar Thermal); 2) 

these households were evenly split between UK and NL; and, 3) that at least 50% of the households 

should have more than 2 occupants. The aim of criteria 3 was to avoid a sample skewed with older 

affluent households who had installed the technology for financial return, a bias we observed in our 

previous work [16], but also to reflect the diverse demands of heat in households with multiple 

occupants. Table 1 explains nature of household, unless otherwise stated, children were aged under 

18. All adult household members could participate, but in all cases, it was just a single representative 

who did. The sampling strategy was developed by the authors of this study, and a recruitment agency 

was used to ensure diversity in terms of installation type and geographical location. 

Of the 32 households, 78% were owner-occupiers, 65% of the homes were detached or semi-

detached, and 84% installed the MfH systems themselves. The houses ranged in age: 65% were pre-

2002, and 31% post-20024. The householders had higher average income than the national population 

in both the UK and Netherlands [our participants average annual (net) income; UK: £40,000-60,000 

 
4 Note that 2002 was chosen because it was the date of a UK Building Regulation which made changes to 
regulations around conservation of energy, a post-2002 house denotes greater energy efficiency 
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NL: €40,000-60,000 compared with 2016 OECD data [78] UK £23,292 and NL €26,851], which is 

perhaps a reflection of who has the means to engage with renewable energy installations, ownership 

of devices to access the internet, data allowances to allow participation, and/or online literacy.  

Table 1: Sample characteristics [Note: GHSP = Ground Source Heat Pump; ASHP = Air Source Heat 

Pump; DK = don’t know; and, for Capacity, some participants chose to record this in terms of kW, 

others in terms of spend] 

Pseud Country Age Household HH 
Income 

Tech EPC5 Capacity 

Gemma UK 61 Living with 
partner 

<£20,000 GSHP DK 2.5kW 

Maud NL 34 Married 
with 1 child 

€20,000-
40,000 

ASHP C 11kW 

Andrew NL 34 Single €20,000-
40,000 

GSHP DK DK 

Mila NL 38 Married 
with 3 
children 

€40,000-
60,000 

ASHP A 6.3kW 

Fenna NL 37 Married 
with 1 child 

€60,000-
80,000 

GSHP B 10kW 

Rosa NL 44 Married 
with 2 
children 

€60,000-
80,000 

GSHP A DK 

Julia NL 58 Single >€80,000 GSHP B 1000kWh 

Jack UK 39 Married 
with 3 
children 

£20,000-
£40,000 

GSHP C DK 

Pamela UK 24 Living with 
partner, 2 
children 

£20,000-
£40,000 

GSHP B DK 

Thomas UK 58 Single £0,000-
40,000 

GSHP B 700kWh/month 

Tanya UK 46 Married 
with 3 
children 

£60,000-
£80,000 

GSHP B 12kW 

Jennifer UK 38 Married 
with 2 
children 

£40,000-
£60,000 

GSHP DK 100Kw per m2 

Denise NL 41 Married  Biomass C DK 

Ruben NL 43 Married 
with 2 
children 

<€20,000 Biomass DK DK 

Hannah NL 51 Married 
with 1 child 

€20,000-
40,000 

Biomass D 8kW 

 
5 The EPC should change if an installation takes place, but we included it here for information, and because we 
reflect on significance of householders who said they ‘didn’t know’ what their EPC was (see section 4). 
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Faas NL 53 Married 
with 4 
children 

>€80,000 Biomass DK 35kW 

Milou NL 40 Married 
with 1 child 

>€80,000 Biomass B 9kW 

Ben NL 41 Married 
with 1 child 

>€80,000 Biomass DK 25kW 

June UK 62 Married 
with 3 
children 

£20,000-
£40,000 

Biomass E 26kW 

Bram UK 34 Living with 
partner & 3 
children  

£40,000-
£60,000 

Biomass A 5MW 

Laura UK 33 Living with 
partner 

>£80,000 Biomass DK 50kW 

Rebecca UK 36 Married 
with 2 
children 

>£80,000 Biomass E 20kW 

Jack UK 57 Married 
with 2 
children 

>£80,000 Biomass E 4000kW 

Dameer UK 58 Married 
with 1 adult 
child 

>£80,000 Biomass D DK 

Sander NL 58 Living with 
partner 

€20,000-
40,000 

Solar 
Thermal 

D 700 euro in first 
year 

Heidi NL 52 Married 
with 2 
children 

€20,000-
40,000 

Solar 
Thermal 

A DK 

Rupert NL 50 Married >€80,000 Solar 
Thermal 

B solar 1600 kWh / 
annum 
wood stove 7 kW 

Peter UK 35 Married 
with 1 child 

>£80,000 Solar 
Thermal 

B DK 

Anne UK 38 Married 
with 1 child 

>£80,000 Solar 
Thermal 

DK 5kWh 

Daniel UK 42 Married 
with 3 
children 

>£80,000 Solar 
Thermal 

B 4500kW/year 

3.4 Reflections on the method 
As with any research, there were limitations to our approach, and given the novelty of the method, it 

is useful to consider how such an approach may be used in the future. In this section, we reflect on 

our experiences and strategies which could be employed to develop the method, principally the role 

of prompting, peer-to-peer discussions, and use of photographs. 

Our approach to prompting was informed by our prior experience of conducting in-person research 

methods, learnt during training and refined in practice (cf. 77]. When formulating our journal structure 

and questions, we generated ideas around prompting and what we would prompt for (clarification, 
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expansion, acknowledging contribution). We did not have an a priori strategy for prompting, except 

that we would be available online (undertaking shifts) between first thing in the morning, throughout 

the day, and into the evening. Prompting was thus undertaken on an ad hoc basis, aided by the sharing 

of fieldnotes between the two researchers. Although we were successful in generating greater 

contributions by prompting, on reflection, we would recommend that researchers adopting such 

methods develop protocols for prompting prior to use. Whilst there is some literature on moderating 

online discussions from a higher education perspective [79], little guidance exists for this in terms of 

a research project, and most literature around online moderation relates to shared or community 

online spaces [80]. How prompting is used in online solicited qualitative methods, beyond skype 

interviews [81], is not well documented. A protocol for online interaction with participants 

undertaking diaries may, in addition to issues such as clarification and expansion, include for example 

consideration of: how to respond swiftly to foster engagement (e.g. a maximum time period for 

response); how rapport can be developed given lack of in-person cues (e.g. shared interests, 

photographs); how to acknowledge the significance of their contribution is valuable (e.g. this is 

particularly for mundane topics where a participant may judge their knowledge as insignificant or 

unnoteworthy); and the way in which prompting is done (e.g. use of open ended questions ‘why do 

you think that is’). We also found that the speed of response with participants was critical in shaping 

rapport which is important given the lack of in-person connection. 

The theme of rapport was also important in another aspect of the method design. Although we 

attempted to create anonymous peer-to-peer interactive discussions for restricted elements of the 

journal, we found that participants were reluctant to share their experiences in this way, so almost all 

our data was collected via private questions (e.g. only visible between individual participants and the 

researchers). Our intention with the peer-to-peer discussion was to create an opportunity through 

which participants could collectively identify shared experiences or differences – essentially to 

understand the extent of consensus - and to explore why these commonalities existed (e.g. due to 

type of installation, or UK/NL differences). However, when we enabled peer-to-peer pages, 

participants would give shorter answers and no expansion. Although we did not get data on why this 

was the case we suggest this was perhaps due to a reluctance to share information, albeit 

anonymously (participants knew in advance which sections were private and which were peer-to-

peer, that they would not be known to each other, and we did not ask for photos in the peer-to-peer 

spaces). This is counter to literature that suggests online anonymity means participants are more likely 

to share experiences [74]. Indeed, we removed peer-to-peer sections as we progressed through the 

week because we felt this was counter-productive and led to less data than the private sections.  
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A final reflection surrounds the use of participant photographs, which we hoped would give us greater 

insight into the domestic/technology contexts. In guidance at the top of each section, and in some of 

our prompting, we asked participants to upload photographs, resulting in collection of 75. Participants 

were requested to take photographs of things that were personally significant and we assumed that 

this would be obvious to us. The reality was that we saw many objects that we could not interpret the 

significance of, including wall vents, TVs, thermostats, woodchips, and log stacks. In the future, we will 

provide more details to participants on what we want to see and request that for each photograph a 

description is included for why the image was taken, where, and when. In retrospect, a downside of 

the pace of the data collection period was that we failed to reflect about the photographs at the time, 

and this is an area where future research using online qualitative methods incorporating photographs 

could be developed. 

Notwithstanding these reflections, that we were able to undertake synchronous collection of 

household journal data in two countries, across 32 households over a single week offered the 

possibility to do something that would otherwise have been impossible with just two researchers. The 

method yielded a lot of information in a short time span, including reducing the need for 

(international) travel, saving on transcription as contact with participants is all written and 

downloadable, and most importantly of all, it allows participants to make contributions as, when and 

where it suits them.  

4. Results  
There have been calls to ‘ask how micro-generation systems become integrated, or not, into domestic 

routines’ [11, p.139] to ‘discuss the possibility of transforming people’s relationships to energy in more 

engaging and meaningful ways’ [11, p.140]. In response to such calls, we explore the significance of 

building fabric reconfiguration and the way in which the set-up of the MfH system impacted practices 

in the home, and over time (section 5.1). Secondly, (section 5.2) we found that living with MfH at 

times, but not always, led to new patterns of consumption, so we discuss the context of the 

participants’ existing and anticipated expectations of homes. Throughout and in the following 

discussion section, we highlight differences in participants’ accounts according to the type of 

technology installed and the country they lived in.  

4.1 The fabric of buildings and everyday life: issues of magnitude and legacy 
For the majority of our participants, substantial reconfiguration of the building fabric and existing 

layout as well as new plumbing systems, and/or improvements in energy efficiency was required at 

the time of an MfH installation. The magnitude of such change was described by our participants as 

minimal or inconsequential; 
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‘We chose to knock a bigger hole in an old fire in order to be able to use the existing chimney 

for the boiler (keeping it in the house).  We were not bothered about making this change’ (June, 

UK, Biomass).    

 ‘We had to make a space outside and a container to store the pellets and also get a new 

thermostat. These were only minimal changes so we didn't mind doing these’ (Rebecca, UK, 

Biomass). 

‘We had to change the pipes as the original ones were not compatible. Luckily we have a lot 

of under house space and it was relatively straight forward so not stressful!’ (Anne, UK, Solar 

Thermal). 

Although our participants were overall positive about the installation process, a process they had 

anticipated to be disruptive and messy, for several there were unanticipated changes to the home 

that were required to be made post-installation. For Tanya, these changes were significant and major:  

‘We house the ground source heat pump in the utility room but it is rather large and in 

hindsight we should have built a little room for it […] Currently we are planning to knock 

through the utility room wall and build a little store room for it. It is a big job though as all the 

pipes, etc. will need moving and it won't be cheap so we will have to budget for this over the 

next two years.’ (Tanya, UK, Ground Source Heat Pump).  

The reconfiguration of space for additional appliances to assist with some element of management of 

the system, such as cleaning, was also necessary for some participants: ‘we have a separate vacuum 

cleaner, only for the stove’, and as Ruben (NL, Biomass) explained he needed to make additional space 

to store the extra vacuum cleaner. Likewise, redecoration was another change often required and not 

simply at the time of installation. Indeed, one participant noted ‘when you fill the woodstove up you 

have to open the door, so some smoke will go out…[which] gives you the opportunity for redecoration 

every 5 years’ (Hannah, NL, Biomass).    

The necessity of post-installation adaptation of the building fabric suggests that these types of changes 

are easier to make than, for instance, changing everyday domestic routines and practices. For 

example, Ruben, who built a new cupboard to store an extra vacuum cleaner could have avoided this 

extra work if he’d chosen to use a brush and dustpan instead. That Ruben was prepared to go through 

building a new cupboard and the additional cost of purchasing and using an extra vacuum, rather than 

adapt his everyday routine (e.g. spending more time cleaning with a brush and dustpan, or not 

cleaning) highlights the obduracy of domestic practices.  
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Whether anticipated or not, installation or post-installation changes reflect a complex and shifting 

relationship between the technology, the building fabric, and everyday domestic practices. This 

relationship was many-directional and co-constitutive. For some of our participants, and in particular 

(but not always) those with biomass systems, the location of the technology within the home scripted 

the day-to-day experience of living with the system and the effort involved in managing or accessing 

it: 

‘our main tank is on the ground in the maintenance room. It's a nightmare to get to [to 

adjust/maintain] as we have had a spider outbreak in there and I'm a huge chicken!!’ (Anne, 

UK, Solar Thermal) 

 ‘In our case, we have to remember to feed the boiler, and to be aware of how many bags of 

pellets are remaining (and so when to re-stock). We wanted to keep the boiler inside the house, 

rather than in an outbuilding, to take advantage of every single unit of heat 

produced!  Although well insulated, there is a small amount of heat given off by the boiler and 

it is enough to keep the chill off the room where the boiler is - good for drying clothes’ (June, 

UK, Biomass)  

Anne and June’s quotes reflect that, like most of our participants, there was a balance between the 

disruption of installation against the effects on everyday life. For example, ‘improvements’ in other 

facets of everyday life, such as greater opportunities for clothes drying. The legacy of the installation 

phase results in short term inconveniences traded or balanced against longer-term, or repetitive, 

habitual practices. Relatedly, participants reported how the information given during installation (e.g. 

about how the system worked and how it may be adjusted via thermostats or defaults) influenced 

everyday life: 

‘We're still trying to figure out the instructions’ (June, UK, Biomass)  

‘That's really interesting - you said it was installed in March 2015 - so it is quite complex 

then?’ (Researcher) 

‘We're not very technical!  The system was set up by the installer and it more or less meets 

our requirements...but sometimes it is a bit erratic and we don't understand why.   Also we'd 

like to vary the timing a bit but though I have tried, haven't been successful’ (June, UK, 

Biomass) 

 

‘It is very difficult. The constructor of our home said that if we want to change anything of 

the installation we have to call the mechanic’ (Fenna, NL, Ground Heat Pump) 

‘Thanks Fenna. What do you mean by 'difficult'?’ (Researcher) 
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‘It is complex. In the menu of the system there are a lot of submenus with jargon’ (Fenna, NL, 

Ground Heat Pump) 

 

Assumptions made about defaults by the installer such as the timing of heating going on or off, 

duration of heating, or temperature, are clearly significant in shaping how the system was used, and 

many participants mentioned this. It raises fundamental questions about how domestic routines 

coincide with MfH systems, although specific functions such as boosters do add flexibility to MfH 

systems and allow householders to ‘bend’ the MfH system around everyday life. For example; ‘We 

tend to pop the hot water booster on when washing up at teatime. If the kids have had a shower and 

a bath, we may pop the booster on again for another bath.’ (Tanya, UK, Ground Source Heat Pump). 

These accounts draw attention to the complexity and dialectic nature of relations between the 

installation and household life, for example the ways in which the physical fabric or materiality of the 

home shaped and was shaped by MfH technologies, and how the expectations around everyday 

domesticity (e.g. convenience, cleanliness, cosiness) may be intertwined with such changes. It also 

begins to suggest that the nature of changes was tied in some way to how the home and the MfH 

system may be used in the future.  

4.2 Existing and anticipated expectations of homes and MfH systems  
There was wide agreement with the sentiment that if you were thinking about an MfH installation 

then you should ‘do your homework’ (Jennifer, UK, Ground/Air Heat Pump). When asked what would 

have made living with MfH systems easier, participants expressed a huge range of different ideas, 

from the provision of information to ‘matching’ appropriate systems to homes. Many anticipated 

greater energy demands in the future, and had engineered installations which provided more than 

their current requirements: 

‘I didn't install this personally but I know we have quite a big system for our farmhouse so it 

could cope with increased consumption in the future if we decided to have any extra household 

members. The capacity we have seems fine as we are still in early days with it and have got a 

system larger than our current needs’ (Rebecca, UK, Biomass) 

 

‘I do believe that capacity should always be above that which is required immediately.  The 

additional cost of providing extra capacity is minimal compared to the potential benefits of 

savings if upgrading is needed in the future’ (Thomas, UK, Ground/Air Heat Pump) 
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‘I have made provision for this as we often have house guest from overseas so instead of 

requirement of 4 people we have done for 6 people living at home. It is better this way than 

other way - decreasing is simple we do not need the heating, but to increase the consumption 

is bit of difficult’ (Jack, UK, Biomass) 

 

‘I installed a system that would be able to cope with increased consumption’ (Bram, UK, 

Biomass) 

 

Although these were self-reported data and we were unable to verify the actual capacity of the system 

in relation to the building size, that participants noted this phenomenon made it stand out as 

important in our analysis. Moreover, the way in which they discussed capacity was interesting. For 

some, it was about the size of the unit and related infrastructure itself (which was particular to 

biomass or GSHP, see images below) and the impact of having to install such a large object in their 

home. In other accounts, the capacity was discussed in terms of the heating capacity (e.g. to heat to 

higher temperatures, in more areas of the home, for longer periods), discussed in connection with 

future demand given visitors or added household members. Indeed, the likelihood of visitors or 

additional household members was the main explanation for increased capacity, with only one 

participant noting cold weather ‘our system copes when we have a full house and we can tailor it to 

heat enough rooms to be comfortable when the weather is very, very cold’ (June, UK, Biomass), and 

no mention of other explanations such as, for example, mistrust in contractor calculations.  

  

Image 1: Fenna’s MfH installation (photo from participant) 
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Image 2: Rebecca’s MfH installation (photo from participant) 

 

Although most participants, and particularly those with biomass systems, talked about their systems 

requiring hands-on engagement making them more aware and careful in their energy consumption, 

participants also reported their MfH systems resulted in greater use or demand for energy than 

required. Interestingly, most participants who talked about having a system which was over-capacity 

in this sense were based in the UK, likewise for those who talked about ‘guilt-free’ more-than-needed 

energy consumption. Whilst we do not have the data to fully explain why this may be, it is likely a 

consequence of cultural or regulatory/policy reasons, and is a topic worthy of future exploration, with 

a greater range of participating countries. Perhaps it should also encourage us to consider the specific 

expectations from which demand for greater capacity arises, and how demand may change in the 

future. Indeed, when we asked our participants what improvements they would like to make to their 

current homes, the changes mentioned would create significant additional energy demand as a side-

effect. For example, when talking about home improvements, 17 of our participants, almost half, 

reported a desire to increase the size of their home, whether that be the overall footprint, number of 

rooms, or size of rooms: 

‘It is my plan to live here for probably another two years but if I was going to be staying for 

longer I would like to have a two bedroomed place.  This would enable me to put visitors up 

rather than using the settee whenever a visitor stays overnight.  Therefore upgrading to a two 

bed place would probably be my only change’ (Thomas, UK, GSHP) 

 

‘My future dream home is to have a very large house with 8-10 double bed rooms all ensuite 

with very large garden probably 1 acre land and that will be only for me/Spouse and our 

children and grandchildren and further down the line. Grow our own vegetables and fruits and 

the house will be most modern looking and with all modern and latest electronics products at 

home in Kitchen, Bathrooms, Bedrooms, Lounge, dining room with small floor for dance and 

well stocked Bar. It will make me feel great when I or my wife or my children invite people for 

Lunch or dinner. Yet I want to remain down to earth.’ (Dameer, UK, Biomass). 

 

‘I would like a bigger kitchen as I love to cook and would like some more space to do so. 

I would also like another bedroom so I don't have to sort out sleeping arrangements if people 

stay over. A bigger balcony would also be good so I could entertain outside.’ (Pamela, UK, 

GSHP) 
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 ‘I would like to build a conservatory so we can still see the sky, birds, aircrafts in the sky, also 

we can still sit out under the sky when it is raining. This is especially during Winter season when 

we hardly see sun or the birds if we are indoor in the home...we can play games there like 

Chess, Scrabble, Trade, Carrom and yet the bedrooms, Lounge and Dinning room (stay) neat 

and clean. I do have socials a lot and host parties at home, and can accommodate more friends 

at one time rather than have two different groups’ (Jack, UK, Biomass) 

 

Clearly, a larger home would create more demand for energy, although none of our participants 

acknowledged this. When asked to describe their dream home, many of our participants reiterated a 

desire for a larger sized home, but also included features such as swimming pools, saunas or added 

en-suites, which would also create additional energy demand: 

 

‘On the first floor there would be 3 bedrooms so my children and grandchild could always stay 

with me whenever they like. I have a bedroom with a balcony on the seaside and have a dog 

and a few cats. The house has a sauna on the first floor’ (Julia, NL, GSHP) 

 

‘I would have a small library, that would be the height of luxury. Each bedroom would be 

ensuite and I would have a nice dressing room. The rooms would be just a nice size, not too big 

so that you don’t know how to fill them, but just spacious enough. I would have an indoor 

swimming pool and gym, plus a rasul chamber6 with a rain forest shower’ (Tanya, UK, GSHP) 

 

‘My dream home would have an indoor and outdoor combined pool. It would have the latest 

gym’ (Daniel, UK, Solar Thermal) 

 

‘My dream home would be very modern have lots of natural light have a swimming pool and 

an outside tranquil area with a small waterfall and exotic plants it would be based on the 

Moroccan Riad’ (Gemma, UK, GSHP) 

 

Indeed, we observed that participants were much more forthcoming when talking about home 

improvements (previous, existing and future) and dream homes than when talking about their MfH 

system – in terms of level of detail provided, the length of answers, and the justification or explanation 

for why they thought that way. Many of our participants simply did not know their EPC rating or their 

consumption, despite living in what may be regarded as high performance energy homes, but all were 

 
6 A rasul chamber is a type of steam room, traditionally found in a spa. 
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able to articulate, and often in a detailed way, desires around improvements and their future-homes. 

This suggests that ideas around improvement and imagined futures are more evocative, meaningful 

and potentially powerful in shaping energy demand, more so than discussions around installation and 

use of MfH systems. We explore such issues in the following discussion.  

5. Discussion 
Our results support calls to look beyond simple technical or economic explanations for MfH adoption 

and experience [11, 27, 30, 38]. Specifically, we identified that the installation of MfH systems 

impacted on the materiality of homes and practices in both anticipated and unanticipated ways. This 

relationship was bidirectional, with the building fabric and domestic routines influencing the location, 

accessibility and management of these MfH systems. Similar to Devine-Wright et al.’s [42] UK study in 

which the cosiness and sense of hospitality afforded by a visible heat source was identified as a barrier 

to the installation, satisfaction and use of MfH, our study expands expectations of home comfort that 

may also undermine aims to reduce energy demand. For instance, we demonstrated how the siting, 

capacity and future-proofing of MfH systems was intertwined with anticipation of greater energy 

demand [23, 24, 44]. Decisions for installing overcapacity MfH were motivated by being a good host, 

being able to cope with extra heating or hot water demands of additional household members [38, 

40, 82]. Fuller explanations of living with renewables may help inform householders’ satisfaction with 

MfH, and challenge approaches that are simply based on explaining adoption according to socio 

demographic and/or economic dimensions as outlined in section 2. For example, in our research we 

found that although disruption to building fabric and wider heating infrastructures (e.g. pipes, 

radiators) were anticipated, there were a range of other unanticipated changes (e.g. more frequent 

redecoration, need for greater storage space) which impacted on domestic life. These findings provide 

qualitative evidence to add to one of the few studies on the uptake of MfH [6] which suggests that 

‘there is a level of “hassle factor” above which uptake of heat pump technology falls away rapidly 

despite the existence of a robust economic incentive. This may reflect real world sensitivity’ [6, p.37].  

From our study, it appears that there was a legacy of impact of the installation phase, whereupon 

short term inconveniences were being traded-off against longer-term, or repetitive/habitual 

outcomes and practices. This phenomenon has also been found in the case of energy efficiency 

retrofitting [31], the installation of central heating systems [83] and heat pumps [26]. For example, 

these studies have shown how the controls of a heating system scripts the use of those systems and 

subsequently, everyday life. Wade et al., [83, p. 380], in their work on heating controls highlighted 

that installers ‘perpetuate theories of home heat and how it should be organised’ through, for 

instance, defaults (thermostat settings etc.), which influenced the timing, duration, and level of 
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heating. From our analysis, we go further to suggest that it is not just theories and organisation of 

home heating that installers and other MfH professionals are shaping, but the material configuration 

of homes, and more broadly, expectations and aspirations relating to everyday life. For example, 

whether doors are left ajar to allow air to circulate [as is common for heat pumps, cf. 84] greater use 

of all rooms in the home, or changes in cleaning practices.  

Although we were unable to verify participants’ claims about their MfH systems being of greater 

capacity than they required to be future-proof and to cater for guests, in many accounts they did 

report to us that they believed their systems were larger than required. This supports the call for a 

more ‘relational, time sensitive’ understanding of energy demand [50, p.130] considering MfH is 

planned around visions of a future home, future life and future energy demand. STS expectations 

literature demonstrates how futures are not neutral and are imbued with a normative sense of what 

is possible, meaning that ‘imaginations and trajectories for possible change should not remain 

exclusive and in the hands of scientific, corporate or political elites’ [85, p. 204]. Understanding how 

householders, and not just installers, designers or regulators, anticipate the future in relation to 

energy-demanding domestic activities is one way to ‘democratise’ discussions of the future, adding 

valuable new perspectives to MfH scholarship. Moreover, moving the focus of analysis from the 

object, for example, MfH systems and their specifications, to householders’ imaginings, encourages 

consideration of more fundamental issues such as why and how MfH systems are desired, and for 

what purpose. This enables us to understand how current energy-demanding practices co-evolve with 

ideals of the future, and the material impact on the type, location, and capacity (real or imagined) of 

the system installed. It also suggests that studies such as ours, which focus on everyday accounts of 

‘non-experts’, may also be fruitful for those interested in STS expectations or futures scholarship as 

they challenge existing conceptualisations of whose futures and whose imaginations are important 

and why. Drawing attention to the temporality of heating practices, not just the day-to-day routines 

and rhythms of everyday life but the stability and future of these over time, is significant for the future 

of home building, retrofitting and energy planning, and a whole range of other non-energy policies 

[86]. 

5.1 Limitations and suggestions for future work 
To conclude discussion of our findings, it is worth acknowledging our contribution to knowledge and 

potential limitations of our work. Firstly, and to our knowledge, ours is the first study looking across a 

range of different MfH technologies to explore experiences of these systems, as existing literature 

tends to focus on a specific type of technology (e.g. heat pumps, solar thermal). Thinking across 

technology types is productive when attempting to understand shared impacts of these technologies.  
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Secondly, we attempted to undertake a cross-country exploration of domestic MfH experience. In 

doing so, we adopted a purposive sampling strategy, not with the intention to suggest generalisability, 

but to capture a range of perspectives. The reality was that the differences we discovered were more 

contingent on technology, for instance the difference between ‘set and forget’ technologies such as 

heat pumps, and those which required more effort such as biomass systems. However, we detected 

greater desirability for overcapacity of MfH systems in UK accounts. Whether this differed for cultural, 

regulatory/policy, or building fabric reasons, it is an interesting area for future research as cross-

country qualitative research about MfH or microgeneration seldom appears in the literature. 

Thirdly, the online platform was a novel addition to research with householders about 

microgeneration technologies. With increasing numbers of people online and physical distancing 

measures as a result of Covid-19, it may prove to be a fruitful approach in the future, particularly if it 

includes an ability to link qualitative contributions to real-time online data such as that from smart 

meters, and other multi-media resources (e.g. video home tours, photographs). There remain, 

however, questions about participants’ access to and confidence in using such methods. 

6. Conclusion & implications 
In this paper we have sought to understand the experience of householders who install renewable 

heating systems, specifically the impact of these on their everyday life and the relationship with ideas 

of the future. Previous research has demonstrated the significance of positive experiences of 

renewable energy installations for encouraging greater uptake [8, 22, 34], although we argue in this 

paper that all experiences, not just positive ones, need to be understood. This is critical when 

considering how relevant policies and interventions to encourage MfH can be delivered or adapted in 

the future [9].  

Our key argument was that existing research overlooks the lived experience of domestic renewables, 

and how it is shaped by householders’ imagined future practices and homes. In fact, the tension 

between the installation phase and the operational phase (i.e. trade-offs between structural changes 

and adaptations of routines/practices) could be improved through greater discussions with 

households. This presents a future research direction to focus on the MfH developer and installer to 

understand how they conceptualise the lived experience of these forms of heating. 

Practices are hard to shift, given the importance of normative and emotional expectations of home. 

When seeking to develop more sustainable energy policies, current and future domestic practices are 

at least as important, if not more so, than building fabric. For instance, to make every day domestic 

life easier (i.e. not change practices), several householders were willing to make significant changes 

to the building fabric. The extent to which renewable heating installations encourage more sustainable 
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practices remains to be seen, as in our experience, participants with renewable heating tended to 

report they had systems with larger capacity than required suggesting that these technologies were 

not necessarily demanding as little energy as they could be. This reaffirms our argument that policies 

around renewable heating, and efforts to reduce energy consumption through efficiency and technical 

means generally could work better if they recognise the social expectations and aspirations as well as 

the daily routines and experiences of households [48, 87, 88]. For example, as Vlasova and Gram-

Hassen (31, p.523) highlighted in the context of domestic retrofits, policy should focus on ‘how the 

retrofitted building can best support lower consumption related to everyday practices rather than just 

focusing on how to apply more efficient technology’.  

We agree with Vlasova and Gram-Hassen’s [31] call for more dialogic based approaches which require 

collective understandings of social and household expectations to identify more sustainable forms of 

domestic life. Our exploratory study was an attempt to investigate such understandings using an 

experimental online photo journal with households in two countries in a single week. In doing so, we 

have also generated insights about the use of this novel method with a view to informing future 

studies and opening a new conversation around online qualitative methods in energy and social 

science research. 
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