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A B S T R A C T   

Technical research indicates that buildings can be used for short-term heat storage to peak-shave daily profiles in 
district heating. Increasing the energy flexibility of buildings implies new relations between demand and pro-
duction – newly defined roles between residents and heating professionals. Heating professionals' understanding 
of residents is an important precondition for how these roles can be changed. To investigate this empirically, this 
paper reports from three future workshops where professionals from Danish district heating utilities, munici-
palities, energy companies and housing organisations discuss possibilities for including residents more actively in 
flexibility generation and more generally in district heating systems operation. The analysis focuses on the 
importance professionals ascribe to residents compared to other actors, the vocabulary professionals use to 
describe residents, and, most importantly, the rationales professionals ascribe to residents. Inspired by the notion 
of sociotechnical imaginaries, our analysis shows how the professionals imagine residents and ascribe rationales 
of autonomy, economy, comfort, involvement and sustainability to them. The professionals emphasise the first 
three rationales in particular. The conclusion points to the negative consequences such imaginaries may have for 
the future development of flexible district heating and proposes experimenting with various collaborative forms 
for engaging residents and professionals.   

1. Introduction 

A cornerstone of decarbonising energy systems is an increased use of 
renewable energy, notably solar and wind energy. Yet increased reliance 
on these intermittent energy sources complicates power system opera-
tion, as supply can no longer simply follow demand. Sector integration – 
the electrification of heating (and transport) – is considered an impor-
tant means for real-time balancing of power systems, i.e. for providing 
the necessary system flexibility [1,2]. One way to generate this flexi-
bility is to install large-scale heat pumps in the district heating (DH) 
system that utilise excess “green” electricity to produce heat. This means 
DH production will to some extent fluctuate with electricity production, 
calling for flexibility in the provision and use of DH. 

The issue of system flexibility has been widely analysed in the 
context of electricity [3–5], and there is a growing body of literature 
quantifying the benefits of end-user flexibility in district heating [6]. An 
extensive review of the demand side management techniques in the DH 
networks has shown that the end-user flexibility has potential for 
reducing the peak load up to 30% as well as reducing emissions and costs 
up to 10% (strongly dependent on the system characteristics) while also 
reducing primary energy needs up to 5% [6]. Studies modelling the 
potential of building flexibility in Danish DH networks have shown that 
end-user flexibility has potential for economic savings in operational 
costs between 0.7% and 4.6% in a small city's, Sønderborg, DH [7]; for 
energy cost saving up to 11% for the customers in DH in Nordhavn, a 
neighborhood in Copenhagen [8]; energy reduction of 5.2% and 4.3%, 
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respectively during morning and afternoon peak in DH in the city of 
Aarhus [9]; and energy reduction during heating season by 11% in Great 
Copenhagen DH [10]. 

The promising results of these quantitative studies notwithstanding, 
relatively little attention has been given to qualitatively explore the role 
DH consumers have in producing and storing heat or shifting their heat 
consumption according to the fluctuating availability of energy in the 
DH network [11]. According to studies [12,13], consumers of DH – 
buildings and their residents – should modulate their energy use based 
on the network status: the building should be able to use more energy 
when there is an excess of renewable energy production, and vice versa 
in the case of energy shortage. This means that in the periods of surplus 
energy from renewable sources, the building is in preheating mode, i.e. 
heat consumption from DH is higher than the heat demand necessary to 
meet residents' thermal comfort requirements, and the surplus heat is 
stored in the structural thermal mass of the building [14,15]. In the 
opposite situation, when the building is in discharging mode, no or very 
little heat is consumed from the DH grid and the heat demand necessary 
to maintain thermal comfort is met by utilising the heat stored in the 
buildings' thermal mass. However, the system flexibility buildings can 
provide depends on several things, i.e. location and climate, architec-
tural qualities, age and characteristics of DH technologies, and infra-
structure. It is also affected by the practices of the people occupying the 
buildings, i.e. the socio-temporal dynamics of their everyday lives as 
well as their willingness to activate the building [13,16,17]. Further-
more, undetected faults and errors may seriously affect system flexibility 
[18]. 

Visions regarding the role buildings and residents can play in 
providing the needed flexibility for decarbonising the energy system can 
be considered ‘sociotechnical imaginaries’ – widely espoused desirable 
futures based on shared understandings of what is scientifically and 
technologically possible [19]. Sociotechnical imaginaries are, however, 
entangled with social norms and expectations of what the future should 
bring. Many of the energy system imaginaries in circulation have been 
proposed by energy professionals, e.g. energy researchers, energy pro-
viders and policy makers. These imaginaries highlight increasing use of 
large-scale heat pumps in combined heat and power plants, developing 
low-temperature heating/distribution systems, controlling building heat 
use and peak shaving, minimising grid losses, etc. [20–22]. Implicit in 
these energy system imaginaries, however, are also certain expectations 
as to how residents will act and react to these possible futures. These 
expectations are important. Not only do they influence how technologies 
and policies are designed, they are also likely to affect how energy 
professionals interact with residents, which, in turn, can also affect how 
energy transitions occur. 

Against this backdrop, this paper explores how key proponents of 
such energy system imaginaries envision residents in DH in the future. 
Professional actors' expectations regarding imagined residents, 
including how they are conceived of and how their rationales are un-
derstood, are likely to influence what roles professionals ascribe to 
residents. Accordingly, this paper seeks to answer the following 
questions:  

• How are residents denominated by professionals engaged in the 
district heating sector?  

• How do the professionals understand rationales of residents in the 
transition to a green and intermittent district heating system?  

• What implications can such understandings have for the shaping of 
resident involvement in the future DH grid? 

In what follows, we begin with a brief review of the literature on 
imaginaries of residents in energy systems. The following section in-
troduces the methods of the future workshops (FW), and the main part of 
the paper presents our analysis and the discussion leading to our 
conclusions. 

2. State of the art: mobilising residents in future energy systems 

The future figures prominently in the literature on sustainable 
transition, e.g. in the narratives and tools presented by policy makers, 
business partners and/or scientific communities [23]. Within the field of 
Science and Technology Studies (STS), there is a longstanding interest in 
examining how visions of the future – imaginaries – serve as a means for 
reinforcing existing as well as creating new expectations regarding not 
only particular forms of technological development, but also sustainable 
transitions [23,24]. Work within this field also shows how technological 
development is shaped based on needs and behaviours ascribed to users 
by designers and technology developers [25–29]. In other words, future 
users are implicated in technology development processes even though 
they may not be actively engaged in these processes. Future users are 
implicitly included in what Jasanoff and Kim [19,30] have denoted 
“sociotechnical imaginaries”. 

Introduced to capture the complex intertwining of the social and the 
technical, sociotechnical imaginaries are defined as “collectively held, 
institutionally stabilized, and publicly performed visions of desirable futures” 
[19,p. 4]. The concept underscores how science and technology are co- 
produced with “practices, identities, norms, conventions, discourses, in-
struments and institutions – in short, in all the building blocks of what we term 
the social” [31,p.3]. Further, it directs attention to the ideas and ideals as 
well as the technological and material dimensions of societal trans-
formations. Sociotechnical imaginaries are, however, both descriptive 
and prescriptive: descriptive in the sense that the desirable futures are 
tied to developments within science and technology; prescriptive in the 
sense that the imaginaries influence future practices through the ways in 
which policy and technology developments are based on particular 
understandings of technology use. This can lead to a stabilisation of 
presumed practices, unless users reject the role assigned to them by the 
technology [25]. 

The concept has been mobilised in several studies of energy transi-
tions. It has been used as a means for exploring how various actors create 
visions for the future in the context of autonomous driving [32], the 
introduction of the smart grid in Norway [33], low-carbon housing and 
smart homes in the UK [34], the production of energy futures in 
Thailand [35], and micro smart grids in Germany [36]. Others have 
explored the energy imaginaries found in serious educational digital 
games [37]. Disparate as the empirical foci of these studies may be, a 
recurrent theme is the way in which users are portrayed in expert-based 
sociotechnical imaginaries through the language, arguments and rep-
resentations used to describe the imagined users. 

2.1. Experiences and imaginaries of flexible residents in the smart grid 

Many of the imaginaries related to a sustainable future energy system 
deal with questions of flexibility. Regarding electricity consumption, 
experiments and research have shown the extent to which residential 
electricity consumption is flexible, e.g. several studies have examined 
time-shifting of practices such as dish washing and doing laundry, as 
well as cases of controlling electric heating (heat pumps) according to 
needs of the electric system [38–41]. These studies reveal that while 
residents may be flexible in some of their practices, the extent varies in 
accordance with how these practices are entangled with other everyday 
practices, as well as with peoples' competences and the technological 
setups. 

There have been far fewer experiments and much less research 
related to district heating systems, although some examples exist 
[18,42,43]. Despite noticeable differences between electricity and dis-
trict heating systems, some of the results regarding flexibility in the 
electric grid may be relevant in a DH context. It should, however, be 
noted that the relationship between DH utilities and their customers is 
different from customer-utility relations in the electricity grid. For one 
thing, DH utilities are local. Customers cannot simply switch to another 
DH provider, as they can with electricity utilities, who operate in much 
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larger areas. Secondly, the technical options related to flexibility and 
storage are quite different. This implies that the two forms of energy 
company differ from each other, as do the challenges they face and their 
possible solutions. Further, it is worth noticing that demand side ex-
periments with flexibility in the electricity sector began in the 1980s, 
and feasible solutions are still not at hand. Given this time lag and the 
urgent need for green transitions, it is thus imperative to test and 
develop new forms of resident engagement within DH while also 
learning from experiments in the electric sector. 

Studies of (electric) smart grid projects conclude that the roles and 
visions ascribed to residents vary with local contexts. For instance, a 
case study by Skjølsvold and Ryghaug [44] compared smart grid ap-
proaches in various demonstration projects including summer cottages, 
newly build high-end smart homes and housing for elderly residents in 
need of health care services [44]. The study concludes that both resi-
dential context, including the type of housing and resident, and tech-
nologies already available have great impact on possible roles in 
delivering flexibility. Studies show that this is not a common perception 
within the electricity sector, which predominantly portrays residents as 
either a kind of highly rational, economically motivated ́Resource Mań
(a term introduced by Yolande Strengers [45]), or as the complete 
opposite [46,47], as indifferent consumers who are disengaged, lazy, 
irrational and generally not interested in participating in the smart grid. 
One study, based on a large-scale Danish smart grid project, reports that 
the professionals involved generally spoke and acted as if residents were 
not interested. The potentials to be gained by engaging residents in the 
smart grid appeared only in political documents [48]. This suggests that 
the idea of the rational, active consumer, a Resource Man, is an inven-
tion of industry followed up upon in policy. A paper analysing 
communication from the European Commission explores the different 
visions expressed as well as the origins of these visions [49]. Analysis of 
both policy documents and the types of knowledge referenced in these 
documents shows a lack of scientific input. Instead, they build upon or 
align with industry discourses in which smart grid and smart technology 
are heralded as the way to address a variety of problems, including 
economic growth, sustainability and energy security [49]. It has also 
been shown that smart home technology developers generally have low 
expectations regarding resident interests in the energy efficiency aspects 
of smart home technologies. Instead, they see convenience, atmosphere 
and aesthetics as sales arguments [50]. 

These social science studies researching how smart grid professionals 
understand residents generally have a critical approach, and some of 
them also suggest alternative characterisations/conceptualisations, such 
as Energy Citizens, to describe residents who engage in the smart grid for 
reasons other than financial gain and efficiency [51,52]. Examples of 
this include smart grid projects where people engage because of issues 
such as local interest and sustainability [52]. One article also reports 
that residents identified as prosumers, rather than consumers, become 
more engaged in transforming their everyday practices to ensure a low- 
carbon transition [53]. These findings resemble those of how liberali-
sation of energy and water provision provides utilities with opportu-
nities for differentiating their services and for moving from “captive 
consumers towards customers, co-providers and citizen-consumers” 
[54]. 

Parallel to these differing views is the terminology smart grid pro-
fessionals use when referring to residents. One paper reports how elec-
tricity utilities once spoke about residents as “load units”, but have since 
changed and begun talking about them as “customers”, “resource units” 
and sometimes even “prosumers” [50]. The terminology used by smart 
grid professionals when referring to people as consumers, customers, 
users or citizens is not a matter of mere semantics [49]. Such speech acts 
[55] are an important and significant contribution to the understanding 
of future residents and what can be expected of them. In the present 
paper, we use the word resident as a comprehensive term, to denominate 
the people living in buildings without explicating their role in the energy 
market as either consumers or customers, or their role related to 

technology developers as e.g. users or co-developers. 

3. Methods 

Three future workshops were conducted between September and 
October 2018, with a total of 36 representatives from municipalities, 
utilities, housing associations, private companies, universities and 
technology developers. The aim was to invite central actors within 
different professional fields of experience and expertise to discuss 
challenges, potentials and implications for the realisation of a future 
intermittent district heating system. 

The future workshop method, originally developed to support dem-
ocratic, participative and collective decision making among community 
groups about a shared future [56], is widely recognised as a method for 
engaging citizens and other stakeholders in deliberative processes. As 
we have noted previously [57,58], future workshops have not to our 
knowledge been applied in the context of DH transition. Moreover, as a 
“new application” of an existing method [59], we have used the FWs as 
an inter-professional arena where various professionals within the DH 
field can express, share and discuss their ideas about future challenges 
and potentials of DH. Thus, the point of the FWs was to facilitate 
communication between professionals, not between DH residents. 

Given that DH systems vary in size (service area, number and type of 
customers), age of technology and infrastructure, the workshops were 
situated in three different locations in Denmark, including the capital, a 
large provincial city and a smaller city in the countryside. These loca-
tions were chosen for their progressive and experimental approach in 
developing their DH systems. However, the size and types of buildings 
supplied in each location vary, e.g. more blocks of flats in the cities and 
more detached houses in the countryside. The method for selecting 
participants within each of the three DH systems was based on asking 
local actors to identify participants who are interested or engaged in DH 
transition. We augmented their suggestions with our own, based on our 
knowledge of relevant stakeholders within DH. Thus, the FW partici-
pants were not chosen to be representative of all actors in Denmark 
related to DH, but to represent a variance in DH actors among those 
generally considered to be at the forefront of developing new solutions. 
The authors of this paper participated in the FWs (as did two of our 
research partners). The researchers' role in the FW was to facilitate the 
discussions and keep them on track – in accordance with the FW ac-
tivities. Results from these FWs have been previously published in two 
publications [57,58]. One paper, [57], provides a broad introduction to 
the project and its aim, and highlights some preliminary conclusions 
from the FWs, while the other, [58], uses the FWs to discuss the role of 
middle actors in the green transition. Although these two papers report 
on the same empirical material as this paper, their foci differ. 

We have used the term sociotechnical imaginaries [19] in this article 
to argue that energy system imaginaries, and how these are constructed 
by various actors, have implications for future actions, as the imagi-
naries will also include certain expectations of the residents and the role 
they can play. In our study, the FW serves as a practical context for 
studying how the participants verbalise different visions for residents in 
DH. In this study, FW data gives us an opportunity to investigate shared 
and/or individual imaginaries in relation to (imagined) resident desires 
and rationales. The FW participants articulated the imaginaries as they 
engaged with each other's arguments while collaboratively developing 
visions for the future. 

Our specific FW design is inspired by the ACTVOD-future workshop 
model [60], which comprises an explorative, normative and solution- 
oriented approach. Each workshop lasted 3 h and consisted of three 
phases outlined in Table 1. First, the participants were asked to identify 
and then prioritise which actors, technologies and infrastructures they 
considered the most important in transitioning to a more flexible DH 
system. Second, they were asked to visualise how to accommodate major 
challenges to ensuring DH flexibility. Finally, they were asked to discuss 
their visions for the future. The FW design did not call specific attention 
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to residents or any other group of actors. Instead, it was up to the FW 
participants to decide which actors and technologies would be relevant 
in the future transitioning of DH. Methodologically, this implies that the 
design makes it possible to investigate how residents are understood by 
DH professionals when imagining and discussing the future(s) of DH. 

3.1. Data and methods for analysis 

The participants' (group) discussions were audio- and video-recorded 
and have subsequently been transcribed into more than 540 pages. The 
following analysis is based on the transcripts and on the visuals of the 
participants' mapping of DH actors (see Fig. 1). The data has been coded 
based on open- and axial coding from a Grounded Theory approach 
[61]. In order to understand how professionals related to the district 
heating sector conceive of residents, and how professionals understand 
their rationales and ascribe agency to residents in transiting to an 
intermittent DH system, we used open coding on all transcripts. Based 
on the process of open coding, we identified five recurring rationales, 
namely autonomy, economy, comfort, involvement and sustainability, 
as well as approximately 21 ways of denoting residents. Through a 
process of axial coding, we developed sub-categories not only to un-
derstand different levels, or nuances, within the rationales, but also to 
understand their interconnectivity: how the rationales were connected 
and sometimes overlapping. In coding the data based on a Grounded 
Theory approach, we allowed the data to guide us inductively rather 
than forcing a perspective onto the data. 

The coding system Nvivo was used to identify the most prevalent 
terms and wordings used by the workshop participants. The programme 
automatically creates a numerical overview of the references (or state-
ments) that have been coded into a category. As such, the analysis has 
both a qualitative and quantitative side, in the sense that the numerical 
value also gives an indication of the importance of certain terms and 

understandings. 
In what follows, we use abbreviations containing workshop number 

(I, II and III), field of participants (municipalities (M), social housing (S), 
private companies (P), utilities (U) and “others” (O) (encompassing 
sustainability representatives, sustainability managers, “green change 
agents”, etc.)) and participant number (1–26). A full list of FW partici-
pant reference abbreviations can be found in Appendix A. 

4. Analysis 

The analysis includes multiple steps. First, we briefly report on how 
the FW groups rated residents in terms of importance and we analyse the 
vocabulary used to describe residents. Following this, the main part of 
the analysis explores the rationales ascribed to residents. 

4.1. Importance and denomination of the residents 

The FW participants were asked to identify and rank the most 
important actors for realising the intermittent DH system. The findings 
show that six of seven groups rank two types of actors as most important, 
namely utilities and national politicians/authorities. Additionally, four 
groups rank two other categories of actors as most important, namely 
providers of housing (such as housing associations) and residents. Other 
actors identified – approximately 50 different actor types, including 
janitors, tech companies and researchers – are all considered to be of less 
importance. Thus, while professionals in the FWs generally view resi-
dents as important for realising an intermittent DH system, they are 
considered less important than utilities and politicians & public 
authorities. 

When referring to residents, participants use various referential 
terms such as users, citizens, customers, households or residents. These 
terms are not neutral or innocent, because they have implications for the 

Table 1 
Instructions given to participants in each FW phase.  

FW phases Activities 
(Participants work in groups of 4–6) 

Phase 1: mapping, identifying and 
prioritizing actors 

Participants were instructed to:   

1. brainstorm individually about key actors needed to realise a transition to a more flexible district heating system (each actor written 
down on a separate card).  

2. map and prioritise actors on a concentric circle according to their importance and role in realising a future intermittent district heating 
system. The innermost circle represented the highest priority, and the outermost represented the lowest priority (see Fig. 1).  

3. attach small post-it notes to each actor describing what they perceived to be central challenges for the specific actor in relation to the 
realisation of a future intermittent district heating system. 

Phase 2: visualisation of visions Participants were asked to:   

1. identify and describe two significant challenges among the challenges they encountered in phase 1.  
2. draw visions for how to accommodate these two challenges in a possible future. 

Phase 3: critical discussion of visions Participants were asked to:   

1. present their visions in plenum among all groups.  
2. discuss in plenum the feasibility, challenges and potentials of the presented visions and implications for future actions.  

Fig. 1. Concentric circles used by participants in phase 1 to map and prioritise actors as well as associated challenges on post-its. These photos have been previously 
published in [57,58]. 
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professionals' understanding of whom the DH system serves as well as 
for their understanding of the relations between professionals and non- 
professionals in the DH system. 

In the FW transcripts, a total of 21 denominations have been iden-
tified. The most frequently mentioned denominations are consumers, 
customers, users and residents, all of which are mentioned more than 30 
times by workshop participants (see Table 2). Other terms such as people, 
end-users, landlord, citizen, tenant, household and end-consumers, are 
mentioned 18 times or fewer. Several other descriptions are used only 
once or twice. 

Table 3 gives an overview of the four most frequent denominations, 
their frequency and the professional field of the participants providing 
the denominations.1 The utility professionals included employees from 
engineering, management, sales and services departments. The pro-
fessionals from the municipalities included energy planners, munici-
pality consultants and building constructors. Private company 
representatives included energy & QMS managers and technical con-
sultants. The social housing companies were represented by managers 
and coordinators. Finally, the group of other-professions includes NGO- 
representatives as well as climate, energy and sustainability consultants. 
For a full list, see Appendix A. 

With 80 mentions in the workshop transcriptions, consumers is the 
most widely used term, and most readily used by participants from the 
utilities and from the group of “others”. The second most frequently 
mentioned denomination is customer, which was also most commonly 
mentioned by the utility professionals and private company pro-
fessionals. Users is the third most employed denomination and is used 
equally often by the utilities and private company professionals. No 
professionals from the municipalities mention users. Social housing 

representatives and others mostly use the term residents. 
It is worth noticing that the two most common terms; consumer and 

customer, both indicate a market-relation where processes of selling, 
buying and consuming (heat) are central. In contrast, the term citizen, 
which indicates rights and responsibilities in a community, is used much 
less frequently. However, it should be added that the terms consumer, 
customer, user and resident also seem to be used somewhat inter-
changeably. The terms may thus cover processes of buying and paying, 
but also actions in the home such as opening windows or fiddling with 
the ventilation system. Very strict correlations between denominations 
and specific actions or processes performed cannot be observed. 

The analysis also shows that the individual FW participants at times 
adopt the terms employed by others in the interactional exchange. Thus 
it appears that workshop participants may be influenced by each other. 
If one participant defines a resident as a consumer, other participants 
will use a similar term, as illustrated below.  

II.P.15 That was also the customers 
II.U.3 That was the customers 
II.P.14 That was the customers (..) archi (.) okay so we divide them into 

architects and building constructors (writes on card)  

Although continuing to use the resident denomination previously 
introduced in the exchange was common, this wasn't always the case, i. 
e. participants would sometimes change the denomination, as illustrated 
below:  

III.O.25 So, your consumers actually have the overall power 
III.S.22 In principle, the residents decide what is going to happen […]  

This example suggests that not all participants are influenced by each 
other's descriptions over the course of the conversational exchange. 
Furthermore, there are instances where FW participants attempt to in-
fluence the remaining workshop participants so as to ensure overall 
common understanding, e.g. when one workshop participant asks if 
residents can be defined as “consumers” (III.M.11). 

4.2. Rationales ascribed to residents 

While workshop participants repeatedly discussed the role of the 
residents in an intermittent DH system, they also talked about what the 
residents' future needs and desires might be. In these discussions, 
different understandings of residents are expressed: how they think, 
what they care about, and what concerns and needs they may have. We 
label these understandings rationales. Although they vary individually 
among the FW participants, some patterns in the participants' un-
derstandings of residents can be observed. The rationales were identified 
inductively based on workshop participants' statements about the resi-
dents. Thus, the analysis did not proceed from rationales predefined by 
the researchers but has inductively sought to identify the rationales 
articulated by the professionals in the FWs. 

In the course of the open coding process, five key rationales were 
identified: autonomy, economy, comfort, involvement and sustainability. 

Table 4 gives an overview of the (numerical) frequency of each 
rationale. It shows that the autonomy rationale is the most frequently 
invoked, while the sustainability rationale is discussed less frequently. 
This observation does not imply that the first rationale is more important 
than the latter, but it is an indication of FW participants' focus. It is also 
worth noticing that some rationales are addressed at several workshops, 
while others, particularly sustainability, are only addressed in three 
workshops. 

4.2.1. The rationales of residents as perceived by the professionals: 
autonomy 

The autonomy rationale refers to statements in which the residents 
are seen as concerned about others using their data because it may rob 

Table 3 
Overview of FWs' participants denomination of actors according to profession.   

Consumer Customer User Resident 

Utilities  20  24  12  0 
Municipality  7  9  0  7 
Private company  18  13  12  1 
Social housing  14  3  9  9 
Others  21  4  5  13 
Total  80  53  38  30  

Table 2 
Denominations used by FW participants to describe residents 
and their frequency of usage in all FWs.  

Resident denominations Frequency 

Consumers  80 
Customers  53 
Users  38 
Residents  30 
People  18 
House-owner  17 
End-users  14 
Landlord  13 
Housing association  11 
Citizen  9 
Tenant  8 
Building owner  7 
Homeowner  7 
Danes  6 
Owner  5 
Household  4 
“Champion”  4 
Detatched house owner  2  

1 The counting reflects the number of times a participant uses a certain term. 
Thus, when a participant uses the same term several times within one turn (or 
reference in Nvivo), it is only counted once in order to give an appropriate 
overview of the terms' frequency across the whole FW interaction. Moreover, 
we have not counted researcher-statements from the workshops. 
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them of their autonomy and individuality. Recurrent issues pertain to 
private data and ownership, how others should use the data, and the 
means to act independently as an individual. There is also a single 
reference to surveillance. 

The autonomy rationale refers to two overall aspects: acceptance of 
control and acceptance of change. The former is by far the most 
frequently discussed, and the key issue is how residents would react to 
having e.g. their indoor climate controlled by others. As one participant 
put it: 

“But I think the other big challenge is that the end-user has to accept that 
they will be remote-controlled.” 

(III.O.25) 

Several other participants had the same expectation. This expecta-
tion is argued with reference to the participants' experiences with 
resistance to outside control: 

“You already have a hard time accepting that there is someone from the 
outside of your home controlling something in my house.” 

(III.O.25) 

The other aspect of the autonomy rationale, acceptance of change, 
centres on the idea that residents need to be persuaded to accept changes 
that would reduce their autonomy, because as one participant argued: 

“there is a limit to what they [the residents] will accept” 

(II.O.24) 

Another maintained that lack of information and proper communi-
cation about the changes would result in “outcries” from the residents 
(III.S.20). 

The two aspects of the rationale overlap when the workshop par-
ticipants discuss data ownership and what residents are willing to share. 
A utility representative contends: 

“it is not necessarily that you collect data, it is more the question of who 
has access to that data if you only have [inaudible] if you have your own 
data and someone can see something there and then you yourself choose 
which you want to share.” 

(II.U.5) 

According to a participant from social housing, residents would not 
be keen to have others view their data because the viewer would be able 
to deduce “something” from it. As another participant describes it, being 
able to view residents' data may enable them to 

“... see where they are growing pot [skunk]” 

(I.S.17) 

The autonomy rationale is the most frequently expressed rationale in 
the workshops. In all but one of the seven groups, the workshop par-
ticipants articulate the autonomy rationale in one form or another. 

4.2.2. The rationales of residents as perceived by the professionals: 
economy 

The economy rationale contains statements in which the workshop 
participants expect the residents to be focused on their private economy, 

concerned about energy bills and motivated by price measures. For 
example, it is suggested: 

“if the consumer saves 10 % of their heating-bill, it will be beneficial for 
them financially, yes, however, then we have a [inaudible] that they are 
happy to live with us because we are also interested in providing them with 
cheap district heating” 

(II.S.18) 

This participant expresses an expectation of what residents desire 
and what it would take to create a favourable environment for them to 
live in. Many of the other statements regarding the economic aspects 
show a similar pattern but vary in terms of what the FW participants 
expect the residents to desire. Some participants believe that residents 
have explicit financial desires, as indicated in the quote above. Others 
state that incentives – “carrots” – are, in general, more desirable. A 
“carrot” represents a financial benefit to motivate residents to allow 
remote-control of their heating so as to enable e.g. heat storage. The 
workshop participants expect that the carrot will be necessary for resi-
dents to be motivated and cooperative. As a municipal participant 
exemplifies: 

“Yes, yes, but um, he owns the building yes and he is the one who rents it 
(.) but he needs to have a carrot and that is the economy.” 

(III.M.11) 

Many FW participants refer to experiences with residents who have 
been frustrated or confused about their bills and payments. 

The economy rationale is expressed with different degrees of 
strength. Thus, it ranges from being described as the most important 
issue for residents, to being modified as important “often” or “for some” 
residents. When articulated, it is mainly ascribed a high degree of 
importance, and it is one of the most frequently used rationales in the 
workshops. It is articulated at six out of seven tables during the 
workshops. 

4.2.3. The rationales of residents as perceived by the professionals: comfort 
The comfort rationale is expressed in statements about residents' 

presumed need for a desirable indoor climate. Most statements concern 
the idea that residents feel a need to have a certain temperature in their 
homes to feel comfortable, and the statements are often expressed in 
relation to control. As an example, a participant from social housing 
states: 

“We have a ventilation system with heat recovery (.) the residents that are 
not satisfied will cover it [the ventilation-system] with tape (.) so they are 
broken.” 

(I.S.17) 

This quote exemplifies how dissatisfied residents may intervene and 
even sabotage heating technology. In keeping with this view, another 
FW participant noted how users need to have autonomy and control of 
their indoor temperature, otherwise they will simply open the windows 
(III.O.27). By opening the window, residents are taking ventilation into 
their own hands, but according to several participants, this is likely to 
cause a temperature decrease that may affect the heat- and ventilation 
system. Thus, according to some participants, the practice of opening the 
window is undesirable. 

Other FW participants simply state that 

“the indoor climate has to be good” 

(I.U.2) 

without any further description as to why or what the consequences 
may be if the climate is not “good”. 

However, for the most part, the issue of comfort is related to either 

Table 4 
Numerical frequency of rationales at the 7 workshops.  

Rationale No. of workshops where discussed Number of references 

Autonomy  6  23 
Economy  6  13 
Comfort  5  12 
Involvement  4  12 
Sustainability  3  4  
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having a “good” indoor climate or being in control of it. Comfort is 
related to other priorities in only one instance: according to one utility- 
manager, when asked whether they would prefer to invest in a new 
kitchen or to invest in environmental measures to meet the newest en-
ergy standards 

“they [the residents] would rather have a new kitchen” 

(III.U.6) 

In terms of frequency, comfort is a key rationale, and is mentioned/ 
discussed in five of the seven workshop groups. 

4.2.4. The rationales of residents as perceived by the professionals: 
involvement 

The involvement rationale has to do with the interest of residents in 
being involved in the development of energy-related and environmental 
measurements. Many of the FW participants share their experiences 
with users who 

“do not want to be involved” 

(I.U.2) 

The same utility participant concludes: 

“we [they] simply do not have the interest, that is what I want to say (.) if 
we could get them to be involved (.) especially about energy use” 

(I.U.2) 

Similarly, another participant contends that residents have no in-
terest in energy and in optimising the operation (I.M.7). When 
involvement is discussed, most of the participants agree that residents 
are just not interested in being involved. However, there are exceptions: 
one participant suggested that if residents had the opportunity to log 
into a website and view the details of their estate and energy use, then 
they would perhaps be more inclined to be involved since they would 
not have to 

“go down to the basement and polish his glasses to look at some form of 
metre” 

(I.P.12) 

Thus, resident involvement is seen as partially dependent on 
communication technology. 

Highly engaged and passionate residents are another exception 
mentioned by a few participants. 

Involvement is discussed at four out of seven tables, which leaves 
involvement the second-least frequently mentioned rationale in the 
transcripts. 

4.2.5. The rationales of residents as perceived by the professionals: 
sustainability 

The rationale sustainability covers statements regarding residents' 
motivation to be more environmentally considerate and sustainable in 
their living quarters. Perhaps surprisingly, this rationale is the least 
frequently discussed of the five rationales and it is always discussed in 
relation to other rationales, particularly economy and involvement. The 
participants express scepticism about residents' environmental motiva-
tion when it comes to changing the DH system. For example, as one 
claims: 

“Homeowners do not want to take risks, why would they unless they are 
green all the way through” 

(III.O.26) 

On the other hand, residents are also said to generally be in favour of 
green measures: 

“… completely regular people who (.) who has an economy just like the 
rest of us also sit and think (.) well it is not because I have anything 
against being green, I would really like to be green.” 

(III.S.21) 

This allows room to address the environmental benefits when 
communicating with residents about DH changes: 

“and here the argument has to be, of course, first of all the price will be 
lowered and secondly we will have a better environment” 

(III.O.25) 

This also illustrates how the sustainability rationale is co-articulated 
with the economy rationale. Similar discussions regarding whether 
residents must be financially compensated in order to accept new 
environmental measurements, or whether differentiated electricity fees 
would further environmental measures, indicate that the workshop 
participants expect residents to be more willing to accept new envi-
ronmental measures if they are financially compensated. Sustainability 
is, however, the least frequently invoked rationale. 

This overview has shown how DH professionals cast building resi-
dents as consumers, customers, users and residents who are subject to 
different rationales – autonomy, economy, comfort, involvement and 
sustainability. Unlike the other rationales, involvement is fairly 
straightforward: while economy, autonomy, comfort and sustainability 
are considered rationales that may or may not drive residents, 
involvement is generally considered something residents do not want. 

5. Discussion 

We have analysed and identified the most common rationales 
ascribed by DH professionals to residents concerning their engagement 
in a future intermittent district heating system. In the ensuing discussion 
we focus on how the different understandings of resident rationales are 
likely to include certain ideas of a future DH grid and exclude others. 
Further, we discuss how our findings relate to other studies of future 
users' engagement with infrastructural systems, e.g. the smart grid. 

Our findings on stakeholder perceptions of resident rationales are in 
line with other studies. Research on smart grids reports on several of the 
rationales we have identified [46,47,52]. We augment this work by 
documenting that these rationales are also found within DH, i.e. within 
another infrastructural domain. Further, what is different in our 
approach and analysis is that we juxtapose rationales by looking at what 
is expressed across a large group of actors with different professional 
backgrounds. We have been able to identify differences in the pro-
fessionals' perception of resident rationales. It is nonetheless striking 
how the five rationales and the views they represent on resident 
engagement are rather similar across different professions and rather 
firmly anchored in certain understandings and views. If one considers 
current practices, as well as future practices, to be affected by the 
sociotechnical imaginaries in circulation, then rationales about users 
and how these are constructed by different actors have important im-
plications for the design and politics of future energy systems – with 
regard to both how these are constructed and which roles residents are 
assigned in such a future [19,30]. In the following we highlight central 
aspects of firmly anchored views on resident engagement across pro-
fessions and discusses their implications. 

In the FWs, the involvement rationale is mainly considered in terms 
of residents' lack of interest in being involved in DH changes. They are 
assumed to have limited or no interest in energy itself or in system 
operation. Many of the professionals report on their own disappointing 
experiences with resident involvement. In a few instances, residents are 
imagined as being interested in information on their consumption if it 
were easily accessible through communication technology. This is in 
keeping with many of the information campaigns utilities have devel-
oped to encourage residents to operate their heating systems more 
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efficiently to reduce temperature levels and enable load shifting. 
In general, residents are understood as receivers of information, 

technologies, systems and energy rather than as actual or potential 
partners. This one-way directionality is underpinned by the most 
frequent denomination of residents across all seven workshops as either 
‘consumers’ or ‘customers’. This indicates that market relations are 
central in the relation between DH professionals and residents, as is also 
seen in the electric grid [49]. Residents are, thus, considered receivers of 
what the market and energy/heating system has to offer, which excludes 
a view of residents as individuals with diverse and individual practices, 
routines and rationales. Furthermore, residents are also considered 
direct obstacles for developing a more flexible DH system in the future. 
This view of residents as receivers, consumers and customers appears to 
limit more active forms of resident engagement in the development and 
strategic planning of future systems [52]. We see this as problematic, 
since a lack of user engagement and user participation in system 
development has historically led to misuse, rejection or workarounds of 
the technical systems, consequently resulting in a failure to realise en-
ergy saving potentials [62]. 

What is important to highlight here, however, is that even though the 
professionals at the FWs acknowledge the need for engagement, their 
view of engagement is as something that is directed from one actor to 
someone else, and not as two-way collaboration. This is apparent in the 
FW participants' discussions of how frustrating or difficult resident 
involvement is, due to residents' lack of interest, motivation and 
knowledge about systems. Resident motivation is often coupled to price/ 
monetary measures (e.g. differentiated tariffs). These are considered 
‘carrots’ that can provide residents with a financial incentive to allow 
remote-control of their heating and heat storage. This is considered a 
necessity in order for residents to be motivated and cooperative. Again, 
this represents a perception of motivation as something that opens the 
door for allowing specific deliverables to be implemented or controlled 
from the production side. As such, engagement is achieved through 
economic incentives. In other instances, economic considerations are 
seen as unimportant or not interesting for residents. These findings are 
in line with current literature focusing on the electric grid that reports 
that residents are understood either as a kind of highly rational, 
economically motivated Ŕesource Mań [45] or, in complete contrast, as 
indifferent consumers who are disengaged, lazy, irrational and generally 
not interested in participating in the smart grid [46,48]. We argue, 
however, that the rationales for engagement related to motivation, 
economy etc. need to be more nuanced in future imaginaries in order to 
promote and articulate the diversity of resident rationales rather than 
perpetuate black and white propositions. Research shows, for example, 
that questions of economy and sustainability are interwoven and always 
contextual [38,53]. Such understandings are imperative to include in 
the future, because ensuring DH flexibility is likely to call for resident 
engagement rather than passivity. Although information and financial 
campaigns are important means for optimising resident behaviour in 
accordance with energy system requirements, these measures do little to 
change existing practices [63]. Developing and designing more diverse 
formats for resident engagement through e.g. gamification [37,64], 
living labs [65] and co-design [66] may have the potential to solicit 
more engagement (rather than just acceptance). This can, in turn, lead to 
changes in practices that are supportive of the systems changes needed. 
Future modes of resident engagement, solutions and systems need to 
match residents' situated contexts and diverse motivational structures. 

The discussions about the autonomy rationale in the FW refers to two 
overall aspects: acceptance of control and acceptance of change. In 
several instances, residents are seen as reluctant or unwilling to allow 
their indoor climate to be remotely controlled, and their acceptance of 
change is considered limited. This centres on the idea that residents need 
to be persuaded before accepting a change that implies a reduction in 
their autonomy. It is also noted how a lack of information, or poor 
communication about changes, is likely to result in “outcries” from the 
residents. Taken together, this suggests an understanding of resident 

engagement as something that must be initiated by the production side, 
through persuasion and/or the right information, in order to reach and 
engage with the consumption side. These findings are comparable to 
results from research on smart home technology developers, and how 
they generally regard residents' interest in the energy efficiency aspects 
of smart home technologies as low. Instead, they see convenience, at-
mosphere and aesthetics as sales arguments [50]. 

The comfort rationales ascribed to residents revolve around their 
need to have a certain temperature in their homes to feel comfortable 
and are often expressed in terms of being in control. The participants 
also draw attention to how residents may intervene to disable heating 
technologies if they do not feel satisfied with the indoor climate these 
technologies provide. In a sense, residents are understood as quite 
engaged when it comes to home comfort, since they can choose to 
override technology and control their own home environment even if it 
is at the expense of cost savings. Thus, the professionals express, on one 
hand an understanding of comfort as a static, objective and measurable 
state (of temperature) to be delivered, which stands in contrast to an 
understanding of comfort as a context dependent feeling, where tem-
perature demand varies with materiality, activity, norms and culture 
[67,68]. On the other hand, the professionals also agree that comfort 
relates to the ability to be in control, which stands in contrast to a linear 
objective relation between indoor temperature and comfort [69]. 

In order to increase the flexibility of DH in the future, it can be 
argued that a paradigm shift is needed – from production following 
consumption towards consumption following production. Our findings 
show that the prevailing understanding of residents and their rationales 
among the energy professionals at the FWs is consistent with the existing 
production following consumption paradigm, i.e. where heat is deliv-
ered from the system – the utility companies and technology providers – 
to the residents. However, in realising a future flexible DH system that 
relies more on consumption following production, it is imperative to test 
and develop new forms of resident engagement within DH that enable 
the creation of new understandings and practices. The strategies to 
activate residents must be tailored to meet the requirements and par-
ticularities of both the residents and DH technologies and infrastructure. 
This may prove difficult, given prevalent views of resident engagement 
as difficult, disappointing, or something that must be incentivised 
through economic gains, etc. 

As pointed out by Vesnic-Alujevic et al. [49], there seems to be a lack 
of scientific input and knowledge about residents in political documents 
related to smart technology and flexibility in energy consumption. We 
see a similar lack of scientific knowledge or at least a lack of more 
nuanced knowledge about residents' practices, motivations, rationales 
and forms of engagement in the discussions among our broad repre-
sentation of professionals in the FWs. Research about households and 
how they may be flexible in some of their practices already exists 
[38–41] as does knowledge about economic rationales, comfort etc. 
[38,67]. This knowledge needs to be taken into account in the context of 
flexibility in district heating. 

Although one could contend that professional opinions and articu-
lations may have changed since we conducted our study, our emphasis 
has been on documenting the shared imaginaries of resident roles and 
rationales that district heating professionals developed in conversations 
about the challenges associated with engaging residents in increasing 
system flexibility. Such collectively developed understandings are, 
however, less likely than individual opinions to change over a relatively 
short span of years. Substantial changes in the roles residents can have in 
the district heating system have yet to be seen, further suggesting the 
significance of the imaginaries. 

As such, we see a need for further research that can help articulate, 
use and promote alternative sociotechnical imaginaries among energy 
professionals and politicians. These additional imaginaries need to re- 
present residents as individuals with complex social practices and ra-
tionales. Although there are studies documenting this (in contexts other 
than DH), more work is needed on introducing these insights to energy 
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professionals. The goal of promoting additional and more nuanced 
imaginaries should be to offer a contrast to the currently dominant 
expert-based sociotechnical imaginaries [30,32,33,37]. As argued, how 
we talk about residents is not just a question of semantics. Since imag-
inaries, and as such the ways in which these are constructed, contain 
both ideational and material dimensions, they simultaneously empha-
sise ways in which the desired future(s) can be achieved [19], based on 
shared understandings of what is scientifically and technologically 
possible. From the FWs it is clear that it is important to engage residents. 
They are, however, considered in a specific way, namely as gatekeepers 
to change, who might reject or accept, engage with or destroy what the 
DH system offers, and/or act rationally or irrationally to new 
possibilities. 

6. Conclusion 

This article set out to investigate how professionals in the field of DH 
view residents as users of DH. The empirical basis is a series of future 
workshops with DH professionals at different locations in Denmark. The 
findings show that the participating professionals generally consider 
residents important for realising a flexible DH system, although they are 
considered to be less important than utilities, politicians and govern-
ment authorities. Residents are seen as essential primarily in the sense 
that they have the potential to disturb new DH initiatives. 

Secondly, the analysis shows that DH professionals use different 
terms when denominating the residents, and that these terms vary 
somewhat with interactional context, i.e. the term used by the previous 
speaker. At the same time, it is evident that the terms ‘consumers’ and 
‘customers’ are the most dominant denominations of the residents. Both 
terms indicate that market relations are central in mediating the relation 
between DH professionals and residents. 

Thirdly, the analysis identifies different rationales that DH pro-
fessionals ascribe to residents with respect to DH. The rationales au-
tonomy, economy and comfort are the ones most frequently ascribed to 
the residents. Less frequent rationales are sustainability and involve-
ment. This indicates that the professionals perceive residents as con-
cerned primarily with maintaining autonomy over their household 
heating, saving money or at least not having extra costs because of 
system-related changes, and ensuring a pleasant indoor temperature. 

Concerns about sustainability or the environment are mentioned in the 
FWs, but they are not seen as strong drivers for residents, but rather as 
something that may strengthen other drivers. Moreover, the involve-
ment rationale is mainly used to characterise residents' lack of interest in 
being involved in DH changes. Combined with the findings on the 
importance of residents, this leads us to conclude that the professionals 
do not view residents as potential partners in developing a flexible DH 
system, but rather as an obstacle to realising it. 

Previous studies within energy systems have included analyses of 
resident rationales [47–50]. This paper, however, contributes to these 
discussions by considering these different rationales and their interplay, 
and by extending this kind of analysis to another empirical domain, the 
DH sector, rather than focusing on the electrical grid. Given that new 
roles for the production and consumption side are essential for the 
realisation of a future flexible DH system, these rationales and imagi-
naries circulating among energy professionals may hinder the envi-
sioning of other modes of engagement, thus limiting the development of 
future relations and technical systems in DH. Based on the analysis in 
this paper it can thus be recommended to start experimenting with new 
ways of involving not only residents, but also various professionals in 
thinking about and practicing flexibility in residential heating in 
different ways. 
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Appendix A   

Workshop number Participant definition Participant number Reference 

Utilities I Utility manager  1 I.U.1 
I Utility-chief engineer  2 I.U.2 
II Utility manager, sales & service  3 II.U.3 
II Utility manager  4 II.U.4 
II Utility-IT team coordinator  5 II.U.5 
III Utility manager  6 III.U.6 

Municipality I Municipality-climate secretariat-energy planner  7 I.M.7 
III Municipality planner  8 III.M.8 
III Municipality property consultant  9 III.M.9 
III Municipality-building constructor  10 III.M.10 
III Municipality-architect  11 III.M.11 

Private company I Private company-district heating & energy planning expert  12 I.P.12 
II Private company head of energy systems department  13 II.P.13 
II Private company-environment, energy & QMS manager  14 II.P.14 
II Private company-technical director  15 II.P.15 
III Private company technical consultant  16 III.P.16 

Social housing I Social housing consultant  17 I.S.17 
II Social housing project manager  18 II.S.18 
II Social housing representative  19 II.S.19 
III Social housing manager  20 III.S.20 
III Social housing building coordinator  21 III.S.21 
III Social housing-technical manager  22 III.S.22 

Others I NGO climate & energy specialist  23 I.O.23 
II Energy consultant manager  24 II.O.24 

(continued on next page) 
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(continued )  

Workshop number Participant definition Participant number Reference 

III PPPsustainability-representative  25 III.O.25 
III PPPsustainability manager  26 III.O.26 
III PPPsustainability-citizen engagement expert  27 III.O.27  
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T. Boermans, D. Trier, P.A. Østergaard, S. Nielsen, Heat roadmap Europe: 
Combining District Heating with heat savings to decarbonise the EU energy system, 
Energy Policy 65 (2014) 475–489, https://doi.org/10.1016/j.enpol.2013.10.035. 

[2] H. Lund, S. Werner, R. Wiltshire, S. Svendsen, J.E. Thorsen, F. Hvelplund, B. 
V. Mathiesen, 4th Generation District Heating (4GDH): integrating smart thermal 
grids into future sustainable energy systems, Energy 68 (2014) 1–11, https://doi. 
org/10.1016/j.energy.2014.02.089. 

[3] B. Biegel, L.H. Hansen, J. Stoustrup, P. Andersen, S. Harbo, Value of flexible 
consumption in the electricity markets, Energy 66 (2014) 354–362, https://doi. 
org/10.1016/j.energy.2013.12.041. 

[4] K. Moslehi, R. Kumar, A reliability perspective of the smart grid, IEEE Transactions 
on Smart Grid 1 (1) (2010) 57–64, https://doi.org/10.1109/TSG.2010.2046346. 

[5] F. Rahimi, A. Ipakchi, Demand response as a market resource under the smart grid 
paradigm, IEEE Transactions on Smart Grid 1 (1) (2010) 82–88, https://doi.org/ 
10.1109/TSG.2010.2045906. 

[6] E. Guelpa, V. Verda, Demand response and other demand side management 
techniques for district heating: a review, Energy. 219 (2021), 119440, https://doi. 
org/10.1016/j.energy.2020.119440. 
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[13] F. Kyriaki, R. Li, T. Péan, C. Rode, J. Salom, Evaluation of energy flexibility of low- 
energy residential buildings connected to district heating, Energy Build. 213 
(2020), 109804, https://doi.org/10.1016/j.enbuild.2020.109804. 
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[17] J. Kensby, A. Trüschel, J.-O. Dalenbäck, Potential of residential buildings as 
thermal energy storage in district heating systems – results from a pilot test, Appl. 
Energy 137 (2015) 773–781, https://doi.org/10.1016/j.apenergy.2014.07.026. 

[18] N. Hu, K.M. Smith, Delivery no.: D10.2c Smart control of water-based heating 
services, DTU Civil Engineering, EnergyLab Nordhavn, 24.09.2020. Retrieved 20 
September 2021, http://www.energylabnordhavn.com/uploads/3/9/5/5/395558 
79/d10.2c_smart_control_of_water-based_heating_services.pdf. 

[19] S.-H. Kim, in: S. Jasanoff (Ed.), Dreamscapes of Modernity: Sociotechnical 
Imaginaries and the Fabrication of Power, Chicago, The University of Chicago 
Press, London, 2015. 

[20] EA energianalyse, Potentialet for nye teknologier i el- og fjernvarmesektoren - 
Teknisk og økonomisk analyse mod 2040 (The potential for new technologies in 
the electricity and heating sectors – technical and economic analysis towards 
2040), Retrieved 23 March 2021: https://www.danskenergi.dk/sites/danskenergi. 
dk/files/media/dokumenter/2021-02/Potentialet-for-nye-teknologier-i-el-og-fjern 
varme-eaea.pdf, 2020. 

[21] H. Lund, N. Duic, P.A. Østergaard, B.V. Mathiesen, Future district heating systems 
and technologies: on the role of smart energy systems and 4th generation district 
heating, Energy 165 (Part A) (2018) 614–619, https://doi.org/10.1016/j. 
energy.2018.09.115. 

[22] B.V. Mathiesen, H. Lund, K. Hansen, I. Ridjan, S.R. Djørup, S. Nielsen, P. Sorknæs, 
J.Z. Thellufsen, L. Grundahl, R. Søgaard Lund, D. Drysdale, D. Connolly, P. 
A. Østergaard, IDA’s Energy Vision 2050: A Smart Energy System Strategy for 
100% Renewable Denmark, Department of Development and Planning, Aalborg 
University, 2015. Retrieved 23 March 2021, https://vbn.aau.dk/en/publications/i 
das-energy-vision-2050-a-smart-energy-system-strategy-for-100-re. 

[23] D.J. Hess, B.K. Sovacool, Sociotechnical matters: reviewing and integrating science 
and technology studies with energy social science, Energy Res. Soc. Sci. 65 (2020), 
101462, https://doi.org/10.1016/j.erss.2020.101462. 

[24] A. Smith, A. Stirling, F. Berkhout, The governance of sustainable socio-technical 
transitions, Res. Policy 34 (10) (2005) 1491–1510, https://doi.org/10.1016/j. 
respol.2005.07.005. 

[25] M. Akrich, The De-Scription of technical objects, in: W.E. Bijker, J. Law (Eds.), 
Shaping Technology/Building Society: Studies in Sociotechnical Change vol. 14, 
Massachusetts, Cambridge, 1992, pp. 205–224. 

[26] M. Akrich, User representations: Practices, methods and sociology, in: A. Rip (Ed.), 
Managing Technology in Society: The Approach of Constructive Technology 
Assessment, Pinter, London, 1995, pp. 167–184. 

[27] K. Rommetveit, B. Wynne, Technoscience, imagined publics and public 
imaginations, Public Underst. Sci. 26 (2) (2017) 133–147, https://doi.org/ 
10.1177/0963662516663057. 

[28] G. Walker, N. Cass, K. Burningham, J. Barnett, Renewable energy and 
sociotechnical change: imagined subjectivities of “the public” and their 
implications, Environment and Planning A: Economy and Space 42 (4) (2010) 
931–947, https://doi.org/10.1068/a41400. 

[29] S. Woolgar, Configuring the user: the case of usability trials, in: The Sociological 
Review 38, 2010, pp. 58–99, https://doi.org/10.1111/j.1467-954X.1990.tb03349. 
x, 1 suppl. 

[30] S. Jasanoff, S.-H. Kim, Containing the atom: sociotechnical imaginaries and nuclear 
power in the United States and South Korea, Minerva 47 (2) (2009) 119, https:// 
doi.org/10.1007/s11024-009-9124-4. 

[31] S. Jasanoff, States of Knowledge: The Co-Production of Science and the Social 
Order, Routledge & CRC Press, 2004. Retrieved 23 March 2021, https://www.rout 
ledge.com/States-of-Knowledge-The-Co-production-of-Science-and-the-Social- 
Order/Jasanoff/p/book/9780415403290. 

[32] A. Graf, M. Sonnberger, Responsibility, rationality, and acceptance: how future 
users of autonomous driving are constructed in stakeholders’ sociotechnical 
imaginaries, Public Underst. Sci. 29 (1) (2020) 61–75, https://doi.org/10.1177/ 
0963662519885550. 

[33] I.F. Ballo, Imagining energy futures: sociotechnical imaginaries of the future smart 
grid in Norway, Energy Res. Soc. Sci. 9 (2015) 9–20, https://doi.org/10.1016/j. 
erss.2015.08.015. 

[34] C. Cherry, C. Hopfe, B. MacGillivray, N. Pidgeon, Homes as machines: exploring 
expert and public imaginaries of low carbon housing futures in the United 
Kingdom, Energy Res. Soc. Sci. 23 (2017) 36–45, https://doi.org/10.1016/j. 
erss.2016.10.011. 

[35] L.L. Delina, Whose and what futures? Navigating the contested coproduction of 
Thailand’s energy sociotechnical imaginaries, Energy Res. Soc. Sci. 35 (2017) 
48–56, https://doi.org/10.1016/j.erss.2017.10.045. 

[36] F. Engels, A. Münch, The Micro smart grid as a materialised imaginary within the 
German energy transition, Energy Res. Soc. Sci. 9 (2015) 35–42, https://doi.org/ 
10.1016/J.ERSS.2015.08.024. 

[37] A. Wagner, D. Gałuszka, Let’s play the future: sociotechnical imaginaries, and 
energy transitions in serious digital games, Energy Res. Soc. Sci. 70 (2020), 
101674, https://doi.org/10.1016/j.erss.2020.101674. 

[38] T.H. Christensen, F. Friis, S. Bettin, W. Throndsen, M. Ornetzeder, T.M. Skjølsvold, 
M. Ryghaug, The role of competences, engagement, and devices in configuring the 
impact of prices in energy demand response: findings from three smart energy 
pilots with households, Energy Policy 137 (2020), 111142, https://doi.org/ 
10.1016/j.enpol.2019.111142. 

[39] F. Friis, T.H. Christensen, The challenge of time shifting energy demand practices: 
insights from Denmark, Energy Res. Soc. Sci. 19 (2016) 124–133, https://doi.org/ 
10.1016/j.erss.2016.05.017. 

[40] A.R. Hansen, M.H. Jacobsen, K. Gram-Hanssen, F. Friis, Three Forms of Energy 
Prosumer Engagement and Their Impact on Time-Shifting Electricity Consumption, 
ECEEE 2019 Summer Study Proceedings, 2019, pp. 39–46. 

[41] T. Pallesen, R.P. Jenle, Organizing consumers for a decarbonized electricity system: 
calculative agencies and user scripts in a Danish demonstration project, Energy 
Res. Soc. Sci. 38 (2018) 102–109, https://doi.org/10.1016/j.erss.2018.02.003. 

[42] S.P.A.K. Larsen, K. Gram-Hanssen, A. Marszal-Pomianowska, Smart home 
technology enabling flexible heating demand: implications of everyday life and 
social practices, in: ECEEE 2019 Summer Study Proceedings: Is Efficient 
Sufficient?, 2019, pp. 865–873. 

P.V.K. Andersen et al.                                                                                                                                                                                                                         

https://doi.org/10.1016/j.enpol.2013.10.035
https://doi.org/10.1016/j.energy.2014.02.089
https://doi.org/10.1016/j.energy.2014.02.089
https://doi.org/10.1016/j.energy.2013.12.041
https://doi.org/10.1016/j.energy.2013.12.041
https://doi.org/10.1109/TSG.2010.2046346
https://doi.org/10.1109/TSG.2010.2045906
https://doi.org/10.1109/TSG.2010.2045906
https://doi.org/10.1016/j.energy.2020.119440
https://doi.org/10.1016/j.energy.2020.119440
https://doi.org/10.1016/j.energy.2018.04.093
https://doi.org/10.1016/j.energy.2018.04.093
https://doi.org/10.1016/j.apenergy.2018.08.105
https://doi.org/10.1016/j.apenergy.2018.08.105
https://doi.org/10.1016/j.apenergy.2019.03.063
https://doi.org/10.1016/j.apenergy.2019.03.063
https://doi.org/10.1016/j.enbuild.2020.109804
https://doi.org/10.1016/j.rser.2020.109750
https://doi.org/10.1016/j.rser.2020.109750
https://doi.org/10.1016/j.apenergy.2018.08.105
https://doi.org/10.1016/j.enbuild.2020.109804
https://doi.org/10.1016/j.energy.2016.05.076
https://doi.org/10.1016/j.energy.2016.05.076
https://doi.org/10.1016/j.buildenv.2013.03.010
https://doi.org/10.1016/j.energy.2017.06.107
https://doi.org/10.1016/j.apenergy.2014.07.026
http://www.energylabnordhavn.com/uploads/3/9/5/5/39555879/d10.2c_smart_control_of_water-based_heating_services.pdf
http://www.energylabnordhavn.com/uploads/3/9/5/5/39555879/d10.2c_smart_control_of_water-based_heating_services.pdf
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0095
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0095
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0095
https://www.danskenergi.dk/sites/danskenergi.dk/files/media/dokumenter/2021-02/Potentialet-for-nye-teknologier-i-el-og-fjernvarme-eaea.pdf
https://www.danskenergi.dk/sites/danskenergi.dk/files/media/dokumenter/2021-02/Potentialet-for-nye-teknologier-i-el-og-fjernvarme-eaea.pdf
https://www.danskenergi.dk/sites/danskenergi.dk/files/media/dokumenter/2021-02/Potentialet-for-nye-teknologier-i-el-og-fjernvarme-eaea.pdf
https://doi.org/10.1016/j.energy.2018.09.115
https://doi.org/10.1016/j.energy.2018.09.115
https://vbn.aau.dk/en/publications/idas-energy-vision-2050-a-smart-energy-system-strategy-for-100-re
https://vbn.aau.dk/en/publications/idas-energy-vision-2050-a-smart-energy-system-strategy-for-100-re
https://doi.org/10.1016/j.erss.2020.101462
https://doi.org/10.1016/j.respol.2005.07.005
https://doi.org/10.1016/j.respol.2005.07.005
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0125
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0125
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0125
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0130
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0130
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0130
https://doi.org/10.1177/0963662516663057
https://doi.org/10.1177/0963662516663057
https://doi.org/10.1068/a41400
https://doi.org/10.1111/j.1467-954X.1990.tb03349.x
https://doi.org/10.1111/j.1467-954X.1990.tb03349.x
https://doi.org/10.1007/s11024-009-9124-4
https://doi.org/10.1007/s11024-009-9124-4
https://www.routledge.com/States-of-Knowledge-The-Co-production-of-Science-and-the-Social-Order/Jasanoff/p/book/9780415403290
https://www.routledge.com/States-of-Knowledge-The-Co-production-of-Science-and-the-Social-Order/Jasanoff/p/book/9780415403290
https://www.routledge.com/States-of-Knowledge-The-Co-production-of-Science-and-the-Social-Order/Jasanoff/p/book/9780415403290
https://doi.org/10.1177/0963662519885550
https://doi.org/10.1177/0963662519885550
https://doi.org/10.1016/j.erss.2015.08.015
https://doi.org/10.1016/j.erss.2015.08.015
https://doi.org/10.1016/j.erss.2016.10.011
https://doi.org/10.1016/j.erss.2016.10.011
https://doi.org/10.1016/j.erss.2017.10.045
https://doi.org/10.1016/J.ERSS.2015.08.024
https://doi.org/10.1016/J.ERSS.2015.08.024
https://doi.org/10.1016/j.erss.2020.101674
https://doi.org/10.1016/j.enpol.2019.111142
https://doi.org/10.1016/j.enpol.2019.111142
https://doi.org/10.1016/j.erss.2016.05.017
https://doi.org/10.1016/j.erss.2016.05.017
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0200
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0200
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0200
https://doi.org/10.1016/j.erss.2018.02.003
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0210
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0210
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0210
http://refhub.elsevier.com/S2214-6296(21)00553-3/rf0210


Energy Research & Social Science 87 (2022) 102466

11

[43] T. Sweetnam, C. Spataru, M. Barrett, E. Carter, Domestic demand-side response on 
district heating networks, Build. Res. Inf. 47 (4) (2019) 330–343, https://doi.org/ 
10.1080/09613218.2018.1426314. 

[44] T.M. Skjølsvold, M. Ryghaug, Embedding smart energy technology in built 
environments: a comparative study of four smart grid demonstration projects, 
Indoor and Built Environment 24 (7) (2015) 878–890, https://doi.org/10.1177/ 
1420326X15596210. 

[45] Y. Strengers, Smart Energy Technologies in Everyday Life - Smart Utopia? Palgrave 
Macmillan, 2013. 

[46] M. Goulden, B. Bedwell, S. Rennick-Egglestone, T. Rodden, A. Spence, Smart grids, 
smart users? The role of the user in demand side management, Energy Res. Soc. Sci. 
2 (2014) 21–29, https://doi.org/10.1016/j.erss.2014.04.008. 

[47] T.M. Skjølsvold, C. Lindkvist, Ambivalence, designing users and user imaginaries in 
the European smart grid: insights from an interdisciplinary demonstration project, 
Energy Res. Soc. Sci. 9 (2015) 43–50, https://doi.org/10.1016/j.erss.2015.08.026. 
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