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1.1 Smart grids, households and social practices

For decades, electricity provision has been managed in a centralized manner, supplying 
predictable patterns of energy demand with centralized electricity generation. Today, the 
system of energy provision is in flux as the result of a worldwide emergence and growth of 
renewable electricity generation, coupled with the electrification of energy demand. Many 
existing electricity grids are not suited to accommodate the profound changes in patterns 
of electricity generation and usage, challenging our ability to match supply and demand. 
For a successful transition to a renewables-based energy system, updating the supporting 
infrastructures is crucial.

One strand of solutions is expanding the capacity of the grid itself by reinforcing the 
hardware. Although this is a well-known set of measures, implementing these ‘copper plate’ 
solutions takes many years and commits the grid operators to decades-long investments 
that run into the tens of billions for the Netherlands alone. The second strand of solutions 
looks to prevent some of these significant societal investments by introducing and enhancing 
flexibility of energy demand and supply (CE, 2012). The smart grid, heralded as the future 
of electricity provision, employs ICT to create flexibility in the patterns of energy supply and 
demand (Verbong, Beemsterboer, & Sengers, 2013). However, the smart grid entails a broad 
set of more and less advanced solutions, involving changes in not only the technological 
dimension but also the legal and financial organization of energy provision. This goes hand 
in hand with a broad set of societal actors (including citizens) entering the playing field, each 
with different roles, interests and responsibilities.

Individual energy users are often envisioned to have a more prominent role in this smarter 
energy system, changing their behaviour to go beyond the classic role of energy consumer 
(Devine-Wright & Murphy, 2007; Kampman, Blommerde, & Afman, 2016). Because of their 
changing electricity usage patterns, households are seen as a significant contributor to 
the pressure on the electricity grid, making the household a site of intervention aimed at 
restricting this pressure (Fell et al., 2015). The household is thought to become one element 
of the smart grid, fitted with technologies that allow its occupants to engage with energy in 
novel ways (Goulden et al., 2014; Verbong et al., 2013). This new engagement with energy 
does not emerge in isolation; it is developed, offered, nurtured and possibly imposed by 
actors with a stake in managing the energy system such as grid operators, energy suppliers, 
aggregators or energy communities. The role of households and their relation to the broader 
system of energy provision changes in the smart grid, and this is the focus of this thesis. 

This changing relation is viewed through the theoretical lens of Social Practice Theory: 
an activity-oriented theory of human behaviour and social change, that places human 
activities as the object of study. In this view, energy is used in order to accomplish social 
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practices, which means that “understanding trends and patterns in energy demand (and in 
provision and supply as well) is in essence a matter of understanding how social practices 
develop, change and intersect” (Shove & Walker, 2014, p. 47). Understanding and changing 
the patterns of energy demand thus implies understanding how social practices, of which 
energy is one “ingredient”, are structured and (re)made within a social context (Hargreaves 
& Middlemiss, 2020; Powells et al., 2014).

Besides energy demand, this thesis also works with a practice-based understanding of 
energy provision and supply. Energy provision is seen to consist of all practices through 
which energy is generated, distributed, made visible, problematized, managed, stored or 
discussed. These ‘energy management practices’ (Naus et al., 2014) are explicitly aimed 
at matters of energy, whereas energy-using practices of everyday life merely have energy 
as an invisible ingredient. While energy management practices are conventionally and 
‘professionally’ performed in the sphere of energy provisioning actors, within a smart 
energy system these are also envisioned to emerge within the domestic sphere. Households’ 
changing engagement with energy takes the form of home energy management practices, 
that in turn produce the affordances and insights to shape domestic energy patterns.

However, it is uncertain which energy management practices will in fact emerge within 
households, and what sort of effects these might have, judged from the perspective of both 
users and providers. By reformulating the usage and management of energy in terms of 
practices, this thesis moves beyond visions about the role of users in the smart grid and 
focuses on the actual activities through which householders (might) deal with energy. It 
studies home energy management practices as they are emerging, and in this way contributes 
to a better understanding, and more realistic expectations, about their role of managing the 
energy system. These emerging energy management practices are observed in smart grid 
experiments where households are introduced to new technologies and behavioural logics 
that might be of significance for a smarter energy system.

Besides the household, the community is another site where energy management practices 
are emerging. With the advance of technologies for local energy generation and storage, 
groups of citizens are able to develop their own practices of energy generation and energy 
management, at a scale that surpasses the individual household. Community energy has in 
recent years seen strong growth in the Netherlands. Some of these communities are looking 
to develop not just their own electricity generation capacity, but also to manage where and 
when this electricity is used. Energy management practices are emerging at the community 
level, and these collective energy management practices will also be of significance for the 
management of wider electricity grid.
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The emergence, persistence and ultimate form of energy management practices does 
not simply depend on how well individuals are willing and able to perform them. Another 
important strand of social practice theory is the notion that any practice is enabled, shaped 
and directed by a larger network of practices. A perspective based on theories of social 
practice does not only imply a focus on the activities going on in households; it should 
also trace how the tools, rules, skills and goals that are applied in these practices are the 
product of other sites of practice. A broader, systemic view based on practice theory is thus 
proposed, leading to the concept of a system of energy practices based on Watson (2012). 
This ‘system of energy practices’ is defined “as a relatively stable configuration of linked 
practices and relations that together sustain a particular socio-technical mode of doing” 
(Macrorie, 2016), in this case generating energy and managing the electricity grid. 

Central in this thesis is the changing relation between ‘users’ and ‘providers’ of the energy 
system, terms which themselves become questioned as the roles and responsibilities in 
building, maintaining and using this system become challenged. This changing relation 
is studied by zooming in on emerging energy management practices and their place and 
interaction with the wider system of energy practices. The individual thesis chapters present 
research on various aspects of this changing relation, which all contributes to answering the 
following two overarching questions:

1.  Which energy management practices are emerging at the home and community level? 
How does the emergence and design of these practices relate to the broader system of 
energy practices? 

2.  How can social practice theory contribute to a better understanding of energy 
consumption, energy management and the energy system?

The first question integrates the empirical findings on the emergence of energy management 
practices within a changing energy system. The second question combines the various ways 
in which the chapters have fruitfully employed theories of social practice to understand 
energy management and the changing energy system. These overarching questions will be 
addressed in the overall conclusions to this thesis.

1.2 Scope

This thesis is the result of research performed for the Emerging Energy Practices project 
which is part of the larger project NWO-URSES: Uncertainty reduction in smart energy 
systems (NWO, 2019). The scope of the entire URSES project was broad and the research 
projects involved scientific disciplines such as economics, psychology, law, social sciences, 
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mathematics and electrical engineering. These projects worked toward reducing uncertainty 
about various aspects of the developing energy system: which technologies will be important 
in the smart energy system, which actors will play important roles, how can more volatile 
energy demand and supply be predicted and managed? The Emerging Energy Practices 
project which led to this thesis focused on energy practices in and around households within 
the context of smart grid development. 

Besides the research for this current thesis, the Emerging Energy Practices project consisted 
of a second PhD project conducted at Wageningen University and Research. The two PhD 
researchers worked together regularly, and have developed complementary research 
focused on the development and performance of energy management practices. The 
difference between the projects is that while this thesis has an ‘upstream’ focus by looking 
to the design and development of these practices, the thesis by the WUR candidate looks 
more ‘downstream’ with in-depth study of how these practices are performed. In addition, a 
post-doc researcher was appointed at WUR to also develop research as part of the Emerging 
Energy Practices project. The three researchers together performed research that resulted 
in chapter 4 of this thesis. They also organized a workshop with societal stakeholders to 
reflect on the findings of this research.

Research for the thesis is largely based on a range of case studies on smart grid projects in 
the Netherlands and Belgium. These cases share the characteristic that they are aimed at 
improving demand flexibility at the local grid level, and involve (communities of) individual 
households to achieve this. These projects are in this sense different from many other 
smart grid projects that focus on improving and automating various levels of the existing 
grid infrastructure itself, or that develop local flexibility markets to ‘include’ other energy 
users in grid management, such as businesses (Liander, 2018) or car charging facilities 
(Bhattacharyya et al., 2019). The scope of this thesis is limited to the changing role of 
(communities of) households and its relation to the wider system if energy practices.

When in thesis there is mention of a smart energy system or smart grid, the focus is on the 
supply of electricity and not on gas, the other main energy infrastructure in the Netherlands. 
Of course the changing uses of these energy carriers are interrelated, and especially the 
national policy to reduce gas usage and in favour of electricity at the household level is 
relevant for this thesis.

1.3 Theory

This thesis understands the changing energy system from a perspective based on social 
practice theory (SPT). How this particular social theory translates energy consumption and 
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provision into energy using and energy management practi ces has already been summarily 
outlined. This secti on will further elaborate on some relevant tenets of social practi ce 
theories and how these inform this thesis’ view of the energy system. 

For theories of social practi ce, all social phenomena consist of practi ces, meaning that 
practi ces are the unit of analysis (Giddens, 1984). The ontological basis of practi ce theories 
is fundamentally diff erent from other social theories, that oft en place individuals, collecti ves 
or technologies as the unit of analysis. Rather, it is through the repeated performance of 
practi ces that social phenomena such as organizati ons and insti tuti ons are maintained: 
“behind the durable features of our world there is always the work and eff ort of someone” 
(Nicolini, 2012, p. 3). Research should in this regard be aimed at the performed acti viti es by 
which a phenomenon is enacted, rather than on the individual who performs it.

 What is a practi ce?
If practi ces are taken as a unit of analysis, it should be clear what has to be observed while 
studying practi ces. There are several disti nct strands of social practi ce theories which, besides 
their diff erences, carry a strong family resemblance. As such, there is no consensus within 
theories of practi ces about what a practi ce precisely consists of, but as Gram-Hanssen (2010) 
displays, the most known and used variants show large resemblances. This thesis follows the 
recently popular and relati vely accessible understanding formulated in by Shove and Pantzar 
(2005). Practi ces consist of three types of elements: the material elements used to do a 
practi ce, the skills and know-how needed to perform it, and the meanings associated with 
the practi ce. Multi ple elements of each type are oft en involved, varying in their importance, 
and diff erent instances of the same practi ce can make use of diff erent elements (Figure 1.1). 

Figure 1.1 (left ) basic elements of practi ce; (right) multi ple elements of each type with varying importance (size) 
are integrated in a practi ce. Based on Shove et al. (2012) and Kuijer (2014).

Stuff  or material refers to all material elements applied in the practi ce, including objects, 
infrastructure and the body. Skills or competences are learned through doing and refer to the 
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routines of bodily and mental know-how to perform the practice, the ability to appreciate 
objects and situations and applying knowledge about what is normal or appropriate. 
Meanings entail the reasons to engage in a practice, the ideas about what it is for and what 
is a good outcome, which are socially shared ideas. When we speak of a practice being 
performed, this means an instance in which elements of the different categories are linked 
together in an activity.

Other notable strands of practice theory differentiate among types of skills (Gram-Hanssen, 
2010; Schatzki, 1996; Warde, 2005), use more specified elements of practice (Reckwitz, 2002), 
or use terms such as ‘engagement’ (Warde, 2005) or ‘teleo-affective structure’ (Schatzki, 
1996) to describe the ‘meanings’ group of elements. Notably, Schatzki (2002) places the 
material dimension outside of practices, and proposes that practices are performed in 
conjunction with the material environment, which he calls the ‘material arrangement’.

Between agency and structure
One reason to take a practices-approach is its alternative understanding of human 
behaviour and decision making. Especially in the field of energy consumption and 
sustainable behaviour, this alternative approach to (changing) behaviour is gaining traction 
(Shove, 2010; Spaargaren, 2011; Warde, 2005). Reckwitz (2002) characterises two dominant 
interpretations of behaviour as the voluntarist homo economicus who makes conscious, 
rational and weighed decisions to reach maximum individual benefit, and the functionalist 
homo sociologicus who is guided by norms, rules and regulations solidified in political and 
social institutions. Practice theory does not deny the importance of individual agency or 
collective structures. Rather, it builds on Giddens’ (1984)concept of structuration: individual 
agency and societal structures mutually shape each other. 

Structuration means a recurring exchange between practice-as-performance (the individual 
performance of any practice) and practice-as-entity (the abstract, shared understanding of 
what a practice is and achieves) (Schatzki, 1996). Every performance of a practice builds on 
the shared understanding of what that practice entails, how it works, why it is done; but any 
performance also allows for divergence from that shared understanding, changing it, which 
can feed back into the practice-as-entity. Individual agency is in this way possible, and over 
time enough individual changes can change the shared understanding of what a practice 
is about. At the same time, this shared character of practices makes them very resilient 
because “they are taken for granted and often considered as part of the ‘natural’ order of 
things” (Nicolini, 2012). The inflexibility of practices and the low reflexivity practitioners 
usually have about them are referred as the obduracy of practices (Hommels, 2005; van der 
Schoor et al., 2016), a concept that will return in the conclusions.
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Interconnectedness of practices
The previous paragraph explains that practices are social because any practice is characterized 
by structuration: it is social in this regard, that any performance of a practice is informed 
by how it has been done before, and any performance re-establishes this social entity. 
Another way practices have a social dimension is that the elements used in one activity 
can be the product of another activity. Technology, knowledge and skills used in activities 
such as writing are only at hand for the ‘practitioner’ because they have been made by 
the numerous practices of manufacturers, school teachers and other writers. Extending 
this interconnectedness of practices leads practice theories to “see the world as a seamless 
assemblage, nexus or confederation of practices” (Nicolini, 2012). The interconnectedness 
of practices implies that, to understand the emergence, change and persistence of practices, 
one needs to look beyond individual practices. The relational character of practices 
underpins a large part of this thesis, which develops a practice-based understanding of a 
‘smart’ energy system.

Practices and the energy system
Applications of practice theory have tended to focus on and unpack small phenomena or 
singular places such as energy monitoring in the home or sustainability practices in the 
workplace (Hargreaves, 2011). These ‘local’ practices are, however, connected with and 
supported by broader networks of practices that provide the ingredients for these activities. 
Energy consumption and the system that supports it are much larger phenomena, but these 
phenomena can still be conceptualized as widespread and enduring constellations of many 
situated practices (Nicolini, 2016). In the words of Schatzki (2011): “The activities, entities, 
rules, understandings, and teleologies [goals] that are at work in any local situation are 
elements of phenomena—practices, arrangements, and bundles thereof—that stretch out 
over time and space beyond such situations”.

This approach allows for a view of the electricity system, and in particular the task of 
its management, as a range of distributed practices; distributed among several places 
(grid control rooms, the home, the reserve market), organizations (DSOs, IT developers, 
aggregators, energy cooperatives) and technologies (cables, meters, batteries, smartphone 
apps). All these practices together work to ensure the provision of electricity. This range 
of practices that precedes the actual consumption of energy will be referred to with the 
term ‘energy management practices’. The amalgam of energy management practices and 
the interrelated practices through which they are enabled and maintained is what will be 
developed as the ‘system of energy practices’.
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1.4 Methods

The adoption of a social practice theory-based perspective, and its ontological implications, 
also warrants a reflection on the methodology that can be used to study social practices. 
Nicolini (2012) presents various interpretations of why and how individual practices are 
studied. A common understanding about doing practice-based research is its similarity 
to ethnographical research that only works with the observation and description of social 
and material doings. The activity, and the social and material conditions that enable it, are 
what is studied, not the individual who performs the activity. Depending on the particular 
discipline, it involves describing the place and use of artefacts, the manner of speech and 
language, bodily choreography and the rhythms of practices. This research method produces 
highly detailed accounts of performed practices that can reveal much about its functioning 
that remains hidden otherwise.

Practice research can also aim itself at the discursive side of practices by asking why they 
are performed, what their meaning and direction is. This entails a focus on the practical 
concerns of the practicing individuals, on the cares and worries that orient their practice, on 
their objectives for a particular practice. Practical concerns can be quite visible: “[Practical 
concerns] are customarily verbally addressed and discussed in the course of the practicing, 
either through a vocabulary of accounts, explanations, justifications, and prescriptions” 
(Nicolini, 2012). This means that the meaning and goal of a practice is captured in discussions 
with practitioners, during or even after practices are performed. This thesis also engages 
with designers of (home energy management) practices, who aim to imbue that practice 
with a certain goal and direction. One aspect of the findings is how much of the designers’ 
practical concerns are ‘taken up’ by the people actually performing the energy management 
practices.

Zooming in and out
This thesis builds on Nicolini (2012) who proposes and develops a toolkit approach to the 
study of social practices. This approach is rooted in the conclusion that there are several 
distinct strands of social practice theories which, besides their differences, carry a strong 
family resemblance. Rather than integrating these different strands into one overarching 
theory, Nicolini proposes a toolkit that combines the strengths of these different theories. 
This toolkit contains a package of theories and methods that each ask different sensitizing 
questions, combined with a zooming in and out movement. The section below will first 
outline the zooming in and out approach proposed by Nicolini (2012), followed by some 
general descriptions about the study cases.

The zooming approach starts with zooming in on the practice that is the topic of research, as it 
is performed in a particular setting. The goal here is to understand more about the elements 
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that are integrated in this practice, but also to identify how this practice is linked to, and 
structured by, other practices (in different times/places). Zooming out means stepping back 
from the specific accomplishments of the ‘focal’ practice and bringing into view the network 
of practices and sites in which it is enmeshed. This zooming motion is alternated, zooming 
back in at other connected sites of practice, to create a better understanding of how these 
enable, fix, or pressure the focal practice and vice versa. “The iterative zooming in and out 
stops when we can provide a convincing and defensible account of both the practice and its 
effects on the dynamics of organizing, showing how that which is local contributes to the 
generation of broader effects” (Nicolini, 2012). The idea of zooming in and out to get a more 
comprehensive understanding of practices adds an insightful perspective to this thesis. It 
helps to see how the individual chapters, that focus on some different sites of research, 
together work to create better insights into the focus of this thesis, home and community 
energy management practices. The relation between all chapters can be expressed well by 
this zooming approach.

This zooming approach is combined with the ‘system of practices’ perspective. As was outlined 
earlier, the energy management system can be rephrased from a practice perspective to consist 
of energy management practices in a variety of sites. Energy management practices can be 
studied by zooming in on the places where they are performed and on the person(s) performing 
these practices. The chapters of this thesis make these zooming in and out movements, and 
together generate a better understanding of the emergence and development of energy 
management practices. The main subject is the energy management practices emerging in 
homes and communities. These sites consist of many more practices that might not have 
much to do with energy; nevertheless, all the practices of these sites form the context in which 
energy management practices emerge. Zooming in on the site of the home and observing the 
performance of these new practices of energy monitoring and planning allows for a better 
understanding of their interlinkages with the other practices of this site. 

The energy management practices that this thesis studies, however, do not emerge purely 
from within the site where they are practiced; they are envisioned, designed, enabled and 
implemented by the practices of other organizations, most notably grid operators. These 
other organizations are also sites of practices, with their everyday routines and logics, albeit 
different from those of the home. It is the practices of these other sites that produce many 
of the material and non-material elements of home energy management practices. Different 
sites of practice are interlinked in various ways, and zooming out entails the identification of 
these enabling and hindering connections between sites of practice. Following that, zooming 
in on these ‘other’ sites of practice (such as the organizations involved in the design of smart 
grid projects) can, in turn, generate a better understanding of the practices going on there.



INTRODUCTION 19

1

Chapter 2 and 3 of this thesis zoom in on the home as a site of new energy management 
practices, and the focus lies in understanding how these practices do or do not fit in within 
that site. Chapter 4 also zooms in on energy management practices (and in particular 
those dealing with energy storage), as they are performed in differing configurations. In 
these chapters, it already becomes visible how the successful emergence (however that is 
defined) of these new practices does not depend solely on the interest and skill of those 
performing them. Other sites of practice play crucial roles in deciding how these practices 
can and cannot be performed, and in steering the reasons for performing them. Chapter 5 
retains a zoomed in perspective but shifts the lens to the practices of actors designing home 
energy management practices in a smart grid project. Chapter 6 entails a combination of the 
two perspectives, first zooming in on Civic Energy Communities (CECs) as yet another site 
of emerging energy management practices. It then steps back to a zoomed out perspective 
in which the other sites, whose practices enable and hinder CECs’ development, come into 
view. The chapters thus develop more detailed understanding of a range emerging energy 
management practices by focusing on various sites, whose interlinkages become more 
pronounced by zooming out.

Research cases
The research for this thesis was largely performed through case studies on projects that 
aim to include households and/or communities in smart grid development. Most of these 
cases include a range of different organizations that have a stake in enhancing energy 
management capabilities at the local level. In practice this meant that a set of tools were 
introduced within the context of households, with the idea that energy flows could be 
monitored and steered by people within our outside of the home. Throughout this thesis 
a qualitative research design was made, combining in-depth interviews, group interviews, 
observation and participation in public and closed project meetings, and studying project 
documentation. These interactions involved members and representatives of CECs that take 
part in a smart grid project, but also employees of organizations such as DSOs, aggregators, 
knowledge institutes and ESCOs. The specific methods used for each of these cases is 
explained in further detail in the appropriate chapters. Some more details on the setting 
and aims of the case study projects are provided below.

SSmE – Samen Slim met Energie
Central in chapter 2 is the project SSmE: Samen Slim with Energy (Together Energy Smart). 
In 2014, local energy cooperative DEH (Duurzame Energie Haaren) and grid operator Enexis 
joined forces for the SSmE project. The project aimed to develop an online platform that 
supports the use of community-generated solar electricity. This was achieved by providing 
users with information on the (predicted) availability of this electricity through a website and 
smart phone app. A secondary goal for the grid operator was to explore the demand flexibility 
of households that are also part of what was perceived as a new sort of community based 
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around the topic of energy. The active leadership of the energy collective used this project as 
an opportunity to practically engage their members and further grow the collective.

JEM – Jouw Energie Moment
Chapter 3 and 5 (partially) revolve around the project JEM (Jouw Energie Moment; Your 
Energy Moment). This project was initially instigated by grid operator Enexis in 2012, 
followed by a secondary phase in 2016. The research for this thesis took place during 
the second phase of the JEM project, which will be referred to as JEM2.0. The main goal 
for the grid operator to start JEM was, again, enhancing demand response of individual 
households, but the means to achieve this were somewhat different. Automation of some 
appliances was introduced with the aim of making demand response easier for the user. The 
project also included some form of tariff differentiation, introducing financial reasoning to 
the question of demand flexibility. Participating households were not part of a civic energy 
community, as was the case in the SSmE project.

The secondary phase saw an expansion upon these developments with the introduction of 
an automated battery storage unit in several households, as well as a further strengthening 
of the electricity price variability. This secondary phase also meant cooperation with a set of 
organizations from the private sector. Collaborating with technology suppliers, an aggregator, 
a software platform developer and a knowledge institute, a model for a “business ecosystem” 
(Enexis BV, 2018b) was developed. This model defined each actors’ tasks and responsibilities 
as well a division of the benefits created with the enhanced demand flexibility. In this way 
it aimed to formulate how services that enhance household demand response might be 
offered in a more ‘real’ market situation.

SGSH – Standard Grids Smart Homes
The Standard Grids Smart Homes project (SGSH) project features as the second case study 
in chapter 3. The research on this particular project was performed by the co-authors of 
the article upon which the chapter is based. Next to Belgian and Dutch grid operators, a 
technology supplier and two research institutes (one of a large energy utility and Eindhoven 
University of Technology) also participated in the project. In this project it was not the goal 
to shift peaks in consumption and production or to use self-generated electricity as much 
as possible, but to limit the use of the grid. To enable this a new HEMS was developed and 
tested that focused on keeping the use of the grid within specific limits (maximum 10A), 
while safeguarding sufficient electricity supply and ‘normal comfort’, by optimising local 
production and storage capacity.

Cooperatives
For chapter 6, the thesis author investigated the development of collective energy practices 
by civic energy collectives (CECs). This was achieved by focusing on five CECs in the 
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Netherlands and interviewing those individuals pushing this development. These cases are 
not representative of the state of Dutch CECs in general, which count over 300 and are 
found to be in various stages of growth. Rather, these cases (and the specific individuals) 
represent a group of CECs that are not just looking to generate energy locally but to also take 
up practices of energy management. The five cases are explained in more detail in chapter 
6, as well as the other sites of practices that are identified to be of relevance for collective 
energy practices.

The role of the thesis author in the projects is similar for all cases, being an independent 
researcher with no organizational tasks or stakes in the projects. The researcher did not have 
any role in the design of these smart grid projects, and only came on board as a researcher 
after the design phase was completed by the project owners. By participating in internal 
meetings as the projects unfolded, the researcher was in a position to raise questions or give 
his interpretation of matters. However, the influence of the researcher on the design of the 
project and the practices tested in them was minimal. Research findings were fed back to 
project teams and broader stakeholder audiences as part of concluding the projects, after 
research and testing was completed.

1.5 Structure

In chapter 2, this thesis starts by zooming in on the household to study some of the energy-
related activities of householders in a smart energy system. Recent smart grid experiments 
involving households have placed emphasis on introducing ICT based tools that are aimed 
to provide the user with eco-feedback, allowing them to make informed changes to their 
energy usage. Despite long-standing criticism on this individual, rationalist and technology 
centred approach (Shove, 2010; Strengers, 2013), the vision on energy users as “Resource 
Man” (Strengers, 2014) is widely retained by smart energy project developers. By empirically 
studying what the participants of such projects actually do with the smart tools they are 
handed, this thesis reiterates this vision’s very limited understanding of energy usage and 
changes therein.

Chapter 3 also zooms in on the household as a site of energy management practices, but it also 
begins placing these particular practices in a systemic perspective. It rephrases the system 
of energy provision from the perspective of social practice theory, as a large collection of 
interlinked energy management practices. Energy management practices are conventionally 
done within the realm of ‘provider-side’ organizations, such as energy suppliers and the 
transmission and distribution system operators (TSO & DSOs). Smart grid development 
involves a redistribution of the management of the energy system among a broader set 
of actors and places. The home is becoming one of these places, because homeowners 
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themselves are (expected to be) taking up more energy management practices. The growing 
role of homes and communities in energy governance is often assumed to hold the potential 
for greater democratic control of the energy system (Van Veelen, 2018). In this view, energy 
management practices can benefit households and communities not just economically, 
but also in a social, emotional and political sense. This chapter raises the question of how 
this process is unfolding, and investigates this question through research on two smart grid 
projects where the home is the site of intervention.

Chapter 4 takes a more forward-looking approach by identifying some different directions 
users’ engagement with energy might take. Drawing upon fieldwork in the UK, Germany and 
the Netherlands, it asks how battery storage technologies shape householder participation 
in energy transitions. Different configurations of battery technologies and actors are 
identified, and these configurations hold particular affordances for, and relations between, 
individual households, communities and other actors in the energy system. This chapter 
was developed, researched and written in collaboration with the other researchers of the 
Emerging Energy Practices NWO-project.

In chapter 5 this thesis further investigates the design and development side of home energy 
management practices, by looking ‘upstream’ of two projects for domestic smart grid 
interventions. Zooming in on the design and development side of smart grid interventions 
(such as (Berker & Throndsen, 2016; Tricoire, 2015)) provides insights into a crucial phase 
and adds essential and much-needed insights for understanding them. Doing so highlights 
the interests and practices of both incumbent and emerging actors that work upstream, and 
mostly outside the view, of the household (Schick & Winthereik, 2013). Three themes will 
be identified which overarch the design decisions about domestic smart grid interventions 
and the affordances given to the users. Given the interests of the designing actors, their 
prominent role in domestic smart grid projects engenders a supply side-biased design.

Chapter 6 explores some of the collective energy management practices that are being 
pursued by Dutch civic energy communities (CECs), and shows that these increasingly 
impinge on the conventional organization of the electricity system. Furthermore, continuing 
the application of a social practices-based perspective, it argues for a more systemic 
understanding of social practices (Macrorie et al., 2014; Watson, 2012). The case of collective 
energy management practices exemplifies how their emergence is not only a matter of 
individual practices of community members, but is also enabled and/or constrained by the 
practices of a range of other actors. This understanding of a ‘system of energy practices’ 
places the collective energy practices of CECs in a broader mesh of sites of practice, including 
policymaking, commercial activity, and grid management.



INTRODUCTION 23

1

The final chapter will return to the main research questions and formulate some answers 
based on the research chapters. The conclusions drawn there also carry some implications 
for the design and role of energy management practices. Following these implications, a 
set of recommendations will be provided. These address the practical side of designing 
and introducing energy management practices, as well as the theoretical value of social-
practices based perspectives and research on the energy transition.

1.6 Overview of individual contributions to thesis chapters

 Contributor Study 
design

Literature 
study

Data
 collection

Analysis Writing Feedback &
Correction 

Chapter 1

N Verkade     X X

J Höffken      X

G Verbong      X

Chapter 2

N Verkade X X X X X X

J Höffken    X X X

R Smale   X    

Chapter 3

N Verkade X X X X X X

G Verbong X   X X X

S Jhagroe X X X X   

Chapter 4

S Kloppenburg X X X X X X

R Smale X X X X X X

N Verkade X  X X X X

Chapter 5
N Verkade X X X X X X

J Höffken     X X

Chapter 6
N Verkade X X X X X X

G Verbong     X X

Chapter 7

N Verkade    X X X

J Höffken    X  X

G Verbong    X  X

Table 1.1 Contributors are listed in order of the weight of their contribution, and reflects the order of authors on 
the submitted/published manuscripts. Full author names and affiliations: Nick Verkade (TU/e), Johanna Höffken 
(TU/e), Geert Verbong (TU/e), Shivant Jhagroe (TU/e), Sanneke Kloppenburg (WUR), Robin Smale (WUR) 

Chapter 2, 3, 5 and 6 are the main products of the research conducted by this thesis’ author 
(N. Verkade). Chapter 4 is included in this thesis because it is a relevant addition to the other 
chapters. All three authors of this thesis contributed to this article with fieldwork in the UK, 
and all authors analysed and wrote parts of the final manuscript. The article upon which 
chapter 4 is based will also be part of the thesis of the second author Robin Smale of WUR.



Thesis chapters 2, 4, 5 and 6 have been published partially or fully open access in the 
journals Energy Research and Social Science, Energies, Journal of Cleaner Production and 
Sustainability, respectively. Chapter 3 has been submitted for publication in March 2020. 
The appendix provides an overview of publications.
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2.1 Introduction

Many industrialized countries are aiming to ‘green’ their energy systems, in other words 
make them more sustainable and less carbon-dependent, by applying renewable energy 
sources. The transition to a low-carbon energy system raises the issue of matching energy 
demand with increasingly intermittent and decentralized supply. The current electricity 
grids are in many cases relatively old, built for centralized and controllable supply, and not 
equipped to deal with an actual transition without comprehensive investments (Verbong 
et al., 2013). Flexibility is a keyword in developing the existing infrastructure so that it can 
deal with increasing and shifting peaks in electricity supply and demand. We can see this 
flexibility in infrastructure solutions like improved grid management, increased grid capacity 
and ultimately electricity storage, but it also plays a role in the demand side of the energy 
system (Torriti et al., 2010). 

We usually think of managing the demand side of the energy grid by enhancing consumer 
insights into the amount of energy used and by influencing the timing of energy 
consumption. Information and communication technologies (ICT) have taken centre stage 
in this development of eco-feedback. In the Netherlands, grid operators are gradually 
introducing smart meters to every household, and rapidly increasing ranges of energy 
monitoring devices and apps that display the collated data are available (MilieuCentraal, 
2016). Various ways of providing eco-feedback, for instance through in-home displays, have 
indeed helped users to reduce overall energy consumption to a certain extent (D’Oca et 
al., 2014; Darby, 2006; Faruqui et al., 2010). ICT-based energy monitoring and managing 
devices are specific tools that enable a better understanding and control of domestic energy 
behaviour and decision making. These technologies operate on the basis that they provide 
new information and/or instructions to individuals, who, having received the information, 
will change their respective energy usage behaviour accordingly.

This individual, positivist and technology centred approach to understanding energy usage 
has been challenged by the social sciences (Ellsworth-Krebs et al., 2015; Gram-Hanssen, 
2011; Shove, 2010; Strengers, 2011). Nevertheless, many ‘smart energy’ projects retain a 
strong technological focus and envisage homeowners as smart energy users, who can be 
persuaded to ‘take control of’ energy consumption through monitors and apps. Strengers’ 
(Strengers, 2014) image of the “Resource Man” aptly captures this ideal type of smart 
energy consumer, seen as being a motivated and knowledgeable micro-resource manager. 
The image epitomises the assumptions many actors in the energy industry make about the 
interests and behaviour of their users, whose energy-smart behaviour is enabled thanks to 
smart grid innovations. In the ‘resource biased’ energy industry’s eyes, the smart energy 
consumer is: “interested in his own energy data, understands it, and wants to use it to 
change the way he uses energy” (Strengers, 2014). Using ever more accurate energy data, 
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he makes conscious and informed consumption decisions to be more economical and 
sustainable, and this performance data is shared and compared with other micromanagers. 

This vision is quite different from the passive and carefree engagement most people (in the 
global North) have with energy in their daily lives, and can be challenged on many aspects 
(Strengers, 2013, 2014). Most critically, it disregards what people actually do in their homes, 
the heterogeneity of the prospective users and the actual interest in energy matters among all 
household members. Electricity in particular entails a “background relationship” whereby it 
is not experienced directly, but shapes the human experience through its “present absence” 
(Pierce & Paulos, 2011). Energy is doubly invisible (Burgess & Nye, 2008): electricity and 
most of the delivering infrastructure are physically hidden from view, and the practices that 
consume electricity are usually part of inconspicuous routines and habits (Shove, 2003). 
Devices to generate, monitor and manage energy at the household level make electricity 
visible by introducing information and the tools to react to it. This could be crucial for a 
future grid that arguably relies on its users being smart: flexible, responsible and engaged in 
the electricity system’s functioning.

Grid operators in the Netherlands are exploring this different engagement with energy 
and in the process, have turned to local energy cooperatives for examples of future smart 
energy users. These citizen groups engage with energy for a broad range of reasons: 
taking responsibility for combatting climate change, local economic development, self-
sufficiency and reducing energy costs. Many are engaged in developing local generation 
capacity through solar PV and wind turbines, assisting participants in reducing energy 
usage, with some even becoming local sustainable energy retailers. Their activities signal 
an above-average engagement with energy, and smart grid projects aiming to explore the 
active participation of end-users understandably often target these forerunners. Projects 
involving a local cooperative and smart grid devices can therefore provide empirical insights 
into Strengers’ (2014) idea of the Resource Man, and how the emergence of a rational and 
motivated energy resource manager plays out on the ground.

In this paper we explore a case study of such a smart grid pilot project in the Netherlands, 
collaboratively conducted by a grid operator, an energy cooperative and a software 
developer. The pilot project centres around an online platform that allows participants to 
monitor and share energy data and plan their usage beforehand to be more self-sufficient. 
The participants are also members of the local energy cooperative and many have solar 
panels on their own roofs. On paper, this case represents many aspects of the ideal 
domestic energy manager, and offers an opportunity to further explore the pros and cons 
of considering smart grid inhabitants as “Resource Men”. We investigate which energy 
management related activities actually emerge in this project, and how this has shaped 
energy consumption. 
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To do so, we will first describe the case study and the methods used, before briefly outlining 
why this case is suitable for empirically studying the idea of the Resource Man. We then 
move on to our empirical findings by detailing the project participants’ actual interaction 
with the energy platform and how this has in turn affected energy consumption. We close 
with a discussion and concluding section.

2.2 Case and methods

We analyse an ICT-based energy innovation, an online energy management platform, to 
study the emergence of energy management activities. The Dutch SSmE project (Samen Slim 
met Energie, Together Smart with Energy) is a collaboration between distribution system 
operator (DSO) Enexis, IT developer Shifft, and local energy cooperative DEH (Renewable 
Energy Haaren). DEH is a citizen group with about 200 members in Haaren, a municipality 
in the south of Netherlands. Since 2012 the group has been working towards their ultimate 
goal, namely make their municipality energy-neutral. They have set up activities to promote 
saving energy, increase renewable energy generation among members, and help residents 
explore home insulation and domotica. Membership of the cooperative has a voluntary and 
passive character with no responsibilities; people can simply choose to partake in projects 
and activities. In 2014, DEH and Enexis joined forces for the SSmE project, in order to 
develop an online platform supporting the use of community-generated solar electricity, 
by providing users information through a website and smart phone app. The goals were to 
reduce the total amount of energy consumed, improve the on-site usage of solar power, 
and strengthen the ties within this community of energy cooperative members (DEH, 2014). 
Importantly, no special financial incentive system like flexible tariffing was implemented 
besides some small awards as gestures for ‘saving the most’ or ‘being most self-sufficient’. 
This was a deliberate strategy to keep the organization of the pilot as simple as possible 
and explore people’s willingness to help achieve a self-sustaining community. By gathering 
data from smart meters and displaying information on multiple aspects of energy usage, the 
platform was meant to become a hub for managing energy in the home. In March 2015, DEH 
and their project partners officially kicked off the process by introducing the online energy 
management platform to 105 households in Haaren. The platform links DEH members 
spread out over four areas in the municipality, totalling about 13,500 inhabitants.

The SSmE platform was launched in March 2014 for a one year pilot. Our paper is based 
on the data gathered in the course of this pilot. During this time we were able to study 
the project closely by conducting in-depth fieldwork among participants and attending 
project meetings led by the working group. The research presented here is mainly framed 
within a qualitative methods approach. Though it includes quantitative data on energy 
consumption, the main data source was developed using qualitative methods including 
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observations, interviews and other relevant statements. Enexis conducted the quantitative 
analysis, focusing on the results of thematic ‘intervention’ weeks. During these weeks, 
participants were urged to use the platform to achieve certain goals, like ‘reducing standby 
power’ or ‘being as self-sufficient as possible’. We attended ten project meetings and were 
both participants and observers of the work being done by the DSO, the energy cooperative 
representative and the IT developer. This enabled us to gain a great deal of insight in not 
only how the platform was supposed to function according to its designers, but also how it 
was actually received and used by householders. 

Six months into the project we conducted a focus group interview with seven participants, 
most of whom were involved and knowledgeable cooperative members. Seven individual, 
in-depth interviews were conducted with platform users over the course of the pilot. These 
interviewees were sampled according to the average characteristics of the majority of 
DEH members: aged (well) above 40, with no young children living at home, well above 
average income and education, and often a professional or personal affinity with energy 
or engineering. All the focus group participants were men; two out of the seven individual 
interviewees were women. All the interviews were semi-structured, guided by a topic list 
which encouraged participants to discuss their experiences with SSmE, while giving them 
the opportunity to bring up aspects themselves. The interviews were recorded, transcribed 
and manually analysed, allotting the various activities of the original platform design into 
categories. The analysis included verbatim interview reports to enable insight into the 
empirical sources used and thereby present as accurately as possible the users’ experiences 
with the SSmE project. The quotes in this article are labelled as follows: [GI] denotes a focus 
group quote, and [I1-I7] denotes individual interviews.

2.3 A project for Resource Man?

For a number of reasons, the project studied here very aptly illustrates the Resource Man line 
of thinking, namely that a resource manager has an interest in energy data, can understand 
it and interprets it to make economical and sustainable choices regarding energy usage, 
then shares this information and knowledge with community members. First of all, the 
project rests on the assumption that individual participants, when provided merely with 
information about energy usage, are willing and able to adjust their energy consumption 
pattern. Usage data is available in real-time, enabling the user to monitor the level of 
electricity consumption directly on the website or app, at any time and place. Secondly, the 
explicit goal behind providing energy data is to reduce the pressure on the local grid and 
use renewable solar power on-site. The introduction of solar panels had created new peak 
pressure on the local grid, because much of the generated solar power was fed back into 
the constrained local grid. This grid management issue was a strong driver for the project 



30 CHAPTER 2

and is visible in the communication with the pilot participants. Asking users to consider 
the pressure they are putting on the grid assumes that the users know about, understand, 
and are willing to work towards this grid management goal. Combined with the absence of 
economic data and incentives, the assumed interest in energy matters becomes even more 
crucial. A third reason why this case is significant for the strongly rational management 
approach to energy behaviour, is that providing timing-of-use advice presupposes a degree 
of flexibility in energy consumption. The participants were thought to be able to react to 
this advice by using energy at a more suitable time, when renewable power is available. 
The participants’ characteristics mentioned above, including the fact that one household 
member is often at home during the day, raised the expectation that compared to the 
average Dutch household, energy usage could indeed be relatively flexible. Furthermore, 
as many participants have their own solar generation capacity, they were thought to be 
more keenly interested in energy and self-sufficiency. Finally, the social embedding of 
the participants in an energy community was strongly emphasized in this project, adding 
another important characteristic to the ideal individual resource manager. Introducing social 
norms about energy usage by comparing peers or showing what the average household 
consumes, has proven to induce energy conservation, especially by above-average energy 
users (Allcott, 2011; Beelen & Bijlsma, 2016; Schultz et al., 2007). Besides providing average 
usage figures (effectively setting a norm), SSmE also allowed users to make comparisons 
with others by selecting peers and requesting insight into their data. Individual energy data 
was to be shared and compared, solar-generated power would be virtually shared with 
the community, and the knowledge gained about reducing and shifting energy demand 
was to be shared with other community members. This presupposes that their energy 
behaviour is a salient topic for participants to talk about and share with others, overruling 
their own privacy and that of their household members. In sum, considering the people 
and technologies involved in this project, many characteristics of the energy industry’s ideal 
vision for the smart energy citizen (Goulden et al., 2014), in other words an ideal Resource 
Man, were assumed to emerge from the implementation of this project.

2.4 Managing energy in the SSmE project

In this section we explain to what extent the SSmE platform was used for managing 
domestic energy patterns. The project partners co-designed the platform to enable three 
sorts of energy managing activities: monitoring energy consumption, planning energy 
consumption by using timing-of-use advice and communication with other participants. 
These functionalities reflect the three goals formulated for the project: reduce energy 
consumption, improve self-use of solar power and strengthen the ties within the energy 
cooperative. We will describe how the SSmE platform was designed to be used in these 
three activities of monitoring, planning and sharing, which shape the following analysis.
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Monitoring energy consumption
The platform allows users to monitor their current electricity and gas consumption and review 
their historical consumption patterns. This information can be shared and compared with 
other users. The main aim of this function is to help users reduce their energy consumption 
by making it visible and ranking it in relation to their peers. This function specifically targets 
inconspicuous consumption by electronic equipment that is always switched on or left on 
stand-by, but tracking real-time usage can also highlight high-consumption devices to the 
user. The periodic ranking is based on the savings recently achieved (the previous week 
compared to the one before that), driving a continued incentive for the users to find savings.

 

Figure 2.1 Snapshots of the SSmE app (mock data and names). Real-time usage with a timer, ranking within the 
community, ‘my community’ bar. 

The monitoring interface design relies on users having the skills to interpret and make use of 
the data presented. The snapshot above (Figure 2.1) is intelligible for someone who knows 
their household’s actual usage, understands how much 1341 watt is, what the stopwatch 
timer can be used for, what the ranking is based on, and what the community bar represents. 
Underlying this is the expectation that by monitoring their energy consumption, the user 
will act on this gained knowledge and reduce their consumption. 

In practice, the SSmE platform was used regularly to monitor energy consumption at the 
start of the project, often triggered by periodic news, emails or messages from the platform 
on the ranking of households’ reduced energy consumption. Participants indicated that 
monitoring can indeed provide new insights and help to make some savings, but they also 
stressed the limited usefulness: 
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“It is fun to look at in the beginning, but you don’t continue watching it endlessly. At some 
point it works, and you can do something with it, but then it stops”. [GI]

“By now I can pretty much predict how much my panels are generating, when the kids are 
home and when the washing machine is on, so I can safely estimate the usage. Then you 
slowly look less and less... You’ve learned how to use it. Your goal is accomplished.” [GI]

These quotes clearly show that the users do not yet state how they apply the information 
to make changes in their energy usage. Rather, they use the monitoring to simply get to 
know their energy consumption. Consequently, this knowledge about the energy usage 
itself, rather than the action resulting from it, has become the main focus of the monitoring. 
The slogan ‘to measure is to know’ (meten is weten) is commonly used in campaigns or 
for marketing monitoring solutions. However, knowing your energy consumption does 
not necessarily trigger changes in consumption behaviour. Furthermore, once people 
had gained insight into their energy usage, they did not see the point in continuing the 
regular monitoring. Nevertheless, the monitoring can have lasting effects; it just depends on 
whether consuming practices change based on the information from monitoring, and how 
durable these changes are.

Generally speaking, there are two ways to reduce overall energy consumption: the consuming 
practice is not performed, or the way it is performed is changed so it becomes more energy 
efficient. The latter can, for instance, be made through changing lightbulbs or adding 
switches to cut back standby consumption. During the pilot, a week-long competition was 
arranged to focus on reducing as much standby power consumption as possible between 1 
a.m. and 3 a.m. In this week, 79 out of 104 participants managed to cut back their electricity 
usage, totalling a combined reduction from the benchmarked 8195 Watt to 7146 Watt. The 
winner of this contest demonstrated her solutions in a promotional video: plug boxes with 
switches to turn off mobile chargers and television set equipment, as well as timer switches 
on the floor heating pump. The interventions do not strongly challenge the established 
ways of carrying out these activities. Watching television does not really change, only the 
handling of the television equipment when it is not in use; telephones are still charged, and 
the floor is still heated at the times required. Further changes in consuming practices (or 
not performing the practice at all) would increasingly challenge the established comfort 
and patterns of domestic life. Such changes relate to a variety of dimensions, including the 
emotional, cultural, financial and institutional embedding of these practices. Fundamentally 
challenging energy use levels is thus a complex endeavour. This might explain why ‒ despite 
the provision of monitoring information ‒ a significant number of participants did not make 
much use of, nor take action based on the information.
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The project participants regarded monitoring as a means of gaining insight into the 
possibilities of saving energy consumption. Yet, as participants claimed to already use 
relatively little energy, many did not see the need and added value of monitoring:

“No, because we actually use very little [energy]. There are just the two of us at home. We 
don’t have to keep any children under our thumb so to speak. And other than that, no we 

don’t really look for savings, because we use so little.” [I5]

This claim is typical for (especially older) participants who, as solar panel owners and 
members of a local energy cooperative, often claim to be more engaged with their energy 
usage. Enabling monitoring might trigger more economical use of energy, but in this case, 
most participants felt they were already behaving economically.

The users’ ranking (see figure 2.1) based on their energy savings, and showing average 
consumption, adds a social-comparative dimension to energy usage (Petkov et al., 2011) that 
can drive members of a community like this to engage further with energy. It improves the 
user’s knowhow on how well their household is performing compared to others, challenging 
or confirming their initial perception of their performance regarding energy sustainability. 
Furthermore it tells the users that the household could be performing better if they are not 
at the top of the list. And because the ranking is within a community of peers subscribing 
to the same goals for sustainable energy, this could also mean that users feel they should 
try harder to further reduce grid-fed energy use. The pilot study also did rankings during 
thematic weeks on saving and self-using energy. At project organization meetings it became 
clear, however, that performance can be determined in various ways, ranking absolute or 
relative reductions in energy usage, normalized for differences in individual household 
characteristics or not. This was complicated even further by the different composition of 
households’ electricity usage and their initial performance. As some users were already 
relatively economical in their energy usage, they had fewer options to make further changes 
in their practices, and therefore could not score well in the rankings on reduced energy 
consumption. One user reported that he ranked on top in weeks when he happened to be 
out of town and thus did not charge his electric car at home, causing a great reduction in 
energy use compared to the previous week. Users noted these limitations and imprecisions, 
which, combined with the insight gained about their own energy consumption through initial 
monitoring, led them to be increasingly uncertain of the function’s usefulness. Real-time 
monitoring of consumption was often not feasible because of a slow-performing platform, 
preventing users from figuring out the composition of their energy use in more detail:

“Sometimes it is really slow starting up and the home screen doesn’t always show all 
the data it should... And about the costs and such, I don’t know how reliable that is… I’m 
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thinking: is that correct or not, so I don’t really look at that very often. So I mostly look at 
the screen with my own usage and how much is fed back [to the grid].” [I5]

In sum, the monitoring function failed to engage users in continuous monitoring and 
inducing subsequent action: the main assumption that insight in energy usage automatically 
triggers a change in behaviour was not evident. Besides, extra monitoring was regarded as 
not delivering more benefits because participants felt their energy behaviour was already 
optimized. Lastly, the range and measurement of factual insights gained from monitoring 
were regarded as unsatisfactory. Nevertheless, at a final SSmE project rating, the participants 
valued the monitoring aspect of the project most positively and the continued performance 
ranking did provide a trigger to check their own consumption and PV generation figures.

Planning energy consumption
The platform also encourages energy consumption planning. Currently planning is 
important because the successful cooperative efforts to create PV generation capacity 
among members has resulted in a new peak of unused solar power being fed back into the 
local grid. This peak is in fact even larger than the traditional demand peak when electricity 
is fed to households. The peak of solar power not used on-site exemplifies the potential 
issues that grid operators expect in a renewable energy system, and was a major reason 
to conduct this pilot. The online platform incorporates a function that aims to improve the 
consumption of electricity generated by solar PVs within the cooperative (see figure 2.2). 
Users receive current data on the self-sufficiency of the cooperative: how much electricity 
has been taken from the grid and how much has been fed back. When checked, this advice 
indicates if any solar electricity is available for use around that time; if this is not the case, a 
measure to reduce grid-fed consumption is provided. Additionally, members can plan their 
energy consumption based on predictions about consumption and PV generation within the 
cooperative. A graph shows the predicted solar generation and electricity usage within the 
community for the day and coming days. 

 

Figure 2.2 Main text on the left: “Energy usage advice”. Text in speech balloon: “Currently, no DEH energy is 
available. Save for example on lighting”. Small text in speech balloon: “This advice applies until 11:00 tomorrow. 
After that, DEH energy will be available again.” Text on the right: “Yes, I am following the advice” – “No, I am not 
following it”.
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The idea of a graphical display function was that participants regularly checking this 
advice would find ways to reduce grid-fed consumption and increase their consumption 
of cooperatively generated electricity. Solar electricity generation is introduced and made 
visible, indicating the right time to use energy more sustainably. Optimistically speaking, a 
dedicated energy manager would do some form of planning whereby this timing is the basis 
for scheduling consuming practices, aiming to use as much solar power on-site as possible. 
How flexible an energy user is, depends on the range of energy consuming practices that the 
user can fit into this new regime of timing energy usage. 

One of the project’s goals was to collectively increase on-site solar power usage, but 
throughout the project no differences in self-consumption were measured at the 
cooperative level. A special thematic week was arranged to raise awareness of the timing 
of use advice function (similar to the week for reducing night-time consumption). Even 
during this competitive event, the goal to increase the use of electricity generated within 
the cooperative was unobtainable, although individual efforts to increase the use of solar-
generated electricity are possibly obscured at this level of measurement. One reason 
found for the relatively low flexibility displayed during this pilot is that participants saw 
limited possibilities to shift activities from classic peak moments to the solar peak period. 
Flexibility of electricity usage depends on the practices that actually use electricity. In the 
Dutch case, most peoples’ heating, cooking, and driving practices use gas and petrol rather 
than electricity. The electricity-using practices that participants regularly acknowledged 
and named as variable that could be shifted in time, are the use of the washing machine, 
tumble dryer and dishwasher. Less often mentioned are the charging of battery devices 
and using household appliances like the vacuum cleaner. Shifting the use of these larger 
appliances would have a significant impact on on-site solar usage, but did not occur widely 
or consistently in this case.

It should be noted here that electricity consuming practices are obdurate, for instance due 
to being bound up with natural rhythms (the need for lighting), organizational rhythms 
(cooking, leisure activities) and household composition (number and age of household 
members; not being at home during the day) (Walker, 2014). These domestic practices also 
have established ways of doing (by whom), are routinized and interlinked with other practices 
and chains of actions. Standards such as not wanting to run the washing machine when 
away from home, or not leaving laundry in the machine to prevent smell, also contribute 
to the obduracy of these practices. This demonstrates the existence of messy realities of 
individual preferences, dependencies and responsibilities, even around seemingly easily 
‘plan-able’ activities like washing.

A way to plan energy consumption is by introducing automation. Especially practices 
involving technology that is continuously switched on in the background are identified as 



36 CHAPTER 2

suitable for automation and thus ideal targets for being made more ‘smart’ and flexible. 
Many participants showed interest in having these background processes controlled by 
software in such a way that the household uses more renewable energy without the user’s 
active intervention. 

“What could be done, what we could consider, are fridges and freezers. These could be 
steered so that they cool when power is cheap and turn off when it is expensive.” [GI]

“But I also think that with remote control and using big data, we can control appliances a 
lot better without needing too much interference.” [GI]

Thus smarter appliances can take over some of the planning activities otherwise left to the 
householder. However, as one inhabitant of a smart home mentioned, this technology can 
also break away from the background and create a feeling of ‘limitation’ [I6]. Automated 
decision making and control come with rules which may noticeably limit the user in 
moments of breakdown or deviation from the usual pattern. In the pilot, the decision to 
adhere to the newly introduced timing advice was still in the hands of the user, relying 
on very ‘manual’ and variable activities like washing to be shifted in time. Appliances like 
dishwashers are often programmable to run at specific times, potentially providing some of 
the automation that can help in timeshifting. But as stated above, these practices are set in 
such a way that a change in timing probably also means a readjustment of other practices, 
schedules or habits. 

The idea of planning activities based on the price of energy was not new for many 
householders with a double meter; they have fixed lower tariffs between 21:00 and 07:00 
and at weekends. Many participants indicated they plan certain activities like washing in 
this period, which is even more feasible with programmable appliances. On the one hand, 
this could be seen as a precedent for engaging in planning energy consumption with just a 
change in the preferred period. On the other hand, the double meter now works counter 
to the timing advice based on solar power generation. While for a long time householders 
were incentivized to use electricity at night, now grid operators want to entice them to 
instead use more power during solar periods. 

“We used to be programmed to do as much as possible at night and now we should do as 
much as possible during the day. That’s a bit strange.” (Interviewee switched to one flat 

tariff) [I2]

“We did not join in that. Not because... we are pretty selective in our electricity use. We 
turn on the washing machine and dishwasher with the night tariff, and we don’t wash that 
often, maybe twice a week. So that is not very much, there’s not much we could do...” [GI]
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SSmE participants with this double metering system faced competing incentives, and for 
now, many perceived the greatest benefit was using the night tariffs as much as possible. 
This is partially a matter of gaining economic benefits: making more use of solar power on-
site is not financially beneficial if it is possible to feed it into the grid and be compensated at 
a later date through net-metering. At the same time, making use of night tariffs does yield 
an economic benefit, although the amount is low and even disputed [GI], because it also 
comes with a small extra fee. The question of economic benefit in relation to timing energy 
use is thus perceived in various ways, not always clearly in favour of using solar power when 
it is generated. The platform did not convey any economic indicators about energy, only the 
availability of solar power, and therefore did not help to resolve this issue. In addition, some 
participants found it counterintuitive to be encouraged to use electricity at certain times 
because this does not gel with the idea that it is better to use less energy. 

One goal for the SSmE pilot was to see whether, without financial instruments, the 
participants would be willing to shift part of their consumption to solar peak hours. The 
emotional reward of being self-sufficient and running the household on renewable energy 
are important reasons for many users to be part of the energy cooperative and the pilot 
study. For some participants, these factors had a significant meaning and they applied them 
to several of their domestic activities:

“The basic idea is that you use your own energy. So like now can you switch on the vacuum 
cleaner, now the dishwasher, now the washing machine. So that they work on those solar 

panels. That really appeals to me.” [I2]

There was no financial gain from using more of the community’s solar electricity, and the main 
incentives at play involved appealing to the emotional value of a self-sufficient community, 
or setting a “good energy conduct” example for others. Project participants were aware of 
the grid management issues stemming from the strong uptake and feed-in of solar power. 
Yet, even when participants indicated they cared deeply about the sustainability aspect of 
their energy usage, this did not offset economic interests: 

“[Money] is just one trigger. I feel very responsible for the environment, but it [sustainable 
action] has to earn me money. And solar panels do that.” [GI]

Throughout the project, the participants as well as the project leaders spoke about the 
economic benefits being important to engage more “average” people: the average family 
with children and perhaps not so interested in energy and sustainability. At the same time, 
they recognized that even if economic gains were available, this would not automatically 
lead to challenging established ways of running the household. The current electricity 
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system provides the comfort of not having to actively engage in this, and losing some of this 
comfort is not seen as desirable:

“Well, I think that without maintaining comfort levels, people will not join in [timeshifting]” [GI]

“People are willing to pay quite a lot for having comfort, you can see that in many things.” [GI]

During the short period of this pilot, most participants did not deem self-sufficiency an 
important enough goal to challenge established patterns of consumption. In fact, the 
current pattern, whereby electricity usage happens outside the solar peak hours during 
the day, is not challenged by the financial mechanisms of net-metering and day/night 
tariffs. Net-metering effectively removes the need for self-use and does not cause solar 
PV owners to question their consumption patterns. The  project under study deliberately 
did not introduce new financial mechanisms as it aimed to test for emotional and social 
drivers. In the end, the SSmE platform did not succeed in inducing a significant shift in the 
participants’ energy consumption patterns. From a rationalist perspective, this would call 
for deeper restructuring of energy costs to be more variable or place more responsibility for 
energy management at the household level. Our findings suggest that financial costs and 
benefits of energy are just one factor that might help some users to further challenge their 
consumption patterns, but are of little interest or importance to others.

Sharing energy data and knowledge
One of the DEH cooperative’s goals was to foster ties between its members and thereby 
create a stronger (energy) community. The energy management platform was therefore 
designed to also provide ways of communicating with other members, through a chat and 
message board. It was presented as a learning tool to gather and share the knowledge that 
users developed through their engagement with the platform. Participants who did well 
in the energy saving and self-use rankings could be approached by others to find out how 
they in turn could achieve similar results. Knowledgeable participants could assist their 
community members with applying the monitoring and timing advice to make changes to 
their energy consumption. The communication tools could also be used for organizing and 
reporting offline cooperative activities or discussing issues.

After nearly a year since the project’s launch, the communication tools are not used a great 
deal. Initially, people showed interest because it was new and some users were still in the 
learning process of installing equipment, monitoring data and perhaps making interventions. 
But like the waning interest in monitoring and reducing energy usage, the need to talk to 
others also declined after time. 
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“But I’m noticing now the chat function is dwindling. When it was first launched there was 
quite some chatter and questions were asked.” [I3]

One reason is that the cooperative and the smaller group of SSmE users are not as connected 
as the notion of a community might suggest. The users are mostly not well acquainted with 
each other, and although they share a common interest in generating renewable energy, for 
many this interest is not something that makes them start communicating with users they 
do not know. 

 “We should probably [contact other users] more, but I’m not so sure how. I don’t really 
know that many people in DEH so maybe we should… I think this is true for other people 

too: they don’t know each other.” [I5]

The lack of connection between cooperative and SSmE users was acknowledged before 
the pilot began: earlier research with members of this cooperative found that gaining new 
contacts and working together with others were relatively unimportant reasons for joining 
(Sedee, 2014). But the hope for this platform was that over time, interest in the issues at 
play would grow and foster increased interaction and ‘community feel’. For those users with 
a greater than average enthusiasm for or knowledge of energy management, the platform 
was an interesting way to engage with likeminded users. But without the trigger or invitation 
to take part in specific activities, the average user was not part of online discussions and 
learning, nor talked to other members about comparing, reducing or shifting energy 
consumption.

There are several explanations. In terms of skills, online interaction through forums and 
direct chat may still be an activity which some (especially older) participants have not 
developed. Some users indicated they prefer to talk and compare their energy performance 
with other participants offline (in person) instead of using online tools. Others indicated that 
they would like to talk about energy-related topics and the platform with non-participants, 
especially family members and friends, which is not possible through SSmE. 

“So you need some kind of impulse to get people back in and get the discussion going on 
there.”[I3]

The users do not seem to see the point of communicating on the platform; there has to be 
something to talk about. The reasons for online interaction might have to be demonstrated 
by the cooperative through other means. It might take more ‘teaching’, for instance by 
experienced users who can introduce others to the ways and benefits of communicating 
online. 
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“But maybe DEH should…. keep organizing activities. But a bit more actively, so people can 
get to know each other.” [I5]

This indicates that online channels may not be the best way to primarily create a bond and 
trust between cooperative members. Offline activities like cooperative meetings, excursions 
and workshops for children on energy-related themes seem to be better channels for 
connecting and sharing. This project’s participants did not live up to the expectation that 
users are keen to engage in smart energy communication online.

2.5 Discussion and conclusion

In this article we set out to empirically study Strenger’s (2014) idea of the Resource Man 
. From the Resource Man perspective, domestic energy innovations enable producer-
consumers to make their own energy demand levels sustainable, affordable and grid-
friendly. This management of domestic energy usage is thought to be a rational affair, based 
on current and predicted energy data including economic and sustainability-related factors. 
Within the Resource Man perspective, ultimately sufficient data and the right incentives are 
assumed to result in flexible energy users and the successful recruitment of households to 
the larger project of managing the grid. 

Strengers suggests several strategies with which the Resource Man is likely to engage 
(Strengers, 2014). Using the case of a pilot project testing an ICT-based monitoring platform, 
we posed the question: which activities would emerge as actually being performed by 
this engaged domestic resource manager. The online platform focused on three activities 
(energy monitoring, planning and sharing) that were to become part of domestic energy 
management. Given the characteristics of the project participants and the affordances of 
the platform, if the activities of the Resource Man were to be found emerging anywhere, 
this project offered a likely arena. 

The vision of the Resource Man ‒ a tech-savvy individual who, through smart appliances, 
can draw on detailed, personalized energy data, make rational decisions based on this, and 
act diligently on his gained insights ‒ did not manifest itself in the SSmE project. Rather than 
diligent energy managers, participants became rather inattentive over time: Early in the 
pilot they performed all three activities enabled by the platform, however, their engagement 
soon diminished.

Most users performed monitoring for some time but did this less later on as it failed to 
provide new, additional knowledge and information. Continued monitoring was not 
expected to yield new insights in consumption patterns or solar power production. This 
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was the main reason to discontinue monitoring, and earlier studies have come to similar 
conclusions (Hargreaves, Nye, et al., 2013). Contrary to the image of an energy manager eager 
to regularly receive energy-based personalized data, users grew wary of the information. 
What is more, many felt they “knew more” than the insights of the monitoring data could 
provide, as they were convinced that they had already optimized their energy use. Planning 
based on timing-of-use advice was not done on a large scale either, and overall the project 
did not lead to measurable changes in the timing of energy usage at the community level. 
Apparently, inducing flexibility in electricity use patterns is difficult, and participants turned 
out to be rather inflexible, something which is not in line with the conduct of a Resource 
Man. The SSmE project participants could not live up to the vision of being engaged online 
communicators. Despite the possibilities offered by ICT, most of the participants refrained 
from sharing energy data and knowledge online. Besides, the option to compare individual 
energy behaviour data did not induce the promised competitive impulse. This suggests 
that online “energy communication” is less self-evident than commonly assumed and 
“gamification” (e.g. through competition) is not necessarily self-propelling. 

The fact that the Resource Man vision did not manifest itself does not diminish the power 
this notion holds. The case study analysed here is an example of how strong assumptions 
associated with the Resource Man vision are entrenched in smart grid project design: 
users are assumed to want to monitor, plan and share their energy activities. One of 
the aims of managing these demand side activities is to increase the flexibility of users’ 
energy consumption. In line with developments noted by Strengers (2012), promoting 
flexible energy consumption is explicitly framed to be good for the electricity grid, and 
therefore represents a redistribution of grid management tasks to the energy community 
and households. This task incorporates feedback received from grid managers, who are 
in a position to mould this feedback to suit their interests. Though the feedback function 
in this project was designed to incorporate both the cooperative and the grid manager’s 
goals, we could question how strongly the various interests are represented in the framing 
of feedback. In fact, just as in our case study project, grid managers in the Netherlands 
seem to be strongly influencing local sustainable energy projects according to their own 
grid management tasks. This works to both maintain their organization’s role in the energy 
system as well as recruit local energy actors to be ‘good energy citizens’ (Goulden et al., 
2014). The socializing of energy consumption (Petkov et al., 2011) might appeal to the user 
and encourage more efforts to save energy. However, it also introduces notions about what 
is ‘good’ or ‘responsible’ energy conduct (Heuts & Mol, 2013), or even the experience of 
social pressure regarding the responsibility of your own energy usage. Normative framings 
of energy consumption could also be expected to affect relations within energy cooperatives 
and within households, where the task of performing energy management might fall to 
specific individuals, who manage not only their own but also others’ energy usage. As this 
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seems to be a male oriented and dominated task (Strengers, 2014), just as in our case study, 
it might cause gender-related tensions within the smart home (Aggarwal-Schifellite, 2016).

Bulkeley et al. (2016) discuss the “realignment of relations between the grid, community and 
household” within smart grid development as a set of governmental programmes. Our case 
study could also be seen as an example of a (test) configuration in which governing proceeds 
by introducing “smart grid logics” at the household level, fostering self-government of energy 
conduct. As such, energy conduct is not only governed at the “top” by grid managing and 
rule-making practices but also at the community and household level. We would add that 
energy communities, beyond being governed, also play an active role in these processes of 
rule-making and technology development, for example in our case as co-developers of a 
platform also working toward its own goals. One implication is that visions of the Resource 
Man are not necessarily only endorsed top-down from industry to users, but can also be 
fostered by actors on the demand side. 

One of the main critiques levelled at the Resource Man vision is that activities “intended for 
Resource Man overlook almost entirely what people actually do in their homes” (Strengers, 
2010, p. 28). Another is: an extremely narrow understanding of energy consumption and 
how it might change. Theories of practice (Gram-Hanssen, 2010; Shove et al., 2012; Walker, 
2014)argue that rational and individualist approaches like that of the Resource Man are 
“excessively individualistic and fail to appreciate the ways in which variously, social relations, 
material infrastructures and context are intrinsic to the performance of social practices” 
(Hargreaves, 2011, p. 82). The practice theory perspective has implications for how we 
consider consumption: “… from the point of view of a theory of practice, consumption occurs 
within and for the sake of practices.” (Warde, 2005, p. 145). Energy consumption is just what 
happens while going about our daily lives in our particular ways, it is not something we do 
specifically. The room for the individual to make changes to individual practices (and the 
energy these use) is linked with the great complexity of practices on which they depend. This 
obduracy of everyday practices was demonstrated in the case study; especially changing 
the timing of practices in the household faced complexity, routines and preferences. Thus 
changing energy usage patterns goes beyond designing the right incentives, providing the 
right data, and relying on the individual user to make the right and informed substantial 
changes. 

A practice theoretical perspective also has consequences for how we think smart energy 
devices affect energy usage. The successful introduction of a functioning platform that 
facilitates planning, sharing and monitoring does not mean that changes in energy 
consumption patterns will actually take place. Changing consumption patterns requires more 
than a narrow focus on designing feedback, monitoring or planning devices. In our view, the 
devices for engaging with energy should be seen as the material elements of potentially 
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emerging practices of energy managing. Naus et al. (2015, p. 133) find that energy managing 
practices “…may be better conceptualized as an emergent bundle of practices or as a 
distributed set of tasks that together make up a practice of domestic energy management.” 
In this sense it is more fruitful to see domestic energy management devices as the producers 
of information and meanings which could become part of the mode of organizing domestic 
energy usage. Looking beyond the notions of Naus et al., we propose that householders 
can engage in a wider range of energy practices ‒ or e-practices as we like to call them ‒ 
beyond the use of management devices: being active in an energy collective, generating 
and trading energy, storing energy, or discussing energy. It is through e-practices that energy 
is highlighted, made visible, problematized, managed, stored or discussed, which in turn 
produces insights that can be used to shape domestic energy conditions. This position 
recognizes the potential but partial role of domestic smart grid technology in effecting 
change in daily practices, as it only forms part of an e-practice. In line with earlier work on 
theories of practice (Shove et al., 2012), e-practices require the prospective user to integrate 
elements of skill and knowledge and elements of meaning with the technology itself. In our 
case study, these elements were present as the targeted users (energy cooperative members 
with solar panels) were relatively knowledgeable and interested in energy data, qualities 
which allowed monitoring and planning e-practices to emerge. In contrast, the Resource 
Man position simply assumes every prospective user has the right skills and interests to act 
as an energy manager; however, many average householders do not have all these skills and 
meaningful elements readily and willingly available. Our case also shows that even if all the 
elements are present for an e-practice to emerge, the complex and interlinked nature of 
the practices which consume energy can prevent the insights from monitoring or planning 
actually being applied to change energy use patterns. However, this does not mean that 
efforts should be directed to incentivizing households to engage with the different elements 
necessary for e-practices to emerge. As we have shown, even in a case that seems to offer a 
promising arena for resource men to perform, - they do not. This suggests that when looking 
for ways of changing patterns of energy usage, one has to look at other directions of which 
studying everyday practices could be a promising one. This is especially relevant for design 
processes. Though we do not believe in technological design fixes, a focus on and starting 
point with everyday practises is likely to inspire other visions and assumptions about the 
prospective users. Further research into the development processes and the representation 
of the eventual domestic users in the design of technologies – and their practices - could 
begin to provide answers to the questions how and which visions are fuelling the shape and 
emergence of these e-practices.
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3.1 Introduction

In a fossil fuelled and centralized energy system, a clear divide exists between the practices 
of energy management enacted by specialized actors, and energy consuming practices that 
form the everyday life of people. Although there is strong interdependency between these 
two sites of practice, the management of the energy system has always been the clear 
responsibility and task of the specialized system actors. In doing so, they have had little need 
to know how energy consumption was developing at the level of individual households or 
even the low voltage grid, as capacity issues rarely arose it this level. At the same time, 
householders did not, or rarely, engage in practices related to energy management beyond 
the occasional billing or meter checking tasks. With the transition to a renewables-based 
energy system and the development of a smart grid, the line separating the home and the 
system is blurring. 

One way in which this divide is blurring is indicated by the fact that the residential level 
is increasingly seen as a source of problems for grid management. Energy system actors, 
especially grid operators (DSOs), are increasingly worried about the changing pattern of 
electricity flows at the local level, driven by local energy generation and electrification of 
heating, mobility and cooking practices. Providers expect these developments to cause a 
thorough change of local energy dynamics, in the form of higher peaks in demand and supply. 
These peaky patterns make balancing supply and demand more difficult, and the capacity of 
the (local) grid is not designed to accommodate the electricity flows that are foreseen. The 
smart grid, filled with sensors and automation at all levels down to the individual connection 
and device, is supposed to be crucial for a sustainable energy system. 

The home-system divide is also blurred because increasingly, the home is also seen (by 
these system actors) as a place where the solution for this issue can be found, by unlocking 
the flexibility in electricity demand patterns (Fell et al., 2015; Strengers, 2013). The roll-out 
of smart meters in many European countries, as well as a broad range of pilot studies into 
developing domestic energy flexibility, signal a foreseen role of the home and its occupants 
in managing (their) energy. It is, however, unclear what exactly this role entails in terms of 
responsibilities and tasks that may end up at the household level, and how this might take 
shape in the practices of everyday life.

The management of the energy system is being dispersed, or redistributed, among a 
broader set of actors and a wider array of places, process. From a position informed by 
theories of social practice, we understand this process of ‘making the grid smarter’ as a 
redistribution of energy management practices.  Although this is still very much an ongoing 
and open-ended process, we raise the question whether the development of the smart grid 
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already carries a particular division of roles and responsibilities, severely limiting alternative 
development paths. 

There are some competing perspectives on this question. On the one hand, a role for 
locally developed and operated energy resources is foreseen in policy at the European level 
(REScoop.eu, 2019). This is an extension of the process that Moss et al. (2015) frame as 
a reclaiming of the commons, and this decentralized ownership of energy resources also 
entails a shift of power (Brisbois, 2019). On the other hand, the democratic value of locally 
developed energy management practices by communities is mostly an assumption (Van 
Veelen, 2018), which might be a form of the ‘local trap’ (Born & Purcell, 2006). Furthermore, 
the development and implementation of home energy management practices specifically, 
seems to be driven largely by the provider-side actors that have the most to gain from them 
in the current organization of the energy system (Verkade & Höffken, 2018). So, although it 
could be an open-ended process on paper, in practice this remains to be seen, which is why 
we investigate this matter through some smart grid projects.

The research question we address is: how is this redistribution of energy management 
practices unfolding, and how can this be linked to current and future actor roles in the 
energy system? This question will be answered by studying two cases where domestic energy 
management practices are developed and practiced. By following these experiments as 
they were formulated, organised and carried out, we can describe the process of designing 
energy management practices and identify some of the logics that are guiding it. In doing so 
we venture into the issue of power, because we observe that particular actors in the energy 
system employ their role, authority and expertise to steer the design domestic energy 
management practices in particular directions. The research is an empirical contribution to 
understanding the politics of designing and implementing distributed energy management 
practices.

3.2 Distribution of energy management practices

We focus on the domain of activities that enable and constitute domestic energy (and 
specifically electricity) consumption. It is fruitful to employ practice theory in the way it 
has been developed by Schatzki (1996) to understand sociotechnical regimes. We see 
sociotechnical regimes as “relatively stable configuration of institutions, techniques and 
artefacts, as well as rules, practices and networks that determine the ‘normal’ development 
and use of technology” (Smith et al., 2005, p. 1493). The system of energy provision and 
consumption is such a sociotechnical regime. 
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Applications of practice theory have tended to focus on and unpack small phenomena or 
singular places such as energy monitoring in the home (Foulds et al., 2017; Hargreaves 
et al., 2010) or sustainability practices in the workplace (Hargreaves, 2011). These ‘local’ 
practices are, however, connected with and supported by broader networks of practices 
that provide the ‘ingredients’ for these activities. In the words of Schatzki: “The activities, 
entities, rules, understandings, and teleologies that are at work in any local situation are 
elements of phenomena—practices, arrangements, and bundles thereof—that stretch out 
over time and space beyond such situations.” (Schatzki, 2011, p. 4). Schatzki offers a social 
ontology based on (entangled) social practices.

If we transpose this understanding to the topic of energy consumption, we see local 
energy consuming practices made possible by an assemblage of material arrangements 
(infrastructure, devices, energy bills) and the practices (of grid operators, electricians, solar 
panel owners) to (re)produce and manage it. Included in this assemblage are also the (inter)
national laws and energy policies, the systems and markets through an energy balance is 
constantly maintained, and the networks of vision building and transitioning towards a 
more sustainable energy system. We do to aim to discuss all these aspects of the electricity 
system; this is merely to illustrate that no matter the perceived ‘size’ of a topic, Schatzki’s 
practices-based approach translates large phenomena into smaller or broader sets of 
practices that are being performed in one or many places and times (Nicolini, 2016).

This approach allows for a view of the electricity system, and in particular the task of its 
management, as a range of distributed practices; distributed among several places (grid 
control rooms, the living room, the reserve market), organizations (DSOs, IT developers, 
aggregators, energy cooperatives) and technologies (cables, meters, batteries, smartphone 
apps). All these practices together do particular work: they ensure the provision of electricity. 
We group this range of practices that precedes the actual consumption of energy under 
the term ‘energy management practices’. As the examples above already suggest, energy 
management practices are distributed among places, organizations and technologies. In the 
development towards a smart grid, the home is becoming one of these places, not just 
as the target of energy management practices of others, but also because homeowners 
themselves are expected to take up specific energy management activities. In the domestic 
context, Naus (2017, p. 125) defines these practices as Home Energy Management practices, 
“specifically focused on the management, steering or governance of domestic energy flows, 
technologies and infrastructures”. These energy management practices are thus distinct 
from the myriad practices through which the energy is used in the home: entertainment 
practices, washing practices, cooking practices, lighting and heating. 
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A redistribution of power?
Whereas energy management practices used to be part of the domain of energy system 
actors (primarily DSOs) alone, current developments indicate that energy management 
practices can be distributed among DSOs, the public, and commercial actors. Thus, while 
energy management practices had mostly been taking place at a distance, hidden from the 
home, new technologies allow this to change. Yet, the willingness and power to influence 
the development of these energy management practices is not equally distributed; the 
established energy system actors and government are the driving forces of most smart grid 
developments (Verbong & Loorbach, 2012). 

This implies a particular directionality in the development of home energy management 
practices, namely one that best fits the views, expertise and instruments of the developers; 
who in this context are usually grid operators and emerging commercial actors, and often not 
the eventual domestic ‘user’. It is thus relevant to ask for whom these energy management 
practices at the local level are actually designed to work, who is actively exploring and 
shaping their role, and who is establishing footholds in this domain. The matter of how 
these practices, responsibilities, costs and benefits (the business case) might be distributed 
within this constellation of actors is still on the table. Naus (2017) argues that the unequal 
division of power between households and system actors forms an obstacle to householders’ 
successful enrolment to these energy management practices. Making visible “who is setting 
the goals for the ‘timing of demand, for energy storage, etc.” (ibid., p.135) is important for 
the actual emergence of home energy management practices. We contribute to this body 
of knowledge by observing how, in the (re)distribution of energy management practices, 
the ‘classic’ division is being blurred in some ways, but is also kept intact in others. In other 
words, we focus on the politics of distributed residential energy management practices 
in the midst of the global sustainable and smart energy transition. We therefore build 
on recent work on energy practices (Shove & Walker, 2014; Walker, 2014), while putting 
particular emphasis on the micro-politics and broader power dynamics at play. Given the 
socio-material symmetry and ‘flat ontology’ assumed in most social practice driven studies 
on energy, the presence of uneven relations of power is at risk of being downplayed. Our 
empirical studies, however, highlight both the socio-materiality and power dynamics 
engrained in how ‘smart’ residential energy systems are rendered manageable (Avelino et 
al., 2016; Meadowcroft, 2009).

3.3 Methods and case description

This paper builds on juxtaposing two smart grid experiments that were conducted in recent 
years within the Netherlands and Belgium. The first case study is on the Dutch project “Jouw 
Energy Moment 2.0” (JEM2.0), which translates to “Your Energy Moment”. The second case 
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is the Dutch-Belgian project “Standard Grid, Smart Homes” (SGSH) project. The following 
sections contain more detailed information about these cases. Both projects ran between the 
years 2016 and 2018, and were studied throughout their duration by the involved authors. 
Author 1 followed the JEM2.0 project as an observing researcher without responsibilities in 
project development. Author 2 and 3 were responsible for the development of the social 
and business case research elements of the SGSH project. In both projects, the researchers 
were part of internal and public project meetings and observed interactions between project 
partners and participants. A range of project partners and participants was interviewed 
by the researchers. The findings of the researchers were shared with the project partners 
throughout the project. The final reports for these projects are an important data source 
for this article. 

These cases were selected because although they show many similarities, they also show 
some striking differences. Both cases aimed to find solutions to future local grid management 
problems at the level of the individual household. Both were also heavily shaped by the 
involved DSO, who had a coordinating role in developing and carrying out the projects. 
It is the management of the grid, the responsibility of the DSO, that is being worked on. 
But within this context of developing home energy management practices, a range of 
differences can be identified in the particular ‘elements’ of which these practices are made 
up. Differences are in the particular technologies that are employed, or in the telos/logic 
that is imposed on decision-making about energy usage, or in the (lack of) skills and actions 
that is required of the user. We will identify and discuss these differences in home energy 
management practices, and consequently what their effects have been and how they have 
been assessed. It is by taking these steps that we aim to find clues or expectations about the 
direction which, on a more general level, we can expect the smart grid at the local level to 
develop into. The questions we will step-wise address for both cases are thus:

1.  Which Home Energy Management (HEM) practices were developed?
2.  What is the logic guiding these practices, and who sets this logic?
3.  How are energy using practices affected, and what are the results?
4.  What lessons are learned in the projects, especially regarding the future roles of different 

actors? 

This last question is the step towards drawing lessons from our cases and setting some 
expectations about the direction of smart grid developments. 
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3.4 Case 1 - JEM2.0

JEM 2.0 was started and managed by a consortium of diverse organizations from the 
Netherlands: the grid operator Enexis, a software developer for the interface, an aggregator, 
a battery supplier, and a research institute. JEM 2.0 followed up its predecessor JEM1 
(Klaassen, 2016; Kobus et al., 2015) and recruited two groups of homeowners (counting 
37 and 39) from this earlier phase, but also expanded to involve 17 households from a 
retrofitted neighbourhood where the DSO operated a so-called “neighbourhood battery” 
(SSU). The two major items of innovation are a software platform that presents strongly 
variable energy prices to consumers, and an aggregated fleet of battery storage devices at 
the household and neighbourhood level.

3.4.1 Which energy management practices were developed?

Monitoring and planning energy usage
The sort of energy management practices that could and could not emerge (and with whom), 
was very much steered by the initiating actors. The homeowner was expected to develop 
monitoring practices to keep track of energy usage and the changing prices, and to plan 
other energy using practices accordingly. The information presented on the platform was 
designed to explicitly invite the user in making these planning choices, based on the varying 
price of energy. It even contains a “planning” tool to calculate how much money could be 
saved by shifting a particular energy consuming practice (such as using the dishwasher) to 
another time with a lower energy price. Pricing in this platform is not (explicitly) connected 
to sustainability or the amount of solar power that might be available (Bulkeley et al., 2016); 
it was a function of the energy market at large and local grid constraints. This manual form 
of demand side response thus relied on the user to dedicate time and effort to a monitoring 
activity, which would allow him/her to be ‘steered’ in a direction defined by those managing 
the grid.

The other major item that was introduced in JEM2, the battery, also forms a material 
element of energy management practices; but these practices were not designed to be 
performed by the individual users. The battery instead was completely controlled by an 
aggregator, out of the hands of participants, and it was not very insightful to them. Even if 
the control of the battery is not a user practice, the battery’s presence and questions about 
how it was operated still figure in the energy management practices of the user. The battery 
was located in their house or garden shed, it made noise and had some blinking lights, but 
it was not easy to distinguish what it was doing at any moment, and much less so why it was 
doing it. Many participants expected the battery to provide energy to themselves at peak 
moments, to make even better use of “their energy moment”. However, the battery could 
be found charging or discharging at moments that did not always make sense to the user. 
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The seemingly erratic behaviour of the battery caused confusion for many users on how to 
proceed with their energy monitoring and planning practices (Smale et al., 2018).

Developing and controlling the HEMS
The development and control of the HEMS and it’s various elements is itself a collection of 
practices. It consists of smaller practices such as gathering data, developing and running 
algorithms, remotely checking and controlling batteries, and providing information 
feedback to individual users. Some of these energy management practices could be (in part) 
performed, or at least steered, by these same individual users. The emergence of IT-based 
energy technologies and the decreasing costs of storage makes the emergence of these 
actors, and thus an ongoing shift in these practices from public to private actors, quite likely. 
However, in the context of JEM2, householders have little to no role in the development 
of energy management practices. The energy management practices that form the HEMS 
were designed to be performed by appointed ‘expert’ actors, who do this by automation, 
and aggregate it to attain system-level effects. In this sense, energy management, although 
it is performed at a decentralized level, is still an affair for ‘centralist’ actors, rather than the 
decentralized actors (homeowner, cooperatives, municipalities…).

3.4.2 What is the logic guiding these practices, and who sets this logic?
In the preceding JEM1 project the monitoring and planning of energy usage was boiled 
down to a choice between saving money or being green, for which the algorithm controlling 
some devices would then optimize. The impact of household energy usage on the grid, or 
the value of flexibility for maintaining the grid, was not made visible to the user. In JEM2.0, 
the relation between flexibility in the household and the wider energy system was explicitly 
explored. From the formulation of the project goals (as stated in the project research plan), 
we can distil the envisioned relation between the home and the system in this case. These 
goals show the techno-economic character of the project: to “enable the development of 
business models for flexibility services” and making “a decision model incorporating the 
value of smart-controlled battery storage for the local grid” (Enexis BV, 2018b). In this 
formulation, the home is framed as a place where commercial flexibility services can be 
marketed, and that there is an economical path towards enrolling homeowners to the issue 
of grid management. This fits with the Resource Man vision about energy users and the 
latent flexibility of the home (Goulden et al., 2018; Strengers, 2013). 

Furthermore, the goals only reflect the interests of the actors initiating this project. The 
homeowners are merely participants, who have had no part in the development of the 
project, and whose interests (such as customer satisfaction) are not a goal in itself. The 
relation between the household and the system is not really being questioned in this 
project: households still remain highly dependent on the grid, although they are invited 
to try and reduce the pressure they place on the grid through price changes. And although 
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batteries are often associated with a lower grid dependency, the way this project operated 
the batteries actually means an even stronger integration of the household and the grid. The 
battery in JEM2 was very much a grid oriented device, and could also be seen as an element 
of ‘central’ grid management that just happens to be placed within individual households 
(Enexis BV, 2018a, 2018b).

3.4.3 How are energy using practices affected, and what are the results?
During the project, measurements and interaction with participants showed that monitoring, 
and as a result the timeshifting of practices, was done only occasionally, and with little 
regularity. The project analysed the manual shifting of demand based only on data from the 
participant group (37) that did not have automated storage devices installed. This is due to 
technical difficulties with precisely these devices, causing a lack of ‘clean’ data on energy 
demand for these groups. The average effect of this manual flexibility was negligible: 0,5% 
lower supply costs for the user (Enexis BV, 2018b)). Even for the ‘best performing household’ 
(3,2% lower costs), this would result in about €5 per year saved through performing and 
acting upon monitoring practices. At least half of the participants indicated that the changes 
in energy usage were largely achieved by shifting whitegoods practices like the laundry and 
using the dishwasher. Cleaning practices like ironing or vacuuming, and the charging of 
devices were reported to be shifted occasionally by about 25% of participants. The use of 
kitchen appliances for cooking and boiling water was mostly never shifted, and neither were 
entertainment practices.

As we have seen, the practice of controlling battery storage was not designed to be done by 
householders. Furthermore, the logic behind how the battery was operated was not clear 
to many of them, as they had no way to monitor or influence it. This confusion about what 
the battery does affected the way participants planned their energy usage in various ways. 
While about half of the battery-owning participants would interpret the battery to replace 
their own manual flexibility, the other half still maintained their ‘energy-smart’ planning 
practices and shifted some energy usage (Enexis BV, 2018b). So despite the fact that the 
energy management practices associated with the battery were placed in the realm of the 
aggregator, it did influence energy management decisions made by the user, even if (s)he 
has no direct control over it.

3.4.4 What lessons are learned in the projects, especially regarding the future roles of 
different actors?
The final project report concludes that it was difficult to recruit consumers to engage 
with demand response, and “without consumer commitment, demand response creates 
insufficient value” (Enexis BV, 2018b). It gives several reasons for the relatively small 
changes in energy usage patterns. Throughout the project it became apparent that it is 
not easy to get people on board with an “innovative proposition for energy”, and that it 
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requires a very strong commercial approach. It is thought that communicating “simply in 
terms of a variable price did not speak to consumer’s needs with regards to energy”. The 
proposition that is made to the participants should thus somehow better connect with what 
consumers find important, while also providing a clear financial benefit. These conclusions 
seem to give way for a broader understanding of what interests householders to engage 
with energy management. But the accompanying statement that “participants are still 
humans and decisions are not always made rationally” implies a view of demand response 
as an economic and rational affair.

JEM2.0 developed a new “business ecosystem” to be explored, in which the various related 
parties (including the “consumer”) could work together and reap some of the benefits of 
enhanced flexibility. The individual users in this ecosystem can find financial gain if they 
can manage to make use of the flexible energy tariffs, either through automated or manual 
response. Although it seems to function on paper, in practice it proved difficult to generate 
enough economic value to generate a positive business case for all parties in this ecosystem. 
The lack of reliable flexibility by manual demand response to the variable energy prices was 
already mentioned. The individual batteries also could not generate enough profit, whether 
it was by operating for demand response (DR) or as frequency control reserve (FCR). 
Combining these functionalities of the battery has the most promise, but under current 
circumstances this still not produces a positive financial result over the lifetime the batteries. 
Besides these conclusions about the effect of the HEMS and the economics of it, the project 
partners also identified a range of problems that come with the interaction with individual 
homeowners and their HEMS directly. First, generating commitment and lasting interest 
requires the participants’ trust in the organization carrying out the project. Specifically, they 
need to have trust in the party operating the battery, and trust in correct billing, which is 
especially relevant when the mechanisms behind variable energy pricing are so obscured 
from the user. Second, keeping the system secure becomes increasingly difficult when more 
interconnected devices are involved (as opposed to more centralized, larger devices such as 
a neighborhood level storage). Drawing flexibility from several devices spread over multiple 
homes thus requires more maintenance to ensure the reliability, accessibility and security 
of the system. Third, there are legal barriers that prevent the method this project used to 
make the energy price variable. Legally, the energy tax rate is flat and uniform for every 
citizen, whereas JEM2.0 made this tax tariff variable, to enhance the overall price variability. 
These barriers are not necessarily unique to this project and thus are relevant findings for 
any project that looks to create flexibility at the household level. They were also deemed 
solvable, either through political change or continued learning about communication with 
users and between technologies.
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3.5 Case 2 – Standard Grids Smart Homes

The dominant approaches to increase the flexibility of household consumption are demand 
side management and (local) storage. The Standard Grids Smart Homes project (SGSH) 
project proposed another approach to the development of flexibility in households. Next 
to Belgian and Dutch grid operators, a technology supplier and two research institutes (one 
of a large energy utility and Eindhoven University of Technology) also participated in the 
project. In this project it was not the goal to shift peaks in consumption and production 
or to use self-generated electricity as much as possible, but to limit the use of the grid. To 
enable this a new HEMS was developed and tested that focused on keeping the use of the 
grid within specific limits (maximum 10A), while safeguarding sufficient electricity supply 
and ‘normal comfort’, by optimising local production and storage capacity. The HEMS was 
tested in a field study among 16 households in the Netherlands and Belgium. The technical 
configuration of the households varied but all had solar PV panels. Part of the field study 
was a social study on the way the HEMS was integrated into daily practices.

3.5.1 Which energy management practices were developed?

Monitoring energy routines
An important aspect of the SGSH project and the HEMS was to provide energy feedback 
for households. The feedback visualises energy data and profiles so that users can monitor 
their own energy flows. Feedback was provided in two ways. First of all, there was a more 
or less ‘intuitive’ user-friendly feedback system, based on a ‘traffic light’ principle. A HUE 
ambiance light (designed by Philips) has been modified and introduced in the home 
that produces three types of signal: 1) green light, indicating that real-time or expected 
energy demand is well within limits and more can be used (due to excessive solar energy 
production, or in off-peak grid moments); 2) red light, indicating that real-time or expected 
consumption is too high, and should be reduced, cancelled and/or delayed (due to limited 
solar energy production, or indicating moments of peak grid use); and 3) no light, indicating 
‘normal’ energy consumption can continue (average energy production, normal grid loads). 
These feedback signals are based on individual households and algorithmic calculations. 
The HEMS calculates and integrates information about sun hours, state of charge of the 
battery, previous household consumption patterns, and current smart meter information, 
and can send signals if the constraints for an individual household are (expected to be) 
reached. Second, there is a more technical and detailed feedback system, called the ‘energy 
dashboard’ or Graphic User Interface (GUI). The energy data feedback provides information 
about a number of energy profiles on a digital interface. For instance, it shows ‘monthly self-
sufficiency’, referring to ratio of using electricity from self-produced electricity compared to 
electricity used from the grid.
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Regarding energy feedback, the HUE lamp has been more meaningful for households than 
the GUI. This can be explained due to a simple and direct form of feedback from the HUE 
lamp, compared to the GUI. Both forms of energy feedback, however, provided virtually all 
households with more insights into their energy consumption. Despite the enthusiasm about 
the lamp, some households became somewhat apathetic about the red lamp, especially 
during winter months, as they simply were not able to shift most energy consuming routines. 

Both the HUE light and the GUI offered the opportunities to monitor electricity consumption, 
but the households could not interfere with the operation of the HEMS; the HEMS is an 
automated system, controlled by the developers.

3.5.2  What is the logic guiding these practices, and who sets this logic, for who does it work?
Utilising local storage capacity is a crucial advantage for grid operators and prosumers. 
It allows for more decentralised arrangements of balancing energy availability and 
consumption, as HEMS allows for more consumption of self-produced energy, and local 
energy autonomy. However, the primary objective of the project has been to reduce the risk 
to violate the grid constraints. If prosumers succeed in remaining within those constraints, 
the pressure on the DSOs to invest in grid reinforcements could be reduced substantially. 
The implication also could be a shift from making the grid smarter to putting the intelligence 
in the homes (or industrial areas and neighbourhoods). Next to reducing the pressure to 
invest heavily in the grids, the DSOs also are interested in differentiated tariffs for using the 
grid. Prosumers remaining within the grid constraints could be offered a lower tariff, while 
those exceeding the limits could be charged with (much) higher tariffs. The Dutch DSO also 
was interested because the project could demonstrate the feasibility of lowering the legal 
requirement for DSOs to provide each home with the standard 3 x 25A connection.  

So, the main logic is clearly DSO driven, but when the grid limit can be respected, the 
households should be able to pursue one of the three following secondary objectives:

• Economic: minimize the total cost of the electricity bill;

• Autonomy: minimize total energy taken from the grid;

• Efficient: minimize total electricity losses (including grid losses & storage losses).

The first two objectives are primarily in the interest of the prosumers, while the third one 
serves a mix of DSO and prosumer interests.
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3.5.3 How are energy using practices affected, and what are the results?
In accordance with previous research about domestic energy practices (Powells et al., 2014; 
Smale et al., 2017; Verkade & Höffken, 2017), it became clear that some practices are more 
flexible than others. In particular the households are willing to shift the use of the washing 
machine, the dish washer and tumble dryer, and to a lesser degree charging the EV. Using 
media (TV, social media), heating and cooking are practices that the participants do not 
want to shift for energy management purposes. Also, despite differences in summer (more 
green signals by the HUE lamp) and winter (more red signals), these responses seem to 
be relatively stable. Important factors influencing the willingness, are presence at home, 
planning and timing. Not all energy consuming routines are equally important for peak 
shaving and grid management. Apart from the distinction between flexible and non-flexible 
routines, the degree to which they are related to high energy consuming appliances is also 
relevant (see table 1).

 
 Flexible routines Non-flexible routines

Related to high energy 
consuming appliances (peak 
inducing)

Using dish washer
 
Charging EV

Using oven and microwave
 
Using electric cooking

Using vacuum cleaner Using heat pump/e-boiler/e-heater

 Using water cooker/coffee machine

Related to low energy
consuming appliances

Ironing Watching TV

Using washing machine Use lighting

Using dryer tumbler Charging smartphone, tablet, laptop

Table 3.1 Differences in flexibility of household routines related to energy consuming appliances

Apart from the type of energy consuming practices, the social response of households to the 
HEMS and its integration into energy management practices– and the overall effectiveness 
of the HEMS – also seems to depend on:

• Negotiations among household members, as this shapes what routines are shifted by 
which household members; some energy consuming practices can be delayed while 
others are simply unnegotiable;

• Physical presence in the home (mainly in the afternoon), as shifted energy consumption 
often depends on physical activities;

• Although the participants indicated that financial incentives were not the main reason 
for participating, they expected that tariffs and incentives will shape the willingness of 
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households to become more flexible, depending on future capacity tariffs, the price of 
the HEMS (in particular the costs of the batteries) and dynamic peak pricing.

Another interesting result is that the SGSH households indicated that they are willing to shift 
energy use, but are much less inclined to reduce their energy consumption. Many SGSH 
households do find saving or reducing energy important, given their social, environmental 
and economic ambitions and in practice, households also do reduce energy because of the 
HEMS. However, most households responded that there is a clear demarcation between 
wanting to save or reduce energy and practical social restrictions or norms of comfort; the 
latter ones are clearly prevailing.

3.5.4  What lessons are learned in the projects, especially regarding the future roles of 
different actors?

The overall lesson of the project is that installing the HEMS with a battery greatly reduces the 
impact of distributed generation and new large loads on the current distribution networks. 
The main negative factor is users with a (too) large PV system. It is a feasible option to deal 
with the great challenges the energy system is facing. The HEMS still needs to be adapted 
to local circumstances and demand profiles, but also to the preferences and wishes of the 
households in order to be acceptable and attractive. In regard to the economic feasibility 
of the HEMS, the research investigated business models for DSOs, suppliers of the HEMS 
(utilities or other actors like ESCOs or aggregators) and for communities, but there is not 
yet a business case for any of those actors. The feasibility depends mainly on changes in the 
regulatory framework. Several configurations are still possible, e.g. a more commercial one 
with aggregators or a community driven one. Political decisions on the allocation of roles and 
responsibilities will decide which case will be the most promising.  In the setup of the SGSH 
project, both DSOs and prosumers can profit, but the stakes for the DSOs are much greater.

3.6 Conclusion and discussion

In order to formulate an answer to the main research question, the findings for the two case 
studies will be compared first. Similar between the two case projects was the intention that 
participants would develop practices of manually monitoring and planning energy demand. 
The material elements provided to participants to use in these energy management 
practices were different; both gave the user an information app, but the SGSH case also gave 
a physical feedback tool in the form of a HUE lamp. This physically present signal was valued 
by the participants, and this type of triggering tool was also present and well appreciated in 
the first phase of JEM (Kobus et al., 2015). JEM2.0 participants lost access to this pro-active 
information feedback, which they preferred to the information app (Smale et al., 2017).
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The logic behind the steering information provided to the user was somewhat different 
between the two projects. JEM2.0 introduced a strongly variable energy tariff that reflected 
the status of the grid and the availability of electricity, while SGSH maintained a flat energy 
tariff. Instead, it simulated a grid connection with smaller bandwidth than conventional, 
and exceeding this bandwidth would have negative financial consequences, although these 
were not actually applied in the experiment. Despite these differences, it is clear that this 
logic reflects the interests of the parties designing the experiments. Seeing that these cases, 
but also smart grid experiments in general, are led by DSOs and other provision-side actors, 
it is to be expected that these interventions follow the logics of energy system management. 
The users involved in these experiments were seen as real stakeholders, who would be able 
to benefit from the interventions made and the tools provided. However, they had no role 
in designing these, and no way of communicating or adjusting what their stake was from 
their perspective.

Overall flexibility was concluded to be low, and any effect of monitoring and planning was 
achieved in just a few energy using practices. Whitegoods and washing practices were 
deemed more flexible than leisure, cooking and lighting practices. Looking ahead, the 
promise of flexibility is expected to be mainly and reliably achieved through the “flexible 
assets” that will be more common: electric car batteries, storage batteries and heat pumps 
(Enexis BV, 2018b).

The final reports of the JEM2.0 and SGSH projects reveal quite some lessons learned. The 
economic evaluation of the projects was similar. Both projects develop a business case 
where the demands and constraints of several parties are linked. Satisfying all these parties 
by combining functions and distributing costs and benefits well is possible, but the economic 
gains produced by the HEMS elements are not large enough right now. This can change 
with altering legislation (net metering), energy prices, hardware prices, or changes in energy 
taxation. Both projects make (or simulate) interventions that fall outside of the existing legal 
framework: In JEM2.0 the energy tax rate is made variable instead of flat, and in SGSH a 
lower than a standard household connection is simulated. Both measures aim to somehow 
have the energy price reflect scarcity on the local grid at the peak times of the day. Without 
legislative change, these measures cannot be put into practice.

Going back to the research question for this article, it asks how the redistribution of energy 
management practices is unfolding, and how this can be linked to current and future actor 
roles in the energy system. Based on the findings summarized above, we can say that the 
role of citizens in the management of the changing electricity system is currently designed 
to remain limited.Despite the growing attention and expectation for the role of households 
in energy management practices, their influence in the development of these practices 
should not be overestimated. Although home energy management practices in theory can 
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provide value for both the performing homeowner and the parties managing the grid, there 
currently are significant limitations. Besides these limitations, the relatively low influence 
of citizens in the development of home energy management practices can lead to a lack 
of interest, missing knowledge and different expectations, without which these practices 
cannot emerge, even if the technological tools are in place.

A redistribution of power?
A smarter energy system entails a range of new energy management practices that make 
use of new technologies to manage energy flows at a much smaller scale than conventional. 
Many of these new energy management practices will not be fulfilled by the DSO; power 
distribution will instead be a set of tasks distributed over a collection of diverse actors. 
Individual prosumers could have a role in fulfilling some tasks, besides a range of specialized 
companies, such as the aggregator. In theory this redistribution of energy management 
practices could also mean that the power to shape these practices is dispersed. The 
collaborating organizations that run the case study projects of this paper do exemplify this 
more dispersed designing of energy management practices. In other words, the provider-
side of the energy system is changing to include a wider range of specialized, market-based 
firms to develop and perform energy management practices. The role of the user in the 
development of energy management practices at the household level seems to be, however, 
limited. Although the case projects both foresee a role for the user in the larger collection 
of energy management practices, this role is limited to responding to the needs of the 
providers of the energy system. When it comes to developing home energy management 
practices and the issues they address, the boundary between the system provision and the 
realm of the household is maintained. The case projects in this way risk “closing down and 
fixing the potential range of energy and ultimately social futures“ (Hargreaves, 2017).

A social practice perspective
This article approached the topic of household demand flexibility from a position informed 
by social practice theory. This has proved fruitful in three ways. First, practice theory 
changes our view of energy demand, focusing not on energy itself but on what it is used 
for (Shove & Walker, 2014). This is crucial to distinguish between more and less flexible 
practices and understand the various elements that constitute this (lack of) flexibility, such 
as: social norms and comfort, material limitations, the timing of practices as part of larger 
daily schedules, and personal preferences.

Second, this perspective can also rephrase our understanding of larger phenomena, such as 
the sociotechnical regime that is the energy system (Schatzki, 2011). This systemic approach, 
still being based on practices, allows for the formulation of energy management practices, 
performed by different actors, that together form and maintain the grid.
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Third, it allowed for an understanding, and identification, of particular home energy 
management practices, highlighting the work that goes into ‘doing’ energy management. It 
recognizes that the interventions (such as in the case studies) made in the household have 
effects that are not visible in the measurement of final energy demand and how it does (not) 
change. If interventions such as flexible pricing and monitoring platforms are to produce any 
changes in energy demand patterns, householders first need to develop practices around 
these elements. These practices also require some knowledge, real interest, a goal that the 
user supports, and time; it takes work to produce the insights that the user can subsequently 
apply to make changes in other practices (Buchanan, Russo, & Anderson, 2014).

Other research has found that changes in energy using practices are sometimes made before 
doing energy management practices (Foulds et al., 2017). This raises the question if interventions 
for ‘ongoing’ energy management practices are even needed to produce changes in certain 
energy using practices. Furthermore, the persistence of energy management practices is not 
strong, and often the knowledge produced by monitoring practices is internalized in some 
way (Hargreaves, Nye, et al., 2013). After some time the user knows what usually are the 
‘good’ and ‘bad’ times to use energy, and no longer has to actively do monitoring (Verkade 
& Höffken, 2017). This ‘dying off’ of monitoring could be risky for the user in environments 
where energy prices change in volatile and unpredictable ways, or when the logic behind the 
energy pricing is not understood well, such as the JEM2.0 case.

Practices and power
Combining the previous discussions, a point can be made regarding practice theory’s 
perspective on the matter of power. “Power refers to a social relation” (Avelino, 2017); 
power relations are usually understood to exist between actors, and the dynamics of these 
power relations are a large topic of research (Avelino & Wittmayer, 2016). The practice-
based approach taken by this article initially seems not to match with these actor-based 
perspectives on social change. Indeed practice theory, by focusing on practices rather than 
institutions and actors, tends to not explicitly discuss power in itself. Despite this, “practice 
theory has within it a largely unspoken account of power” (Watson, 2017) and practice-
based perspectives should be able to account for power by framing it as relations between 
practices. This article empirically shows that the practices going on in the conventional 
places of grid management are recognizably powerful in shaping the emerging practices 
of energy management in other sites, not least the home. Conversely, we also observe 
that this ‘systemic’ power is limited in the sense that the effects it envisions (more flexible 
practices) largely depend on action by individual prosumers. Despite all the promises of user 
empowerment, the future role of users in smart energy systems is still in flux.
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4.1 Introduction

In Europe and elsewhere, there is an increase in renewable energy generation at the 
domestic and community level. By installing solar panels, more and more householders 
are becoming prosumers and take responsibility for the decarbonization of the electricity 
system. However, for the grid, the uptake of solar poses challenges to the balancing of 
supply and demand for electricity and to grid management. Solar panels only generate 
energy during day time, whereas a peak in domestic electricity consumption takes place 
in the evening. Moreover, there are seasonal differences in the hours of day light and in 
weather conditions. Storage of renewable energy near to their decentralized sources, at the 
domestic or local level, is increasingly seen as a solution to this problem. Rapid developments 
in battery technologies have even led some to claim that we are at the brink of a ‘storage 
revolution’ (Crabtree, 2015) that may change the way householders and institutional actors 
engage with energy in fundamental ways. In addition to promises about the potential of 
storage for decarbonization and decentralization of the energy system, storage features in 
discourses about the empowerment of householders and communities to take more control 
over their energy use and become more independent from energy suppliers (Koirala et al., 
2018; Ruotsalainen et al., 2017). 

Despite the view of storage as a potential enabler of the energy transition, not much is 
known about the role that householders play, or are imagined to play, in energy systems 
that include distributed storage (Devine-Wright et al., 2017). Yet, home batteries open up a 
range of possible roles and practices for householders. They enable householders to store 
their energy for use at a later time, but are also an important element in enabling new 
energy practices such as sharing and trading energy. These new energy practices place 
householders in a different relationship with the energy system and its key actors, such as 
energy suppliers. For example, the use of residential energy storage can help householders 
to become (more) autonomous in their energy supply, but domestic storage may also be 
used for demand response to help stabilize the grid (Parra & Patel, 2019).

In this article our aim is to explore potential ways in which home batteries can enable 
householders to become engaged in the transition towards low-carbon energy systems. 
Departing from the idea that energy systems are socio-technical configurations, we identify 
different ways in which householders and communities can become involved in low-carbon 
energy systems with storage. We link this idea of socio-technical configurations, or storage 
modes, to theories of ‘material participation’ (Marres, 2016; Ryghaug et al., 2018) that 
argue that through everyday interactions with (energy) technologies, people can express 
concerns and ‘intervene’ in the energy system. Our theoretical argument then is that the 
ways in which householders (are enabled to) engage with energy storage technologies in an 
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everyday, practical sense at the same time shape their participation in wider energy systems 
and their transitions. 

In the following sections, we first explain our approach to energy storage as a technology 
of engagement, and the way we conducted our research. Next, we distinguish five different 
socio-technical configurations -or storage modes- in which householders can play a role. 
We identify how each mode affords specific energy practices for householders, such as 
storing, trading, or exchanging energy, and how the performance of these practices implies 
a particular distribution of tasks and responsibilities between householders and others 
energy system actors. In discussing the wider potential implications of these new types of 
engagements, we reflect on how energy storage may foster new collective energy practices 
and engagements that challenge our traditional understanding of energy communities, but 
also how these new energy practices often imply automation and reliance on intermediaries.

4.2 Renewable Energy Technologies as Technologies of Engagement

Literature in science and technology studies (STS) views technologies not just as material 
objects, but argues that the social and the technical are co-dependent and co-evolving 
(Geels, 2005). This field stresses that technology and its social context mutually shape each 
other. Societal values such as sustainability, and ideas about the roles of users shape the 
technology, and at the same time technologies are constitutive of the social, in the sense that 
they actively shape their own context of use. Renewable energy technologies too have been 
approached as configurations of the technical and the social (Juntunen & Hyysalo, 2015; 
Rutherford & Coutard, 2014; Walker & Cass, 2007). Walker and Cass (2007) use of the term 
‘mode’ to understand renewable energy technologies as configurations of technology and 
social organization. By social organization they refer to the ways technology is ‘utilized and 
given purpose and meaning’. They distinguish for example the traditional ‘public utility mode’ 
from modes that have emerged more recently, such as the ‘private supplier’, ‘community’ 
and ‘household mode’. Walker and Cass (2007) seek to understand how different modes 
embed within them different roles for publics in renewable energy deployment. They 
characterize these roles in terms of people’s spatial proximity to technology and their level 
of awareness and active engagement with renewable energy. For example, what they call the 
‘captive consumer’ role entails a consumer who is distanced from the sources of renewable 
energy generation and consumes green energy passively. In an ‘energy producer’ role, on 
the other hand, people own and operate their own green energy generation technologies, 
for example via solar panels on their roofs, and are necessarily active and aware (Walker & 
Cass, 2007). This approach thus recognizes the variety of roles and engagements of publics 
that emerge in relation to different renewable energy configurations. 
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While Walker and Cass discuss a wide range of technologies, from micro to macro scale, 
other studies have characterized and categorized different sociotechnical configurations 
around one particular technology. For community energy storage, Koirala et al. (2018) have 
identified three configurations, namely shared residential energy storage, shared local 
energy storage, and shared virtual energy storage. This allows them to analyze the various 
ways in which local communities can use energy storage. Parra et al. (2017) describe four 
categories defined by scale and application: single home storage, community storage, grid 
storage, and bulk storage. We take a different approach in basing our categorization of 
different storage modes on the question of how householders can become involved in and 
use energy storage.

Storage Modes and New energy Practices for Householders
Rather than understanding engagement in terms of general ‘roles’ for ‘publics‘ or positioning 
ourselves in emerging research on public perceptions of energy storage (Ambrosio-Albalá et 
al., 2019; Thomas et al., 2019), our aim is to examine what these ‘publics’, as householders 
who have installed energy storage devices, can do. In other words, we unpack the roles 
and forms of engagement by focusing on the (new) energy practices that become possible 
in different storage modes. Here we build on the work of Noortje Marres (2016), who calls 
for an appreciation of everyday material practices as forms of participation. She views 
people’s everyday use of energy technologies such as smart meters, as possibilities for 
public engagements in environmental issues. As she argues, everyday material actions can 
enable ‘practical or physical interventions in current states of affair’ (Marres, 2008). Such 
an understanding of ‘material participation’ acknowledges the ways in which people are 
engaged in sustainable energy transitions through their everyday practices with household 
and energy devices.

Building on Marres’ work, Throndsen and Ryghaug (2015) apply the concept of material 
participation to assess the character of householder engagement in the case of smart 
grids. They conclude that householders, as ‘material publics’, articulate widely ranging (and 
politically engaged) smart grid enactments. Ryghaug et al. (2018) argue the introduction of 
novel energy technologies in householders’ everyday lives, such as solar panels, the electric 
car, and the smart meter, may create new forms of (materially based) energy citizenship. 
They give the example of the smart meter that through near real-time measurement and 
visualization of energy consumption makes energy visible in the household. This may result 
in the articulation of the issue of energy efficiency, and new forms of (practical) participation 
such as time-shifting of energy consumption, or replacing existing electric appliances with 
more efficient ones. The theory of material participation thereby challenges the dominant 
but narrow understanding of participation as involvement in decision-making. Instead, 
participation also takes the form of households interacting with energy systems through 
their everyday use of energy technologies in domestic settings, because in these everyday 
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practices, issues around sustainability and climate change are articulated, and energy 
decisions are taken (Ryghaug et al., 2018).

We draw upon the theory of material participation to explore how interactions with home 
batteries can engage people in the energy systems in different ways. For example, through 
installing a home battery, people can express their concern for climate change. At the same 
time, the use of batteries can also make them aware of new issues, such as the rhythms of 
domestic energy production and consumption and the systemic problem of grid balance. 
Finally, batteries also enable people to intervene in energy systems in a very concrete 
and physical sense, because batteries allow the redirecting of energy flows between the 
household and the wider grid. These examples illustrate energy storage devices as ‘objects 
of participation and engagement’ (Ryghaug et al., 2018) in energy systems. Conceptualizing 
residential energy storage as a technology of engagement thereby allows us to examine not 
only how different modes imply different roles and energy practices for householders, but 
also how each mode at the same time shapes householders’ participation in the transition 
to low-carbon energy systems in distinct ways.

 Figure 4.1 Analytical framework for identifying and analyzing storage modes.

In analyzing which different storage modes are emerging and what forms of engagement 
they imply, we follow a four-step approach (see Figure 4.1). Our first step is to examine 
how storage is viewed as a ‘solution’ to a particular problem, and whose problem this is 
(or is made to be). Different problematizations of electricity production and consumption 
entail specific ways of thinking about storage in home batteries as a solution. Some storage 
rationalities are more directly linked with householders experiences and practices as 
solar PV owners, while others start from the problems grid operators face in the context 
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of a changing energy system. Starting from these diverse problem-solution sets we then 
describe the variety of (new) roles and energy practices for householders that are made 
available. Next, we analyze the distribution of tasks in these practices. It is important to 
discuss not only the (new) practices that emerge for householders, but also how and with 
whom these practices are being carried out, as some of these activities and choices may be 
delegated to technologies or providers and intermediaries. Finally, we examine the storage 
modes in relation to the wider energy system (outer circle of the figure). Everyday material 
practices of storing energy in household batteries enable interventions in the direction 
and management of (green) energy flows within the household and between households, 
but also in the wider energy infrastructures. As such, these practices represent a rather 
‘direct’ form of engaging with, and potentially reshaping the energy system. Our approach 
therefore also pays attention to the potential implications on the relationships between 
householders, providers, and technologies in low-carbon energy systems.

4.3 Materials and Methods

This paper builds on empirical data that was collected at different moments and sites in 
the context of a research project on emerging energy practices in the smart grid (2014–
2019). The data are qualitative and consists of interviews with different stakeholders in the 
energy system in the Netherlands, and to a lesser extent Germany and the United Kingdom. 
We conducted 14 interviews with providers of home battery systems and services, energy 
storage experts, NGO’s and local governments involved in storage pilot projects. The bulk 
of the data, however, comes from interviews and observations with householders who 
were involved in storage pilot projects, or who had installed home batteries themselves. In 
the fall of 2016, 6 interviews were held with householders in Germany who had installed 
batteries for individual self-consumption, of which a few also participated in a virtual 
energy community called SonnenCommunity. In the Netherlands we conducted longer term 
fieldwork in the context of two demonstration projects. Here 14 interviews were held with 
householders engaged in the pilot project Jouw Energie Moment (‘Your Energy Moment’) 
in which home batteries were used for grid balancing. Furthermore, 30 interviews were 
conducted in the City-zen pilot project, where householders with batteries engaged in 
wholesale energy trading. A shortcoming is that we were unable to conduct interviews 
with local communities who owned and operated storage collectively, because there are 
relatively few real-world examples of this (but see the Feldheim case reported in Koirala 
et al. (2018)). To gather information about community-owned storage, we therefore relied 
on interviews with storage providers and document study. Due to the variety of research 
material and differential access to cases, this research has an exploratory character. Hence, 
we use the real-world cases to conceptualize and identify the different forms of engagement 
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that the use of home batteries may foster, rather than to systematically evaluate the extent 
to which new energy practices around storage already result in (new forms of) participation.

4.4 Results

Below we draw out five different socio-technical configurations around home batteries: 
individual energy autonomy; local energy community; smart grid integration; virtual energy 
community; and smart grid integration.

Mode 1: Individual Energy Autonomy

 
Figure 4.2 Individual energy autonomy.

In the first mode, Individual energy autonomy (Figure 4.2), individual households deploy 
domestic energy storage for the purposes of using (more) self-generated solar energy. 
The rationality of this mode is optimizing self-consumption of electricity produced by PV 
panels. Self-consumption itself is a gratifying project for many PV panel owners. As one of 
the interviewed householders put it, ‘I can use the energy, it gives a good feeling to me. To 
produce it and to use it’. Beyond this, two main motivations are at play here: (long-term) 
economic reasoning, and desire for autonomy or self-sufficiency. Self-consumption of solar 
power with domestic storage emerges as an alternative ‘business model’ for PV owners, as 
there is a common expectation that in the near future feeding back electricity into the grid 
will become less financially attractive. Secondly, domestic batteries appeal to householders 
who wish to become more energy autonomous, and less dependent on subsidies and 
energy providers. Here, different levels of energy autonomy may be pursued, ranging from 
going off-grid, to being self-sufficient during a black-out (back-up power), to remaining 
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connected to the grid but relying on it as little as possible. As one of the householders 
argued: ‘Somewhere the subsidies will stop and then you have a big advantage when owning 
a battery, then you are independent’.

Home batteries for self-consumption often come along with an app or display on the device 
itself which enables householders to develop monitoring practices. One of the householders 
described it as a ‘little pleasure’ when he uses his app and sees ‘that the sun shines and that 
you can see the battery charging’. Several respondents planned energy-intensive activities, 
like laundering and dishwashing, in such a way that solar (battery) power is used.

Domestic batteries used for the purpose of enhancing self-consumption place ownership 
in the hands of householders. However, this does not mean that individual householders 
can operate their batteries directly. The battery installer can translate the wishes of the 
householder into the learning algorithms which subsequently govern the operation of the 
battery. As one householder put it: ‘With the installer you can configure the battery and 
optimize everything so that it is attuned to the household. What could the customer do 
herself? Not so much.’

Mode 2: Local Energy Community

 
Figure 4.3 Local energy community.

In the local energy community mode (Figure 4.3), both problem and solution are defined 
at the community level or within a local area. Local communities cannot always use their 
locally produced energy within the community itself. For distribution system operators 
(DSOs), the renewable energy generated by ‘green communities’ places local pressure on 
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the distribution grid. To both communities and DSOs, an attractive solution is optimizing 
the local use of locally produced renewable energy. In terms of infrastructures, this mode 
can either consist of a local community connected to a larger ‘neighborhood battery’ or be 
formed by connecting distributed domestic batteries in a local setting. This mode comprises 
a range of variants from fully self-sufficient off-grid communities to local communities who 
are sharing energy via the public grid.

In the local energy community mode, householders become prosumers who not only 
generate and consume individually, but also for and from the community’s pool of energy. 
This allows for engaging with energy as a ‘common good’, or a ‘common pool resource’ 
(Wolsink, 2012). Managing the ‘common energy pool’ at the community level implies new 
practices which include the monitoring of not only individual but also community-wide 
demand and generation; timing-of-demand to match local renewable energy availability (in 
storage); and energy sharing or peer-to-peer trading between community members.

Theoretically, local energy community storage can be organized in various ways. The local 
energy community may consist of a pre-existing energy cooperative that decides to add 
storage to its local renewable energy generation. In the pilot projects we studied, however, 
the batteries were owned, operated and controlled by other parties than the community 
itself, requiring little involvement of communities and households. Community energy 
storage with batteries in its present phase is still experimental, taking place in pilots and 
living labs. One of the reasons for the absence of ‘commercial’ variants of this mode are the 
regulatory barriers to peer-to-peer trading within a community, and to energy collectives 
becoming their own supplier (Parra et al., 2017). In the Netherlands and the United 
Kingdom, however, regulatory sandboxes are now in place that enable the first communities 
to experiment with peer-to-peer supply (Lammers & Diestelmeier, 2017). In conclusion, 
community energy storage in principle offers a range of possibilities to organize energy 
supply and demand at the decentral level. Different forms of (community) co-ownership 
of storage technologies (and generation units) can be imagined, as well as partnerships 
between energy suppliers and cooperatives; for example, energy suppliers could partner 
with cooperatives to supply the deficit at moments when the community’s energy demand 
is higher than supply.
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Mode 3: Smart Grid Integration

 
Figure 4.4 Smart grid integration.

The smart grid integration (Figure 4.4) mode centers on the increasing problems grid 
management faces with the ongoing growth of renewable generation at the domestic scale. 
Grid assets at this scale are not necessarily suited for greater and volatile flows to and from 
the household. This can be accommodated by making more intelligent use of the grid assets 
and domestic devices in place with the help of IT, which is the ‘hype’ (Verbong et al., 2013) 
called the smart grid. In the smart grid, the demand of households is no longer something 
that is simply predicted and accommodated by the grid; demand becomes something to be 
managed and steered at the level of the individual household. The flexibility of domestic 
energy usage becomes an asset to be maximally unlocked and used towards efficient grid 
management. Domestic energy storage capacity is an ideal flexibility tool from the point of 
view of the DSO: storage can buffer peaks and troughs in domestic energy demand without 
requiring the involvement of householders or interfering in their energy use. The rationale 
of this mode is therefore to align the workings of the batteries (and other household 
appliances) with the needs of the grid.

Within the smart grid, householders are assigned a role as (active or passive) micro-managers 
with some responsibility to manage the impact they have on the grid. While they might 
actively shift some energy usage in reaction to more variable grid tariffs, the smart home 
with battery storage can also automate some of these decisions. Householders thus ‘share’ 
their batteries with the grid, allowing external control of the (dis)charging the battery.
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As a result of automation and external control batteries may end up as black boxes, 
obfuscating the flows of renewable energy in the home and thereby creating a number 
of new uncertainties for householders. In smart grid pilot project Jouw Energie Moment, 
many participants critiqued the unintuitive information they were provided with: ‘The only 
thing we pick up on with respect to that battery, is when it is ‘humming’, which means 
it is doing something.’ The batteries would seemingly switch randomly switch between 
charging, discharging and neutral, never reaching full charge. Another householder stated: ‘I 
just have no clue of what does what. And whether or not the battery is providing us with any 
benefits.’ In this respect, many householders stated that ‘naturally, one would preferably 
want to be self-sufficient’. However, they were unclear if the batteries were contributing to 
this objective.

Since DSOs are barred from fulfilling “market-able” roles, the batteries are most likely 
controlled by an intermediate market actor like an aggregator. Domestic storage and other 
‘smart appliances’ in the home thus become tools for grid supporting services. If householder 
insight into the functioning of home batteries (and other smart energy technologies) is 
insufficient, householders may come to see them as external or even invasive tools for 
solving others’ problems (Smale et al., 2019): ‘At the moment it feels as if I help to solve 
a logistical problem for the project. I have found space in my home for someone else’s 
experiments. But if I benefit... how can I see that? In effect I can’t. I only see a big battery 
and hear a humming sound.’ 

Mode 4: Virtual Energy Community

 
Figure 4.5 Virtual energy community.

The fourth mode – virtual energy community (Figure 4.5) - has parallels with the local energy 
community mode. The situation in which householders possess a battery system to increase 
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their individual self-sufficiency while still relying on conventional energy suppliers to cover 
additional needs is seen as unsatisfactory. The rationale therefore is to link householders 
and optimize the use of self-produced energy within the community. While in the local 
energy community mode members live in the same local area, the virtual community 
members consist of geographically dispersed households. The members’ energy devices 
(including solar panels, storage devices) are connected via smart meter technologies to a 
digital platform that allows for the monitoring and exchange of surplus energy. The first real 
world applications are now emerging (e.g., SonnenCommunity, Schwarmdirigent). One of 
these virtual energy communities, established by a battery storage provider, is presented 
as ‘a community of [battery owners] who are committed to a cleaner and fairer energy 
future’. The same provider states that ‘as a [member of our community], you don’t need 
your conventional energy provider anymore - you are independent’ (Sonnen, n.d.). In these 
framings, householders become not only prosumers in a virtual energy community, but also 
‘part of the energy future’. The goal of the virtual energy community is to meet the energy 
demand of the community with energy that is generated by the community itself.

In this mode, ownership of the battery is with the individual householders, but the solar 
surplus that is produced when the batteries are full and/or the stored energy is ‘shared’ 
with others. It is important to note here that the sharing or exchanging of energy is virtual: 
The network does not consist of separate cables between members, but of a digital platform 
that enables virtual exchange via the existing grid. The meaning of ‘sharing’ therefore is 
complex. As one interviewed virtual community member put it: ‘the idea is good. With [my 
friends] I spoke about it, they are part of it. Then I said, when there’s sun at your place, I’m 
using your power. It’s certainly a good idea, as the solar power that is stored, that is too 
much, can also be used in a place where it rains. But it’s all virtual, it’s not physical. The 
energy does not move from one place to the other, but okay, it doesn’t matter’.

In the examples we studied, households were not actively engaged in energy exchange in 
the sense that they needed to decide on when and with whom to enter transactions; the 
process was managed by a third party—the aggregator—and often highly automatized. 
It is the responsibility of the aggregator to make sure that the demand within the virtual 
community matches the supply, so choices and decisions about the distribution of energy 
are made by this intermediary actor. The exchange of energy is not disclosed or made 
actionable to householders in the sense that they get insight in for example the current 
availability of community energy or get rewarded or sanctioned for their energy behavior. 
What is requested from households is to provide access to their energy data: the energy 
production, consumption and storage practices of members are monitored, and together 
with weather forecasts, used to make predictions of supply and demand in the community.
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Mode 5: Electricity Market Integration

 
Figure 4.6 Electricity Market Integration.

In the fifth and final mode, electricity market integration (Figure 4.6), the problem is defined 
in economic terms: due to competition on free electricity markets and growing renewable 
energy generation, electricity markets have become increasingly volatile. Batteries allow 
people to exploit this volatility, because the electricity flow can be temporarily halted, 
captured, and released again at a later point in time. The rationale of this mode is to align the 
workings of the batteries with energy market demands in order to create financial benefits 
for battery owners. In our research, we did not find any commercial variants of this mode 
yet, but there are examples of trials such as the Dutch pilot project City-zen. The households 
with batteries do not trade individually because the capacity an individual household can 
have available is too small. Instead, the participating households are aggregated to form a 
collective of householders. The aggregator in the Dutch project used a Virtual Power Plant 
as the underlying technical infrastructure and explained that ‘with all 50 participants, we 
want to create a large community. This community will be seen as one energy producing 
or consuming unit’ (Greenspread, n.d.). In the project, the batteries loaded from the grid 
when prices were low and exported the electricity to the grid when prices were high. Energy 
thereby became a (tradeable) commodity and householders were ascribed a role as an 
economic actor who ‘acts’ according to market rhythms and logics. In the City-zen project, 
it appeared that for many householders this role as a market actor was at tension with their 
initial motivation to acquire solar panels for environmental reasons. As one householder 
explained: ‘I didn’t first go green with these things to now only think about money!’

In theory, in this mode the batteries could be owned by householders as well as third 
parties. The householders provide (stored) energy, their energy data, as well as the control 
over the charging and discharging of the battery to an intermediary party in exchange for 
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a monetary reward. The intermediary acts as an aggregator of a group of households and 
trades on their behalf, by using historical and real-time energy consumption and production 
data from households in order to make accurate predictions of the amount of energy each 
household has available for trading. Householders thus engage in trading but this activity 
does not require specific skills or competences from them, nor does it require or stimulate 
them to actively adjust their energy consumption practices.

4.5. Discussion

Comparing the Five Storage Modes
Our identification of storage modes shows that a variety of different combinations of home 
battery storage technology and social organization is currently emerging. In addition to the 
already more established individual energy autonomy mode, providers are developing new 
modes that enable energy sharing and providing energy services to the energy system. The 
five modes we have distinguished differently engage householders in energy production 
and consumption through storage, in terms of the practices householders are enabled to 
engage in, and with regard to their relations with the conventional energy system and other 
householders (see Table 4.1).

Storage mode Householder Engagement Real-World Example

Modes Energy Practices Relation to conventional 
Energy System

Engagement Level Title

Individual energy 
autonomy

Self-consumption Autonomous Individual Sonnenbatterie (DE)

Local energy 
community

Self-consumption 
and sharing

Autonomous Collective project ERIC* (UK), 
SWELL* (UK)

Smart grid 
integration
 

Providing grid 
services (and 
possibly self-
consumption)

Integrated Individual/ 
collective

Jouw Energie Moment 
(NL) 

Virtual energy 
community

Self-consumption 
and sharing

Autonomous/ Integrated Collective SonnenCommunity (DE)

Market 
integration
 

Trading (and 
possibly self-
consumption)

Integrated Individual/ 
collective 

City-zen (NL)

Table 4.1 Five modes of energy storage, including the real-world examples in which fieldwork was conducted. *: 
no interviews with householders.

First, each mode affords particular energy practices for householders to engage in. In the 
individual energy autonomy mode, householders engage in self-consumption of stored 
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energy within their household. In the other four modes, self-consumption is complemented 
with energy sharing, providing grid services, and trading.

Second, the modes entail particular relationships of householders to the conventional 
energy system. In the individual energy autonomy and local energy community modes, the 
aim is to increase self-sufficiency at household or community level, and in the ultimate case 
create a local microgrid. This idea of storage facilitating greater energy autonomy is opposite 
to the logic of integration that underpins the smart grid and market integration modes. In 
the latter modes, householders provide energy and services to actors within the energy 
system and thereby engage in the management of the energy system. The virtual energy 
community mode is less straightforward to characterize, as it fosters both autonomy and 
integration. While virtual energy communities may aim at autonomy from conventional 
energy suppliers, their geographically distributed character means that they need to rely on 
the public grid for sharing energy.

Third, the five storage modes also imply different types of relationships with other 
householders. The individual energy autonomy mode is the only mode in which householders 
do not engage with other householders. The two community modes (mode 2 and 4) connect 
householders based on shared local identity or values, in order to exchange energy among 
each other. The market and grid modes, on the other hand, may also aggregate individual 
households, but these ‘collectives’ engage in energy transactions with market and grid 
actors. For householders it may feel as if they participate on an individual basis, while in fact 
an aggregator treats multiple households as a pool in order to enable their participation in 
grid management and energy markets (Rathnayaka et al., 2014).

In the remainder of this paper, we want to draw out two important potential implications 
of these storage modes. Rather than discussing the implications of each mode separately, 
we reflect on two overarching effects that we consider to bring the most fundamental 
changes to how people can take part in the energy transition. First, some of the modes 
enable householders to engage in energy production, consumption and storage via new 
collectivities that challenge our traditional understanding of energy communities. Second, 
in all of the modes, a large part of the organizational ‘work’ around storage is performed 
by intermediaries and smart technologies, which challenges the idea of empowerment of 
prosumers and communities.

New Collective Material Practices
The individual energy autonomy mode is the only mode in which householders produce, store 
and consume energy within the bounded spaces of their own home. The other four modes 
comprise material practices which enable householders to form larger collectives and share 
their hardware and/or energy with others. Such material practices allow householders to go 
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beyond optimizing self-consumption and exchange energy with other households or start 
transacting with the market or the grid. Existing local energy communities can add batteries 
to their renewable generation to boost local energy autonomy, but batteries can also enable 
the formation of new collectives of prosumers. These new collectives are a result of technical 
infrastructures that interconnect multiple households with batteries. Since aggregation 
does not require geographical proximity of the households, such new collectives can have 
members nation-wide as the example of the SonnenCommunity showed. The storage modes 
that afford collective material practices thereby bring along a range of questions about the 
character, aims and ideologies of these practices, and how they may and may not differ from 
the well-known local renewable energy generating communities.

In the literature, a common way to describe renewable energy communities is as ‘those 
projects where communities (of place or interest) exhibit a high degree of ownership and 
control in renewable energy production as well as benefiting collectively from the outcomes’ 
(Barbour et al., 2018). Such communities for example consist of local energy cooperatives 
that develop collective energy practices (Seyfang et al., 2013), such as collectively 
generating solar energy for local use. The aggregation of domestic batteries in particular 
affords new communities of interest, with new collective practices, to be formed. While 
the SonnenCommunity is an example of the creation of a community of like-minded users 
aiming at autonomy from conventional suppliers, other prosumer collectives may align their 
collective practices with market or grid rationalities. So just like local communities, the new 
collectives may be oriented towards social goals (e.g., autonomy), sustainability (green 
energy), and economic goals (profit seeking). An important difference is that the prosumer 
collectives that are now emerging are often not initiated bottom-up by citizens, but by grid 
operators, energy suppliers, and start-ups which have the expertise to build and manage the 
complex underlying technical infrastructure.

How householders can engage these new collectives may differ widely. There are prosumer 
collectives in which householders participate without being aware of the other ‘members’, 
for example when householders are aggregated to provide grid services. In other 
collectives the connections with other households are made visible in particular ways. For 
the SonnenCommunity, for example, the provider visualizes the location of community 
members on a map and shows which type of energy they generate for the community (solar, 
biogas). In some peer-to-peer exchange platforms consumers can even choose the peer 
they want to buy energy from. Emerging prosumer collectives thus shape new collectives 
which can take very different forms: from the aggregation of householders in collectives 
that remain invisible and anonymous, to a community of interest with ‘members’ or ‘peers’. 
An important remaining question, however, is how inclusive these new collectives are for 
different types of households including lower-income households or tenants. As Ryghaug 
et al. (2018) also argue for the case of electric vehicles and solar panels, the costs of these 
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storage devices may mean that material participation via batteries is not equally accessible 
to all groups in society.

The Growing Power of Aggregators and Algorithms in New Material Energy Practices
Even though storage devices are located in households or communities, the role of 
householders in energy storage cannot simply be characterized as the active and aware 
prosumer. Most of the ‘work’ around energy storage is carried out by or on behalf of 
professionals, such as the installation and maintenance of the battery system, the monitoring 
and management of the battery charging strategy, and the managing of aggregated batteries. 
The emerging material practices surrounding storage are organized by intermediaries 
(Verkade & Höffken, 2019) as well as by information technologies.

Intermediary organizations, such as aggregators and green energy suppliers, play a key 
role in facilitating what householders can do with storage, as well as how, and with whom. 
Intermediaries are new players in the energy system, who act as a mediator or broker 
between householders and energy providers. They collectivize householders’ energy 
consumption and production practices and enable and manage their participation in 
local and national energy systems. In the case of energy exchange among householders, 
intermediaries may arrange the balancing of supply and demand in the community. 
Intermediaries thus broaden the options for householders to enter into transactions with 
other householders and the energy system: transactions that are either too complex, or 
otherwise inaccessible to (individual) households. For geographical and virtual energy 
communities who want to become (more) self-sufficient, increased autonomy may thus go 
along with new forms of dependence on intermediaries who arrange the management and 
operation of energy exchange. There are concerns about the extent to which householders 
are able to access the full market potential of their batteries, as business models offered 
by intermediaries may distribute burdens and revenues unfavorably (Hodson et al., 2013). 
Material participation by householders through the purchase of storage batteries is, in other 
words, not synonymous with householder empowerment.

Information technologies too are a major factor in the management and control of 
(networked) households with batteries. Smart metering technologies monitor householders’ 
energy consumption, production and storage practices. Hence, it is through these 
technologies that the householders’ energy behavior becomes visible and gets embedded 
in battery management. Battery charging and discharging strategies often rely on algorithms 
that predict a household’s energy behavior based on its historical energy production and 
consumption data. In addition, algorithms instruct the direction of energy flows (e.g., 
discharge to the household, or to the grid). Algorithms may also prioritize certain types of 
energy (green energy, cheap energy) in the way the battery systems work. In other words, 
they decide which energy is allowed to flow where and when. Householders choose these 
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‘settings’ when they buy a particular storage product or service, and may fine-tune them 
when the battery is installed. After that, the charging and discharging processes are often 
automated and users have little possibilities to change settings. Information technologies 
thus appear as a key factor in enabling connections between local or geographically 
distributed households and connections with wider infrastructures such as electricity 
markets. In shaping which transactions can take place, how, and between which entities, 
digital platforms (Burlinson & Giulietti, 2018) are becoming a new underlying structure for 
organizing energy production and consumption at decentral level, with as yet unknown 
implications for power relations in the energy system (Gillespie, 2010).

4.6 Conclusions

In this paper, we discussed energy storage as a ‘technology of engagement’ to better 
understand how householders and communities through their interactions with storage 
technologies engage in energy transitions. Drawing on Walker and Cass, we developed 
the concept of ‘storage mode’ to examine how battery technologies can be part of diverse 
sociotechnical configurations. We identified the emergence of five different storage modes, 
which demonstrates that renewable energy storage can entail a wide variety of relationships 
and interactions between householders and other energy system actors. To further unpack 
the various roles and engagements for householders, we examined the problem definitions, 
practices and task divisions in the modes. Our approach highlights that people can relate to 
renewable energy technologies not just as supporters or protestors or users, but through a 
diversity of roles that actively integrate them in the wider energy system (see also Throndsen 
and Ryghaug (2015)): as co-manager or market actor, and as communities or individuals 
organizing energy production and consumption at decentral scale. As a technology of 
engagement, energy storage thus allows householders to interact with and shape the energy 
system in new ways. Most of the storage modes allow prosumers with battery systems to 
generate not only use value (by self-consumption of stored energy), but also exchange value 
(by sharing and trading energy and providing grid services) (Kloppenburg & Boekelo, 2019). 
Energy storage thereby leads to more options for prosumers about what they want to do 
with their self-generated energy and with whom.

When storage affords energy practices in which self-produced energy gets exchange value, 
an important question is how prosumers will relate to this. Two diverging storylines now 
get connected to this exchange value: the first presents self-produced energy as a potential 
source of revenue for householders (energy as commodity), and the second emphasizes 
the sharing of surplus energy with other households (energy as (common pool) resource). 
Future social scientific research could follow up on these storylines and analyze the 
“moral economies” - or in other words moral and ethical questions about the production, 
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distribution and exchange of energy - that emerge around this newly unlocked exchange 
value.

In examining the ways in which the new energy practices are organized in storage modes, 
our framework challenges the notion of active and aware citizens owning and operating 
their own household or community batteries. On the one hand, energy storage enables 
householders to become more autonomous from conventional suppliers and to enter new 
exchange relationships with other householders and the energy system. On the other hand, 
they face new dependencies on intermediaries and opaque information technologies. As 
long as householders believe that aggregators and algorithms act in their interest, they may 
not consider this a problem. Our analysis showed, however, similar to Parra et al. (2017), 
that the real-world applications of energy storage are still very much provider-driven. 
For existing community groups, it is difficult to initiate storage projects because in most 
countries legal limitations and complexities block communities from supplying their own 
energy to its members, or to organize the distribution of energy. In this context of provider-
driven storage products and services, the question for householders is if they trust it is their 
aspirations and interests that are taken into account.

It is with regard to this potential for alternative forms of organizing energy production 
and consumption that we can identify policy implications. To foster storage modes that 
take into account a wider range of (future) interests and aspirations of householders and 
communities, and enable diverse forms of energy citizenship, governments could develop 
policies to actively support experimentation with social organization. An example of this is 
the Dutch ‘Experimentenregeling’ which provides energy cooperatives regulatory lenience 
to experiment with generating, supplying and distributing energy in their own local network. 
At the same time, studies have shown that such community-based models face difficulties 
due to financial, legal, social and technical restrictions and complexities surrounding energy 
storage and engaging with governance circles (Koirala et al., 2018; Lammers & Diestelmeier, 
2017). Beyond regulatory leniency, two other requirements for enabling experimentation 
include elimination of some of the financial risks and uncertainties in order to embolden 
communities as initiators of pilot projects, and secondly, professional facilitation of 
householders and communities to enable them to articulate their interests and ambitions 
vis-à-vis intermediaries. The emergence of prosumer platforms too offers opportunities 
for co-creation by citizens. Prosumer platforms could be developed or adapted together 
with local or virtual energy communities to ensure that energy exchange takes place 
based on valuations of energy and distribution of benefits and costs that the community 
favors. Opening up spaces for communities to initiate and develop energy storage projects 
may prevent that some emerging modes become marginalized too soon, and prevent 
lock-in situations in which existing power relations between providers and householders 
are reproduced. Recognizing that energy storage (as technology of engagement) offers 
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prosumers enticing—and sometimes conflicting—perspectives on greater energy autonomy 
and self-sufficiency as well as on greater systems integration, it is important to provide 
space for experimentation with (mixed modes of) energy storage that both empower 
householders and communities in the pursuit of their own sustainability aspirations and 
serve the needs of emerging renewable energy-based energy systems. Providers and policy 
makers need to recognize that the ‘storage revolution’ should not just be seen in technical 
or economic terms, but also as an experiment with multiple new ways of relating to energy 
and new forms of social organization of energy production and consumption.
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5.1 Introduction

Most of the current electricity grids have to change if they are to support the transition 
to a renewables-based energy system. The technologies and organization of the energy 
system that support such change are being developed and tested in smart grid experiments 
throughout the world (Verbong et al., 2013). Households are often thought to have a part 
in this change by taking up practices of energy generation and energy management. As 
such, numerous smart grid projects introduce technologies like smart meters, solar panels, 
electricity storage and monitoring devices to the household, designed to become part of 
these new domestic energy practices. Besides technological and economic assessment of 
their effects, these interventions also rightfully receive ample attention from the behavioural 
and social sciences (Verbong et al., 2016). However, most of this attention is directed at 
the household level, where the effects of smart grid interventions are to induce certain 
changes. In these studies, the interventions themselves are treated as a given, as studying 
such interventions themselves has been either out of the research’s scope or interest.

This article argues for the importance to look “further upstream” at the sources of 
these smart grid interventions. It studies the actors that are involved in the design and 
development of energy interventions at the household level. It does so by zooming in on the 
development side of two smart grid experiments in the Netherlands. Two questions stand 
central. First, the article investigates the type of actors that are typically involved in smart 
grid projects. After identifying these actors, the second question investigates the themes 
that play a role in the actor’s design and development decisions. Looking at the design and 
development side of smart grid interventions (such as Berker and Throndsen (2016); Schick 
and Gad (2015); Skjølsvold and Lindkvist (2015); Throndsen (2016); Tricoire (2015)) provides 
insights into a crucial phase that has received relatively little scholarly attention. Empirically 
studying the design of energy interventions, thus, adds essential and much-needed insights 
for understanding them.

Flexibility is a key focus of many smart grids projects in Europe which aim to explore how 
to contribute to greater flexibility of energy demand. There seems to be a widespread 
expectation that the household has some latent capacity to be flexible, which can be 
unlocked with smart technologies (Strengers, 2013). Critical research on smart grid 
interventions questions this expectation, pointing out the messy reality of the home and the 
complexity of social practices (Schatzki, 2010; Shove et al., 2012; Verkade & Höffken, 2017) 
that constitutes energy consumption. The focus of smart grid projects on the household 
plays into a tendency to think of the household as the place of the social, while “the energy 
system” forms its technical counterpart. In line with long-established insights of social 
theories of technology (Bijker et al., 2012) which refute an a priori distinction between “the 
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technological” and “the social”, this article is based on the understanding that the ‘system 
or energy production side’ is just as social as is the domestic side. 

Much of the economic and technological innovation in/for the grid happens outside of the 
view of everyday users. Schick and Winthereik (2013) observe a “non-relation between grid 
developers and potentially affected user groups”, who are not part of the innovation process. 
Designers of technical artefacts often operate based on an imagined user, scripting the use 
of the artefact (Akrich, 1995) for a particular envisioned user (Woolgar, 1990). Tolkamp et 
al. (2018) distinguish this product-oriented approach from a user-centred approach, where 
future users can be involved in different development phases. The smart grid experiments 
observed for this paper, but also more broadly, are interesting because they increasingly 
take a user-centred approach, forming a place where professional and domestic life worlds 
meet. By including domestic users in the design of smart grid innovations, the energy 
system designers can observe and learn from actual users. A more critical interpretation 
of this meeting of worlds is that energy system operators are merely distributing their 
responsibility to the household level: “activating flexible electricity consumption is not so 
much sought after for the sake of consumers […] it is rather a ‘systems need’” (Schick & Gad, 
2015, p. 53). No matter the reading of this development, it signals that the ongoing energy 
system transition involves  not only technological changes, but also organizational ones, 
with the emergence of new actors and a reconsideration of rules, roles and responsibilities. 
In this changing system, it is important to identify and reflect on these new actors and 
new, emerging shapes of domestic smart grid innovations. This article will investigate the 
production side of smart grid interventions, and will thereby contribute to this debate with 
empirical findings.

The actors involved in the design of smart grid experiments are the first topic that will be 
discussed. As will be described, in the Netherlands, smart grid projects are typically designed 
by a collaboration of technical and IT-based organizations from the energy sector. Schick 
and Gad (2015) for instance find members of this type of network “primarily represented 
the energy and IT-sectors [and] were predominantly engineers or had other technical 
backgrounds”. The imaginaries and expectations about the future that drive the developers 
in smart grid projects have been object of study (Nyborg & Røpke, 2013; Skjølsvold & 
Lindkvist, 2015; Throndsen, 2016; Vesnic-Alujevic et al., 2016). By providing empirically 
based insights, this article will further elaborate the interests, expertise and influence of 
the various actors, both established and emerging, in the sphere of domestic smart grid 
innovation.

This paper builds on research into two smart grid pilots in the Netherlands that aim to 
intervene in domestic energy demand. As will be shown, both projects aim to contribute 
to more domestic energy demand flexibility, but take entirely different approaches to 
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achieving this. The reasons for these different approaches will be linked to the particular 
actors’ interests, which guide their design decisions. The article will highlight key themes, on 
which the project designers explicitly or implicitly make decisions. The analysis is structured 
along these overarching themes that emerged from fieldwork on these pilots. Within each 
theme, the designing actors are faced with a range of choices on the direction and nature of 
the project. However, considering the types of actors involved in the design of most smart 
grid pilots, particular choices within this range of possibilities are more likely. It matters 
which actors make these design decisions for understanding how and why certain smart grid 
technologies are being tested at household level. 

5.2 Cases & Method

The two smart grid projects that serve as cases represent two quite distinct approaches to 
a smart grid intervention. The first case (for this purpose called the “cooperative project”) is 
about the explicit involvement of energy cooperative members in the design and usage of 
a non-financial intervention. A major Dutch grid operator instigated this pilot and selected 
the local energy cooperative for this test case. An energy service company (ESCO) was 
attracted to design and develop an online energy information platform which would enable 
the cooperative members to engage with their energy usage. The goal was to see how much 
demand flexibility could be achieved by individual households in a cooperative context, 
without financial incentives. 

The second case (dubbed here as “storage project”) can roughly be described as an 
engineering and business development project with variable pricing. The project was 
started and managed by a consortium of diverse organizations: a grid operator, a software 
developer for the interface, an aggregator, a battery supplier, and a research institute. The 
two major items of innovation are a platform that presents strongly variable energy prices 
to consumers, and an aggregated fleet of battery storage devices at the household and 
neighbourhood level. The project goals (as stated in the project research plan) show the 
techno-economic character of the project: to “enable the development of business models 
for flexibility services” and making “a decision model incorporating the value of smart-
controlled battery storage for the local grid”. The two cases are chosen as they capture 
typical facets of a majority of current, European smart grid interventions, in which flexibility 
and feedback on energy use patterns of householders play a central role.

To study and analyze these cases a qualitative research approach was chosen. The first 
author researched these projects over long periods, covering much of the development and 
testing phases. During this time, the research strategy was participantobservation in project 
meetings and workshops. The designers of the cooperative project were observed for about 
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one year by attending ten project group meetings. Observation of the storage case study 
covers the development process six months before, and four months after the intervention 
was ‘launched’. In this period the researcher attended six project team meetings and a 
project launch event. Project documentation was collected: vision documents, project plans, 
co-creation workshop reports, and research documents. Observation of the development 
process is particularly valuable because many of the design choices take shape in this period. 
The development periods that could not be directly observed were further researched 
by interviewing the key people involved. Six in-depth interviews were conducted with 
the core responsible people from the involved organizations in the two projects: the grid 
operator (3), a software developer ESCO, an aggregator ESCO and an energy cooperative. 
Topic lists for these interviews were based on a framework of implicit and explicit aspects 
of designing energy management products for end-users (Hyysalo & Johnson, 2016). The 
in-depth interviews with all key stakeholders together with comprehensive longitudinal 
observations, site visits and document material, provided rich empirical data on which the 
ensuing analysis of key actors and design themes is built. 

5.3 Key actors in the design and development of Dutch smart grid interventions

The energy system is in an ongoing transition (Verbong & Geels, 2007), with an assortment 
of established and emerging actors taking up a wide variety of energy generating and 
managing technologies. In line with these developments, smart grid experiments often 
involve a range of actors with various influence and interests. Some are relatively newly 
emerging organizations whose success and impact is still uncertain. However, all actors are 
exploring their role in a transitioning energy system with new (often IT-based) technologies. 
This section identifies and outlines the background and interests of these key incumbent 
and emerging actors. 

Distribution system operators
In the Netherlands DSOs (distribution system operators) or grid operators have been 
separated from energy producers, and since 2009 act as public organizations. Historically, 
grid management has been a highly technological discipline, operating with thestability of 
energy supply as the primary goal. A tradition of reliability is characteristic for Dutch DSOs, 
who pride themselves onoperating one of the most reliable grids in Europe (Netbeheer 
Nederland, 2017). As natural monopolists, clients are network-bound to the DSO. Compared 
to market-based actors, DSOs are not as experienced with designing for, marketing to, or 
involving individual users. In their core discipline, clients of the grid operator are uniform 
connections “with an EAN [connection identification] code, who have a certain profile, and 
that is it”. DSOs did not have much need to consciously consider their assumptions about 
their clients, even less the diverse practices that constitute their energy demand. This is 
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reflected in regulatory demands made of DSOs to not discriminate between customers and in 
regulations that prevent them from engaging in market-based activity (Raad van State, 2006). 

Foreseeing a future based on renewables (and arguably electricity), the dynamics of energy 
supply and demand that the electricity grid has to facilitate are becoming increasingly 
uncertain. Although the mostly inconspicuous technological operation of the grid remains 
central for DSOs, they have become increasingly visible as actors in a changing energy system 
(Gangale et al., 2013). Dutch DSOs have been engaging in experiments with these new actors 
and technologies that might be influential in the management of electricity (Giordano et al., 
2011). These experiments often involve individual householders, energy cooperatives, or 
start-ups in the energy flexibility market (Giordano et al., 2011). What matters for the DSO 
is how demand flexibility at the local level might be harnessed for grid management. It 
might be expected that the DSO’s professional interests, their priority for the grid, and the 
tradition of reliability strongly influence their decision making in smart grid experiments. As 
will be described below, other involved actors usually have different goals than the DSO and 
are not primarily interested in the management of the grid itself.

Energy cooperatives
Energy cooperatives have been rapidly emerging in the Netherlands over the last few 
years: since 2013 over 200 cooperatives were established and in 2017 over 50.000 citizens 
were part of an energy cooperative (HIER, 2017). This suggests a growing engagement of 
citizens with the sustainability of the energy system at the local level. Volunteers usually 
manage cooperatives, and their member base consists of only a small portion of the local 
community (less than 1%). Most cooperatives start with the promotion of solar panels 
within the community, recruiting members at the same time. Besides this, they engage 
in a range of activities to raise awareness of energy and climate issues and educating the 
local community to act upon this. “That is why I am interested in this project, it is new; a 
way to attract more members. The cooperative can keep on sitting together to think… but 
you need to try and activate your members”. This quote illustrates that some cooperatives 
are at the point of looking beyond this initial step, and aim to grow larger and become 
energy producing companies with the capacity to supply their local members-clients. These 
developments challenge the established methods of local planning and organization and 
new roles of individual energy users are emerging (Dóci et al., 2015).

Yet, only a minority of cooperatives becomes part of smart grid projects to explore (for 
instance) which role the local community could have in the management of energy demand 
or the local grid. Some cooperative representatives take on a more “professional” role, by 
becoming part of the project decision making with other professional designers like the 
DSO. The most involved cooperative members are likely to have already established a 
knowledge base and interest in energy management, “those are the front runners”. These 
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spokespersons for the cooperative can influence design practices and advance theirpersonal 
experience and interest, but, as will be shown, they do not necessarily represent the average 
member of an energy cooperative.

Energy service companies
As mentioned above, Dutch DSOs are public bodies with defined tasks and responsibilities. 
Exploring societal and technological developments for their relevance to their core task is 
accepted, but legislation prohibits DSOs from engaging in activities that could be performed 
by private market actors (Raad van State, 2006). Many tasks in smart grid experiments are 
therefore provided by energy service companies (ESCOs). This diverse category of market 
actors performs activities that are not the task of the DSO: the supply, installation and 
management of hardware, the development of software, supplying energy, controlling 
appliances and batteries with algorithms. Smart grid interventions show how ESCOs are 
increasingly entering the domestic sphere with services for monitoring energy data and 
managing energy usage. These services might have the householders as target ‘client’, but 
the ESCOs’ knowledge or control of household energy patterns could also be useful for the 
DSOs. ESCOs can thus also be seen as mediating between the domestic sphere and other 
energy system actors, opening up new spaces and relations between the household and the 
grid operator.

As market actors ESCOs introduce their commercial interests in smart grid experiments, 
which can thus also become business case experiments. Some of these ESCOs are contracted 
to deliver their existing services or technologies for a project, for example as in the case 
presented here, the supply and installation of battery units and a monitoring platform. 
Other ESCOs actively design a new service to be tested in a smart grid project, exploring 
what sort of business can be found at the household level of smart grids. 

An important sub-group within ESCOs are so-called aggregators. Aggregators employ ICT to 
make use of potential flexibility in demand patterns and offer this flexibility as a service to 
grid management. In business and industry, this is already quite common, for instance by 
controlling large cooling capacities in such a way that they use more or less energy when 
grid management demands it. Aggregators can offer this flexible capacity in markets for 
frequency control; the expectation is that this sort of flexibility markets will also be developed 
for the local level (Giordano & Fulli, 2012). The aggregation of household demand flexibility 
is a goal of one of the presented case studies. The aggregator in the project decides how to 
use the fleet of batteries, selling their capacity in a grid service market. In addition to the 
value of bridging mismatches between renewable supply and household demand, this sort 
of operation is an additional way to extract value from the battery.
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When studying the design and development of current smart grids interventions the 
different actors presented above play a key role. In the following section key themes will be 
identified that emerge in the design phase of such interventions. It is on these themes that 
the different key actors presented above have to make their decisions and thereby shape 
the design of the smart grid interventions. 

5.4 Design themes

Smart grid interventions are usually studied at the household level, where much emphasis 
is put on their social and technical effects. Yet, the effects these interventions (are likely to) 
have, strongly depend on the particular design choices made during their development, 
before actual implementation (Wade et al., 2018). By looking upstream, to the design and 
development phase, a set of design themes emerge that determine the characteristics of 
a project, and thus its (potential) effects at the household level. This article proposes that 
there are at least three themes actors are confronted with when designing smart grids 
intervention: dealing with diverse interests, framing the user and the role of automation.

Technological default versus all in: dealing with diverse interests (Theme 1)
The first theme relates to dealing with the range and diversity of interests that are pursued 
in smart grid projects. The different actors involved in the project’s design have their 
particular expertise and goals. When multiple of these actors come together in a project, 
which generally is the case in smart grid innovation, this can lead to the pursuit of multiple 
interests. These might be stated in explicit goals in project proposals, but the implicit 
reasons for the actors to carry out a project also influence choices they make. The question 
is whether these goals and interests can all be satisfied throughout the project, or if some 
interests and goals get priority over others. Over time, some interests may become more 
dominant on the agenda, receive more funding and time, and become ‘what the project 
is about’. The range of decisions within this theme runs between two extremes. On the 
one end, technological interests get full priority, which is reflected in the project goals and 
budget allocation. Even if projects of this character state to pursue other non-technical 
goals, when push comes to shove, the technological interest takes priority. On the other 
end, projects pursue a broader range of goals in line with the several actors involved, and 
project resource allocations reflect this integration of a diverse set of interests.

The storage project with variable energy pricing provides examples of both sides of the 
range. It combines several actors with different interests: while the DSO is exploring the 
value that these interventions can have for the management of their grid, the ESCOs are 
market actors who are looking to develop business opportunities. In the words of the 
aggregator ESCO: “we are in this project with the assumption that it will bring customers, 



THE DESIGN AND DEVELOPMENT OF DOMESTIC SMART GRID INTERVENTIONS 93

5

that we can generate income from it”. Initially, this project is therefore at the same time a 
grid-technological research project and a business case development project. Besides this, 
research questions were formulated to explore the issue of privacy and the issue of the legal 
roles and barriers regarding variable pricing and storage. All these dimensions were on the 
agenda throughout the project, with funding and professional expertise appointed to them 
to deliver ‘white papers’ on the topics.

Still, this project is also an example of technological interests becoming the default at the 
expense of other research interests. Much theoretical knowledge of the business case was 
developed during the project. However, practically testing a business case requires “gaining 
an understanding of who your client is and what he [sic!] wants”. This way of testing could 
not be brought into practice, weakening the understanding of the business potential of this 
form of intervention. Budget cuts and development hurdles forced the scope of the project 
to be narrowed, allocating the full budget to developing and assessing the technological 
platform. After this technological development, there were few resources dedicated to 
gaining an understanding of the “clients”. There was also little attention for the actual 
recruitment of participants for the limited testing round which was scheduled. Additional 
incentives had to be provided to recruit a sufficient number of participants. However “if you 
want to test a business model, you need to treat the consumer as a [real] consumer”, and 
these incentives formed a distortion of the ‘real world’ business case. Thus, when choices 
had to be made, the technological base of the project was not questioned, and the project 
continued at the expense of the business interests of the aggregator. 

In the cooperative project in which different interests were (attempted to be) integrated into 
one pilot, a similar dynamic could be observed: technological perspectives took precedence 
over others. Initially, it saw the pursuit of multiple goals, stemming from the interests of the 
DSO and the energy cooperative. The DSO’s goals as stated in early project documentation 
was “to mobilize flexibility in electricity demand of a group of people organized in an 
energy cooperative”. This reflects the main interest of grid management, dealing with the 
increasing peaks in electricity demand and supply. Demand flexibility, however, was not a 
primary concern for the cooperative, but as demand flexibility was the ‘basis’ of the project 
in the eyes of the DSO (who initiated it), this aspect was never questioned.

For the cooperative, instead, the project was a way to attract new members and engage 
them in general discussions and measures to save energy. The energy feedback platform 
that was developed was an attempt to integrate both the general goal of stimulating 
“domestic energy awareness” and possible saving measures, as well as the specific goal of 
achieving flexibility in energy use. However, as also its developer concluded, by integrating 
these goals, “in the end there was no one clear goal, and nothing really worked”. The 
primary information the platform communicated was related to flexibility by giving specific 
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advice about shifting of energy demand. Yet, this turned out to be information which for 
many users was either not relevant or too difficult to follow up (Verkade & Höffken, 2017). 
During the course of the project the cooperative’s emphasis on communication and energy 
awareness was supplanted and the goal of shifting energy demand came to dominate the 
discussions – and with this, the technological, grid-management aspect of the design. 

For whom? Framing of the user (Theme 2)
A second theme is the designers’ approach towards the user. More specifically, this theme is 
about the terms in which the user is understood or defined. Broadly, two framings emerged 
in the storage and cooperative projects.

In one framing, the developers identified potential users in technological and economic 
terms: what sort of technologies does the user have in the household that makes him/
her a suitable ‘target’ for intervention? This framing builds on assumptions that this user 
is also knowledgeable about these technologies, and interested in minimizing the costs 
of domestic energy usage. In the other type of framing, design choices were made with a 
social-environmental framing of the user and his/her relation to energy. In such designs, 
potential targets for flexibility interventions are users who relate to non-technical aspects 
of energy like the individual or shared responsibility to manage it or the sustainability of 
energy usage. 

The storage project about variable pricing and storage is an example of the techno-economic 
framing of the user. The storage project had a relatively strong techno-economic approach 
to understanding its users. The aggregator and supplier of the variable pricing platform 
wondered about their future clients and who would benefit from their intervention most: 
“That would be [people with] an electric car, or a heat pump, because those use a lot of 
power and can be shifted in time”. Accordingly, the technology aims at the automation of 
demand flexibility through these devices, independently from the householder. Such an 
approach has little need to understand the user’s motivations or practices since it does 
not interfere with the automated demand flexibility. From the aggregator’s perspective, 
their user would emerge with (or as a result of) the expected rise of household battery 
storage, heat pumps and electric cars. The variable energy pricing structure developed in 
anticipation of this emergence would enable them to manage energy costs in real time. The 
aggregator even thought it would also appeal to “other target groups who find it interesting 
or who can react well to it and reduce energy costs”; this again highlights the economic 
framing of the user.

While the focus of the storage project was on the development of the algorithm and online 
platform, not much attention was paid to the users individually. These were understood in 
technological and economic terms, leading to the assumption that they would be interested 
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in participating: “who would not want to participate in this project, it is such a nice system, 
and it does not cost you anything” (PM2). Especially in the face of budget cuts, there was 
no capacity allocated to investigate further why or how participants would or would not 
want to join, or how they make use of the platform. This overly optimistic approach to 
participation became apparent when the recruitment became an issue with very few people 
signing up for the pilot. All designers at this point recognized their one-sided approach to 
the user: “we were seduced into making a technologically nice project, while not giving 
much attention to the participants” (PM2).

The cooperative pilot is closer to the opposite end of the spectrum, moving (but not entirely) 
away from an economic and technological understanding of the user. The grid operator 
initiated this project with the explicit aim to learn about the phenomenon of local energy 
cooperatives. “There is this new development, we do not want to just let it run its course 
and only know about it when it is too late. This new thing, the social aspect, what does it 
mean for us?”. The DSO thus assumed some new energy user segment to be emerging, and 
part of the project was to discover what the DSO can expect from these users. The users’ 
role in the project reflects this assumption about users’ active engagement with energy and 
particularly the local management of it. 

The online platform, for example, was designed through a series of co-creation sessions, 
which resulted in a set of design goals formulated with a group of users. Users were 
represented by a cooperative project leader who took part in the project meetings. Through 
this cooperative members could, though indirectly, influence the design. This user-influence 
corresponds with the lack of automation technologies in this project: real demand flexibility 
would only be attained if the users themselves would develop energy management 
practices with the platform. Based on this it was assumed that user participation was only 
important for the initial design of the platform, as this would ensure the integration of 
users’ demands and preferences. Once such a platform had been designed, so the project 
partners’ logic, recruiting people to actually use this platform in their daily practice was 
not a matter of concern. The user’s active engagement, especially with an energy platform 
that was explicitly designed with user input, was taken for granted. However, the pilot also 
shows how the actual representation and engagement of users remained limited in the end. 
The inclusion of users in the design did not mean that all users were properly represented. 
The cooperative members involved in the co-design (and the representative in the project 
team) were, often by profession, very interested and experienced in domestic energy issues. 
By inviting them to co-design the platform, and taking their suggestions on board, the 
developers were seduced to make it increasingly insightful and exciting for these users. The 
result was a platform that, when it was finally introduced, overwhelmed and confused many 
of the more ‘average’ cooperative members. 
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To aggregate or not to aggregate? The role of automation (Theme 3)
The third theme design actors engaged in energy interventions face is the role of automation. 
When automation is used to contribute to energy demand flexibility aggregator-ESCOs 
transfer the individual control of devices to automatic control. Demand flexibility ultimately 
means that the use of devices in the household is shifted to a different moment in time 
in response to information, whether this happens manually or automatically. A scale of 
possibilities runs between this automatic or manual approach, and the two case studies 
exemplify very different positions along this scale. 

Full automation means that some household devices are programmed or controlled 
to respond to energy-related information. In the storage project, the batteries and heat 
pumps are controlled by an algorithm which computes when they should switch on or off. 
This automation integrates several variables and can make ‘micro decisions’, switching in 
response to (for instance) price variations throughout the day. On the furthest end of this 
spectrum, the ‘user’ would not even have to be aware of these processes, and no information 
is provided about what the device is doing. The battery in the storage project is ‘black boxed’ 
in this way because the user has no way of influencing it, and also has little knowledge of 
what the battery is doing at any time, or why. Keeping the control of the battery fully in the 
hands of the aggregator is a design choice. According to the aggregator this makes sense as 
“the idea is that people will not be looking at the prices constantly”. From the aggregator’s 
point of view automation is the best way to manage flexibility. The aggregators’ primary 
interest is to optimize the battery as a tool for grid management, energy market trading and 
energy reserve capacity. The more control rests with the aggregators who manage this fleet 
of domestic devices, the better they can achieve their business interests. 

Further along the range of possible designs, the battery’s user has more information 
about its operation and more affordances for action. The performance of the device and 
the parameters on which automated decisions are made can be made visible to the user. 
The automated choices can be influenced by the user, for instance through the setting of 
some preferences or constraints. On the opposite end of this range, demand flexibility is 
wholly in the hands of the householder. With sufficient information about the quality or 
price of energy, the decision to act upon this information rests with the user. Many attempts 
to promote demand flexibility, like in the community-based cooperative project, relied 
on householders reacting to information about energy usage and provision. The focus in 
these cases is more on exploring what sort of information users find useful, and in which 
ways this information is best presented to them. A range of smart meter research finds 
the effectiveness of merelyproviding information to users limited (Darby, 2006; Hargreaves, 
2017). In line with these findings, the cooperative project also saw the impact of information 
provision for demand flexibility to be negligible (Enexis BV, 2015). Nevertheless, this kind of 
‘manual’ flexibility performed by individual users may prove to be interesting enough in 
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alleviating the highest grid peaks, and small changes can still have value for some smart 
grid actors. Users maintaining control over devices in the household and having a significant 
choice on their operation could also turn out to be the strategic route towards recruiting 
people to home energy management practices. 

5.5 Discussion

This article has argued that looking upstream at the development and design of smart 
grids experiments needs more scholarly attention as this contributes to understanding 
and shaping the ongoing energy transition. Sengers et al. (2016) identify a scope ‘to get 
under the skin’ of experiments, to highlight struggles and actor positioning and better 
understanding the resulting design. This paper has shown that a variety of stakeholders are 
involved in influencing the design of smart grid innovations. Yet, this field of actors in the 
energy sector seems to be in flux, and especially the roles and responsibilities of DSOs in 
energy management are being contested. Following (Wittmayer et al., 2017), transitioning 
means going through the process of questioning existing roles and creating new ones, 
rather than building on old understandings of current roles. Besides the established grid 
operators and energy service developers, new actors with diverse interests are emerging. 
Especially aggregator ESCOs who aim to develop new commercial business models around 
demand flexibility are expected to have a vital role, and thus a shaping power. Another 
emerging actor of potential influence is the energy cooperative as a stronger representation 
of individual users and local interests in this field. 

This changing landscape of actors raises some questions. What will be the role of aggregators, 
and how will their relation to energy users and energy managers take shape? Will energy 
cooperatives evolve into local utilities with more responsibilities in managing local grid 
capacity? Tricoire (2015) concludes that incumbent actors in the energy sector are the ones 
actively driving smart grid development, something we also observed for the established 
DSOs. Yet, this author also identifies an emerging group of new entrants to the energy 
(management) sector, who seem to have more transformative potential than the incumbent 
actors. These actors, however, seem to reinforce, rather than question the energy sector’s 
traditional, supply-side biased approach to shaping smart grid interventions. Supporting this 
expectation is the observation that, in the Netherlands but also more broadly, smart grid 
experimentation is initiated and governed by technology-based actors. The findings in this 
article suggest a similar bias from the actively involved incumbent DSOs, but at the same time 
see a quite influential role of the newly entering aggregator ESCO. Similar to the DSO, this 
ICT-based actor also follows a techno-economic framing of the domestic user and domestic 
demand flexibility. In this view, which we also observe, domestic energy management is a 
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mostly technological and economic issue requiring technological and economic solutions 
(Throndsen, 2016).

The three themes identified in this article indicate that smart grid design for the household 
can take various directions. However, linked to the influence of particular actors involved 
in this design, some of these directions seem more likely to take shape than others. The 
bias towards the supply-side effects of smart grid interventions, mentioned above, is one 
direction visible at large. Another direction linked to this is the role of automation that seems 
to be becoming increasingly important. This observation is in line with what Schick and 
Winthereik (2013) conclude from similar empirical work on smart grid projects. They, too, 
identify an increasing role of aggregators and a growing focus on home automation rather 
than active user participation. When it comes to smart grids, the flexibility that is sought 
within the domestic context is very much of interest to the system actors that instigate 
these experiments. These energy system actors identify challenges and propose solutions 
which tend to “reflect current institutional and technological structures” (Ballo, 2015). It 
is, thus, crucial to look at the lessons that are drawn from these smart grid experiments 
with households. Within an actor constellation of mostly techno-economic knowledge and 
interests, the lessons learned from intervening in households can also be expected to be 
framed in that perspective and might set a precedentfor other projects or policies.

Still, the cooperative case analyzed in this article shows that energy experts are not 
blind to, unaware of or uninterested in social aspects driving smart grids developments 
(Schick & Winthereik, 2013). The project aimed to explore the role of a community andits 
potential engagement with energy by including local users in the project’s development. 
Questions about the user’s knowledge and drivers for engaging with energy management 
(like sustainability or self-sufficiency) will in these cases have to receive serious attention 
(Throndsen, 2016). However, when (cooperative) users are merely participating by invitation 
“the interaction between energy planners and the public often results in a dialogue of the 
deaf” (Cuppen, 2018, p. 31). This article also identifies a risk of missing out on different 
ideas about user’s knowledge and drivers for engaging with energy, when the project is 
mainly designed by, and for, engineering biased actors. As Geelen et al. (2013) and Cuppen 
(2018) argue, there might be a role for project designers as a bridge between the different 
rationalities, and as boundary workers who facilitate all involved actors in the design. 
Enhanced user interaction will require this project manager or intermediary to display 
great interpersonal skills in translating, negotiating and aligning the diverse interests and 
knowledges (Heiskanen et al., 2013; Matschoss & Heiskanen, 2017).
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5.6 Conclusion: technological default, a sticky assumption and more automation

This paper identified the key actors that are typically involved in designing smart grid projects 
for home energy management. By studying these actors three themes were identified that 
play a central role in the design of smart energy interventions. 

Domestic smart grid projects usually involve the development and linking of technologies: 
hardware like battery storage, but most notably software for creating, sharing and 
acting upon data about energy usage. However, energy projects involve more than only 
technological issues, as questions of economic feasibility and business cases or questions 
about the role and expectations of domestic users are raised as well. Theme 1 describes 
this issue of dealing with diverse interests and suggests that, despite a variety of actors and 
interests, smart grid experiments are likely to see a “technological default” by prioritizing 
technology-related design choices over others. 

The second theme influencing the design of smart grid experiments are the terms in 
which the domestic user is actually understood. Interestingly, both the storage and the 
cooperative project were based on the same, particularly “sticky assumption” about the 
user: namely, that of a person who is generally interested in and willing to engage with 
energy management. The techno-economic user-framing of the storage project, for example, 
showed that the more the project is aimedat developing automation, the less need there is 
to understand the user him/herself, because his/her actions do not impact the result. The 
social framing of the user in the cooperative project, too posited an active, engaged energy 
user, and the user-involvement in the design process was confirming the assumption. The 
question whether all users are really that interested in energy management and whether 
they would actually change their daily practice, was never asked.

The third theme that plays a role in the design of domestic smart grid innovations relates 
to the degree of automation that is thought to be required. Especially aggregators, being 
market-based actors, aim to maximize the size and reliability of the capacity they control, as 
this strengthens their business. From the aggregators’ point of view opening up the control 
of devices like batteries and heat pumps to the preferences and ‘whims’ of the user is costly. 
Consequently, aggregators aim for automation by keeping smart grid interventions in the 
household black boxed, as users, and ultimately the grid, are served best this way. Given 
that aggregators are increasingly expected to fulfil a role in the management of domestic 
energy demand, this perspective might become more present in smart grid interventions.

This paper shows the influential role energy system-side actors have in designing domestic 
smart grid innovations - and the identification and characterization of the three main 
fields reflect this. However, this type of smart grid development runs the risk of losing the 
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domestic user in the process. This consequence became visible in both case projects, which 
leads us to propose the following recommendations. 

First, in order to bridge the diversity of actors in smart grid projects, we echo the 
recommendation of an intermediary project designer, who can defend the interest of 
all actors involved (public, commercial and user). Particularly projects that turn out to 
be technologically challenging (as the storage case proved to be), an intermediary could 
prevent the project from being ‘all about technology’ at the cost of other goals. 

Second, especially when automation of e.g. storage becomes more important, the trust 
of users was found to be crucial. A recommendation towards building trust would be to 
connect with already existing local networks such as a cooperative, as was done in one of 
our cases. 

Lastly, having a consistent and open communication practice with users about project 
progress and expectations is key for its success. Especially without the help of a trusted local 
intermediary (as in the storage project case), participant interest and trust can be easily lost 
over time. If users are to hand over some control to automated devices and (aggregated) 
storage, a real possibility given our observations, they need to feel they can trust in the design 
and control principles of these innovations. The design and development phase of domestic 
smart grid projects is a key site where impactful decisions on these principles are set.
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6.1 Introduction

Civic Energy Communities (CECs) have been on the rise in many countries worldwide; 
specifically, in the Netherlands, CECs are showing steady growth since 2010. The fourth 
and most recent report by the sector’s network organization counts 353 local energy 
cooperatives in the Netherlands (HIER, 2018), a country with 380 municipalities. CECs 
are local citizen organizations that aim to make their ways of using and generating energy 
environmentally, politically, and economically more sustainable. They achieve this through 
a range of activities, including: defining the visions of local sustainability, offering energy 
efficiency measures to the community, organizing collective buying of solar panels, and 
developing collectively owned renewable energy generation. CECs have the potential 
to make a significant contribution to the future energy system in Europe through these 
activities (Kampman et al., 2016). It is of importance to study the emergence of current 
and future activities of CECs in order to understand this transitioning system (de Vries et al., 
2016).

In this article, we focus on the activities of civic energy communities, specifically those 
activities through which they aim to generate and manage energy collectively. We develop 
two central arguments in this paper. First, we argue that the activities of community energy 
can be better understood through the conceptual lens of collective energy practices. In this 
argument, we bring together research regarding the development of community energy 
and work that conceptualizes energy from a social practice perspective. We find a useful 
distinction between three categories of collective energy practices: promoting individual 
energy practices; developing collective energy generation; and, developing collective energy 
management.

Second, we argue that, to understand the (continuing) emergence of these collective 
practices, it is crucial to identify the linkages of these practices with the broader system of 
energy practices. Here, we work with the notion of a system of energy practices, building 
on theory and applications that were developed by Schatzki (2002), Nicolini (2016), and 
Watson (2012). This systemic view based within practice theory sees the energy system 
consisting of all the practices through which it is made and sustained. We will identify the 
crucial interlinkages with this system of energy practices that explain the emergence of 
collective energy practices for CECs and how these have been hindered and/or enabled thus 
far.

By developing these two arguments, we address the following research question: how 
can we understand the emerging practices of civic energy communities within a changing 
energy system?
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Community Energy has been a topic of research for quite some time, being largely focused 
on renewable energy generation activities. Much of this research uses notions that are 
related to transition studies and the multi-level perspective. Energy communities (Dóci et al., 
2015) are often seen as ‘niches’ (Seyfang et al., 2014) within an unsustainable and obdurate 
regime (Geels, 2014) where ‘grassroots innovations’ (Smith et al., 2015; van der Waal et al., 
2018) can develop. Although these innovations can be technical (Ornetzeder & Rohracher, 
2013), CECs often work with existing products that are applied in new contexts, where non-
technological aspects are the subject of innovation (de Vries et al., 2016; Haxeltine et al., 
2013). We build on this body of literature, but from a different perspective: we approach the 
activities of CECs from the perspective of social practice theory, in which the actual activities 
through which energy is generated and managed are the central object of study. This set of 
activities is still expanding as new material and non-material elements become available to 
CECs, and the place of community energy in a transitioning energy system is still in flux. The 
concept of collective energy practices will be mobilized to characterize the diverse activities 
of CECs.

It is argued that CECs are important in the development of local energy practices, because 
they pioneer initiatives to generate and manage energy (Hewitt et al., 2019; Oteman et al., 
2017). In this innovative role, CECs actively challenge and question conventional practices 
through which the energy system is organized (Proka et al., 2018). The challenges that are 
posed by local renewable energy generation to the grid infrastructure are becoming very 
palpable in several regions of the Netherlands (Solar Magazine, 2019). CECs also challenge 
the conventional energy system by developing activities around managing the way that 
their community-generated energy is used. It is thus necessary to also take account of the 
practices of established energy system actors to understand the emergence and potential 
for CECs’ energy practices. We do this by extending our concept of collective energy practice 
to be enmeshed in a broader system of energy practices, based on earlier system of practices 
work by Watson (2012) and Macrorie (2016). In this paper, we elaborate a practice-based 
perspective that captures both the specific practices of CECs as well as the practices of other 
sites in the energy system.

The following section reports on the methods that we used in our research into various sites 
of practice over a longer period of time. Section 6.3 is about collective energy practices, 
and it introduces our findings on three categories of collective energy practices of CECs. 
This is followed by a section where we take a more systemic perspective and show the 
various sites of practice that form the system of energy practices. We close with a discussion 
regarding the collective energy practices of CECs within the energy system, by highlighting 
their empirical and theoretical relevance.
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6.2 Methodology

This paper is based on fieldwork at several sites of the Dutch energy system, as part of a longer 
ongoing research project on emerging energy practices in the Netherlands. The focal sites of 
energy practices for this paper are civic energy communities, and, in particular, innovative 
CECs that are, or were, early developers of collective energy practices. The CECs that were 
researched for this paper are exemplary for this innovative character because of projects 
that they are, or were, involved in. Five of these CECs were researched in-depth by following 
on-going projects and through semi-structured interviews with key individuals. These key 
individuals had been involved with initiating CECs, developing its practices, and interacting 
with other system actors. Interviews were performed at the home or workplace of the 
interviewees, and they lasted 60 to 90 min. The interviews were transcribed and analyzed 
by hand by the authors. The empirical material presented throughout this text in the form of 
telling quotes comes from these interviews with key individuals from the CECs. All five CECs 
are represented at least once through telling quotes, which was chosen to also reflect the 
expressions that were made in the interviews with other CECs. Our understanding of CEC’s 
collective practices was expanded and triangulated by visiting events and utilizing reports 
from the Dutch community energy network organization HIER, and personal experience 
working with CECs. Table 6.1 provides some more information regarding the CEC names, 
locations, and the numbers that we use to reference them throughout the article. Thus, the 
analysis is built on a mixed method, formulating and deriving insights on the several ‘sites 
of practice’ from the interview data and site visits, and further substantiating these with 
literature on the energy sector. This table also forms an overview of the methods used to 
research the several practice sites.

Descriptive data on the public and commercial practices through which grid management 
is performed and changed were obtained in the authors’ earlier fieldwork in two Dutch 
smart grid experiments (SSmE and JEM2: see also chapters 2 and 3). Our data about policy 
practices, which we collected through interviews with practitioners, is enriched by including 
relevant other research literature describing these practices. 
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Site of Practice Organization/Project (Location) Method

CEC #1 Duurzame Energie Haaren (Haaren). Semi-structured interviews.
Sector events & reports.CEC #2 Member of Brabant Provincial commission social 

innovation and initiator of several CECs.
CEC #3 Morgen Groene Energie (Nuenen).

CEC #4 Escozon (Heeten).

CEC #5 Endona (Heeten).

Grid management #1 Project SSmE 
(“Together energy smart”—Haaren).

Interviews with grid manager 
Enexis, other project partners and 
participants. Observing project 
meetings.

Grid management #2 Project JEM2 
(“Your energy moment 2.0”—Breda).

Local Policy  Based on literature & interviews at 
CEC sites.

Commercial  Based on literature, the project 
partners in two projects mentioned 
above & interviews at CEC sites.

National Policy  Based on literature.

Table 6.1 Overview of researched practice sites and mixed methodologies.

6.3 Results

This section is divided into two larger parts. The first part deals with our notion and 
findings of the collective energy practices of CECs. The second part takes on a broader view, 
introducing our notion of a system of energy practices, and reporting on the several sites of 
practice that make up this system.

6.3.1 Collective Energy Practices
In this section, we focus on the activities of civic energy communities that affect the way 
that energy is used and produced in the Netherlands. We will do this from a perspective 
that is based on theories of social practice and introduce a notion that—as we will argue—
better captures the activities of CECs. Practice theory (Schatzki, 2002; Shove et al., 2012) 
understands the social in terms of the actual practices of people, whose daily lives consist 
of engaging in socially prefigured, but still indeterminate and emergent, activities. This line 
of thinking has questioned the rationalist approach to how people relate to energy (Shove, 
2010), and instead reframes energy consumption as an invisible, but often necessary, by-
product of the meaningful practices that were performed in our daily life (Naus, 2017). 
However, practice theory has also been used to understand recently emerging energy-
related activity in the household. A range of research that is rooted in practice theory has 
been carried out to study the emerging energy practices of the home (Hargreaves et al., 
2010; Røpke, 2013; Smale et al., 2017; Strengers, 2013). The concept of energy practices has 
been proposed as a particular set of practices through which “… energy is highlighted, made 
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visible, problematized, managed, stored or discussed, which in turn produces insights that 
can be used to shape [domestic] energy conditions (Verkade & Höffken, 2017)”.

The focus in this line of research has mostly been placed on the activity of individual 
householders, within the arena of the home. The notion of these home energy management 
practices (Smale et al., 2019) is useful for this level of analysis, but it does not fully capture 
the phenomenon of energy collectives. Energy practices, as a concept, applies to much of 
the activity of CECs, as they are explicitly bringing energy to the foreground, highlighting and 
problematizing it, making it a matter of concern for the people that are involved and (as an 
aim) the wider community. However, the activities of a CEC have a more collective dimension 
than home energy practices: they only emerge after a group of people comes together and 
goes on to develop projects that they individually could or would not have. This distinctness 
from home energy practices is why we adopt the notion of collective energy practices.

Collective energy practices consist of the smaller practices that are performed by the 
community members, interrelated and united under the collective practice of e.g., 
operating a community-owned solar park. As a collective, by developing these collective 
practices, the CEC assembles the resources that are available within the community into 
actual practices, which would not emerge otherwise. An approach that sees the activity of 
a CEC as operating at a ‘larger scale’ than the individual is similar to how we might describe 
the activity of any other organization from the practice-theoretical perspective. This means 
that the recognizable activity that we observe within a collective, whether it is a CEC or a 
coal company, is a set of interrelated practices that are performed by multiple people at 
different times and places (Schatzki, 2010).

As will be seen in the description of the different collective energy practices, these are not 
being developed and performed exclusively by CECs. However, based on their founding 
principles, CECs aim to carry out their collective energy practices differently from the 
collective energy practices of other actors (van der Schoor et al., 2016). This means that 
this collective energy practice for a CEC should often include notions of democratic process, 
equality, local ownership, and the adequate scaling of technology. In the context of CECs, 
the term collective practices thus takes on an additional meaning, beyond the indication 
that they emerge from a multitude of individuals. The collective notion also holds that the 
activities that are developed by CECs often explicitly aim to benefit their community, work 
toward community-owned energy resources, and make sure that the community’s wishes 
are in some way represented in the local development of the energy transition. Furthermore, 
it indicates that it is through these collective practices that the community they identify with 
is further established and shaped: the practices give meaning to the CEC, a reason to be 
organized as a collective.
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We expand the toolkit of social practices to better understand the phenomenon 
emerging through the activities of CECs with the concept of collective energy practices. 
In the following section, we will provide a more detailed look into the collective energy 
practices of civic energy communities. We distinguish three collective energy practices of 
energy communities: promoting individual energy practices; developing collective energy 
generation; and, developing collective energy management. This distinction is initially based 
on the development path that we have seen for CECs, where these categories can be often 
seen as stages of development.

Promoting Home Energy Practices
The initial practices that most civic energy communities developed, apart from organizational 
practices, were aimed at promoting home energy practices among their participants. This 
distinct type of collective energy practices promotes and supports the growth of home 
energy practice that is organized at the community level. The CEC directly impacts the 
energy system by ‘circulating’ (Shove et al., 2012) technical and non-technical aspects of 
these home energy practices among the community members.

The widespread organization of community schemes for buying solar panels is the most 
visible of these collective energy practices: “The first few years, we have been very busy 
getting solar panels onto houses” (interview CEC #1 & #3). During the significant decrease 
in solar PV costs in recent years, many initiatives for collectively purchasing solar PV were 
started in the Netherlands. Up to the year 2018, at least 248 smaller and larger projects 
were counted (PolderPV, 2018). This collective energy practice benefits the CEC by reaching 
out and recruiting members, whom themselves benefit by being “unburdened” in obtaining 
(cheaper) solar PV. Similar community schemes exist that promote home insulation, heat 
pumps, or energy monitoring devices. The community can also promote new knowledge 
and meanings regarding energy besides these ways of altering the material arrangement 
through which energy is used and produced within the home. Examples that were observed 
in our cases that help to achieve this include education on energy saving at schools, displaying 
individual ‘sustainable’ successes within the community, and promoting their vision and 
knowledge within political and civil society. In doing so, individual energy practices of energy 
monitoring and energy saving are promoted within the community.

However, these collective energy practices are not exclusive to CECs. In fact, of all the 
collective solar purchasing initiatives up to 2015 the majority (in number and capacity) of 
these initiatives was started by commercial actors, consumer organizations, or governmental 
programs (PolderPV, 2015). Similarly, energy companies now offer easy access to solar 
panels and heat pumps to their customers, as well as a host of apps and devices to monitor 
and reduce energy usage. The way that CECs perform these collective practices is not 
very different from how this practice is performed by other societal or commercial actors 
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(interview CEC #2). However, as a relatively easy to organize practice, which also offers 
clear benefits to the community members, it proved to be a successful first step in the 
development of many CECs.

Developing Collective Energy Generation
Following the promotion of individual energy practices, many CECs have moved on to 
another category of collective energy practice: developing collective energy generation. This 
practice, especially collective solar PV generation, has been widely picked up by CECs and 
grew fast in recent years: The amount of collectively owned solar projects grew from 277 in 
the year 2017, to 450 in 2018 (HIER, 2018).

The collective practice that was recognizable as collective energy generation consists of a 
host of smaller and diverse practices, related by their contribution to the collective practice. 
Smith et al. (2015) list many tasks within the set of practices that CECs needs to perform in 
setting up community energy: “Groups have to study technical information […], constitute 
themselves as a legal entity, apply for grants, seek loans, raise money, think about insurance, 
permissions, marketing strategies” […]. This illustrates that developing collective generation 
is a more complex collective practice than the previous category of promoting individual 
energy practices.

In itself, the practice of generating energy through solar parks, wind turbines, or, for instance, 
biomass facilities is of course not exclusive to CECs. CECs often set out to apply a different 
(broader) range of elements, which are rooted in the principles on which the community 
operates and is built (van der Schoor et al., 2016). This becomes visible in the way that CECs 
shape their collective energy generation practices. As we have observed in our fieldwork, 
a democratic process and equality are basic principles for most Dutch CECs, which have 
legally established themselves as cooperative associations. Equality takes shape not only 
in the equal voting rights of cooperative members, but also in designing the investment 
structure of collective generation to be equally accessible for everyone (CEC #4). Rather 
than finding the largest investor for a local project, our case studies show how ownership is 
split into small shares that practically anyone can buy limited amounts of. Local ownership 
is not intrinsic to all collective solar generation by CECs, some projects allow for investment 
by anyone. However, local ownership has been a common goal for CECs, and over time it has 
become established as a standard form through changes in tax legislation. We will return 
to this topic in the next section. Lastly, the adequate scaling of collective generation means 
that whatever the type and size of the project that is developed by the CEC, it corresponds 
with what the community deems necessary (CEC #4). Thus, the leading principle might not 
simply be to develop the largest or cheapest project to have as much renewable energy as 
possible; the project should fit with the values and goals that a majority of the community 
finds important.
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Such founding principles of CECs, which they aim to apply in the collective practices that 
they develop, are not always recognized in the way other actors might develop the same 
practice of collective energy generation. This is especially relevant in regard to solar parks in 
the Netherlands, where market based actors are also offering and developing solar projects 
within the municipality. In fact, private actors form the majority in developing collective 
generation, while CECs own a mere 2% of total solar power in the Netherlands (HIER, 2018). 
The ‘booming’ growth of commercially developed solar parks has been increasingly met 
with discussion and opposition at the local level, because the values and principles of the 
community are often not included in these developments.

Developing Collective Energy Management
We distinguish a third category of collective energy practices, which are formed by the 
collective energy management practices that address how, when, and which energy is 
used within the community. Just like collective generation, the technologies through 
which collective energy management is achieved have a collective nature; people do not 
individually develop them, they are operated by and for a collective. Energy monitoring 
platforms for the community (Kloppenburg & Boekelo, 2019; Verkade & Höffken, 2017); 
community energy storage (Koirala et al., 2018); the development of community virtual 
power plants (van Summeren et al., 2020); and, operating micro-grids (Hirsch et al., 2018) 
are examples of this.

Energy management practices are not new, as the maintenance of the electricity system has 
always required careful control and balancing throughout the grid. However, a consequence 
of a renewables-based energy system is that there is a growing need to manage the dynamics 
of energy at the scale of the household and the community. A host of smart grid pilots and 
experiments has been conducted over the years to test how technologies (storage, smart 
appliances, and IT platforms), tariff schemes, regulations, and information feedback can 
be applied to create a demand response and manage energy usage at the local level. The 
palette of energy management practices through which the energy system is balanced and 
maintained grows as all of these elements are developed. Although grid management is, 
strictly speaking, not their responsibility in the current energy system, we observe that CECs 
are starting to explore how their communities might engage in these energy management 
practices.

One main reason for this is that it improves the amount of community-generated electricity 
that is actually used within the community. Besides any moral principles that the CEC might 
have on becoming self-sustainable, improving on this will likely also be financially rewarding. 
CECs anticipate changes in the degree to which their collective generation capacity has 
access to the grid infrastructure. The local grid is meeting constraints in its ability to 
accommodate all electricity generated by collective solar electricity generation (not just by 
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CECs) in ever more parts of the Netherlands. Grid operators and the government are already 
exploring ways to limit the pressure that collective generation puts on the grid (Netbeheer 
Nederland, 2019). Measures, such as flexible taxation and/or pricing, lead to higher costs 
of using the grid, and the curtailment of solar parks is a flat loss of the generated energy 
(Bird et al., 2016). These interventions are not unlikely (Solar Magazine, 2019) and they 
can be a push for the CEC as owners and users of the generated energy to decrease their 
demand of grid capacity, as this is likely to become limited and more expensive at times. 
Thus, collective energy management practices that achieve this will become a logical add-on 
to the collective generation for CECs.

Another reason we find is that, even before these more critical measures have to be taken, 
energy management practices can support the growth and position of the CEC. “To maintain 
[the CEC] we must find a new business model for cooperatives, in which they perform tasks 
to unlock and retain as much value as possible (CEC #5)”. Practices that unlock and extract 
value from flexible energy usage and storage are growing, often as a core practice of market-
based aggregators. These practices generate value by reducing energy usage, making use of 
fluctuating energy prices, and offering flexibility services for grid management. The CEC can 
strengthen its business model by performing these practices itself, by setting up and utilizing 
flexible capacity (a battery, aggregation) within the community.

6.3.2 Understanding Collective Energy Practices within a System of Energy Practices
The collective energy practices of CECs are developed and performed in deep relation with 
the energy system at large, which we understand as a socio-technical system. As Watson 
(Watson, 2012) argues, practices “are partly constituted by the socio-technical systems of 
which they are a part; and those socio-technical systems are constituted and sustained by 
the continued performance of the practices which comprise them”. Collective practices of 
energy generation and management make use of, but also affect, the material infrastructures 
of the energy system. Furthermore, the devices that are applied in these practices are 
produced, supplied, and installed by other organizations. However, beyond the technical 
dimension, collective energy practices also relate to, make use of, and have an impact on 
the financial, legal, political, and cultural dimensions of the socio-technical energy system.

Just as the activity of CECs can be understood as collective energy practices, so can the activity 
of other organizations that contribute to the energy system. The “methods of planning and 
policy-making” that make and shape an infrastructure can be “considered practices in their 
own right” (Shove et al., 2015). In this sense, the energy system is itself a larger constellation 
of practices that build it, feed it, regulate, use, and manage it. This system persists “through 
the routinized actions of actors throughout the system, as they perform the practices which 
reproduce the institutions and relations comprising the system” (Watson, 2012). The ‘system 
of energy practices’ is thus defined “as a relatively stable configuration of linked practices 
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and relations that together sustain a particular socio-technical mode of doing” (Macrorie, 
2016), in this case generating energy and managing the electricity grid.

The system of energy practices is dispersed over many different sites of practice: the energy 
practices of an energy producer, a grid operator, or a policymaker all play a part in the broader 
system of energy practices. The particular socio-technical mode of undertaking energy 
generation and management is routinely re-constituted by these various sites of practice, 
and the activity of CECs is thus dependent and prefigured by the system of energy practices. 
However, at the same time, this does not presume that influence is exclusively in the hands 
of “professional and political practices” (Shove et al., 2015); any one site of practice can, by 
doing things differently, challenge and change the system of energy practices. This change 
is affected by alterations in other sites of practice, such as the political and legislative arena, 
grid management and planning, or the market for technologies.

From our perspective on a system of energy practices, even though we have a particular 
interest in the energy practices of CECs, “appreciating the relations between practices—not 
just interdependent but also competitive relations—is in fact essential to understanding the 
dynamics within practices (Watson, 2012). This means that, to understand development 
and change in collective energy practices, it is imperative to follow their linkages into the 
places and practices of national policymaking, grid management, local government, and 
commercial activity in the energy system. This means that not only the collective practices 
of CECs have to be studied, but also the sites of practice that are important for their 
emergence, growth, or failure.

We can identify the crucial enabling or hindering linkages to other sites of practice 
throughout the system of energy practices by studying the practices of CECs. This process 
of studying one focal practice and tracing the important relations to other sites of practice 
is similar to the ‘zooming’ approach that was presented by Nicolini (2012). Some of these 
other sites of practice have been an object of our own empirical work, while we refer to 
in-depth studies of others where available for other practices. We will report on the crucial 
enabling and hindering relations to other sites of practice that we have identified in studying 
the collective energy practices of CECs in the remainder of the section.

National Policy Practices
Several national policies figure strongly in the emergence of collective energy practices. First 
of all, the collective practices that promote individuals to acquire solar panels were enabled 
by a national governmental policy that made solar panels more economically attractive. 
Net-metering policy for individual households’ self-generated solar electricity has had 
major consequences in this regard, and the VAT rebate on solar systems has been another 
supporting policy. The net-metering policy was made as a general governmental policy to 
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promote individual solar energy generation, without the reference or influence of CECs. It 
merely acts as a ‘prerequisite’ to the emergence of this particular collective energy practice, 
which we have shown has been a very common first step for CECs. The net-metering policy 
was intended as a temporary support mechanism, but it has been extended several times 
and it will last until the year 2023, when it will be replaced by a different policy (Energeia, 
2018; Rijksoverheid, 2019).

A second relation to the sites of national policy practice becomes apparent by zooming in 
on the development of collective energy generation. The investment and subsidy structure 
of collective energy generation can take different forms, but most of the community-
based energy generation is shaped by a particular national policy instrument: the ‘postal 
code rose’ (PCR) arrangement. CECs that develop energy generation capacity in shared 
ownership, for instance, by wind turbines or larger solar installations, have argued that this 
self-supplied energy should not be taxed in the same way as grid-supplied energy. Before 
a policy instrument ultimately came about, the tax regime in place heavily limited the 
economic feasibility of community energy. Repeated attempts by policymakers and local 
energy representatives to fight for a different tax regime for community energy throughout 
recent years in the Netherlands have been documented by (Kooij et al., 2018). This process 
shows how energy transition at the local level intersects with the practices of the national 
government, where the concerns of CECs were constantly balanced against reduced tax 
incomes.

Ultimately, this process resulted in the postal code rose (PCR) arrangement, which exempts 
the energy supplied to owners of collective generation within the same and adjacent postal 
code areas from taxation. This PCR arrangement, in turn, became a steering element for the 
further development of CECs’ collective energy generation practices, because it only applied 
to the specific legal form ‘cooperative association’. Already before the PCR arrangement was 
established, many CECs organized themselves as cooperatives (HIER, 2018), but this national 
tax policy has further entrenched the cooperative form.

The net-metering and PCR arrangement are only temporary measures, and it is not 
completely certain for individual users and collectives what future policy might look like. The 
temporary aspect of national legislation is of influence on the collective energy practices of 
CECs, because it introduces further risks: “what are the parameters, who is going to ensure 
our continuity?” (CEC #3). CECs can look for support from the European level: recent rulings 
by the European Parliament on the ‘Clean Energy for All Europeans’ package strives for 
national policies within the European Union (EU) to further recognize and accommodate the 
generation and management practices of CECs (REScoop.eu, 2019). The tax related legislative 
changes are one example of this accommodation. Another example is the “Experimenting 
arrangement” that was first established by the national government in 2014 (Ministry 



COLLECTIVE ENERGY PRACTICES 115

6

of Economic Affairs, 2015). Under this arrangement, cooperatives can deviate from the 
“Elektriciteitswet” (Electricity Bill), meaning that they can take on roles and responsibilities 
that they are normally excluded from.

Local Policy Practices
Sites of local governmental practices are another site with an important relation to the 
development of collective practices of CECs (Hoppe et al., 2015). The practices of local 
government have proved a valuable source of support and “strong facilitation” for the 
development of many CECs (CEC #2) although the municipality only acts at the fringes of 
the system of energy practices. This support can consist of funds to organize events, physical 
space on (municipal) roofs or lands for energy generation, or signaling the importance of the 
CEC to other organizations and inhabitants. The link between CEC and municipal practices 
works both ways, because the municipality is also often dependent on the collective 
practices that were developed by CECs. The sustainability of the energy system is rising on 
most municipal agendas, since “Paris and Groningen have become serious issues6” (CEC #3). 
However, the municipal capacity to pursue this sustainable agenda is still limited (Elzenga 
& Schwencke, 2015), especially in smaller municipalities: “there simply is no capacity or 
quality to bring it into practice” (CEC #3). Changing this takes a long time due to the long 
and fluctuating cycles of local government practices, such as elections, setting a policy 
agenda, developing programs, and eventually appointing civil servants. CECs fill this gap by 
developing collective energy practices that promote sustainable action by citizens of the 
municipality (HIER, 2018).

CECs’ collective energy generation practices can develop at a scale that exceeds the 
boundaries of individual municipalities. In some areas these municipalities have remained 
relatively small, so that, in deploying and connecting energy generation, CECs quickly run 
into these boundaries. In these cases, officials and planners from other municipalities also 
get involved, with their own visions and practices, complicating the process for the CEC. 
“But energy does not follow these boundaries… I think, regarding energy management 
and generation, the municipal boundaries in this particular area are completely outdated” 
(CEC #3). Thus, the physical limits of local governmental practice are not always where the 
practices of CECs want to end.

Commercial Practices
The practices of commercial organizations in the energy system also prominently figure in 
the development of collective energy practices of CECs. The sites of practice are dispersed 
over a range of different businesses, such as commercial energy generators, suppliers of 

6  (Refers to the Paris climate agreement, and to earthquakes resulting from gas production in the 
Dutch province Groningen)
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energy generation and management technology, and organizations that offer support 
services to CECs. Commercial sites of practice in the energy system relate to the collective 
practices of CECs in various ways, from supporting to competing with CECs.

For instance, the CEC often collects offers from a few suppliers who will sell and install the 
technology in question in organizing the promotion of individual energy practices. The 
relation between the CEC and these suppliers are described as “ambivalent” (CEC #3): on 
the one hand, by promoting solar panels, heat pumps, or home insulation, the CEC basically 
organizes a market for the supplier. In this way, the CEC and the supplier can support each 
other’s practices. On the other hand, the commercially driven actors also perceive the 
CEC as a competitor and as costly, because the CEC usually wants a small discount for its 
members. From the supplier’s point of view, the collective practice of promoting individual 
energy practices can also be performed by the supplier itself. This ambivalent and possibly 
competitive relation between CECs and commercial actors is a theme that we find in the 
development of all CECs’ collective energy practices.

The relation between CEC’s and commercial practices can have a supportive character: the 
annual report of CEC network organization HIER (2018) signals a “growing willingness of 
commercial market parties to cooperative with local communities”. This cooperative stance 
is, for instance, visible among some of the commercial energy generating companies. No 
CEC by itself has the capacity (and very few the license) to supply its members-clients with 
energy at any time. If a CEC wants to directly sell energy its members, then it needs to 
enter into a partnership with an established and licensed energy supplier. A few commercial 
and sustainable energy suppliers, such as Greenchoice, have positioned themselves as 
supporting community energy (HIER, 2018). These companies often also offer additional 
administrative services to the still inexperienced CEC besides being the buyer and co-
supplier of energy community generated energy. By taking care of these administrative 
practices, the commercial actor prevents a lot of overhead administrative costs for the CEC. 
By offering services to automate and professionalize the administrative processes that come 
with collective energy generation and postal code rose projects, commercial actors enable 
the further growth of community energy.

The routine practices of commercial actors can also be of hindrance to the CEC’s 
development of collective energy practices, despite a willingness to cooperate with 
CECs. We find that commercial organizations that the CEC has to work with or rely on in 
developing their collective practices are not attuned to this new player on the field. The 
variety of technological, legislative, and financial elements that need to be integrated 
into these collective practices are not readily on offer; instead, they come from a range 
of organizations that each offer partial solutions based on the limits of their expertise and 
responsibilities. Collective generation, but especially collective management practices, 
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involve “all these incredible technological parts, that ultimately need to be integrated into 
one solution. There is no party that I know that offers these integrated solutions” (CEC #3). 
Thus, these elements need to be integrated by the CEC, a complex task that does not make 
further growth of collective energy practices easier.

Furthermore, our research on CECs developing collective energy generation practices also 
shows the competitive side of the relation between CECs and the sites of commercial energy 
practices. Developing collective energy generation has also become an attractive business 
opportunity with the ongoing decrease in costs and substantial governmental subsidies. This 
has led to strong growth in solar park developments that are not in the hands of communities, 
and that are not postal code rose projects. These commercial practices of energy generation 
at the local level compete with CEC energy generation practices. Especially with the growing 
criticism of land-based solar parks, the amount of space for energy generation that they 
compete over is limited at the community level. “The community takes this step first, before 
the big companies start moving, too. Subsequently, it is the question if you want to keep 
doing that, as a small organization” (CEC #3). Commercial actors can now offer complete 
packages for solar parks to a land-owning farmer or municipality, with which it is difficult for 
a slower-moving, volunteer-based CEC project to compete on economic terms.

Grid Management Practices
Yet another site of energy system practices are the sites where the electricity grid is produced 
and managed. Especially, the regional distribution grid operators (DSO) in the Netherlands 
have been quite visible by setting up or joining experimental projects to develop and test 
mostly technical, measures that will help in managing the electricity grid at the local level. 
However, the practices of grid management have something of a dual nature, which also 
reflects on how they relate to the collective practices of CECs.

DSOs have developed innovative elements that are in close collaboration with CECs that 
are developing collective energy management practices. Our own research (Verkade & 
Höffken, 2017) has covered a DSO-led project, in which (some of) the tools for individual 
household energy management practices are introduced to a CEC, with the goal “to 
explore the potential of social cohesion for energy management”. In recent years, DSOs are 
increasingly faced with communities who want to take up responsibilities in managing their 
energy. A cVPP project7 by a CEC in Loenen, and the GridFlex project with the CEC in Heeten8 
who want to experiment (under aforementioned Experimenting arrangement) with a local 
energy market and offer flexibility services are examples of this. These collective energy 

7  Interreg funded project Community Virtual Power Plant, Loenen, The Netherlands.  
https://duurzaamloenen.nl/community-based-virtual-power-plant-loenen/

8 GridFlex Heeten, The Netherlands. https://gridflex.nl/
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management practices are very relevant for DSOs, because these can support the DSOs task 
of local grid management, which might need ‘smarter’ solutions than what the conventional 
grid management practices entailed thus far.

On the other hand, by far the largest task that grid operators work on is maintaining a 
stable and reliable grid at all costs. It is this core practice on which they are judged, and 
this leads to a very defensive and risk-averse stance versus the uncertainties of working 
with collective energy management practices by CECs (CEC #3). Bids that are offered on the 
market for flexibility services (made mostly by commercial businesses such as aggregators) 
need to satisfy strict demands on reliability, availability, and response time. In this sense, the 
collective energy management practices of CECs will likely be held to the same standards. 
This development is still young and whether CECs are able to meet these standards in their 
grid management practices remains to be seen.

Besides the physical space that is needed for land-based solar parks, commercial and CEC 
energy generation practices also increasingly compete for capacity on the grid. In particular, 
in less populated areas that have been laid out with relatively low grid capacity, the 
limitations of the grid to accommodate collective energy generation are becoming visible 
(HIER, 2018). In these areas, but perhaps also more generally in the near future, this limited 
grid capacity can be a barrier to the growth of collective energy generation. Furthermore, 
the nature of the practices of grid construction and planning is such that lifting this barrier 
by grid expansion will take a long time. Especially, the planning procedures can take several 
years, because this part of the process is also entrenched in governmental practices (Solar 
Magazine, 2019).

6.4 Discussion and Conclusions

The three categories of collective energy practices that CECs engage in are in quite different 
stages of development. The promotion of individual energy practices is ubiquitous among 
CECs, collective energy generation is growing fast, while collective energy management is 
currently undertaken by a fraction of CECs. We want to stress that not all CECs develop all 
of these collective energy practices, and there is not a fundamental ordering to these three 
sorts of energy practice. However, we observe that these collective practices are logically 
consecutive and increasingly complex steps in the development of CECs. Furthermore, we 
find that CECs become more enmeshed with the broader energy system of practices with 
each step of developing these practices. The collective energy practices of CECs become more 
impactful on the existing energy system and the practices through which it is maintained.
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In each of our proposed categories of collective energy practices, CECs (still) take up a small 
share when compared to public and market-based actors. However, we do not wish to 
discount the role of the collective energy practices of CECs within the energy transition that 
is unfolding throughout the system of energy practices. As Watson (2012) says, a practice-
based perspective on the energy system holds that changes to the system can result from 
changes in any site of practice: “if small interventions initiate or give momentum to positive 
feedback effects in desirable processes of recruitment and defection, their cumulative effects 
on the overall system can be substantial” CECs developing collective energy practices ahead 
of others, precisely because they do not purely operate from business as usual, commercial 
position, and can thus contribute to the growth of these collective practices overall.

As their development progresses, CECs are increasingly performing tasks that touch 
upon, both positively and negatively, the practices of other actors in the energy system, in 
particular, those of grid management and market-based actors, such as energy generators 
and aggregators. As we noted, CECs often are started from a fundamentally different position 
regarding sustainable energy as compared to the current socio-technical system (van der 
Schoor et al., 2016). The organization of ownership and decision-making, the distribution of 
benefits, and the scale of technology are aspects of collective energy practices in which CECs 
aim to be distinctive. However, as Hicks and Ison (2018) find, in reality, that these aspects 
are actually continuums of choices between the community ‘ideal type’ and the business 
as usual way of designing collective energy practices. This means that ‘community energy’ 
is an ambiguous term and that CEC energy practices come in many different forms. This 
highlights how it is likely that the collective energy practices of CECs, as they develop, will 
be required to conform to the practices of other sites of the energy system. This is already 
visible in the fast development of collective energy generation, where CECs compete for 
resources and space on economic terms with market-based actors. The question is whether 
CECs in this dynamic can keep bringing their basic principles into the way that they design 
their collective energy practices.

We have shown that the relation between sites of practice is varied: they can be enabling or 
hindering, and this relation can change with time. An enabling relation is seen, for example, 
in commercial energy suppliers that facilitate CECs to supply energy to their members 
as a reseller, or offer administrative services in support of collective energy generation. 
Conversely, the other sites of practices also hinder collective energy practices. This is seen 
in the mundane practices of grid management (coupled with booming commercial energy 
developments), which have culminated in the current situation of grid-constrained areas 
with no more grid-space for collective energy generation. Over time, the practices in these 
different sites of the energy system can also change their relation to the practices of CECs. 
The postal code rose arrangement is a striking example of this, which changed the site of 
taxation practices from a hindrance to collective energy generation to one that supports 
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this practice for CECs. This observation is line with Macrorie’s (2016) earlier definition of 
a system of practices9, in that the particular mode of ‘doing’ linked energy practices is 
relatively stable, but is always open to change. We might say that, with time, the relatively 
stable configuration of practices at each site of the energy system needs to change to 
accommodate challenging practices, such as those of CECs.

In this article, we approached the topic of community energy and its role in a transitioning 
energy system from the perspective of social practice theory. We introduced the notion of 
collective energy practices: sets of energy practices beyond those of the individual, which 
emerge from some form of collective organization. These collective energy practices work 
towards collectively defined goals and, by being performed, also shape and maintain the 
collective. Collective energy practice is a useful concept, because it adds to the thus far 
individual-focused conceptual toolkit of practice-based understandings of sustainable 
energy and the energy transition. Conversely, understandings of community energy can be 
approached from a practice-based understanding with this concept.

A main characteristic of a practice-based perspective is that, ontologically, it places the 
practice itself center stage, rather than whoever is performing that practice. The collective 
that performs the practice can be a civic energy community, but also another organization, 
such as a market-based company, a public or government institution, or an organization from 
civil society. The point of focusing on the practice and ‘leaving open’ who the performing 
actor is, is not only inherent to practice theory, but it allows a perspective in which different 
organizations develop their own, sometimes competing, versions of collective energy 
practices.

We also extended the view on practices outwards, building on earlier work on systems of 
practice by Watson (2012) and Macrorie (2016) to come to the notion of an energy system of 
practices. Our descriptions of several collective energy practices are powerful examples that 
their emergence must be understood as embedded and shaped by other sites of practice 
within this system of practices.

The research question that was formulated for this article was: how can we understand the 
emerging practices of civic energy communities within a changing energy system? In this 
article, we empirically and theoretically answer this question. Our current energy system 
is changing and we have shown that the emerging activities of CECs play a role in these 
dynamics. We theorize this empirical phenomenon, in which a range of energy practices is 
collectively organized, by using the notion of collective energy practices and we show how 

9  a relatively stable configuration of linked practices and relations that together sustain a particular 
socio-technical mode of doing



such practices unfold within the broader energy system. Thereby, we highlight the empirical 
and theoretical importance of collective energy practices, as it gives us guideposts for both 
understanding and shaping the transition of our energy system.

 





Thesis conclusions

Chapter 7
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Central in this thesis is the changing relation between households, communities and various 
organizations maintaining the electricity grid. Theories of Social Practice formed the starting 
point to build a different understanding of how individuals engage with energy and what 
this means for their role in the developing smart grid. This perspective also formed the basis 
for understanding the electricity system as a system of energy practices, which highlights 
that interconnectedness of households’ practices with the broader system. The thesis 
explores how the activities through which electricity is used and managed are emerging and 
changing in a variety of social contexts or locations, referred to as ‘sites of practice’.

Chapter 2 and 3 of this thesis are focused around the household as a site of emerging 
energy management practices. This site is studied in the setting of smart grid experiments 
that explore energy management at the level of the household and the community around 
it. A variety of energy management technologies can be made instrumental in achieving 
different goals for different users. The place and role of the household as a site of energy 
management, and how it relates to (and is shaped by) the wider energy system, can take 
different directions. Chapter 4 explores some scenarios on how energy management 
practices (around battery storage) can shape this householder participation in the energy 
transition. Although many of the case projects foresee a role for the household in the larger 
collection of energy management practices, this role is limited to responding to the needs 
of the providers of the energy system. The conclusions of chapter 2-4 are similar in the 
sense that they identify bias in the way home energy management practices are developed 
and tested in experimental projects. Although smart grid technologies hold the potential 
for reorganization of energy generation, management and use, the path this reorganization 
takes is largely chosen by organizations on the supply side. This apparently leads to projects 
and practices that are designed primarily to fit those supply side needs rather than the 
needs of the householders performing them.

This provider-side bias in the design of home energy management practices is explored 
further in chapter 5. It finds that in spite of ideas of user inclusion and empowerment, 
the business and knowledge practices of the designing actors take prevalence over the 
course of smart grid projects. This leads to the notion that the emergence of home energy 
management itself is better understood by zooming out to see the web of design practices 
going on at several sites. This perspective is also taken in chapter 6, which places the 
emergence of energy management at the community level in the context of a system of 
energy practices. First, the notion of collective energy practices is developed to describe 
the specific practices whose emergence becomes possible in civic energy collectives. It 
then argues that the collective energy practices of civic energy communities (CECs) tightly 
depend on, but also shape and contest, the collective energy practices of other organizations 
in the energy system. The emergence of CEC practices and those of organizations such 
as aggregators, DSOs and policymaking, have to be taken into view together to better 
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understand the direction of change within this system. It is not only within the ‘focal’ site 
where explanations for the shape of practices have to be sought; practices at other sites can 
be crucial in enabling and/or hindering forms of local energy management.

The research for this thesis was guided by the following two research questions, 
encompassing a theoretical and an empirical dimension.

1.  Which energy management practices are emerging at the home and community level? 
How does the emergence and design of these practices relate to the broader system of 
energy practices? 

2.  How can social practice theory contribute to a better understanding of energy 
consumption, energy management and the energy system?

The next sections will provide the answers to the two main research questions and their 
implications. The research presented in the five preceding chapters forms the basis for these 
conclusions.

7.1 Emerging energy management practices and their relation to the broader 
system of energy practices

Emerging energy management practices
The first part of an answer to this overarching question entails an overview of the energy 
management practices, the emergence of which has been described throughout the 
chapters. Energy management practices (Naus et al., 2014) are defined in this thesis as 
activities explicitly aimed at matters of energy, in contrast to the energy-using practices 
of everyday life which merely have energy as an invisible ingredient. Individuals and 
communities performing energy management practices are thought to be more flexible, 
responsive and thereby a contribution to the management of the energy system. Below 
are some of the energy management practices through which individuals occasionally, and 
increasingly, engage with energy in their daily lives:

Energy monitoring
Monitoring entails the activities that produce information about how energy is sourced, 
used and valued. Using smart meters and device-level measuring tools, the energy usage 
patterns of the household can be made visible, as well as how individual devices contribute 
to this total consumption. Energy monitoring can become a more regular activity when 
energy tariffs are variable, because this adds an energy costs variable that can be kept track 
of. Monitoring can also be done within a community, for instance by comparing energy 
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use or bills with other households with the aim to learn or judge how one is performing. 
Energy monitoring practices by themselves do not lead to changes in energy usage, but 
merely illuminate to the user how they are ‘performing’ with regards to energy, and what 
the benefits of demand flexibility might be.

Energy planning
Energy planning practices are a crucial step in increasing the flexibility of energy usage 
in households or communities. Energy planning applies ideas and information, partially 
produced by energy monitoring, to change one or more practices of energy consumption. 
Based on monitoring insights, practices such as lighting may be changed to use less energy, 
or practices might be abandoned completely. Besides reducing energy usage, the timing of 
energy-consuming practices might be changed to take place when energy is available from 
local sources, when prices are favourable, or when it is requested for grid management 
purposes. 

Planning can be done manually, for example by changing to more efficient hardware or using 
timeclocks on laundry machines. Alternatively, automating demand-response is increasingly 
possible through flexible assets: devices with relatively large energy usage that can be 
steered from a distance. This way, energy using practices such as heating (with heat pumps), 
cooling (refrigerators) or car charging are made ‘smart’ by relinquishing some control, 
often to an algorithm maintained by an actor outside the home. Overall, planning looks to 
optimize specific energy using practices to be more flexible, which can in turn enhance their 
environmental and financial efficiency. 

Energy storing
Energy storing is an alternative source of flexibility besides energy planning that is becoming 
increasingly accessible to households and communities. At the moment of writing this is 
mostly due to the advance of lithium-ion batteries both as stand-alone and in electric cars, 
although other electricity storage methods (e.g. lead-acid or saltwater batteries) should not 
be excluded. The storage of energy can provide a range of values for different actors: the 
one generating renewable energy, the owner of the storage capacity, and actors that value 
flexibility. This leads to the finding (in chapter 4) that different configurations of actors and 
values are possible around the practice of energy storing. Experiments with energy storage 
within homes have found that to be financially attractive, beyond offering self-sufficiency, 
the flexibility of batteries needs to be offered in the market. Even in configurations where 
multiple values are ‘stacked’, the economic feasibility of energy storing is as of yet not 
certain and contingent on changes in how energy and flexibility are valued.
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Energy trading
As becomes visible in the previous practices, actors operating renewable energy generation 
and flexible assets can also engage in economic activities with their ‘products’. These 
practices of energy (and capacity) trading aim to connect the flexibility of one individual 
or community to the needs of another. Trading practices will be mediated by (commercial) 
trading platforms, and the sellers of flexibility can be active themselves or leave it up to 
whichever actor operates their flexible capacity. Individual owners of solar panels and 
batteries can sell their excess electricity directly to other individuals through organizations 
such as PowerPeers in the Netherlands and Sonnen in Germany. These platforms can make 
use of blockchain technology to validate these virtual exchanges. Other forms of energy 
trading are not (yet) accessible to individuals and most communities, because the platforms 
do not have access to markets for spot trading or frequency control; a market for grid capacity 
has not been realised yet. Only through an aggregating actor with access to these markets 
can local flexible capacity be offered by individuals and communities. Trading practices are 
important for a smarter energy system in which dispersed flexibility needs to be utilized to 
maintain local grid stability.

Embedding energy management practices in the broader system of energy practices
The second part of the first overarching research questions relates the emerging energy 
management practices to the broader system of energy practices. The emergence of home 
and community energy management practices cannot be understood in isolation from other 
sites in the system of energy practices. A main reason is that home and community practices 
are often developed in projects by professional organizations such as DSOs, aggregators, 
technology suppliers and knowledge institutes. Managing energy and enhancing demand 
flexibility at the local level is, at least now, more useful to those organizations whose 
practices are faced with the challenges arising with the energy transition. They see potential 
in individuals and even communities taking up energy management practices that work 
for the established provisioning practices. The advancement of the smart grid, in this 
perspective, comes with the dispersal of energy management practices over more sites, to 
also include the home and the community.

Because of their heavy involvement in developing and introducing energy management 
practices in homes and communities, the design of these practices is strongly influenced by 
provisioning actors’ practices. Chapter 5 identified a provider-side bias in the design of home 
energy management practices: the everyday practices and objectives of these provisioning 
actors are leading in designing and testing interventions with energy management practices. 
Provider-side actors view energy management practices from that perspective and value 
only those practices that are relatively predictable or controllable, and are financially 
feasible. And ultimately, as long as they are part of the grid infrastructure, individual and 
collective energy management practices are embedded in the policy and business practices 
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dominating that system. Thus, many elements of home energy management practices are 
highly influenced by other sites in the system of energy practices. 

This links up with the finding that home energy management practices are designed with 
expectations about the user and how (s)he understands and engages with energy. As shown 
in this thesis, these expectations often do not match reality, but the effect of this mismatch 
can vary. First, overestimating the capabilities and interest of individuals for a particular 
practice can prevent it from emerging at all. The average user of the energy system is 
relatively unskilled and disengaged when it comes to matters of energy, a sign of an energy 
system that has been very reliable for decades. Taking part in energy management practices 
takes skill and interest, which are easily overestimated by professionals dealing with energy 
management on a regular basis. For example, the project in chapter 2 relied on participants 
to install devices to connect to their own smart meter and to navigate an energy-feedback 
website, which for many was a bridge too far.

Second, besides the relatively unskilled users, there are skilled and engaged individuals 
(especially those embedded in CECs) who will employ different meanings in their energy 
management practices than the design anticipates. For example, the notion of being less 
dependent on the grid is often present in individuals and community energy management 
practices (see chapter 3 and 6). In the projects presented in these chapters, interventions 
designed by incumbent actors of the provisioning system do not take this meaning into 
account. Instead, they designed an energy storing practice that maintains or even 
strengthens the integration of household and grid. Participants in this case, but also in the 
other projects, often have a different idea of what the new energy management practices 
will accomplish and how it affects their relation to the energy system at large. If they are 
offered practice designs that do not meet their needs, energy management practices that 
cannot fulfil a meaningful role for the user might be changed or stopped. If they are offered 
practice designs that do not meet their needs, energy management practices that cannot 
fulfil a meaningful role for the user might be changed or stopped.

From the perspective of the provider-side actors that are usually at the helm of demand 
flexibility projects, it is understandable that these outcomes are seen as unsuccessful. The 
home energy management practices they help introduce in households do not produce 
demand flexibility to a degree they can deem useful or reliable enough to warrant the 
investments required. However, the lack of emergence or persistence of demand flexibility 
can lead to a prevailing notion among the professional sites of practice that households/
communities are not interested in doing energy management. This conclusion tends to be 
drawn when the perspective of users or communities is not (seriously) taken into account. 
If professional sites of practice hold to this negative view, the emergence of home energy 
management practices can be hampered through a lack of action and accommodation.
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This does not mean that without interest and action in these sites, energy management 
practices will not be developed at all. A history of user innovations in sustainable home 
energy technologies has been observed, developing outside the realm of energy generation 
and distribution companies (Hyysalo et al., 2013). Next to the ‘professional’ projects that 
bring (mismatched) home energy management practices to individual households and 
communities, chapter 6 identified how some communities are looking to develop their own 
collective energy management practices. Electricity generation capacity operated by CECs 
is growing, and CECs are now looking to use, store and trade that energy, and possibly the 
infrastructure supporting it. By doing so, the most innovative CECs are claiming roles in 
which they increasingly affect or ‘compete with’ the practices of other actors in the energy 
system. Successful development and scaling of these collective energy management practice 
do require some accommodation by other sites of the system of energy practices. If these 
sites evaluate collective energy management practices from a provider-side bias similar to 
home energy management practices, that can limit the ‘space’ available for CECs. On the 
other hand, this space needs to be actively claimed by CECs, by developing collective energy 
management practices and demonstrating that they can be suitable or even more effective 
at creating flexibility at the local level. 

The four energy management practises, whose emergence was first described, need to 
be appreciated as interconnected with established practices of energy management that 
together form the energy system. Some aspects of this relation have been outlined, in 
particular the types of organizations involved, their particular stakes and perspectives. 
The position and influence of provider-side organizations are juxtaposed to CECs that also 
aim to develop energy management practices among their members. The chapters of this 
thesis do indicate that the practices going on in the conventional places of grid management 
are recognizably powerful in shaping the emerging practices of energy management in 
other sites, not least the home. An unequal division of power between households and 
system actors forms an obstacle to householders’ successful enrolment to these energy 
management practices.

7.2 Social practice theory contributes to a better understanding of energy 
consumption, energy management and the energy system

Theories of social practice (SPT) have been adopted to understand a broad range of 
phenomena from food safety and shopping (Wertheim-Heck, 2015), to energy efficient 
lighting (Jensen, 2017) and indoor comfort and clothing (Kuijer & Watson, 2017; Shove, 
2012). The various strands of practice theories (Nicolini, 2012) lend themselves well to 
see situations in a different light, zooming in on specific activities in a particular setting. 
However, this does not mean that theories of social practice are only suitable for studying 
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and grasping small and observable phenomena. If one takes practices as an ontology 
seriously, this approach translates large phenomena into sets of practices that are being 
performed in one or many places and times. Thus, both the ‘small’ and the ‘large’ can 
be appreciated from a practice-based perspective (Nicolini, 2016). This theory-oriented 
section will outline the contribution of social practice theory to understanding the topic of 
energy management, moving from the small scale of home energy management practices 
to the large phenomenon that is the system of energy management. It will tease out the 
implications this has for accomplishing change, by weaving the notion of obduracy into 
these discussions as a fruitful concept to explore how practices change.

SPT leads to a better understanding of energy consumption and energy management
As (Shove & Walker, 2014) have pointed out, social practice theory changes our understanding 
of energy consumption. Consuming energy is not a practice; energy consumption is what 
happens when we go through our everyday practices that consume energy. Every measure 
that aims to enhance energy demand flexibility or efficiency, by consequence aims to make 
energy a matter of concern in practices in which it normally is not. While performing practices 
such as doing the laundry, lighting, heating or cooking, we are usually not concerned with 
the availability or price of energy. Smart grid visions foresee, or depend on, changes in a 
range of energy using practices. Not only our conception of energy consumption is different 
through the lens of practice theory. Home energy management is better understood as a 
set of energy management practices that aim to produce insight and change in the everyday 
practices for which energy is simply one input.

Another merit of social practice theory is its perspective on how activities emerge, what 
they consist of, and how they might disappear or fall apart. This is relevant for energy 
management practices that still have to emerge, as well as energy using practices that are 
targeted for change. Important in this respect is the consideration that practices consist of 
different elements, as was outlined in paragraph 1.3. Whether or not practices are actually 
performed, and how, depends on which elements are at hand for the person performing 
the activity. Which types of elements these are, varies among strands of social practice 
theories; this thesis works with the notion that any practice being done is an integration 
of materials, skills and meanings (Shove et al., 2012). This elementary structure is useful 
for understanding how existing energy using practices are structured, and might change 
to include elements produced by energy management practices. For example, if washing 
practices would be targeted for change in terms of their timing, it is useful to know what 
meanings related to their timing are included already.

Throughout the thesis chapters, the language of elements is used to describe specific 
characteristics of energy using and energy management practices. In doing so, the intention 
was not so much to generate intricate overviews of all elements found to be present in 
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individual practice performances and shared practices-as-entities. Instead the more basic 
notion, that different types of elements are always integrated in a practice, is used as a 
heuristic while observing how ‘encompassing’ a perspective designers have on energy 
practices. Applying this thinking to energy management practices in particular is fruitful 
because we find, when designing and introducing these practices that have not yet emerged 
among most households, not all these elements are taken into account. The example of 
individuals not having the technical know-how to install devices or not being able to navigate 
an online platform, illustrates that all types of practice elements are crucial. This causes 
these practices to not emerge, disappear, or not produce the expected outcomes.

SPT can account for collectives and the energy system
Next, a broader view based on social practices is achieved by moving away from activity 
within homes and communities. Shifting to a broad lens means capturing the energy system 
as a collection of energy management practices being performed in a variety of sites. These 
other sites of energy management practice need to be brought into view because they 
are tightly connected to what was studied within the site of the home. The emergence of 
home or collective energy management practices is enabled or hindered by the practices 
in an array of other sites within a system of energy practices. Understanding the role and 
potential of energy management practices by individuals and communities entails knowing 
how they are situated within the mesh of the system of energy practices. Arguably, this 
makes research on the topic of energy management and flexibility more complex as more 
practices in more sites need to be taken into account. However, this fits with an energy 
system that itself is becoming more complex with the entrance of new technologies to 
generate and manage energy, and new actors, markets and rules of the game, which can be 
fittingly captured by a practice-based perspective.

The application of this systemic view based on social practices is also a contribution to 
the theoretical field itself. Social practice theory is not known for its application to larger 
phenomena, despite arguments for it being suitable to do so (Nicolini, 2016; Schatzki, 2011). 
The idea that social practices are what is happening at the micro scale even led to ideas of 
complementing it with perspectives known for their broader view of the social, e.g. the 
multi-level perspective (Hargreaves, Longhurst, et al., 2013)and complexity theory (Byrne 
& Bartiaux, 2017). However, these additions can be at odds with social practice theory in 
the ontological sense. More importantly though, social practice theory may not need these 
additions as is not solely concerned with small phenomena, and extends to see the social 
as one plenum of interconnected practices (Schatzki, 2010). After notable applications 
of practice theory to reshape the understanding of large social phenomena and change 
(Macrorie, 2016; Watson, 2012) this thesis’ new take on the system of energy management 
adds to this aspect of social practice theory.
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Another contribution to practice-based thinking comes in the notion of ‘collective (energy) 
practices’, developed through the research on CECs’ energy management practices in chapter 
6. A practice-based view sees the energy system as a collection of energy management 
practices that are continuously performed in a variety of sites. Ontologically, these practices 
are all ‘equal’: there are no levels, no higher-order practices that somehow rule over lesser 
practices. However, the activities of a CEC have a more collective dimension than home 
energy practices: they only emerge after a group of people comes together and goes on to 
develop projects that they individually could or would not have. Collective energy practices 
consist of the smaller practices that are performed by the community members, interrelated 
and united under the collective practice of e.g., operating a community-owned solar park. As 
a collective, by developing these collective practices, the CEC assembles the resources that 
are available within the community into actual practices, which would not emerge otherwise. 
An approach that sees the activity of a CEC as operating at a ‘larger scale’ than the individual 
is similar to how we might describe the activity of any other organization from the practice-
theoretical perspective. Recently, Welch and Yates (2018) also developed a practice-based 
approach to collective action towards social change, using the term ‘dispersed collective 
activities’. These dispersed practices together make up large social phenomena because 
they have aggregate effects when performed by many individuals. These so-called ‘latent 
collectives’, for example people that want to generate solar power, can develop into social 
groupings or even bureaucratic organizations. These ‘manifest’ collectives have the capacity 
to develop practices to enhance their representation and take a position in the face of 
common opportunities or threats (Welch & Yates, 2018). This is another illustration of how 
practice theory might be employed to take account of phenomena larger than individual 
practices, including the fast-growing amount of CECs, without disregarding the individual 
practice of which they consist. 

SPT is rich in conceptualising (resistance to) change
A final topic on which a practices-based view contributes is in considering how individual 
practices, but also large phenomena such as the energy system, change. In practice terms 
this means asking how practices within a system of energy practices change. Labanca et al. 
(2020) propose that “social practice theories can aspire to become the central starting point 
to achieve a more comprehensive view of the concept of social change […]. As has been 
reiterated in the preceding sections, creating demand-side flexibility in the energy system 
is a matter of changing existing practices that use energy, and establishing new practices 
through which energy is managed. It was also concluded that for new energy management 
practices emerging in households and CECs to acquire a meaningful role, some practices in 
existing (incumbent) sites of practice will need to change. 

However, even though every instance of a practices can be adapted, practices are resistant 
to change, they are ‘sticky’ (Hansen, 2018). This resistance to change, which is often 
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connected with the material dimension of practices, is also referred as obduracy (Hommels, 
2005; Shove et al., 2012; Shove et al., 2015; van der Schoor et al., 2016). Locating the 
sources of obduracy is an important step in designing and supporting the emergence of 
home and collective energy management practices, and for making realistic expectations 
of flexibility. Social practice theory is well able to locate sources of obduracy, and this thesis 
does so for energy management in the smart grid. The challenge then becomes to consider 
which sources of obduracy might be overcome and how; because after all, obduracy means 
practices are resistant to change, not impossible to change.

One source of obduracy lies with the routine nature of most practices that go on in daily life. 
As Warde (2014) puts it, “for most folk, most of the time, most of daily life occurs in a state 
of distraction”, which means that we mostly do not consciously consider all the possible 
conditions and alternatives for daily practices. Individuals can be reflexive about their 
practices, but often only in a breach of the routine (e.g. technology malfunction, illness, 
or crisis) will this reflexivity be invoked. This is relevant when considering what is actually 
requested of householders ‘doing’ energy management. On the one hand, interventions 
that introduce (elements of) monitoring practices invite its user to take a conscious look at 
the practices through they use energy, and perhaps make changes in them. On the other 
hand, chapter 2 and 3 also find that this reflexivity (and acting upon it) takes effort and 
resources, and disappears after some time. This implies that there is a limit to the conscious 
engagement with energy that individuals can afford.

A second source of obduracy is not located with the performing individual but in his/her 
social nature: social practices are embedded in natural rhythms, and in social rhythms of 
institutions and other people (Walker, 2014). The everyday practices of the household such 
as doing the laundry, watching television, or cooking, have their own logical timeslots from 
which is it, in that particular situation, hard to diverge. This can be because for example 
people are simply not at home to take advantage of their own generated solar power, or 
because family dinners always take place early in the evening. The ‘logical’ time for practices 
is not fixed and can be changed, as was also discussed in chapter 2 and 2. The introduction 
of night-time tariffs constituted, for many people, a logic that laundry practices could be 
better done at night to take advantage of lower prices. Renewable energy generation and 
smart grid interventions introduce their own logics about the best and worst times to use 
energy (Bulkeley et al., 2016; Smale et al., 2017). However, following these new timings, 
of which it is not always transparent who sets them and why, requires a renegotiation of a 
much larger schedule of practices.

When it comes to the potential of shifting practices in time, not only are social and natural 
rhythms an important factor, but also the materiality of practices and their material context. 
The material context of urban settings (Hommels, 2005) and infrastructures (Shove et al., 
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2015) gives structure to which practices are (not) possible within them, acting as a source 
of obduracy. Following the interventions made in smart grid projects, chapter 2 and 3 
show that very basic technical limitations can inhibit changes and prevent new practices 
from emerging. Older versions of solar PV inverters in the home might not be able to 
communicate wirelessly with newly introduced smart meter devices; appliances are often 
not ‘smart’; a house might not have enough suitable space available for a storage battery; 
a laundry machine upstairs cannot be used at night if it creates too much noise. Some of 
these limitations can be addressed with more appropriate or flexible design approaches, but 
others raise sufficiently high barriers that the addressing them is very costly, and perhaps 
not worth it compared to the benefits gained. The grid infrastructure itself is also becoming 
a physical limitation to the emergence of collective energy generation practices in the less 
densely populated areas in the Netherlands. Addressing this limitation is not only costly, but 
also depends on changing practices in other sites of the energy system.

The previous sources of obduracy have been exemplified with research on the changing 
and emerging practices in the context of the home from chapters 2 and 3. This fits the 
perspective in which the household is recruited, by provisioning actors’ practices, to perform 
energy management practices. In this relation, provisioning actors place a burden on the 
household to change and accommodate these practices. Obduracy of everyday practices in 
the home is mostly problematic for the provisioning actors whose practices can benefit from 
home energy management practices. This relation between sites of provision and the home 
or community can also be observed in reverse, as has been shown through the development 
of collective energy practices by CECs. In this situation, the success of collective energy 
generation and management practices depends on changes in policy and provisioning sites 
of the system. The sources of obduracy described above are just as relevant for the practices 
going on in these other sites of the system of energy practices. There, routinization and 
habit, rhythms and time constraints, and the physical elements of practices and contexts 
also give shape to when and how practices can (not) be performed.

As was shown in chapter 5, the design of energy management practices for households 
is strongly influenced by the everyday practices of the organizations designing them. 
Especially when resources are constrained or problems arise, the designing actors fall 
back on their familiar knowledge and priorities. Problems and solutions become framed in 
familiar technological terms; assumptions about users become based on existing knowledge 
practices; the value of practices becomes defined by established business practices. So, 
while designing more successful energy management practices with and for households 
and communities requires changes in existing practices, this is not self-evident.

This form of obduracy of established practices applies to all sites of practice in the system 
of energy practices. Chapter 6 traced some crucial enabling and hindering links between 
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CECs’ practices and sites of business, grid management and policymaking. All of these 
sites carry practices that may be more or less directly aimed at managing energy, but are 
nevertheless of great influence on what is possible for collective energy management by 
CECs. The “economical, technological, political and physical constraints or obduracies” (van 
der Schoor et al., 2016) that CECs need to overcome are located throughout the system 
of energy practices. A practices-based view of the energy system carries a sensitivity for 
locating obduracies in a multitude of sites.

Recommendations

The conclusions that follow from this social practices-based study into the development of 
smart can be developed into a set of recommendations. Following the research questions 
that cover both empirical and theoretical dimensions, so will these implications address 
both practical and theoretical matters.

Practical recommendations concern the design of home energy management practices, 
based on the research findings and the implications of practice-based perspective. Efforts 
to introduce home energy management practices to nurture flexibility should start with the 
realization that this ultimately targets everyday energy using practices. These are obdurate 
for varying reasons and to varying degrees; it would be wise to be specific on which energy 
consuming practices are targeted to be made more flexible. Instead of expecting household 
to develop and exert flexibility on their own accord, identify which practice should be 
consciously reconsidered and performed within the household.

Introducing energy management practices should also take into account all elements that 
make up the envisioned practice (Baborska-Narozny et al., 2016). The technology should fit 
the material context of the site: the amount of space available, the degree of electrification 
of practices such as heating, cooking and mobility, and the existing devices for energy 
management already in place. The required skills should be identified and (if needed) 
introduced, for example by lead-users within the community and insightful design of digital 
platforms. Lastly, meanings should be made explicit and possibly defined in cooperation 
with the user. This can be done by for example showing the reasoning behind timing-of-use 
advice, or by allowing users to choose between optimization goals. 

Regarding the meanings and goals for doing energy management, a wider scope of meanings 
and perceived benefits of practices should be appreciated. Individual households, especially 
within CECs, can envision quite different reasons for doing energy management practices 
than the provisioning actors do (and put into the design). This can be seen as a difference 
in technological frames (Bijker, 1997) or paradigms (Dosi, 1982) held by groups of actors, 



136 CHAPTER 7

which according to Hommels (2005) leads to obdurate designs. This difference should be 
bridged and resolved; the recommendation made in chapter 5 can contribute to this. Based 
on (Geelen et al., 2013) it recommends to make use of a ‘neutral translator’ when these 
different social groups meet in developing smart energy practices, with the aim to defend 
the interest of all actors involved (public, commercial and user). Particularly projects that 
turn out to be technologically challenging, an intermediary could prevent the project from 
being ‘all about technology’ at the cost of other goals. This also works to enhance and 
maintain the level of trust practitioners have in the provider-side organizations, which was 
found to be a crucial determinant in low-carbon retrofitting (de Wilde & Spaargaren, 2018).

CECs are increasingly developing energy generation and energy management practices. 
Some (such as GridFlex Heeten and cVPP Loenen) are actively trying to demonstrate 
that alternative divisions of energy management practices can be more successful at the 
household level and beneficial to the wider system (see chapter 6). This experimentation 
should be nurtured by policy and provisioning sites of the energy system, even if the 
outcome of these developments is not yet clear.

A theoretical recommendation for research would be to further explore the relative 
position and mutual influence of sites within a system (of energy practices). This is in 
line with the question posed by Watson (2017) on how power can be conceptualized in 
a practice-based perspective. Reiterating the starting point of chapter 3, the willingness 
and power to influence the development of energy management practices are not equally 
distributed, as the established energy system actors are the driving forces of most smart 
grid developments. Sites of policymaking and incumbent sites of grid management may 
intuitively seem to wield power over the upcoming practices of households and CECs. This 
view is heavily nuanced by Welch and Yates (2018), who argue that the role of dispersed 
collective activities in societal change is understated, while the role of established collective 
actors is overstated. The strong rise of CECs and the growing influence of their collective 
practices on the energy system is an exponent of this perspective. It therefore remains 
valuable to assess the relative power of household, community and provisioning system 
sites of practice. The emerging field of social innovation (Avelino et al., 2019) might hold 
some clues to this question. Its perspective on the embedding of innovations in social 
contexts is similar to that of practice theory, but social innovation studies argue they can 
help understand shifts in societal power relations.

Smart grid solutions in the context of homes and communities cannot be defined solely 
from a technological and economical perspective. Recruiting individuals and communities 
to practices of energy management requires more than including them in experiments on 
technology and business models. Sustained energy management practices provide not only 
flexibility and financial gain; they support sustainable lifestyles, meaningful engagement 
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with energy, and a more democratic energy transition. The design of energy management 
practices should thus include and build on householders’ and communities’ perspectives on 
these matters, and address obduracies that prevent them from landing. The findings and 
recommendations of this thesis help align the everyday practices of all stakeholders in the 
system of energy practices.
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Summary

This thesis is the product of social scientific research performed within the of domain 
smart grids. The transition to a renewables-based energy system challenges the existing 
grid infrastructures and the way electricity is managed. Smart grids are an amalgam of 
many different solutions to these challenges. The scope of this thesis is limited to those 
developments that aim to alter and steer the usage of electricity at the household and 
community level. 

Throughout the thesis, this topic is approached from the theoretical perspective of Social 
Practice Theory. Adopting this perspective leads to a different understanding of energy 
consumption and users’ engagement with energy. This takes shape in the concept of 
energy management practices, as a distinct set of practices through which energy is 
generated, distributed, made visible, problematized, managed, stored or discussed. Smart 
grid development is in this way reformulated as (re)designing existing and new energy 
management practices.

Two main research questions will be answered by this thesis. First, how can social practice 
theory contribute to a better understanding of energy consumption, energy management 
and the energy system? Second, which energy management practices are emerging at the 
home and community level, and how does their emergence and design relate to the broader 
system of energy practices? By answering these research questions, this thesis contributes 
to a better understanding of (changing) user engagement with energy matters, and to 
improving various actors’ expectations held for smart grid solutions.         

The research on energy management practices was for a large part performed through 
case studies on three smart grid pilot projects in the Netherlands. Research was aimed 
at observing the process of the design and introduction of energy management practices 
and their performance within participating households. This was achieved by performing 
interviews with participants and various project stakeholders, and observing public and 
closed project meetings throughout the projects’ runtime.

Chapter 2 zooms in the site of individual households participating in a smart grid pilot that 
tested energy monitoring and planning practices. It concludes that social practice theory is a 
fruitful perspective to better understand both energy consumption and energy management. 
First, because it draws a distinction between these two categories of practice, and explicates 
how energy management practices can affect energy usage. Energy use patterns only change  
when householders apply the information and goals that energy management practices 
produce to alter their ‘everyday’ energy using practices. This is the step where the outcomes 
of energy management practices have to be ‘put into practice’, and where actual effects fall 
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short of expectations. A second reason for a practice-based perspective on energy is that it 
foresees these shortfalls as a consequence of the obduracy of social practices. Household 
practices (and the elements of which they are composed) are interlinked in larger patterns 
of practices in various ways, keeping them more or less resistant to change. Changing energy 
use patterns does not just only rely on designing good energy management practices, but 
also on the flexibility or rigidity of the practices through which energy is used.

Chapter 3 further explores the site of the household as an emerging locus of energy 
management practices as part of the smart grid. It rephrases the system of energy provision 
from the perspective of social practice theory, as a large collection of interlinked energy 
management practices. It zooms in on households as an emerging site of energy management 
practices, but perceives this emergence as interconnected with other (public and private) 
sites of energy management . Drawing upon research on two smart grid pilots, the chapter 
empirically shows that the practices going on in the conventional places of grid management 
are recognizably powerful in shaping the emerging practices of home energy management. 
Although the case projects both foresee a role for the user in the larger collection of energy 
management practices, this role is limited to responding to the needs of the providers of 
the energy system. When it comes to developing home energy management practices and 
the issues they address, the boundary between the system of provision and the realm of 
the household is maintained. This comes with the risk of excluding meaningful engagements 
with management practices for users from the potential range of energy futures. 

Chapter 4 builds an overview of these potential energy futures based on current 
developments around battery-based energy storage practices. It starts from the question 
how public engagement in energy transitions is mediated by residential energy storage 
technologies. It identifies five storage modes in which householders can play a role, each 
entailing particular household energy management practices new relationships with other 
actors in the energy system. At the same time, householders will also face new dependencies 
on information technologies and intermediary actors to organise the multi-directional 
energy flows which battery systems unleash. Similar to chapter 2, this chapter concludes 
that energy storage projects currently are largely provider-driven, which potentially excludes 
the emergence of the alternative modes of organising energy production and consumption.

The conclusions of chapter 2-4 are similar in the regard that they identify a bias in the way 
home energy management practices are developed and tested in experimental projects. 
Although smart grid technologies hold the potential for reorganization of energy generation, 
management and use, the path this reorganization takes is largely chosen by organizations 
on the supply side. This apparently leads to projects and practices that are designed primarily 
to fit those supply side needs rather than the needs of the householders performing them. 
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Chapter 5 traces the development process of energy management practices by zooming in 
on the actors involved in the design of smart grid projects. It identifies the key actors that 
are typically involved in smart grid projects for home energy management, and formulates 
three themes that play a central role in the design of smart energy interventions. The 
conclusion is that, in spite of ideas of user inclusion and empowerment, a supply-side bias 
comes to dominate the design process as it develops. Ultimately this bias is rooted in the 
business and knowledge practices of the designing actors, which are difficult to move away 
from and which guide the allocation of limited resources. To reduce the risk of losing the 
domestic users, it is recommended that their interests are more consistently represented 
by an intermediary project designer. Furthermore, building and maintaining trust of project 
participants can be crucial for ongoing performance of novel energy management practices. 
If users are to hand over some control to automated devices and (aggregated) storage, they 
need to feel they can trust in the design and control principles of these innovations.

Chapter 6 zooms in on another site of emerging energy management practices: civic energy 
communities. It starts out by conceptualising the energy generating and managing activities 
of civic energy communities (but also other organisations in the energy system) as collective 
energy practices. Then, it applies the concept ‘system of practices’ (Watson 2012) to develop 
the ‘system of energy practices’ in which the collective energy practices of CECs are placed 
in a broader mesh of sites of practice, including policymaking, commercial activity, and grid 
management. As their development progresses, CECs are increasingly performing tasks 
that touch upon, both positively and negatively, the practices of other actors in the energy 
system, in particular, those of grid management and market-based actors, such as energy 
generators and aggregators. The chapter concludes that taking account of the enabling 
and/or restricting influence of these other sites of practice is crucial in understanding the 
development of CECs’ energy practices. It finds that the relatively stable configuration of 
practices at each site of the energy system needs to change to accommodate challenging 
practices, such as those of CECs.

Answering the main research questions, this thesis draws two main conclusions. First, in 
addition to its merits for understanding energy consumption (Shove & Walker, 2014), it 
concludes that social practice theory is fruitful for understanding how householders and 
communities can and will actually do energy management. Crucially, it argues that to better 
understand the emergence of both home and collective energy management practices, 
their emergence needs to be understood within a ‘system of energy practices’. It can do so 
by identifying the linkages to other domains whose practices are crucial in hindering and/or 
enabling the emergence of particular energy management practices. The second conclusion 
is that supply-side bias in the design of home energy management practices needs to be 
reduced if ‘top-down’ flexibility wants to produce significant results. The development of 
collective energy management practices where civic energy communities have relatively 
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high influence on the design is one way this is happening. Nevertheless, the emergence of 
home energy management practices is shaped by linkages to many other sites of energy 
practices, which means that concurrent changes in these sites are required for actual 
emergence and persistence.
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