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Abstract
This thesis presents a collection of experimental designs that approach the 
problem of growing electricity consumption in homes. From the perspec-
tive of design, the intention has been to critically explore the design space of 
energy awareness artefacts to reinstate awareness of energy use in everyday 
practice. The design experiments were used as vehicles for thinking about 
the relationship between physical form, interaction, and social practice. The 
rationale behind the concepts was based on a small-scale ethnography, situ-
ated interviews, and design experience. Moreover, the thesis compares de-
signer intention and actual user experiences of a prototype that was installed 
in nine homes in a residential area in Stockholm for three months. This was 
done in order to elicit tacit knowledge about how the concept was used in 
real-world domestic settings, to challenge everyday routines, and to enable 
both users and designers to critically reflect on artefacts and practices. 

From a design perspective, contributions include design approaches to com-
municating energy use: visualizations for showing relationships between 
behaviour and electricity consumption, shapes and forms to direct action, 
means for turning restrictions caused by energy conservation into central 
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parts of the product experience, and ways to promote sustainable behaviour 
with positive driving forces based on user lifestyles.

The general results indicate that inclusion is of great importance when de-
signing energy awareness artefacts; all members of the household should 
be able to access, interact with, and reflect on their energy use. Therefore, 
design-related aspects such as placement and visibility, as well as how the 
artefact might affect the social interactions in the home, become central. Ad-
ditionally, the thesis argues that these types of artefacts can potentially create 
awareness accompanied by negative results such as stress. A challenge for 
the designer is to create artefacts that communicate and direct energy use in 
ways that are attractive and can be accepted by all household members as a 
possible way of life.
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In any discussion of sustainable design, we have to acknowledge the damaging 
consequences of our current activities, but the designer must go beyond this, 
not simply designing environmentally friendly products, but by challenging our 
understanding of ‘functional objects’, by reframing our conceptions of products, 
and by reassessing our notions of products aesthetics.

(ref. Stuart Walker, Sustainable by Design). 

The designer, instead of simply making an object or thing, is actually creating 
a persuasive argument that comes to life whenever a user considers or uses a 
product as a means to some end. 

(ref. Buchanan 1989)
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Figure vi: The 50 most frequent words used in 
this thesis. Words used more often are repre-
sented proportionally larger.
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1 Introduction 
In the ongoing debate on the global climate, energy conservation has been 
singled out as a central component in achieving a sustainable society. How-
ever, it is clear that existing policies on increased energy efficiency, fuel 
switching, and renewable energy will not suffice to achieve the reduction 
in carbon emissions needed to bring climate change under control in the 
necessary timeframe – behavioural change is also needed to curb our exces-
sive use of energy (Darby 2000). Studies have shown that the daily energy 
consumption in our households can be lowered by as much as 20–30% just 
by changing consumption behaviours related to lighting, heat, and water 
(Carlsson-Kanyama and Lindén 2002). One consequence of research find-
ings such as these is a renewed interest in finding new ways to inform people 
about their daily energy consumption as a means to promote better energy 
consumption patterns in the home. The monthly electricity bill often does 
not provide consumers with sufficient feedback and an adequate picture of 
their energy consumption behaviours. A key problem is that electricity is 
something we think little about in our everyday lives. Despite its importance, 
it is not directly visible to the human eye and, as an invisible medium, it is 
taken for granted and does not come to mind until it ceases to function. We 
rarely reflect on the fact that electricity is being consumed when we use a 
home appliance or when we heat our house. It is clear that this knowledge 
gap and lack of awareness in everyday life, in conjunction with individualis-
tic western lifestyles, increases our demand for electricity. 
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Recently, there has been increased interest in developing different solutions 
for providing customers with more detailed information about their energy 
consumption. For example, the Scandinavian energy companies currently 
have programs underway to install automatic meter reading (AMR) equip-
ment in people’s homes. These devices send consumption data to the en-
ergy company and the feedback is also intended to reach the end-customer. 
The underlying assumption is that when the end-users get feedback on their 
energy consumption they will be able to change behaviours and cut down 
on energy usage. However, there is still little knowledge and understanding 
about how best to design technical and informational feedback systems to 
support such everyday awareness, and this problem has resulted in many 
technical solutions being rejected by the end-users (e.g. Katzeff, et al. 2011). 

Artefacts play important roles in our lives and our homes are filled with 
man-made objects that are used for different domestic purposes. This the-
sis argues that to be able to affect electricity consumption behaviours it is 
important to understand how people relate to objects, how they use them 
in the home environment, and how the design of artefacts affects the social 
interplay in the household. All objects – whether designed to do so or not – 
act as “knots of socially sanctioned knowledge” that define a social order and 
direct how activities are carried out (Preda 1999). Hence, designers have the 
potential to influence and change activity patterns and behaviours by shap-
ing objects, services, and human interactions in the home. Moreover, appro-
priately designed artefacts have the possibility to engage users in different 
activities and direct their attention to circumstances in the environment that 
otherwise would have passed unnoticed.  

This thesis explores the design space of energy awareness artefacts – a new 
class of domestic design objects that inform people about their energy con-
sumption behaviours. The thesis reports on their design and on studies of 
how such artefacts affect the social interactions in the home. In total, the 
thesis presents six experimental prototypes and concepts that were designed 
with the intention of exploring, suggesting, and problematizing how we 
might interact with and understand the use of electricity in the future. 
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1.1 Research problem and motivation 
The current interest in developing approaches and solutions to give electric-
ity customers more accurate feedback about their consumption has resulted 
in an abundance of different kinds of devices.  Energy companies provide 
smart meters (Berg Insight 2010) to households and make personalized elec-
tricity use data available to customers on their websites. Moreover, different 
kinds of energy displays and meters have emerged on the market that allow 
people to measure the electricity consumption of home appliances and de-
vices (Fehrenbacher 2009). Even traditional IT companies such as Microsoft, 
Intel, Apple, and Google have entered the energy business and presented 
prototypes and concepts of home energy management systems (Kopytoff & 
Kim 2009, Korosec 2009). As mentioned above, the underlying assumption 
is that when the end-users have better knowledge about their energy use 
they are able to change their behaviour and cut down on their consumption. 
Even though some research has been conducted in this area, there is no con-
sensus of understanding about how the technical and informational systems 
should be designed to support everyday energy awareness (c.f. Abrahamse, 
et al. 2009). Prominent research questions are how to design the systems so 
people adopt them, and how to provide comprehensible energy feedback 
non-obtrusively in everyday life.  

General aim 
The overall aim of this thesis is to explore the design space of energy aware-
ness artefacts and their behavioural and social implications for the house-
hold.

Objectives
The focus is on designing and evaluating a range of experimental arte-
facts in order to investigate the concept of energy awareness from a design 
research perspective. The design of the objects and the corresponding inter-
vention studies have had the goal of shedding light on social mechanisms 
related to the design and use of these objects in the home. 

Contributions
Generally, the thesis contributes to the present research discussion on sus-
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tainable design. Moreover, the aim has been to increase our understanding 
of how design can affect energy awareness and in what ways it can contribute 
to energy conservation. Specific contributions are as follows:

•	 A design prototype that explores a way to promote and sustain aware-
ness of electricity usage in the household by using a clock metaphor (En-
ergy AWARE Clock, Section 4.1, Paper 2 and 3). 

•	 A design prototype exemplifying a way to make electricity-conserving 
actions more attractive by means of home lifestyle trends (AWARE 
Laundry Lamp, Section 4.4, Paper 1) 

•	 A design concept suggesting how to create engagement and electricity 
awareness in the home with playful activity and a plant (living organism) 
metaphor (Energy Plant, Section 4.5, Paper 1). 

•	 A description of a design process based on the theory of domestication 
to encourage and sustain interest in the home’s energy usage over time 
(Energy AWARE Clock, Section 4,1, Paper 2). 

•	 An empirical investigation and intervention with an energy awareness 
artefact in nine homes for three months (Energy AWARE Clock, Section  
4.1, Paper 3). 

•	 A comparison of designer intention and actual use of an energy aware-
ness artefact (Energy AWARE Clock, Section 4.1, Paper 3). 

•	 An overview of six alternative design examples examining energy aware-
ness in relation to engagement, visual and tactile persuasion, social 
scripts, and domestication (Chapter 4). 

Delimitation
This work was exploratory with the goal to understand how energy aware-
ness artefacts could look and behave as well as to gain knowledge about what 
social roles they might play in a desirable future scenario of sustainable liv-
ing. Therefore, the prototypes and designs presented have not been evaluated 
in terms of their potential to reduce electricity consumption; instead, they 
serve as reflective tools to help the design researcher understand the design 
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space and uncover problems and opportunities. Our overall design approach 
has been to treat artefacts as mediators or agents of key ideas explored, rath-
er than as mere instruments of utility. Moreover, the artefacts produced in 
this type of research are communicative design examples functioning as an 
arena for transferring ideas to the related research and practice communities 
(Zimmerman, Forlizzi and Evenson 2007). By first developing a deeper un-
derstanding of where and why new and alternative objects are needed, and of 
the implications for their design, we can help make subsequent behavioural 
studies of the actual “performance” of specific prototypes more relevant and 
viable.  

1.2 Research context
The research presented in this thesis was conducted as part of two larger 
research projects – AWARE and DESME – within the field of energy and 
design. Additionally, partial results from a third project – Clockwise – were 
also utilized. All three projects, although somewhat different in scope and 
direction, were design-oriented research projects that aimed to invent ob-
jects to increase people’s awareness of how energy is used in everyday life, 
especially in our home environment. 

The goal of AWARE was to explore the use of interaction design as a tool for 
increasing awareness of energy usage with the purpose to influence our en-
ergy habits. The most important results from this project were a set of design 
examples that approached the problem in the form of prototypes, conceptual 
design proposals, and user scenarios. The aim was to develop energy as a de-
sign factor – communicated, not hidden – to influence and raise awareness 
of consumption to stimulate behavioural changes that could save money and 
energy, and benefit individuals, the environment, and society. AWARE was 
carried out at the Interactive Institute in cooperation with the Swedish In-
dustrial Design Foundation (SVID). The project was funded by the Swedish 
Energy Agency. The project ran between April 2006 and December 2008. 
AWARE was an interdisciplinary research and design project with partici-
pants coming from different backgrounds such as industrial, textile, and in-
teraction design, ethnography, and engineering. 

In the Designing Smart Energy project (DESME) the aim was to analyse the 
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possibilities to change consumer behaviour in terms of energy efficiency by 
using an industrial design perspective. Developed concepts and interaction 
designs within the project were employed to study how consumers react to 
the concepts of energy feedback devices. DESME was initiated by Western 
Finland Design Centre Muova – a research and development organization 
that is part of the University of Art and Design in Helsinki and the University 
of Vaasa, Finland. The project was also carried out in cooperation with Vaasa 
EMG, Finland. The Finnish Funding Agency for Technology and Innovation 
(TEKES) in cooperation with several industry partners financed the project 
(Bord Gáis, CapGemini, Helsingin Energia, Semio, Tampereen Sähkölaitos, 
TeliaSonera, and Vaasan Sähkö). The Interactive Institute was invited to join 
these projects as experts in the energy design field and we played an exten-
sive role in the design phase. The project also included a larger quantitative 
study carried out by Vaasa EMG and a qualitative prototype evaluation con-
ducted by Muova. The project ran between 2007 and 2008. 

The third project – Clockwise – focused on the Energy AWARE Clock, one 
of our designs from the AWARE project. The Energy AWARE Clock is an 
electricity meter and a system that provides real-time electricity consump-
tion feedback. The aim of this design was to explore how one can bring about 
engagement about electricity use in the household. Ten fully functioning 
Energy AWARE Clocks were developed and installed at nine homes (one 
dropped out due to technical difficulties on site) in a newly built residential 
area just north of Stockholm, Sweden. The intention was to study how the 
Energy AWARE Clock affected the awareness of electricity use in the house-
hold, how energy related behaviour was affected, and how users interacted 
with the display over time. The project was financed by Swedish Energy 
Agency and ran between August 2008 and June 2009. 
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2 Background 
In this chapter, we go more deeply into the problem of excessive energy con-
sumption and behavioural change. Specifically, the core theories of aware-
ness, affordances, and domestication are further discussed – theories of cen-
tral relevance in the present design research. In the reminder of the chapter, 
a set of awareness artefacts is examined to illustrate different approaches of 
particular interest. 

2.1 Electricity use: Past and Present 
Electricity is a transferable form of energy that in many ways has become the 
fuel that allows us to circumvent mundane and strenuous types of labour; 
it simplifies everyday tasks and improves quality of life.  It has enabled us 
to more easily focus on things not directly related to survival. It is completely 
integrated into the material and cultural structure of our society allowing 
for new types of lifestyles and identities.  Electricity has  both  emancipat-
ed us and distanced us from nature, and has become a necessity of modern 
life. We take electricity so much for granted that we do not reflect on its exist-
ence and necessity.  Not until the electricity disappears – like during a power 
outage – does it enter our minds, ironically becoming present when it is not 
present. Being hidden and integral to our culture, electricity has become an 
elusive commodity that is difficult to comprehend. For example, terms like 
kilowatts and kilowatt-hours are not clearly understood by most of us. A fur-
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ther problem is that since power production sites are often situated far from 
the actual consumption points, we do not see that electricity production has 
negative environmental impacts (Bladh 2007).

The above situation has not always been the case; before electricity became 
an everyday commodity people had a much more direct experience of en-
ergy production and its use. For example, by using wood for making fire, the 
process of cutting down trees, chopping the wood into pieces, and carrying 
it into the house for cooking and heating gave a much more direct relation-
ship with what energy is than we have today (Borgmann 1987). Hence, la-
bour and activity were required to “create” energy. At the beginning of the 
20th century, the idea of having “electrons” and “volts” coursing through the 
walls seemed frightening to many. Additionally, although it was becoming 
increasingly popular, electricity was mainly used for lighting and this led to 
very uneven power consumption with peaks in the mornings and evenings 
and almost zero consumption during the daytime. In order to meet the de-
mand, the electricity companies had to sustain the same high capacity at all 
hours which was not very cost effective. A lot of effort went into looking for 
ways to increase consumption during the daytime, and one successful effort 
to achieve this was the introduction of electrical appliances. Peter Behrens, 
a German artist and architect, and by many considered to be the first in-
dustrial designer ever, has been credited as the initiator of this development 
(Raizman and Pu King 2003). In 1907 Behrens was hired by AEG to develop 
electrical appliances, which turned out to very successful. By combining 
branding and design, he managed to boost the demand for electric kitch-
en appliances tremendously. Common household objects like dishwashers, 
electric stoves, toasters, kettles, irons were developed in a short time span.

One hundred years later our homes are now full of electrical appliances. One 
could say that the invention of new electrical products – and by extension 
new cultures and social patterns – has resulted in the steady increase of elec-
tricity consumption that we still see today. For example, during the last 30 
years, Swedish households have doubled their energy usage, and the same 
holds true for most western countries (Energimyndigheten 2006). Just as Pe-
ter Behrens and others like him successfully increased electricity consump-
tion by inventing household products, it may also be possible to reverse this 
process by changing people’s behaviour and ecologies of consumer products 
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through design. Understanding how to design new types of objects to direct 
use and behaviour in the direction of conservation could be one way forward. 

Studies have shown that people are not inclined to  compromise on their 
quality of life, andeconomic  incentives can often override  environmental 
ones since people are often prepared to take higher environmental risks if 
it fulfils important needs and values (Steg 2003). Moreover, environmental 
problems are perceived as intangible and very vaguely related to our every-
day actions. Climate concerns give people a sense of guilt and negative stress 
when put in opposition to things like everyday convenience and enjoyment 
(Broms, et al. 2010). Bringing the notion of electricity production and use 
back to the surface, and encouraging more energy conserving actions in an 
engaging and attractive way, are two important tasks for designers who, in 
the long-term, wish to change structures in society related to the use of elec-
tricity. This thesis takes on the design problem of uncovering the hidden in 
an effort to bring energy consumption back to everyday life. A salient goal is 
that in the future we all should have an everyday awareness and understand-
ing of how much energy is consumed and by what. First then will it really 
be possible to make more informed decisions based on bits of information 
provided seamlessly in everyday life. One could call it the democratization 
of electricity. In the following sections, we shall discuss how researchers in 
different fields view awareness and related concepts of importance in light of 
the above discussed design problem. 

2.2 Design and Behaviour
It is commonly believed that increased awareness of larger societal problems, 
like the overconsumption of our natural resources, leads to more sustain-
able behaviour among large groups of people. The mass media have certainly 
helped spread information regarding these matters. Information campaigns 
may indeed lead to partial changes of attitudes and behaviours, however, 
on the whole, such measures seem to be just part of the story. Other factors 
such as convenience, peer pressure, identity, habits, lifestyles, etc. seems to 
play an important part in changing people’s behaviours. For example, stud-
ies have shown that information campaigns to save electricity tend to result 
in greater knowledge levels but seldom result in actual behavioural changes 
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(Abrahamse, et al. 2009).  

Researchers in the area of energy conservation frequently use the terms 
“awareness” and “energy awareness”. But what do they mean? Awareness is 
commonly used in everyday language but its exact meaning is often vague 
and underspecified. Let us clarify how the term is used in this domain. It 
seems that researchers are talking about two different things. The first is that 
people can have an underlying awareness about an issue such as, for exam-
ple, common societal problems (deforestation, greenhouse emissions, etc.). 
This is the definition of awareness just touched upon. But there is a second 
connotation – the one mainly focused on in this thesis – that refers to human 
perception, attention, and a situated “here-and-now” experience of a process 
or event.

These kinds of interactions in the everyday, the here-and-now, constitute bits 
and pieces of awareness that help us learn about and navigate through the 
world. This awareness directs our attention and informs us about the states 
of things. The brain works tirelessly, through our senses, trying to make 
meaning based on previous experiences and social conventions. Our arti-
ficial world constitutes the material basis of what is perceived to be normal 
– what is exposed and what is hidden.

With the latter perspective on awareness in mind, one can include products, 
environments, and services in the equation. In principle, everything we in-
teract with on a daily basis might act as a means for increasing our energy 
awareness. Artefacts have the ability to influence our behaviour through 
their form and gestalt. Hence, intentionally designed objects have the poten-
tial to direct our actions towards a more sustainable lifestyle (c.f. Norman, 
The Design of Everyday Things 1990). This is something that seems as com-
plex as it is powerful. And if it is agreed that the design of artefacts has the 
possibility to affect behaviour, the next question of course is how these two 
are interconnected. If we want to change behaviour through the design of 
things, what factors should one take into account and what tools and meth-
ods should be used? In the following sections, the concept of awareness is 
discussed from an interaction design perspective, both in its own right, and 
also in relation to other concepts employed throughout the design process. If 
we want to communicate through artefacts we design to increase awareness, 
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we must turn our attention to what comes before: the process of designing. 
Related terms like scripts, social conventions, affordance, feedback, and the 
domestication process will thus be elaborated on – all with the intent to en-
rich our understanding of the relations between design, awareness, and be-
haviour. What are the possibilities and what are the implications that might 
arise? Here, one can envision the concept of design and awareness as a sort 
of prism that can be observed from many different angles (Edeholt 2004, c.f. 
Von Busch 2008). Each new approach, such as for example the concept of 
affordance or domestication, constitutes possible angles towards the prism, 
and as one looks through it, each new approach refracts out as a spectrum of 
new practical possibilities, adding depth and understanding to how design 
can relate to awareness. 

Next, we will attempt to elucidate these concepts by discussing them in rela-
tion to established research and compare these concepts with the definitions 
stipulated within this thesis.

2.2.1 Awareness, Cognition, and Context 

Cognitive science has traditionally focused predominately on the individ-
ual’s experience. The model of perception and action proposed by Neiss-
er is related to awareness (Neisser 1976). According to Neisser, awareness 
can be seen as an aspect of a perennial perception-action loop and is stored 
in short-term memory. He also talks about schemas – mental models of 
the world around us – that guide exploration of our external environment. 
These schemas direct attention to important things in the perceptual field 
and, thus, objects and events that do not activate a schema in the on-going 
perceptual-cognitive cycle are discarded. Anticipatory schemas direct per-
ception and states of awareness to what we can expect and, hence, steer fur-
ther exploration of the environment. A consequence of this theory is that 
the user of a tool or a design object must have an internal model of it or 
similar objects to be able to distinguish between important and unimportant 
cues and information. The internal models, schemas, and images we use to 
interpret situations and understand objects are built on the experiences the 
individual gains throughout life.

Related to the above individualistic perspective in cognitive science is situ-
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ation awareness – a term used in human factors research in the 1980 to de-
note the processes of attention, perception, and decision-making of an oper-
ator (Endsley, Toward a Theory of Situation Awareness in Dynamic Systems 
1995; Adams, Tenney and Pew 1995; Flach, Mulder and van Paassen 2004). 
According to Endsley, situated awareness is an internal mental model of the 
world around the operator at any point in time (Endsley, Design and evalu-
ation for situation awareness enhancement 1988, c.f. Neisser 1976). These 
mental models within cognitive science have been successful at describing 
the individual’s process of perception and awareness but fail to describe 
many aspects central to the understanding of the artefacts discussed here.

As is central to this thesis, the concept of awareness also has important so-
cial dimensions. Our culture defines and prescribes what things mean and 
how we should relate to objects in different situations. Our artefacts shape 
and are shaped by the context in which they are used (Ingram, Shove and 
Watson 2007). Hence, apart from previous personal experience of an arte-
fact, the schemas and models of it and its uses are socially constructed. If we 
want to design for increased awareness it is important to understand and ac-
knowledge these factors. Therefore, in this thesis we aspire to take a holistic 
approach to the issue of awareness by acknowledging different factors such 

one of  many angles

a spectrum of  possibilites

Figure 1: The Prism-model of  design. One angle symbolizes one of  many possible approaches with a spectrum 
of  possibilites.
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as the user’s individual experience of interacting with the artefact here-and-
now, and by looking into the social mechanisms that might come to play.

2.2.2 Social Conventions, Affordances, Feedback, Practices, and 
the Idea of Scripts

Social Conventions
As previously mentioned, the context, such as social and physical factors, 
affect how we perceive things. When exposed to a never-before observed 
and unknown artefact, we appear to look for visual clues to categorize it 
and create meaning. Our way of classifying and categorizing objects stems 
predominantly from social and cultural learning. Norman calls this type of 
knowledge cultural constraints that form behavioural “boundaries” that help 
us navigate the unknown (Norman, Affordance, conventions, and design 
1999). According to Norman there are three forms of constraints: physical1, 
logical, and cultural. Logical and cultural constraints are weaker than physi-
cal ones in the sense that they can be refused or simply ignored (ref. pic the 
walked up path). They take a longer time to adopt, and once adopted take a 
long time to go away. For example, pink for girls and blue for boys are cul-
tural constraints, knowing how to insert a credit card into the narrow slot 
on an ATM is a logical constraint, and things like gates and fences would 
be physical constraints. Used correctly, cultural constraints can prove to be 
powerful tools for the designer, according to Norman (ibid.). Cultural con-
straints are utilized, challenged, and extensively explored through the design 
experiments as part of this thesis.

Related to the above are the practices and conventions that human actors de-
velop around artefacts. In this way, artefacts and practices can be said to co-
evolve and manifest what people believe to be normal and ordinary; hence, 
they help develop and maintain a social order among a group of individuals. 
An understanding of how artefacts and the social are intertwined is funda-
mental to critical thinking. In our work, such a perspective is an important 
viewpoint that can be seen in our designs and in our approach to design as 
co-evolving social objects.

1 Physical constraints are similar to affordances (discussed in the remainder of the section).
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Affordance
The term affordance is commonly used in the interaction design discourse 
and denotes the quality of an object that allows an individual to perform 
an action. Made popular by Norman, the term has its origin in perceptual 
psychology where it was coined by Gibson (Gibson 1979). Gibson’s original 
definitions cover how animals make sense of their environment by means 
of its actionable properties, that is, the possible actions that exist between an 
actor and the world. Norman, on the other hand, originally used the term 
to denote how objects direct actions, for example, how a door handle can be 
designed to show users where to put their hands (Norman, The Design of 
Everyday Things 1990). According to this, the affordance is a property of the 
object. It can be seen as the offered “action space” that is directly perceived 
by the user. Norman later introduced perceived affordance – to denote what 
he meant, which does not need to be the same as “real” affordances. A per-
ceived affordance is what the user interprets to be doable rather than what 
is actually possible. The car industry has long used self-explanatory designs 
like natural mappings and different forms of constraints and reinforcements. 
Fogg argues that technology constantly influences our behaviours and that 
we need to be more aware of this in design practice as well as when we use 
artefacts and services (Fogg 2003).

While the term “affordance” is still under debate it is nevertheless useful 
when investigating how tactile and visual properties of design objects might 
be perceived and interacted with by users.   Therefore we will make use of 
both real and perceived affordances since they are both interesting when 
trying to understand the relationship between the design of artefacts and 
energy awareness. 

Feedback 
Feedback is a rather complicated concept frequently brought up by research-
ers working in the area of behaviour and energy conservation. It is believed 
that feedback in terms of information about how much electricity we con-
sume will enable us to change behaviours (Fischer 2008). Aside from this, 
the standard dictionary definition of feedback is the end or result of a cause-
and-effect chain; specifically, the information or event produced by a pro-
cess, event, and action. Hence, this definition requires that someone initiate 
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the process for a resulting event to occur. By providing feedback to users, it 
is possible for them to respond to the given information, make changes, and 
react to control a process (c.f. Jacko & Sears 2002). This in turn causes new 
feedback from the process and the process repeats itself in a feedback loop. A 
typical example of a feedback loop is when we drive a car; the position of the 
car on the road is controlled by the steering wheel, which enables the driver 
to adjust the position according to the sensory input from his eyes, hands, 
and ears. It is worth noting that this type of feedback is non-obtrusive, di-
rect, and natural since the driver does not to need to reflect on a cognitive 
level about the actual feedback process involved. Feedback loops can also 
be extended in time. For example, the electricity bill – which can be seen 
as feedback on the electricity use – is only provided to the end-user once 
a month or so. This makes it difficult to control the process of electricity 
consumption and hinders the learning process about what consumes a lot of 
energy. Feedback is central for learning – learning a language, driving a car, 
understanding electricity use, and much more. Feedback enables changes in 
actions in order to achieve a certain goal.

What has now emerged as a research problem is how to design energy feed-
back. Direct  feedback, that is, giving users information directly after they 
have used electricity in their home, seems to raise energy awareness and af-
fect behaviours positively. According to Darby, various types of energy feed-
back devices such as home energy displays can reduce energy consumption 
by up to 10 per cent (Darby 2000). However, several problems are associated 
with the delivery of energy feedback to customers. Although the importance 
of feedback is often mentioned in the area of behaviour and energy con-
servation, how this feedback should look and behave to achieve long-term 
effects is not well understood and is a difficult design problem. For example, 
direct feedback on actions is optimal if we want to foster learning and pro-
mote behaviour changes regarding energy-related actions. But how can this 
be done in ways that seem effortless, non-intrusive, or engaging? If energy 
feedback is put too far in the background the sought-after energy awareness 
will not occur. If feedback is too intrusive and given inappropriately, it will 
most likely be rejected in one way or another. When exploring this type of 
feedback, it becomes clear that the social implications play a very important 
part, and understanding the consequences of this is essential to the design 
process. Hence, there are many design choices to be made concerning how 
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energy feedback should be provided to users, and understanding these prob-
lems is at the very core of this thesis. 

Scripts
Scripts (Akrich 1992) is another theoretical construct derived from social 
science that denotes how objects direct behaviours and actions and configure 
human actors to behave in certain ways. Naturally, the term refers to the 
scripts used in dramas to direct human actors to perform certain actions. 
According to the proponents of this theory, scripts can be seen as built-in 
“manuals” in the artefacts that permit and prevent certain courses of action. 
Akrich, for example, defines scripts as objects that “define a framework of 
action together with the actors and the space in with they are supposed to 
act” (ibid.). Scripting is most obvious when objects are designed to configure 
users in a very specific and practical way. One example of this is public toilets 
where the flush button is hidden behind the raised toilet seat. To carry out 
the culturally embedded practice of flushing the toilet, users are required 
to first put the seat back down – a practice that is less universal (Ingram, 
Shove and Watson 2007). Related to the above discussion on scripting and 
affordances is Winner’s example of political design and how design can in-
clude or exclude groups in relation to activities and opportunities. Winner 
takes a bridge as an example; the particular bridge provides access to a beach 
in New York State and was intentionally designed to only allow cars to pass. 
Only people that could afford a car, mainly white people, had easy access to 
the beach (Winner 1986). What we see is a possibility for the designer to 
make use of social conventions (cultural constraints) as well as other factors 
(physical and logical constraints, practices, feedback, etc.) to steer the future 
use of their designs. These design choices are more or less intentionally or 
unintentionally incorporated, and users always have the possibility to appro-
priate and configure objects in other manners that they see fit (rejecting the 
different constraints). As stated by Verbeek – objects do more than we tell 
them to do (P.-P. Verbeek 2005). 

2.2.3 Appropriation and Domestication of Artefacts

When designing objects for the home it is important to know how they are 
appropriated or adopted by groups of users. The home is particularly diffi-
cult to design for due to the complex social dynamics and politics of families 
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and households. There are conflicts over use, ownership, and placement of 
objects, as well as anxieties to be dealt with regarding the disruptions new 
products might bring to established routines and rituals. To better under-
stand these processes, we have employed the domestication theory of Silver-
stone and Haddon in our work (Silverstone & Haddon 1996).  

Silverstone and Haddon have developed a model – the domestication theory 
– that attempts to explain how  new media and technical artefacts gradu-
ally become an integral part of everyday life. It is a qualitative approach for 
understanding consumption patterns among individual households con-
cerning activities related to things like time, age, and gender.  According to 
these authors, objects and their functions are never finally decided, but are 
constantly re-negotiated in order to maintain control and balance within the 
household. The domestication process consists of three interrelated dimen-
sions: commodification, appropriation, and conversion (Silverstone & Had-
don 1996). Commodification is a stage prior to the actual user adoption and 
refers to the activities of industrial designers and public policy makers to 
create an identity and function for the new object. Hence, it refers to an 
industrialized process of making products available, but it also refers to an 
ideological dimension that expresses dominant values and the ideas that are 
infused in the artefacts.  Appropriation refers to the members of the house-
hold buying and accepting the product and bringing it into the home. The 
object has to fit into a pre-existing culture and find a space in the home. 
This is called objectification: processes that are fundamentally reflective and 
identity defining – since the objects say something about the user and about 
the household and its structure. Hence, the new object might challenge and 
negotiate the differentiation and roles of the household; it may cause con-
flict regarding ownership and control, routines and rituals, and threaten the 
household’s moral values.  All these aspects create a pressure to modify the 
object or throw it out altogether. The last of the three dimensions is con-
version, which refers to the household’s connection with the outside world, 
the need to display competence and ownership (ibid.) These activities play 
out in terms of showing newly bought products and services to neighbours 
and peers. We have employed the above discussed theory and its stages as a 
model of how an energy awareness artefact may affect social processes in the 
household over time (Paper 2). 
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2.3 Related Examples in Design and Energy 
In the domestic sector the interfaces between electricity and users have been 
subject to research by sociologists, design researchers, and practising design-
ers, as a part of the design discourse. In this section we will mention related 
designs of particular interest that span the design space of energy awareness 
artefacts. We have chosen to classify them according to the three1 fields of 

1 Tharp and Tharp also suggest a fourth category, responsible design, which is a so-
cially responsible design driven by a more humanitarian notion of service. It is difficult 
to find examples of commercially available, non profit, energy awareness artefacts. It is 
per se a problem related to material welfare.

Figure 2: Users do not always follow predefined scripts – The design fails.  Understanding the mechanisms for 
this – the discrepancy between the intention of  an artefact and how it is actually used – is an important step in 
understanding how to affect behaviour through design.
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commercial, experimental, and discursive design, as suggested by Tharp and 
Tharp (Tharp and Tharp 2009). This classification makes it easier to inter-
pret and understand the purpose of the different objects and how they can 
provide useful design knowledge. These different categories can, of course, 
overlap. 

•	 Commercial designs are oriented toward, and driven by the market. 
Success is defined in mainly economic terms, and key ideas are useful-
ness, usability, desire, and affordability.

•	 Experimental designs are motivated by an inquiry into a specific topic 
such as, for example, a technology, a material, or an aesthetic issue. Ex-
ploration, experimentation, and discovery are keywords and the design 
process is central.

•	 Discursive designs are about the creation of utilitarian objects whose 
primary purpose is to communicate ideas as tools for thinking – rais-
ing awareness of psychological, sociological, and ideological issues. They 
can still function in the everyday world but the discursive argument is 
what is most central.

2.3.1 Wattson: An Ambient Energy Display

Wattson is a commercially available energy-monitoring device that has re-
ceived a great deal of attention for its original approach to home electricity 
measurements (DIY Kyoto 2006). Directly targeting the end-consumer, this 
device utilizes an external wireless sensor that is attached to the mains elec-
tricity cables at the fuse box. This approach allows it to measure the running 
total in real-time (e.g., the kilowatts for the entire household). The infor-
mation is represented using a digital readout on top of the Wattson display 
and with ambient light on the underside of the device. Blue light means low 
energy use, purple average consumption, and red excessive use of electric-
ity. In addition to this, there is also an alternative readout that displays an 
approximate calculation of the annual cost for electricity. Tilting the device 
changes the different display modes. In addition, Wattson can also store dai-
ly consumption data, and this information can be transferred to a computer 
via USB for further analysis, etc.
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Figure 3: Wattson by DIY Kyoto.

Wattson can be said to represent a range of commercial home energy moni-
toring products that provide “instant” feedback through an ambient interface 
approach. The idea is to place the device at a central spot in the home and, 
hence, not hide away the meter. As we will see, the Energy AWARE Clock, 
one of the design objects most central to this thesis, uses a similar approach 
(Section 4.1, Paper 2, Paper 3). This approach is closely related to the view 
stated by Ambient Devices – an American company specializing in a range 
of products using ambient information – “People want information, but they 
don’t want to invest a lot of time in getting it”. This particular company also 
offers products that can display information in similar ways as Wattson.

If we now follow the reasoning from section   about domestication, its stages, 
and so forth, it is reasonable to believe that the majority of the customers 
that buy these kinds of energy feedback devices already have a pronounced 
interest in environmental issues and/or want to save electricity. Although 
it is not an aspect that is explored in depth in this thesis, it is interesting to 
think about the mechanisms that lead to the purchase of a rather expensive 
device like the Wattson. 
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2.3.2 The Element and The Power Aware Cord from Static! 

Static!, an experimental design research project conducted at the Interactive 
Institute between 2004 and 2005, explored energy as a design material with 
the intention to raise the general awareness about the issue and to make it 
more present in everyday life (Mazé 2010). A set of interesting poetic ob-
jects relating to everyday life were developed that represented different ap-
proaches to how energy processes could be made more visible through form 
and design.

The Heat-Sensitive Lamp is a lamp that acquires its form when it is switched 
on for the first time; the material composition of the lampshade is heat sen-
sitive and the lamp’s form is determined by the amount of heat emission 
of light bulb (Mazé 2010). Depending on the power of the light bulb used, 
the lampshade acquires different forms. Hence, the electricity that passes 
through the light bulb, and is converted into light and heat, becomes essen-
tial to giving form to the lamp (i.e., a type of autopoesis) and as a result, en-
ergy itself participates in the design process. The lamp was created by Front 
in collaboration with the Interactive Institute. The Power-Aware Cord is a 

Figure 4: Static! Energy as a design material.



22

Sustainable Interactions

re-designed electric power strip the cord of which is designed to visualize the 
amount of electricity flowing through it. The power use of a device attached 
to the cord’s outlet is represented by means of pulses, flow, and intensity of 
light. The Element was made of thirty-five 60-Watt light bulbs. The power 
requirements and heat emission of this device are similar to those of an or-
dinary electric radiator (ibid.). Using candescent light bulbs as “heaters” and 
building blocks, this design raises interesting questions regarding the prop-
erties and relationships among heat, light, and electricity. For example, it is 
usually difficult for the homeowner to tell whether the radiators are on or off 
except by touching them physically. In contrast, the Element flares up like a 
fireplace when a window is opened and cold air enters the room, which can 
generate awareness of the energy consumption of the heating system.

These three design exemplars – all from Static! – are good examples of how 
to recognize electricity, and properties associated with electricity, as a poten-
tial material for the design of artefacts (ibid).  

2.3.3 Off Light-Switch Hanger and ParaSITE

Amron has designed a set of discursive objects that make clever and playful 
comments on electricity use and our habits (Amron 2007). By making small 
changes to already existing objects, as with the Off Light-Switch Hanger, peo-
ple are encouraged to reflect on the built-in conflict of using a light switch 
as a coat hanger. When you hang a jacket or a coat on the hook, the light in 
the room is switched off. These kinds of polemics manifested in design may 
not provide direct solutions for how we can reduce energy consumption, but 
they do materialize an interesting conflict between habits, electricity savings, 
and comfort. 

An interesting project related to the above is paraSITE (Rakowitz 1998). 
paraSITEs are custom built inflatable shelters designed for homeless people. 
By attaching paraSITE to the exterior warm air outtake vents of a building’s 
heating, ventilation, and air-conditioning systems the warm air leaving the 
building is used to inflate and heat the parasitic structure. Rakowitz built 
over 30 of these shelters that were distributed and used among homeless 
people in a few larger cities in the United States. Although at first glance the 
project might appear like an instance of responsible design, costing less than 
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Figure 5: OFF Light-Switch Hanger by Scott Amron.

Figure 6 paraSITE by Michael Rakowitz.
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five dollars to manufacture and providing shelter and warmth to homeless 
people, Rakowitz makes it clear that it is not a solution but an agitational 
artefact amplifying the problematic relationship between those who have 
homes and the homeless. From an energy design perspective, the parasitic 
structure reveals how much surplus heat and energy that is normally wasted.
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This section describes the epistemological assumptions that underlie this 
work and presents the methods and approaches we have employed to achieve 
the results. 

3.1 Interaction Design
This thesis is part of the field of Interaction Design (Moggridge 2007). This 
research field mainly emerged from  two different intellectual strands: hu-
man-computer interaction (HCI) and the design discipline (Löwgren 2008). 
HCI can be said to originate from experimental psychology and computer 
science, and it has traditionally focused on the usability and usefulness of 
digital products and services in predominately work-oriented situations and 
with a focus on the individual user. The design-oriented tradition is a com-
bination of disciplines like graphic design, industrial design, and architec-
ture, that are increasingly incorporating digital and interactive materials into 
their practices. Moreover, participatory design (Ehn & Kyng 1991), with its 
strong focus on the user, can be seen as an important ancestor of the field of 
interaction design. Even though the research fields are converging there are 
still significant differences in research approaches. This work can be said to 
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take its starting point in the design-oriented tradition. The holistic character 
of design has been described by Nelson and Stolterman in the following way 
(Nelson & Stolterman 2002): 

Design is the ability to imagine that-which-does-not-yet-exist, to make 
it appear in concrete form as a new, purposeful addition to the real 
world. […] We design our cosmologies, our homes, our businesses and 
our lives, as well as our material artefacts. As such, design touches 
nearly every aspect of our experienced world.

These authors see  design as the foremost tradition of inquiry and action 
among other traditions such as art, religion, science, and technology. They 
claim that designers work towards desirable states rather than focusing on 
problem solving to avoid undesirable states. Design therefore approaches 
human conditions in a unique way through reflective practice, intellectual 
apperception, and intentional choice. The practice of design is framed as 
encompassing the real, the true, and the ideal. As a result of this holistic ap-
proach of design, design research is framed as research on a condition that 
arises from a number of phenomena in combination, rather than the study of 
a single phenomenon in isolation (Zimmerman, Forlizzi and Evenson 2007). 
Moreover, yet another difference from traditional HCI, in which a utilitar-
ian focus on new, efficient technology often proliferates, the design-oriented 
part of interaction design also considers other types of qualities of the user 
experience such as pleasure and joy, beauty and excitement, and social fac-
tors (Redström 2006). In this thesis, design is mainly regarded as the shaping 
of an artificial world with a focus on form and use. The focus lies on the rela-
tions between design and social practice. 

Zimmerman and colleagues point out that interaction design researchers 
integrate true knowledge, that is, the models and theories of behavioural 
scientists, with how knowledge, that is, applying the technical opportunities 
provided by engineers. Furthermore, design researchers base their explora-
tions on real knowledge produced by anthropologists and by design research-
ers doing field studies for design projects. What follows should be an active 
process of ideation, iteration, and a critique of potential solutions to con-
tinuously reframe a problem and make progress towards a preferred state. 
The prototypes and the documentation of the design process help to frame 
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Figure 7. A slightly modified version of  a model suggested 
by Zimmerman and colleagues of  how interaction design-
ers can conduct research that emphasizes the production of  
artefacts as vehicles for what “ought to be” and influences 
the practice community (Zimmerman, Forlizzi and Even-
son 2007). From experience gained in AWARE, work-
ing in cross disciplinary projects, different practices blend 

together and roles do not necessarily have to be divided 
between different individuals. A research team can also 
work cross-disiplinary and produce research artefacts in 
close collaboration. Also worth pointing out is that artistic 
practice, as an influence for design work, is not taken into 
account in this illustration.
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a problem more concretely and exemplify a discursive argument for the pre-
ferred state (Zimmerman, Forlizzi and Evenson 2007).

3.2 Research Through Design 
The epistemological perspective of this research is rooted in a hermeneutic/
pragmatic tradition that emphasizes qualitative data collection and a holistic 
level of analysis (Fishman 1999). The resulting research prototypes should 
therefore be seen as materialized discussions and ways to map out and un-
derstand a design space. Hence, the goals of the design researchers are not 
purely utilitarian; instead objects are also created as design experiments. They 
are used to uncover unknown aspects of the problem and to disclose ten-
sions between the designer’s various intentions, as well as to provoke a reac-
tion in the recipient of the object. The suggestions result in scenarios that can 
be tested and discussed by stakeholders such as users, policy- and decision-
makers, producers, and designers. This type of inductive approach has the 
potential to create new knowledge and understanding of what further ques-
tions to ask. This approach  is often referred to as research through design 
(Frayling 1993).

According to Frayling, one can – by using design to support critical reflec-
tion – gain valuable knowledge about how to design future systems of prod-
ucts, places, and services (Frayling 1993, c.f. Schön 1983). The physical re-
sults also create a basis for more nuanced discussions on what we desire, and 
demonstrate alternative possibilities to what already exists. Design artefacts 
act here as mediators or agents of key ideas explored, rather than as mere 
instruments of utility. After all, design is about creating something new and 
not just recreating what already is. When creating something new, you al-
ways make implicit or explicit decisions that are rooted in ethics and not 
just in logic. For example, social, gender, and environmental questions are 
related to how we wish our society to look in the future. The function of the 
artefact is to be a tool for thought, for raising awareness and understanding 
of different issues and concerns.

Design research work does not follow a linear deductible path where every-
one would arrive at the same result. Moreover, it is not reductionistic, since 
reducing a design problem can simplify it to such a level that it becomes 
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pointless to explore. Instead, the design suggestions have the possibility to be 
inserted into a social setting, in the form of a physical prototype, as a design 
probe, to gain feedback and reflections around the objects and their pos-
sible use. The goal is not to conform to current norms, but to question and 
provoke in order to increase understanding of present problems and raise 
new related questions. We want to use the “rhetoric” of the design language 
to make arguments in the ongoing everyday conversation between material 
shape, its use, and the social traditions that are built into and constantly re-
inforced by artefacts. By producing fully working design prototypes that can 
be tested in real settings – a better understanding of the discrepancy between 
design intentions and actual use is gained as well as a deeper, more refined 
articulation of socio-technical relations that can be difficult to articulate and 
explore. 

3.3 Design Interventions and Domestication 
Probes
In this thesis, we have employed the domestication probe methodology 
(Gaver, et al. 2006) (Routarinne & Redström 2007). Domestication probes 
are used in design research to elicit tacit knowledge about how concepts are 
used in real world domestic settings and to reveal new design opportuni-
ties. When an object enters the home and is domesticated into the existing 
ecology of household goods, it challenge everyday routines and enables both 
users and designers to reflect in a critical way.  The idea is to let people reflect 
upon objects, their functions, and how they relate to everyday life (Dunne 
1999; Ernevi, Palm and Redström 2007).

Design prototypes can invoke and provoke responses that can be collected 
by means of interviews or with cultural probes such as cards, maps, calen-
dars, recorders, and cameras (Gaver, Dunne and Pacenti 1999). These re-
sponses can also be compared with the designers’ original ideas or intentions 
regarding the artefact. 

Domestication probes can be open-ended, meaning that the objects do not 
clearly solve a well-defined problem in the home. Users always try to make 
sense of new objects, and listening to how they interpret and try to “tame” 
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new artefacts can reveal a deeper understanding of the social as well as cul-
tural aspects of the artefact in the household. The open and provocative as-
pect of the artefact is therefore intentional on the part of the designer as 
a way to understand use, meaning-making, and how newcomers might be 
incorporated into the already present ecology of things in the household 
(Routarinne & Redström 2007). For example, Routarinne and Redström 
used domestication probes to investigate how two energy-related designs 
were received and how they fitted into the householders’ everyday life. They 
also compared the results from the domestication probes with the initial in-
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tentions of the designers regarding energy awareness and found that some 
intentions were actualized whereas others were not  (ibid.). Briefly put, the 
results showed that the initial scenarios for home use were not realized to 
any larger extent, but that the users reflected upon their values and attitudes 
regarding electricity use. The study also highlighted the complexity of saving 
energy in general. 

Figure 8: Projects timeline and setup, artefacts and articles.
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3.4 Research process 
In order to investigate how objects should be designed if they are to form and 
be part of new types of energy conservation activities in everyday life, the 
research process was largely organized as follows: a data collection phase, a 
design phase, and, finally, a comparison of the design intention  (envisioned 
use) and the real-life experiences of users. Even though the design process 
and the emerging design concepts act as research tools (Section 3.2), the 
final prototypes are considered results just as much as is the feedback pro-
vided by the users. 

The research efforts were carried out in three research projects: AWARE, 
DESME, and Clockwise.  The majority of the work presented in this thesis 
comes from AWARE and to some extent DESME. The author did not con-
duct any design or fieldwork in Clockwise, but its results are central to this 
thesis.

Six design prototypes were produced in the AWARE project and two were 
developed in DESME. In this thesis, we will discuss a total of six relevant 
design concepts from these two projects. The artefacts have been used to ex-
plore implications and possibilities for design regarding the relation between 
artefacts and our use of energy in households. Three of the prototypes were 
treated in  greater depth (the AWARE Laundry Lamp, the Energy Plant, and 
the Energy AWARE Clock discussed in Sections 4.4, 4.5, and 4,1), while one 
of these, the Energy AWARE Clock, has its own user study in the Clockwise 
project. A common feature of both AWARE and DESME was the fact that 
they were conducted in three stages: a qualitative data collection phase, a 
design phase, and an evaluation phase. These were not performed entirely 
chronologically, since some activities overlapped at different stages. The En-
ergy AWARE Clock has been updated and modified several times within 
AWARE and Clockwise, making it more robust for the final domestication 
study (Sections 2.2.3, 3.2 and Paper 3).

3.4.1 AWARE: Design and Research Process

The AWARE project was initiated with a qualitative data collection phase 
consisting of a set of stakeholder interviews in the domestic context with the 
goal to get an understanding of energy use as a socio-cultural phenomena 
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in the home (Paper 2 & 3). Our research group at the Interactive Institute 
identified areas of interest and themes that were then used to put together an 
interview guide. Both the ethnologist and the designers worked side-by-side 
in using the interview guide to conduct the interviews. The reason for this 
setup was to give the designer first-hand experience of the home environ-
ment. Nine interviews in total were conducted with people having different 
ages, family situations, and kinds of housing. Each interview took about two 
hours and was followed by a tour of the home with discussion and photo-
graphing. The interviews were transcribed and analysed using methods such 
as meaning concentration (Kvale 2007) and affinity diagrams. The result was 
a set of cues and personal inputs that were used in the subsequent design 
phase. 

The design process consisted of a combination of rational analysis of the ini-
tial interview data and intuitive choices based on practical and aesthetic ex-
perience and design knowledge. The design process is complex and linked to 
the participating individual designers’ lived-world experiences. Hence, sub-
jectivity and personal experience were part of the decision processes as well 
as being tools the designers used to reflect on solutions and ideas, (Schön 
1983 c.f. Stolterman 2007). In the group design meetings that were held in 
the project, the keys and clues from the interviews were combined and pro-
cessed in several brainstorming sessions (Goodwin 2009) until about thirty 
conceptual ideas were generated. Of these thirty, six were chosen for further 
refinement and prototyping. Moreover, alongside this design development, 
the researchers were also looking for more general conclusions that could be 
drawn from the interview data on energy behaviours and attitudes. The con-
cepts that were finally selected for further refinement and production were 
the Energy AWARE Clock (Section 4.1), the AWARE Puzzle Switch (Section 
4.2), the AWARE Handle (Section 4.2), the Share AWARE Light (Section 
4.3), the AWARE Laundry Lamp (Section 4.4), and the AWARE Chandelier 
(not included in this thesis). 

3.4.2 DESME: Design and Research Process

In the DESME project several design workshops and seminars were held. 
The common theme of these meetings was “lifestyle”, the ideation motor. The 
group identified a set of specific lifestyles and trends in contemporary Swed-
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ish society. The key driving forces and motivators behind them were mapped 
out, and relationships were discerned regarding how energy conserving ac-
tions could be merged together with these driving forces. Extreme lifestyles 
were used as creative input into the design process. Aesthetic properties 
and ideations associated with each specific lifestyle were also described. For 
example, gardening was chosen as a lifestyle for closer examination. Car-
ing and nourishing are prominent driving forces behind gardening; seeing 
a plant grow and flourish is rewarding for this group of people. Another 
lifestyle examined more closely was online gaming. By taking care of and 
improving online avatars and virtual worlds – rather like with the garden-
ing lifestyle – this group displayed nourishing aspects as well. Observations 
of this sort were collected as interesting components that could be used in 
conjunction with electricity saving, for example, by incorporating similar 
nourishing features in an electricity saving device. This idea later became the 
Energy Plant (Section 4.5). 
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4 Design Prototypes 
The intention behind all the concepts presented in this thesis has been to cre-
ate design examples that in various ways discuss and investigate how people 
relate to energy. Another objective has been to explore how design can foster 
behavioural change through awareness and engagement. In the AWARE and 
DESME projects, a series of design prototypes were developed based on the 
project’s research agenda, feedback from user studies, and input from litera-
ture surveys. This section presents some of the prototypes and discusses the 
rationale behind the designs mainly using the previously explained concepts 
of social conventions, affordances, feedback, scripts, appropriation, and the 
domestication of artefacts. 

4.1 Energy AWARE Clock 
The Energy AWARE Clock was designed to communicate energy use pattern 
as an integrated part of everyday life. The prototype visualizes the daily elec-
tricity rhythms of the household on a, by default, 24-hour clock-face, and 
is intended to resemble an ordinary kitchen clock, both in form, location, 
and use. The external shape of the Energy AWARE Clock resembles a two-
dimensional house and has a front covered with a dark, transparent, acrylic 
sheet mounted on top of a colour display. The display shows a circular graph 
that renders the home’s present use of electricity (kW) and also the histori-
cal consumption over time (kWh). The electrical consumption data is sent 
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wirelessly to the Energy AWARE clock from a small unit attached to mains 
fuse box. A complete rotation on the clock-face can represent anything from 
a minute to an hour, 24 hours, a week, or a month depending on which view 
that is selected using one of the two buttons on the front. The other button 
toggles a numerical kW representation on and off. The angle of the pointer 
on the display represents the current time and the length of the pointer rep-
resents the amount of power being used at that specific moment (i.e., kW). 
Since kilowatt-hours is a complex concept we wanted to move away from 
this, and focus on relationships in a more visual way. When an electrical ap-
pliance is switched on this can be seen on the display immediately in terms 
of a longer pointer. As time moves on the pointer leaves a trace showing the 
historical electricity use. . The shape of the resulting graph indicates what has 
happened during the course of the day. Previous turns fade away slowly and 
today’s consumption is drawn on top of that of previous days, making it pos-
sible to compare your current electricity consumption with that of yesterday 
and the day before yesterday. 

As a result of the field study and the emerging design concepts, three themes 
regarding how the energy systems were intertwined with the social aspects 
of life in the households were identified: complexity, visibility, and accessibil-
ity. Information and feedback about the electricity consumption were found 
to be delayed and hard to understand. The representation of the energy sys-
tem was disguised and hidden away, or located somewhere secluded from 
the everyday living area. The intention of the Energy AWARE Clock was to 
create a new kind of energy display that would borrow the connotations of a 
normal kitchen clock – glanced at regularly throughout the day – in order to 
make electricity use more concrete in relation to ordinary activities as well as 
to be a tool that can encourage discussions about electricity consumption in 
the home. An essential idea of the concept was that all household members 
would discover and learn about the electricity patterns over time, and this 
made it important to attempt to engage all the members of the household by 
encouraging a central placement instead of a hidden-away place where only 
some of them would go. The Energy AWARE Clock was intended to stand 
out as a objects of its own.
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4.2 The AWARE Puzzle Switch and The AWARE 
Handle
The AWARE Puzzle Switch is an on/off button designed to encourage people 
to switch off home lighting by playing with people’s built-in desire for order 
– just like straightening a crooked painting on the wall. The idea originally 
came from one of our informants who said that “turning off the lights” was 
like  “tidying up” when leaving a room. The thought behind the switch was to 
elaborate on the idea of a pattern being complete when the light is switched 
off and out of balance when it is on. This is the opposite of what one would 
normally perceive with an electrical switch and the concept of the open and 
closed circuit. 

Light is visible (for most of us) and acts as a reminder that electricity is being 
consumed. However, if a room is already very bright, for example, because 
of sunlight, it can be hard to notice if a lamp is switched on. The AWARE 
Puzzle Switch was designed to be very visible with a high-contrast pattern 
and strong colours. This clearly differs from the design of traditional light 
switches that often are meant to blend into the wall as discreetly as possible. 
In contrast, our light switch is perceived almost like an ornament or decora-
tion, attracting the eye and claiming space distinctively. It also gives much 
stronger visual feedback about its on/off state than a traditional switch mak-
ing it easier to see from a distance.

Just as design can facilitate everyday interactions, it can have other agendas 
and guide us in many ways. If a light switch can afford energy saving ac-
tions through its form, this would be an interesting path to explore. This line 
of thinking relates to the aforementioned scripts that direct human actors to 
perform certain actions. The scripts can be seen as built in “manuals” that 
permit and prevent certain courses of action. The Puzzle Switch clearly has 
a built-in script and becomes a material actor that communicates – through 
a mixture of cultural ideals and psychological and cognitive mechanisms – a 
way to save energy in the home. We believe that this type of visual persuasion 
and embedded scripting can be very valuable in the future. Even if the out-
come was minor, such as one per cent of the total energy consumption of the 
household, the total impact of many light-switches could be considerable. 
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We also designed a radiator handle – a redesigned thermostat – called the 
AWARE Handle. This handle is fitted with rather sharp edges that cut into 
the hand slightly when it is turned in a specific direction (towards higher 
temperatures). Hence, it is more comfortable to lower the temperature of the 
radiator than to increase it. The AWARE Handle also visualizes its current 
position with the aid of info-graphics that do not use the traditional num-
bers (1–4) but other types of symbolic icons. These icons depict concepts re-
lating to heat and cold but are also designed to inform the user on a cognitive 
level about the consequences of the different settings. A combined situated 
persuasion can be said to emerge from both the tactile (the edges) and visual 
(the icons) properties of the handle. 

Both the AWARE Puzzle Switch and AWARE Handle have been built as 
working prototypes. Linde and colleagues evaluated the AWARE Puzzle 
Switch in a user workshop in regards to user attitudes, functionality, and 
interaction, and also estimated its commercial potential (Linde 2008). 

4.3 Share AWARE Light
The Share AWARE Light can be said to be situated at the other end of the 
spectrum with regard to the AWARE Puzzle Switch and the AWARE Han-
dle. The Share Aware Light also employs the medium of light but, as the 
name implies, through a mutual, ongoing negotiation of sharing – mak-
ing it something much more situated and conscious. Concretely, the Share 
AWARE Light is a series of portable, radio controlled light sources that share 
a fixed amount of light. For example, when one lamp is made brighter, the 
others lamps are proportionately dimmed by an equal amount. Light is used 
where it is needed the most, and where that might be is up for debate among 
its owners. 

The central idea explored with Share AWARE Light is how something fun-
damentally quite unpractical, a limited amount of light that has to be shared, 

Figure 9: Right page, three versions of  the AWARE Puzzle Switch concept. At the top, encouraging 
turning of  lights by closing an open lid or, middle and bottom, closing a disrupted pattern.
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could instead be used as a central property that helps constitute the overall 
mythology of the product. Building on this idea, we designed each lamp to 
be perceived as a small and limited character that communicates its own 
needs and resources. Having an organic form and sized to fit in your palm, 
the Share AWARE Light is portable and cord-free, running on re-chargeable 
batteries. It can be carried and placed closed to the user for reading, conveni-
ence, company or just to create an overall ambience in the room. The light 
source selected was a set of light emitting diodes (LEDS); one warm-white 
for main lighting and a few additional multicolour LEDs that are used for 
communication purposes. For example, when the Share AWARE Light is 
switched on for the first time, it scans the network of other lamps in its sur-
roundings. Lamps belonging to the same network are assigned a “network-

Figure 10: The interior of  the Share AWARE Light: Antenna, mirco-chip, bright warm-white and RGB 
LEDs among others (Electronics and programming by Jonas Andersson).
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specific” colour; that is,  this colour pulsates briefly when the Share AWARE 
Lights are turned on. Similarly, when the batteries are running low, the 
warm-white light turns off and the group colour lights up to signify group 
belonging and personality. Moreover, when the lamp is plugged into an ordi-
nary power outlet for charging; the lamp slowly pulsates with a warm-white 
colour to produce a “feeding effect”. In short, our intention with the Share 
AWARE Light was to explore the possibilities of deliberately going against 
the functional view of electricity, and instead having it become a central part 
of the mythology communicated by the lamp. Three fully functioning proto-
types have been constructed at the Interactive Institute. 

4.4 AWARE Laundry Lamp 
The AWARE Laundry Lamp is an attempt to combine positive symbols and 
activities such as hanging your clothes out to dry in the sun and design-
ing your own lampshade. The users make their own statements with the 
kind of laundry they put on display. Switching on the lamp helps to dry the 
clothes faster as well as adding ambience to the room. The idea was to en-
courage hang-drying clothes instead of tumble-drying them, a measure that 
can drastically reduce electricity consumption. Tumble dryers are one of the 
greatest consumers of electricity in the home.  The action of hang-drying 
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floor model.
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Figure 12: A two-dimensional sketch of  Energy Plant. The actual plants 
are made from L-systems, a variant of  a formal grammar made to model the 
growth process of  plant development. It was introduced and developed by the 
theoretical biologist Aristid Lindenmayer (1925-1989).
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your clothes, changing the style and mood of the Laundry Lamp, helps dif-
ferentiate and modify the overall expression. The Laundry Lamp engages the 
user in an ever-continuing design process that encourages an active use over 
time. We wanted to make the action of hang-drying clothes a compelling 
alternative to tumble-drying by offering an artefact that appeals to our desire 
for beauty, desire, and fun as alternatives to efficiency, speed, and conveni-
ence.  

Another interesting argument that is embodied in the AWARE Laundry 
Lamp is the lack of high technology. Made out of metal tubes, cables, an elec-
tric cord, a lamp socket, and a light bulb, the lamp exemplifies that modern 
energy conservation does not necessarily have to involve the development of 
advanced technology. Here, the focus has been on offering new use patterns 
through design instead of falling into the trap of reinforcing the same behav-
iours with more advanced technology. 

4.5 Energy Plant  
The Energy Plant is an ambient transparent LCD-display that shows the elec-
tricity consumption of the household in the form of a growing plant. Each 
new month, a digital seed is “planted” and starts to grow on the screen. Mod-
est electricity consumption result in a thriving fast-growing plant and heavy 
consumption makes the plant wither. Taking care of the Energy Plant means 
reflecting on your electricity consumption and associating it with the excite-
ment of seeing how the plant will evolve and grow. Starting with a new seed 

Figure 13: Example of  plant growth using an L-system with an 
increased number of  iterations.
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every month creates curiosity about what is to come and a chance to start 
over in case last month’s plant didn’t turn out as desired. The user can never 
be sure what kind of plant that will grow from a given seed. The idea is that 
the display can be placed in a window like an ordinary plant, or elsewhere. 
The inverted shape of the flowerpot together with the information shown on 
the display convey the story of the growing plant. 

The transparent display serves several purposes. On sunny days it can cast a 
shadow of the plant that wanders through the room drawing attention back 
to the display and its message. It also serves the purpose of foregrounding 
the information shown on the display rather than the display itself. The in-
spiration for the design was taken from two existing lifestyles: gardening 
– the fascination of making real plants grow; and the gaming lifestyle where 
one, for example, tries to develop and improve online characters in a game.

The Energy Plant has two buttons located on its front: an info button and a 
history button. Like with the Energy AWARE Clock, this info button toggles 
additional information for those who want to take a closer look at their rate 
of electricity consumption. When enabled, this feature shows your current 
electricity consumption in kilowatts (kW) and the overall consumption for 
the current month in kilowatt hours (kWh). The history button also allows 
users to go back one month – and plant – at a time so that no single unique 
plant is lost in time. If the info button is activated one can also compare the 
overall electricity usage of the different months and the outcome that results 
in any specific plant. 

Just like the Energy AWARE Clock, the Energy Plant is an attempt to break 
away from the traditional screen-based type of interaction in the context 
of energy metering; it is an ambient display that provides information with 
little effort from the user. A quick glance at it should be enough to tell if the 
home-consumption is low or high. The Energy Plant has been developed 
as a non-working prototype only. The technology needed to manufacture it 
exists today.

Figures 14, 15, 16, 17, 18, 19, 20, 21, 22 and 23: Right page page and page 46 and 47 the Energy 
AWARE Clock. Page 48 to 51, AWARE Handle. Page 52 and 53, Share AWARE Light. Page 54 
and 55, AWARE Landry Lamp. Page 56 and 57, Energy Plant. Page 58, AWARE Puzzle Switch.
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5 Discussion 
In this thesis, we have suggested a series of diverse experimental objects as 
means to explore a design space, to reflect on energy awareness in gener-
al, and to think about the role these types of artefacts will play in everyday 
life. The design experiments can be said to be examples of ways to construct 
awareness using different design principles and sensory modalities for use in 
a future domestic situation. One of these prototypes – the Energy AWARE 
Clock – was studied in greater depth and was installed in nine households 
for three months in a design intervention study (Paper 3). In this chapter, we 
will discuss issues revolving around the above-discussed themes that are not 
at all uncomplicated – having such technology in our homes also affects so-
cial structures, norms, and behaviour. We will start by discussing the Energy 
AWARE Clock. 

This study indicated that the placement (visibility and accessibility) of the 
Energy AWARE Clock greatly influenced the electricity consumption aware-
ness of the informants. The mere presence of an energy meter with its unique 
utopian design,1 suggesting something new and modern, acted as a reminder 
that energy was being consumed. We also found that the placement of the 
1 See Adrian Forty, Objects of Desire Design and Society 1750–1980 (Forty 1986) in which 
three typical stages of product development are described: the archaic, where one tries to 
incorporate new technology by imitating a well-known older artefact; the suppressed, where 
products are hidden in something else; and the utopian, where the form suggests something 
entirely new and modern. One might argue that the Energy AWARE Clock is also archaic in 
that it bears a resemblance to the traditional kitchen clock.
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display greatly affected the degree of involvement in the energy issue of all 
household members. In our study, the clock was placed visibly in the kitch-
en, and this allowed the whole family to be included in the home’s energy 
consumption. Interestingly, since the kitchen is a traditionally female do-
main, and electricity is a secluded and traditionally male area of expertise, 
our arrangement also played a role in promoting gender equality.

The opinions about the Energy AWARE Clock varied greatly among the 
informants. For example, the accessibility and visibility of the energy con-
sumption information turned out to be problematic for some informants. 
Being reminded of their personal electricity use made some users feel guilty.  
Moreover, our clock brought trade-offs between comfort and environmental 
concerns into the open and this led to feelings of guilt, expressed by one in-
formant as “giving up life” when describing the pressure to change comfort-
able habits into less comfortable but more environmentally friendly ones. 
The informants that appreciated the clock and used it to learn about their 
electricity usage did not express the same concerns. The differing opinions 
about the artefact are difficult to explain; some were very positive towards 
the artefacts but some were rather harsh and antagonistic. It seems that larg-
er societal problems can easily be projected onto energy awareness artefacts, 
and this can be provoking to some. For example the clock often became a 
conversation piece and proxy for more general societal issues; people attrib-
ute their fears and anxieties to using the artefact, as a proxy. Hence, some 
statements about the clock and its design may not actually be about the clock 
itself, but related to more general issues that the clock touches upon, which 
is just as interesting. Another interpretation is that the interview discussions 
about the artefact are in fact a natural way of negotiating and understanding 
the artefact (i.e., theory of domestication).

Taking the different stages of the domestication process into consideration 
in the design phase was fruitful, in particular when we tried to envision how 
the artefact would be used over a longer period of time. The connotations 
borrowed from ordinary clocks were meant to help convey our idea of how 
we intended the Energy AWARE Clock to be used, an expectation that was 
actually borne out in reality. The clock went through a discovery phase and 
then entered a confirmation phase – more like a real clock used for checking 
and confirming the time.  This was not without complications though; the 
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merging of a clock and an electricity meter also added confusion, as men-
tioned earlier – the Energy AWARE Clock was a new kind of object and the 
informants struggled with how to categorize it – was it the one or the other, 
or both? Let us now discuss the other design experiments conducted in this 
study, which can be seen as physical manifestations of how one can approach 
awareness through the design of artefacts. The inquiry revolved around top-
ics such as motivation for change through different driving forces, the user 
experience when using an object, visibility, and meaningfulness.  

Design researchers have suggested that in order to create a more sustainable 
development it is important to design for strong emotional bonds in terms of, 
for example, brand values, durability, and similar qualities. This is in contrast 
to the high consumption and throwaway culture that has become a prevail-
ing lifestyle (e.g. Chapman 2005). For example, instead of using design to 
create a demand for the newest and latest things, is it possible to encourage 
consumers to love and cherish objects more as they get older? Encourag-
ing closer bonds to artefacts and more sustainable types of interaction calls 
for new alternative types of artefacts. Such design endeavours require that 
an understanding for the different driving forces that motivate and engage 
people to put in extra time or effort to change behaviours and practices. The 
Energy Plant and the AWARE Laundry Lamp were designed around this 
idea. For example, the AWARE Laundry Lamp was designed to encourage 
people to hang-dry their laundry instead of tumble-drying it by combining 
an energy efficient behaviour with lifestyle trends such as home decorating. 
This made the result of a mundane task into something decorative. Similarly 
the Energy Plant paired motivations borrowed from gardening – nurturing 
and taking care of a plant –with saving electricity in the home. The technol-
ogy to store and transport large amounts of energy has granted mankind the 
ability to travel faster and be more efficient. The desire to create more free 
time to do things considered valuable in life has been a driving force. Hang-
drying is slower than tumble-drying and involves more manual labour, but 
the latter consumes a lot more electricity.  Here it needs to be pointed out 
that quite often the perceived benefits of new technical improvements and 
time-saving designs are cancelled out by a rebound effect (Abrahamse, et al. 
2009). Energy efficient devices are used more often, and new products that 
claim to relieve everyday labour, like for example the washing machine, ac-
tually do the opposite by enabling raised standards and new norms of when 
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clothes are considered clean or dirty1 (Ilstedt Hjelm 2004). 

We have suggested alternative types of motivators that could challenge and 
convince users to change their behaviour. When considering aspects that can 
motivate this type of change the user experience becomes central (Redström 
2006). The Share AWARE Light plays with this idea when creating a tension 
between an imposed limitation of a specific amount of light and the playful 
experience of precise control of a shared light over distance.

Social scientists have discussed factors that affect stress and well-being and 
these can say something about how we can design energy awareness arte-
facts. Antonovsky, for example, has suggested that comprehensibility, man-
ageability, and meaningfulness are of importance when we have to cope with 
stress (c.f., the above discussion on the perceptions of the Energy AWARE 
Clock) (Antonovsky 1987). The same can also hold on a theoretical level 
for managing personal energy use; if we can be in control and understand 
the consequences of our actions, we can also minimize the negative stress 
that might result from always having a background awareness of our per-
sonal energy use. With this line of thinking, one might argue that just as a 
functioning democracy depends on its citizens casting well-informed votes, 
a sustainable society should require information about energy use to be vis-
ible and present so it can be and acted upon in meaningful ways. The Energy 
AWARE Clock was designed with this in mind. The AWARE Puzzle Switch 
and the AWARE Handle illuminate and explore this relation from another 
angle, experimenting with affordances and scripts on a more basic level. A 
physical argument is made every time an artefact is used, in the hand, eye, 
and mind.

Borgmann sheds light on the relationship between energy awareness and 
design (Borgmann 1987). According to Borgmann, post-modern society 
and new technological devices detach us from processes that we previously 
engaged in or nurtured. We have become “controllers” of appliances and 
processes instead of being an embodied part of the underlying processes 
(c.f. Dreyfus 1990). An example of this in the energy domain is the wood-
burning fireplace – the focal point of the household – that was replaced first 
by the stove and then by the furnace. Today, we have progressed even further 
1 The same holds true for economic incitements in which money saved in one place is usu-
ally spent somewhere else with unknown environmental consequences.
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to where the manual labour involved in managing energy is out of the loop 
altogether. We control the individual electrical appliances and do not reflect 
on the fact that energy is being used. Borgmann’s theoretical constructs – 
focal things and device paradigms – reflect this transition; focal things are 
meaningful objects that direct attention to meaningful activities, while the 
term device paradigm denotes a technological paradigm of objects and activ-
ity systems that just fulfil artificial needs. In line with Borgmann’s argument, 
designers could aim to form the interface to the energy system to disclose 
energy as a focal thing instead of seeing the interface as a control device. In 
this thesis, we have aimed to explore this relationship and its consequences 
for design – experimenting with how to re-enable electricity as a focal thing. 
Social and cultural traditions can be deliberately built into artefacts on a 
connotative level while things such as the perceived affordance denote what 
the artefact is and how to use it. These types of semantics make up a prod-
uct mythology (Barthes 1967). The images of how an object functions, what 
purpose it fulfils, where it should be placed, and who can use it, are all related 
to the product mythology. As designers and citizens, we navigate through an 
artificial world made up of different mythologies of what things “are”, con-
sciously or unconsciously confirming or questioning the already existing 
through the design of new artefacts. We can make use of existing mytholo-
gies through the semantics of objects, transferring connotations of meaning 
and use. When creating a new artefact, we can deliberately cut and paste, 
merge and use the common knowledge tied to the dominating perceptions 
anchored in the materiality of society as well as in internal models of the 
user. Nevertheless, it seems that encouraging more sustainable behaviours 
is a matter of understanding how to combine the right aspects of aesthetics, 
use, and engagement, to create objects, places, and services that people are 
drawn to and desire. Through design knowledge and empirical user inter-
ventions we can better understand these relationships. Based on our design 
investigation so far, it is clear that we need to work on several levels and with 
several interaction modalities to achieve more sustainable everyday actions 
in the home. The interface of a household’s energy system needs to be seen as 
one system and one action space. This system can encourage actions, prevent 
negative energy behaviours, and give feedback implicitly or explicitly. Our 
everyday interactions with the energy system can – through and with the 
everyday appliances and their interfaces – act as small arguments and aware-
ness cues through our eyes, hands, and ears; small meaningful and non-ob-
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trusive interactions with the power to change behaviours and actions. 

The work presented in this thesis has been exploratory, trying to create a 
foundation for a more nuanced understanding of how energy awareness 
artefacts could look and behave, and in conjunction with this, include the 
social implications related to such designs. Using prototypes as mediators of 
the key ideas explored this thesis has been a way to attempt to uncover some 
possibilities and some difficulties of the concept of energy awareness from a 
design perspective. The studies presented here are the result of a hermeneutic 
research approach (Fishman 1999). This means that from a certain topic – a 
conceptual problem – theory and understanding emerge as a result of inter-
pretation and a dialectic among many sources of information. Consequently, 
our study should be seen as a set of design experiments and inquiries into 
complicated energy awareness processes and as exploring future alternatives. 

An overarching research need is to find ways – through the use of energy 
awareness artefacts and design – to make energy meaningful in everyday life 
(to turn devices into focal things). Questions on how to attach significance 
and meaningfulness to artefacts in our surroundings, turning instruments 
of utility into something more will continue to be central. In conjunction 
with this, we believe that the use of scripting to approach the domestic en-
vironment as a scene for staging meaningful, sustainable, and directed ac-
tions will be interesting to investigate. Moreover, physical arguments and the 
aforementioned concepts of affordances, perceived affordances, physical and 
logical constraints, and cultural constraints are worthy of further investiga-
tion in this area of research.
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6 Conclusion 
In this thesis, we have explored the concept of energy awareness in rela-
tion to design and behaviour. The approach was holistic and exploratory, 
acknowledging both the users’ individual experience and the social aspects 
related to design. The goal has been to expand the current instrumentalist 
view of energy awareness as solely a user feedback problem. The thesis has 
exemplified ways to embed energy awareness precepts and actions in our 
everyday routines. Based on the results, we suggest that energy awareness 
can be sustained by numerous small arguments and everyday interactions 
mediated by the artefacts in the home. By viewing the artefacts as parts of a 
larger interface to the energy system, every appliance can act as an element 
in communicating energy use. We have exemplified various interaction mo-
dalities that can be utilized to visualize, draw attention to, enable, steer, con-
strain, associate, engage, and create meaning regarding energy-related issues 
in the home. 

A secondary finding is that all energy awareness artefacts that enter the home 
also have an effect on the social interplay. Consequently, placement and vis-
ibility are important factors. Moreover, the awareness artefact must be com-
prehensible and hence have an accessible design language for all members of 
the household (complexity) that aids them in understanding the relationship 
between everyday activities and energy consumption.
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Our studies also revealed that the energy awareness artefact embodies the 
conflict between environmental concerns and the demands of everyday life. 
This tension can be attributed to the energy awareness artefacts themselves, 
and create unwanted negative associations for the users. Designers need to 
acknowledge the “environmental guilt”, for example, by showing that sub-
stantial energy savings can be achieved without compromising on the qual-
ity of life.
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