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Foreword by the Institute Director 

„Ressource efficiency“ as the basis for sustainable economic activity is 

a key goal of the Fraunhofer Society. The Fraunhofer Institute for 

Applied Information Technology FIT approaches sustainability from 

three angles: cyberphysical systems support for energy efficiency, 

financial sustainability by risk management in private business and the 

public-sector, and the adaptation of and to human qualifications and 

competencies in a time of demographic change. 

This book builds an innovative bridge between two of these aspects : 

human-centered IT design and energy efficiency. It questions the 

popular hypothesis that electricity users will automatically reduce 

energy consumption if confronted with information about their energy 

usage and its consequences, by analyzing in depth under what 

conditions such informative Information Technology is adopted by 

users at all, how it will impact their consumer behavior, and how 

sustainable this influence of IT on behavior will be in the long run. 

Design criteria that take these aspects into account have been 

developed and empirically evaluated in the context of several Living 

Lab studies both in a business and in a domestic context.  

To our knowledge, the book is unique in that it presents the first in-

depth empirical studies of energy feedback systems, combined with an 

iterative design of specific suitable technological solutions that appear 

to have a good chance to successfully address the above issues. The 

international recognition that Dr. Tobias Schwartz has already 

received from this work, is reflected in the fact that partial results have 

been published in both the top journal (ACM Transactions on 

Computer-Human Interfaces ToCHI) and three times in the top 

conference (CHI) of the Computer-Human Interaction field. The 

University of Siegen accepted this work as a doctoral thesis awarded 

with distinction in the summer of 2013, with Professors Gunnar 

Stevens and Volker Wulf as supervisors. 



IV 

The book should be of great interest to researchers in the fields of 

energy sustainability and human-computer interaction from a 

methological point of view, but also to companies and homeowners 

aiming at sustainable energy savings. Besides the specific study results, 

an excellent overview of the issues and state of the art in the 

introductory chapters make the book interesting reading not just to 

specialists.  

Aachen, October 2013 

 

Prof. Dr. Matthias Jarke 

Institute Director, Fraunhofer FIT 
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Abstract 

One of the great challenges of the current century is moving away 

from an increasingly energy hungry society towards a society that is 

less consumptive and more sustainable. For this “energy turnaround” 

to happen, one important element is the reduction of residential and 

workplace energy consumption by encouraging and fostering 

sustainable behavior and lifestyles. 

As a reaction to the discussion on global warming, research in the field 

of Sustainable Interaction Design (SID) has started to explore the 

design of tools to support responsible energy consumption. An 

important part of this research focuses on motivating people to save 

energy by providing them with feedback tools presenting consumption 

metrics in an interactive way. In this line of work, the configuration of 

feedback has mainly been discussed using cognitive or behavioral 

factors. This focus, however, misses a highly relevant perspective in 

the design of supportive technology, namely, the multiplicity of forms 

in which individuals or collectives actually consume energy and the 

related socio-technical context around the use of feedback technology.  

This thesis presents the results of an in-depth exploration of the 

practice of using interactive feedback systems. In contrast to existing 

research focused on the cognitive aspects of the use of feedback, in 

this work I follow a practice-centered approach. I conducted a series 

of extensive ethnographic studies based on the introduction of 

prototypes and design probes in several contexts, both in workplace 

environments and in private households, in order to observe how 

people understand, explain and incorporate feedback systems into 

their daily lives. 

I analyze and discuss the results of my studies, paying special attention 

to the social configuration of energy consumption. This exploration 

resulted in the description of several sophisticated methods used by 

people to organize their energy practices; and revealed how people 

make their consumption accountable and explainable with the help of 
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interactive feedback systems. The observation of a self-developed 

consumption feedback system within a living lab setting led my work 

to provide rich descriptions of nine relevant and meaningful issues 

emerging from aspects of appropriating consumption feedback in real 

live environments. These issues show how consumption feedback 

systems support the creation of energy literacy and influence 

important values such as trust and identification. These issues provide 

the basis for a description of relevant elements to support a design 

rationale for designing ICT technologies supporting more sustainable 

lifestyles. 
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1. Introduction 

The rampant grow in world energy consumption indexes is one of the 

biggest challenges of our time. It is deeply entangled with major issues 

in modern societies, such as the growth of the population, climate 

change or the shortage of natural resources. The world-wide need for 

energy has increased immensely during the past decades and 

prognosis show that electrical energy consumption will keep rising by 

53 percent, from 505 quadrillion Btu in 2008 to 770 quadrillion Btu 

in 2035 [U.S. Energy Information Administration 2011]. 

Many efforts are being made to counteract this development, which 

create high societal and political interest. A good example of this is the 

reaction in Germany to the nuclear catastrophe in the atomic power 

plant of Fukushima Daiichi [NERH 2011]. Encompassed under the 

term “energy transistion”, efforts are being made to reduce primary 

energy consumption by 20% compared to existing projections for 

2020 [European Commission 2011]. These cost-intensive and far-

reaching measures include abandoning nuclear energy by 2022 and 

efforts to enable a more efficient and greater use of decentralized 

renewable energy. The focus of current energy policy is, however, 

inevitably associated with the challenge of developing more efficient 

and smarter future grid infrastructures in order to enable a more 

efficient use of ressources. 

Information and communication technology (ICT) play an important 

role in the efforts for making energy consumption sustainable [Franz 

2006], in particular in the residential and commercial sector 

[European Commission 2008]. An important part of the European 

Commission’s (EU) efforts to promote energy reduction is focused in 

the introduction of “smart metering” [European Commission 2011]. 

The term smart metering is used in numerous contexts which are 

often accompanied with confusion about purpose and functionality. In 

the literature, smart meters are described as devices that  “(1) measure 

and store data at specified intervals and (2) act as a node for two-way 
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communications between supplier and consumer” [Darby 2010]. The 

aim here is to support changes in customer–utility relations [Darby 

2010] and provide end-users with individual meters that increase the 

awareness of energy consumption, allowing to electronically transfer 

consumption data and control devices. Smart meters are an important 

part of EU’s ongoing measures to increase the level of intelligence of 

future electrical system and are seen as key to achieve reduction goals 

in the residential and commercial sector [European Commission 

2008]. The emphasis  in these sectors can be easily understood if one 

takes into account that household consumption is responsible for 

about 40% of EU’s total final energy consumption and 36% of the 

EU’s total CO2 emissions [European Commission 2008].  

The role of user experience becomes particularly relevant in the 

context of individual consumption. In the last few years, the field of 

Sustainable Interaction Design (SID) has been exploring the design of 

interactive technology to support a more pro-environmental energy 

consumption [Blevis 2007]. Central to SID is the concern of how 

energy consumption logs and traces can be fed back to consumers, 

with the goal of encouraging a more conscious use of the resource 

electricity. Studies show that interactive feedback systems are valuable, 

as they increase energy awareness, influence energy consumer’s 

behavior and support people in making more informed energy 

decisions. [Darby 2001; Fischer 2008].  

The role of user experience becomes particularly relevant in the 

context of individual consumption. In the last few years, the field of 

Sustainable Interaction Design (SID) has been exploring the design of 

interactive technology to support a more pro-environmental energy 

consumption [Blevis 2007]. Central to SID is the concern of how 

energy consumption logs and traces can be fed back to consumers, 

with the goal of encouraging a more conscious use of the resource 

electricity. Studies show that interactive feedback systems are valuable, 

as they increase energy awareness, influence energy consumer’s 

behavior and support people in making more informed energy 

decisions [Darby 2001; Fischer 2008]. 



3 

Brynjarsdottir et al. explain that existing research on energy feedback 

is primarily concerned with persuading people to consume less energy 

[Brynjarsdottir et al. 2012] by providing the information necessary to 

understand their consumption [Fogg 2003]. These persuasion efforts 

in SID are built upon a rationalistic conception of consumption. In 

these conception, energy consumption is explained by means of 

individual, rational behavior [Betz et al. 2010; DiSalvo et al. 2010; 

Froehlich et al. 2010], and energy saving is mainly a matter of moving 

individuals to make the correct, deliberate and rational decisions 

[Froehlich, et al. 2010].  

Several authors have argued that the focus on individual persuasion 

narrows our understanding of sustainability [Brynjarsdottir, et al. 

2012] by failing to recognize that consumption of energy is 

unavoidably embedded in a larger socio-technical context [Gram-

Hanssen 2009]. Conceptually, the focus on individual persuasion 

creates a direct link between technological interventions and 

behavioral change, leading to the adoption of legacy patterns of 

technology determinism that fail to recognize the situatedness of 

practice and the agency of people [Dourish 2001; Suchman 2006]. 

This determinism tends to isolate issues in order to operationalize the 

“persuasion effect” and thus separates the phenomenon of energy 

consumption from its context in everyday life. To avoid the narrowing 

of focus, it is important, however, to learn more about the situated use 

of energy and to explore in greater depth how consumption feedback 

technology is embedded in particular situations of energy use within 

daily life [Hargreaves et al. 2012; Strengers 2011].  

This thesis represents a contribution to the need of researching the 

entanglement of consumption feedback technology and daily life. It 

explores the question of “what people do with consumption feedback 

systems ?”, and in particular, how people appropriate such systems 

into their daily lives and how such systems shape patterns of 

consumption and social practices of consumers. My work applies a 

practice-centered [Reckwitz 2002; Wulf et al. 2011], 

ethnomethodologically informed research perspective [Garfinkel 
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1994]. Ethnomethodologically-informed approaches have proven to 

be very effective in the field of HCI, by empirically investigating 

practice intervention through technical artifacts [Crabtree 2004; 

Dourish et al. 1998], allowing to uncover the use of technology as it 

manifests by itself to specific people in specific settings. To approach 

activities and interactions among participants and technology in real 

life environments, I used a living lab approach in a series of studies 

[Følstad 2008]. Living labs enable the long-term cooperation between 

researchers, users and other relevant stakeholders and allow to bring 

users and technology into an open research process in a context of a 

real-life environment [Følstad 2008]. 

1.1 Structure of Thesis  

This dissertation consists of three parts: Overview, findings and 

conclusions. 

Part I presents the motivations for this work and frames the findings 

presented in the following two parts. It provides an overview of the 

field of modern energy feedback systems and describes the current 

research in the field of SID. Part I further outlines the research aim of 

this thesis and the corresponding research approach to address this 

aim. 

Part II presents the main findings of my work as collection of peer-

reviewed articles. Portions of this dissertation have already been 

published in the form of several peer-reviewed publications, which 

constitute the core of my work. The list of papers in chronological 

order is as follow: 
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Sustainable energy practices at work: Understanding the role of 

workers in energy conservation. 

In Proceedings of the 6th Nordic Conference on Human-Computer 

Interaction: Extending Boundaries - In Proc. NordiCHI 2010, ACM 

Press (2010), 452-462. 

Making energy practices accountable: Framing the design of systems 

to support sustainability using an ethnomethodological lens. 

Workshop 'Everyday practice and sustainable HCI, In Proc. CHI 

2011, ACM Press (2011), May 7–12, 2011, Vancouver, BC, Canada, 

ACM 978-1-4503-0268-5/11/05. 

Cultivating Energy Literacy— Results from a Longitudinal Living Lab 

Study of a Home Energy Management System. 

In Proceedings of the 31st international conference on Human factors 

in computing systems - In Proc. CHI 2013, ACM Press (2013), April 

27 - May 02 2013, Paris, France, ACM 978-1-4503-1899-0/13/04. 

Uncovering practices of making energy consumption accountable. A 

phenomenological inquiry. 

Accepted for publication in ACM Transactions on Computer-Human 

Interaction (ToCHI), (2013). 

What people do with consumption feedback: A long-term study about 

the domestification of a home energy management system. 

Submitted to Interacting with Computers, Oxford Journals. 

Part III closes this dissertation with a summary of the main findings 

and a discussion of the implications for the design of consumption 

feedback systems. 
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I. Overview 

Part One 

  



8 

  



9 

2. Big Picture and Motivation 

Demand and production of energy has increased enormously the last 

decades. It is predicted that the world market of energy consumption 

will continue to rise in the next 25 years by 53 percent, from 505 

quadrillion Btu in 2008 to 770 quadrillion Btu in 2035 [U.S. Energy 

Information Administration 2011] (Figure1). 

 

Energy consumption in the EU is distributed among several sectors, 

including industry, transport, services and agricultures [EEA 2011] 

(Figure2). The residential sector of the EU-27 member is responsible 

for more than one quarter of EU’s total final energy consumption 

(Figure2) and 36% of the EU’s total CO2 emissions [EEA 2011]. The 

total household electricity consumption in 2009 was 30,9% (839 

 

Figure 1: Overview world energy consumption, 1990-2035 (quadrillion Btu) 

[U.S. Energy Information Administration 2011] 
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Figure 2: EU -27 final electricity consumption by sector [EEA 2011] 

TWh) of the final electricity consumption, across a total of almost 200 

million households in the EU-27 [EEA 2011]. And this consumption 

is steadily growing. Between 1990 and 2009, the sector shows an 

increase in electricity consumption of 39%, at an annual grow rate of 

1,7% [EEA 2011]. 

In the literature, several major influencing factors for the increase in 

residential energy consumption have been identified. The European 

Environment Agency (EEA) sees an explanation in the rising incomes, 

the higher living standards, a shift towards smaller households and 

larger dwellings, as well as in a growing demand for electrical 

appliances [EEA 2011]. Other factors influencing consumption are 

attributed to social megatrends. On one hand, in today’s information 

age, an increase of home automation is leading to a growing number 

of domestic devices [Lahlou et al. 2011]. On the other hand, the 

demographic changes are resulting in more homes with one or two 
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residents, which will lead to a higher energy demand per capita 

[Lahlou, et al. 2011]. 

In this context, the EU commission estimates that introducing energy 

saving measures is the most cost-effective and the best long-term 

response to change the growing trend in consumption. [European 

Commission 2008]. Recent research conducted by the EU underlines 

the potential for more efficiency in consumption [European 

Commission 2008]. As illustrated in figure 3, the results of this work 

show that available saving potentials across the different sectors are 

high, estimating the energy consumption reduction potentials in the 

residential and service sector by 30 % [European Commission 2008; 

Fraunhofer ISI et al. 2009]. 

Consequently with these results, the EU commission defined the so-

called ’20-20-20’goal for 2020: ”saving 20% of EU’s primary energy 

consumption, a binding target of 20% reduction of greenhouse gas 

emission reduction and 20% renewable energy by 2020” [European 

Commission 2008]. To realize the mentioned potentials, the EU 

member states have been committing to strong political efforts. One 

of these efforts is the development of the so called “smart grids” 

concept, referred to the implementation of an intelligent power grid 

by introducing information and communication technology [Coll 

Mayor et al. 2007; European Commission 2008]. 
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Figure 3: Estimated energy consumption reduction potentials in 2020 

(Redrawn from [European Commission 2008; Fraunhofer ISI et al. 2009]) 

A key aspect driving the vision of smart grids is the introduction of a 

power infrastructure that makes dynamic networking and management 

of electricity producers, storage facilities, consumers and grid 

installations possible [German Federal Ministry of Economics and 

Technology 2012]. The German Federal Ministry of Economics and 

Technology sees value in smart grid concepts resulting from a more 

efficiently organized balance between demand and production, 

emerging from the ICT-based management of the energy value chain. 

Only through the realization of smart grid concepts can the rising part 

of renewable energies and the increasingly decentralized production 

be integrated into the overall network [German Federal Ministry of 

Economics and Technology 2012]. 

An important element of the EU’s efforts to promote energy 

reduction in the context of smart grids is to introduce “smart 

metering”, or the use of electronic devices to measure electricity 

consumption with a higher granularity [European Commission 2011]. 

Smart meters are an important part of the EU’s ongoing policies to 

increase the level of intelligence of future electrical system and seen as 

key to achieve reduction goals in the residential and commercial 

sector. The aim of these efforts is to increase the awareness around 
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energy consumption, allowing to electronically mediating consumption 

information and allowing a more fine-granular monitoring and control 

of appliances. In particular, an important expected outcome of the 

introduction of smart metering systems is the availability of a manifold 

of new feedback channels providing information about consumption. 

Efforts for a large-scale deployment of smart meters are still in an early 

stage, but the first practical experiences both in the context of public 

funded pilot studies, as well as in the context of studies conducted by 

large energy suppliers in Germany, show a lack of market acceptance 

[VDE 2010] for smart meters. The EU Commission mentions the 

lack of awareness about the benefits of smart grid and smart metering 

as a cross-sectorial barrier for these technology [European 

Commission 2008]. Studies on a national scale in Germany support 

these conclusions and argue that existing initiatives pay too little 

attention to the desires and needs of the users; and that the added 

values of smart metering technology develop slowly 

[Bundesververband Verbraucherzentrale 2010; Franz 2006; VDE 

2010].  

In Human Computer Interaction, the research on feedback 

mechanisms for environment-friendly use of energy is one of the core 

aspects constituting the subject of research for the field of Sustainable 

Interaction Design (SID). The efforts in SID centers both on research 

aimed at reaching a better understanding of the value of consumption 

feedback from consumer perspective and on research on designing 

consumption feedback in order to develop meaningful systems for 

consumers. The next section provides an overview of the field of SID, 

covering the relevant theoretical stances around feedback mechanisms 

informing SID. Building on this, it critically discusses the main results 

of the field and presents the main questions and aims motivating my 

dissertation.  
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3. Feedback in Energy Consumption 

Over the past 20 years, feedback mechanisms have been widely 

studied in environmental psychology [Abrahamse et al. 2005; Stern 

1992; Van Raaij et al. 1983], and their positive effect in energy savings 

has already been shown since the time of paper-based electricity bills 

[Egan 1995; Wilhite et al. 2000]. Research in the topic of 

consumption feedback aims at increasing energy awareness and 

visibility, and addresses a central problem of modern energy 

consumption: the invisibility of energy [Darby 2001]. Indeed, energy is 

considered “doubly invisible” to people [Burgess et al. 2008]: On the 

one hand, “energy is conceptualized as a commodity, a social necessity 

or a strategic material  that is an invisible and abstract force, often 

entering the household via hidden wires” [Sheldrick et al. 1988]. On 

the other hand, energy consumption is part of inconspicuous daily 

routines and habits [Shove 2003], making it difficult for people to 

connect specific behaviors to the energy they consume [Hargreaves et 

al. 2010]. 

In the last decade, a variety of activities with focus on feedback about 

electricity consumption were conducted [Chetty et al. 2009; Chetty et 

al. 2008]. Darby, for example, gives an overview of papers and 

research related to the topics of metering, billing and direct displaying 

of consumption information. She concludes that good feedback is a 

necessary element in learning and that it allows energy users to teach 

themselves through experimentation. Energy saving potentials 

between 5%-15% were observed through the usage of feedback 

infrastructure [Darby 2006]. Darby argued further that individual 

feedback increases the potential of energy savings [Darby 2001; Darby 

2006]. Wilhite and Ling further describe a positive correlation 

between feedback and the consumption of energy. Their 

“information-deficit” model shows that increased feedback raises 

awareness and creates knowledge that brings about change in energy-

use behavior and a decreased consumption. According to the authors, 

consumption feedback should take over the task of filling this 
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“information vacuum” with the appropriate data provided by feedback 

technology [Hargreaves, et al. 2010; Wilhite et al. 1995]. 

3.1 Theoretical Underpinnings 

In the literature, several authors have tried to detangle the different 

theoretical positions in feedback research and put them in relation 

with each other. Notable studies on the diverse theoretic stances 

include Jackson [Jackson 2005], focused on consumer behavior and 

behavioral change; Wilson and Dowlatabadi [Wilson et al. 2007], with 

a focus on consumption-related decision making, and Hinton [Hinton 

2010] with a special focus on comfort practices and their evolution.  

Particularly relevant for the focus of my dissertations is the survey of 

[Darby 2010], as she place an important emphasis on the interrelation 

between feedback and consumption patterns. In her survey, Darby, 

identifies four categories on how feedback in energy consumption 

works [Darby 2010]. In the following, I will provide an overview of 

these four theoretical positions introduced by Darby [Darby 2010] 

and include an additional fifth position, stemming from other 

research, to complete the picture. All of these positions have played a 

role in the research of consumption feedback, both theoretically and 

practically. 

3.1.1 Economics Theories 

The first position is represented by economic theories, which study 

feedback systems from the rational and economic mechanisms of 

human behavior. These approaches postulate energy as a commodity, 

where consumers will adapt their usage in response to price signals. 

Thus, the primary role of feedback is to give clear price signals to 

influence electricity consumption and energy related habits, whereby 

the scale of the intensification of economic factors tries to prevail the 

scale of response. Economic stances are quite popular in consumption 

feedback literature [Black et al. 1985], but some authors have 

expressed a critical view on these positions. For instance, Stern [Stern 

1992] argues that economic theories present major blind spots 
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refering to the “non-financial motives” and other questions regarding 

the social organization of energy consumption.  

3.1.2 Behavioristic Theories 

The second position entails behavioristic theories, which look at 

feedback as a stimulus–response mechanism. Economic theories can 

be interpreted as a special case of behavioristic theories which 

postulate that price as a signal is the best stimulus. Using more general 

models and taking the direction of psychological theories, 

behavioristic inspired research has attempted to empirically determine 

the most effective stimuli to motivate changes in consumption 

patterns. This research uncovers several factors influencing change, 

going beyond price signals. Regardless of the achievements of this 

approach, the proposed behavioristic framing has been criticized for 

overemphasizing the importance of deliberate and individual choices 

and for disregarding the embeddedness of individual consumption in 

a larger socio-technical context [Gram-Hanssen 2009; Wilhite, et al. 

2000]. Authors such as Abrahamse et al. [Abrahamse, et al. 2005] 

recognize that consequent information, e.g. feedback, may increase 

knowledge, but does not necessarily lead to changes in behavior. One 

explanation of this gap is that the stimulus-response approach does 

not take into consideration how energy consumption is constructed by 

the people themselves [Kempton 1982]. 

3.1.3 Phenomenological Theories 

How energy appears in people’s lifeworld is the central focus of 

phenomenological theories. In these stances, feedback is studied in its 

quality of being a mediator between the physical world and the 

intentional world [Dam et al. 2009; Pierce et al. 2011; Schwartz et al. 

2013]. Feedback should render energy perceptible again, in order to 

make it a visible part of our everyday lives. Phenomenologically 

inspired approaches analyze how people make sense of feedback 

information and argue that feedback should support the practices of 

making energy consumption accountable [Dourish 2001; Dourish 

2010; Pierce, et al. 2011; Schwartz, et al. 2013]. 
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3.1.4 Educational Theories 

A further theoretical position in feedback research is represented by 

educational theories, which postulate an evolutionary standpoint. 

Effective energy use is understood as a skill that is learned through 

experience in specific situations. In contrast to simple behavioristic 

learning models, energy education theories favor a constructivist 

understanding of learning, which postulate that people construct 

meaning continuously and incrementally by experimenting and 

building on what they already know and what is relevant to their 

lifeworld [Chaiklin et al. 1993; Kolb 1984]. This perspective argues 

that we should abandon the ‘one-size-fits-all’ picture of a 

homogeneous, standardized user, recognizing instead the differences 

among users and acknowledging that they are subjects of a life-long 

learning process. This means that feedback mechanisms should be 

understood as an important element of a learning environment that 

teaches energy management skills, provides tools to experiment with 

energy consumption and gives people a sense of control [Darby 2010; 

Kolb 1984; Schwartz et al. 2013]. 

3.1.5 Sociological Theories 

The fifth proposed theoretic position in feedback research is 

represented by Sociological theories, which emphasizes that individual 

consumption takes place in a larger socio-technical context [Gram-

Hanssen 2009; Shove 2003; Wilhite, et al. 2000]. Shove [Shove 2003] 

argues that not only people’s energy education has a history, but more 

importantly, people’s norms and perceptions of comfort are also a 

product of history. Energy consumption is not the outcome of 

deliberate actions, but is typically shaped by situations supported by 

routines and embodied practices which are products of the socio-

technical regimes and institutional arrangements where actions take 

place and which construct the socially accepted definition of normality 

[Bartiaux 2009]. Warde [Warde 2005] argued that (energy) 

consumption itself cannot simply be described as an isolated action, 

but is rather part of a complex system of everyday practices. 

Therefore, the subject matter of feedback research should not be the 
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deliberate decision taken, but rather the practices that cause energy 

consumption. 

3.2 Feedback in Human Computer Interaction  

Interactive and computerized feedback systems have proven 

tremendously valuable [Fischer 2008] in energy consumption, as they 

have a high potential for increasing energy awareness, they can 

promote behavioral change and support learning processes [Darby 

2001; DiSalvo, et al. 2010; Fitzpatrick et al. 2009; Mankoff et al. 2007; 

Schwartz, et al. 2013]. Consequently, the research on interactive and 

computerized feedback systems for energy consumers has become a 

relevant field for research in Human Computer Interaction (HCI), 

and in particular, for the field of Sustainable Interaction Design (SID). 

Compared to the long history of consumption feedback research, the 

history of SID is relatively short, but extremely active [Blevis 2007; 

DiSalvo, et al. 2010]. One reason for this high dynamism is the 

increased need for interactive systems in the context of smart grids, 

described in the previous section. A major research concern for SID 

[Blevis 2007], has been the question of how the concepts coming from 

the reflection on sustainability can be taken into consideration in the 

development and production of interactive systems and how 

interactive technologies can support pro-environmental energy 

consumption practices [Huh et al. 2010; Wakkary et al. 2009; 

Zandanel 2011].  

The questions motivating the field in SID have spanned work in 

different areas. Several studies have explored home energy 

consumption [Chetty, et al. 2008; Pierce et al. 2010; Riche et al. 2010; 

Schwartz et al. 2010; Strengers 2011; Wilhite, et al. 2000] and the 

effects of interactive consumption feedback [Froehlich, et al. 2010; 

Jacucci et al. 2009; Mankoff, et al. 2007]. Some projects have used 

sensors or other embedded components to monitor and report 

environmental conditions while aiming at using this information to 

modify behavior [Ilic et al. 2009; Patel et al. 2010]. Other work 

looked into the social aspects and the user experience by studying 
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users’ attitudes towards the environment or new designs, mostly 

focusing on how users think and understand new assistive technologies 

[Davidoff et al. 2010; Hanks et al. 2008].  

The theoretical approaches presented in section 3.1 represent the 

major stances informing feedback research. Assigning the works in 

SID to one specific theoretical position is difficult. This is mostly due 

to the fact that design work in SID tend to develop pragmatic 

approaches having its focus on technical issues, pushing theoretical 

considerations into the background [Froehlich, et al. 2010]. It is 

important, nonetheless, to link the research in SID to the theoretical 

positions in feedback research described in section 3.1, in order to 

understand the relevance and motivation of my work. 

Structuring the different research approaches in SID, a general useful 

classification schema was proposed by DaSilvo et al. [DiSalvo, et al. 

2010]. Their work in particular identifies that an important part of 

work in SID adopt concepts from economic theories and behavioristic 

theories (cf. 3.1.1 and 3.1.2), explaining energy consumption by 

means of the individual, rational behavior [DiSalvo, et al. 2010; 

Froehlich, et al. 2010; Stern 1992]. The explanation of the positive 

effect of consumption feedback has been typically based on the use of 

rational choice and norm-activation models [Abrahamse, et al. 2005; 

Stern 1992]. These approaches make use of Fogg’s concept of 

persuasive technologies to answer the question of ”how behavior 

modification can be induced by intervening in moments of local 

decision-making and by providing people with new rewards and new 

motivators for desirable behaviors” [Fogg 2003]. The value of this 

research thread is that it outlines the challenge of behavioral change, 

which goes beyond the design of usable and easy-to-use systems. By 

reducing actions to one-sided personal decision-making, persuasive 

feedback systems, however, fail to recognize the diversity of individual 

motivation and the fact that behavior changes happen in a series of 

stages [He et al. 2010]. Although interesting, the concept of 

persuasion faces the danger of neglecting the dialectic quality of 
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practices as being the medium and the outcome, shaped by the 

dominating socio-historical conditions. 

Linking to the position of educational theories in SID (3.1.4), 

Schwartz et al. [Schwartz, et al. 2013] reveals that, by using 

consumption feedback, householders became increasingly literate in 

understanding domestic electricity consumption. The authors describe 

the role that feedback technology played in this process and how the 

acquired literacy changed energy consumption patterns. Other work 

of Chetty et al. [Chetty, et al. 2009; Chetty, et al. 2008], provide energy 

consumption measurements in households, to support ongoing self-

learning processes. The authors report modifications of behavior in 

households equipped with home infrastructure for resource 

conservation.  

Other SID researchers linking to phenomenological and sociological 

theoretical principles (cf. 3.1.3 and 3.1.5) realize the relevance of the 

social embeddedness and the social conditions of consumption 

feedback, mostly focusing on how users think and understand new 

assistive technologies [Davidoff, et al. 2010; Pierce et al. 2011]. 

Building on the importance of feedback, Pierce et al. stress the fact 

that sustainable interaction design needs to work on understanding 

what energy is, how we use energy, and how we relate to and live with 

energy [Pierce et al. 2010; Pierce, et al. 2011].  

Some studies outside SID has focused on consumption practices in 

daily life with the goal to uncover [Abrahamse, et al. 2005; Stern 1992; 

Van Raaij, et al. 1983] preferences in the design of interactive 

consumption feedback from users’ perspectives [Bonino et al. 2012; 

Karjalainen 2011; Roberts et al. 2004]. For instance, studying the 

larger socio-technical context of heating practices, Shove [Shove 2003] 

show how people’s norms and perceptions of comfort are a product 

of history: what is judged from the subject’s point of view as an 

expression of a deliberate choice, presents itself from a broader point 

of view as an expression of a historically given socio-material 

constellation. Bartiaux [Bartiaux 2009] practice-theoretical 
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considerations pinpoint that energy consumption is not the outcome 

of deliberate actions, but is typically shaped by the situation’s 

idiosyncrasies grounded in routinized, embodied practices that are 

products of socio-technical regimes and institutional arrangements in 

which action takes place and that construct the socially accepted 

definition of normality. Therefore, the subject matter of research 

should not be the deliberate decisions taken, but the practices that 

lead to energy being consumed. Additional studies also bring the 

aspect of social practices as an important element to explore. Crosbie 

and Guy [Crosbie et al. 2008] apply a practical-theoretical concept to 

the case of household lighting. Gram-Hansson [Gram-Hanssen 2009] 

conducted an ethnographical study on the appropriation of stand-by 

devices and the practices that use such devices. 

Newer approaches within SID take the social into consideration and 

apply a practice-centered perspective to gain a broader understanding 

of how and why people consume energy and how users make use of 

consumption feedback technology [Pierce, et al. 2011; Strengers 

2011]. In their work, Brynjarsdottir et al. argue that existing research 

on energy feedback based on stimulus-response approaches is 

primarily concerned with persuading people to consume less energy 

[Brynjarsdottir, et al. 2012]. They argue that consumption feedback in 

the literature tends to be limited to present consumption metrics 

interactively pursuing a vision “of normality that conceptualize society 

as a collection of individuals who have a set of values and attitudes and 

exhibit certain behaviors, which are manifested by their conscious 

choices” [Hazas et al. 2012]. Strengers supports this point of view, 

presenting results that show the mismatch between assumptions in 

resource management in contrast to practices in everyday life 

[Strengers 2011]. She argued that “even consumption feedback is 

interpreted and analyzed correctly by the users it may not acted upon 

because individual and situated dynamics of user in managing their 

resources are neglected and many existing practices are seen as non-

negotiable or taken for granted” [Strengers 2011]. 
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Some qualitative studies of feedback systems, coming from disciplines 

other than SID, observed the impact of consumption feedback, 

aiming to understand how reductions of energy consumption work “in 

the wild” [Hargreaves, et al. 2010; Hargreaves, et al. 2012; van Dam et 

al. 2010]. Their findings show that energy practices are far more 

complicated than the simple cause-effect or linear models used by 

rationalist paradigms. They conclude that the emplacement of such 

systems is a subtle and complex process which is difficult to anticipate 

and simulate in a lab setting. 

Although useful to inform the design of technologies within SID, 

Strengers argued that “framing the problem of resource consumption 

and the resulting  development of supportive technologies to a 

problem of everyday life helps to include dynamics of users in 

resource consumption and shifting expectations of normality” in 

energy use [Strengers 2011]. Sharing that point of view, there is a 

formulated need in SID for further research into practices of 

consumption and the related entanglement of consumption feedback 

technologies in everyday practices of consumption [Brynjarsdottir, et 

al. 2012; Froehlich, et al. 2010; Strengers 2011]. Froehlich et al. 

argued that a shortcoming of current work is that most studies focus 

on short-term engagement in lab environments, but rarely study real 

life deployments of high-fidelity prototypes in long-term studies 

[Froehlich, et al. 2010]. As mentoined before, Strengers argued that 

there is an inmediate need for contextual and longitudinal approaches 

to explore the emplacement and effects of consumption feedback on 

the knowledge, habits and routines of people in order to improve 

research and system design [Strengers 2011]. Hargreaves et al. share 

this position and mentioned that further “longitudinal and 

ethnographic research is necessary to explore in greater depth how 

energy monitors are constantly being embedded, dis- embedded and 

re-embedded in particular household situations” [Hargreaves, et al. 

2012], as this knowledge is essential for the future development of 

such systems. 
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3.3 Discussion and Research Aim of the Thesis 

An important consequence of the results of economic and 

behavioristic theories in SID is the dominance of a rationalistic 

paradigm that stresses the importance of principles of efficient and 

rational decision-making [Stern 1992]. Within this paradigm, energy 

saving is mainly a matter of making correct, deliberate and rational 

decisions [Wilson, et al. 2007]. The purpose of technology is to 

persuade the user to make the right decision and to provide the 

needed information to support that decision [Fogg 2003]. This kind of 

rationalism is visible, for example, in the false assumption that the role 

of consumption feedback can be understood in supporting energy 

consumption as a objective, measurable quantity [Brynjarsdottir, et al. 

2012]. Further examples of a false rationalism applied to understand 

dynamics of consumption feedback could be seen in identified 

mismatches in assumptions of resource management and everyday life 

[Strengers 2011].  

I argue here that designers of supporting systems should drop these 

false assumptions of objective, rational energy feedback and center the 

design on the reconstruction of consumption as it appears in the 

lifeworld of people. Consumption feedback, nevertheless, plays an 

important role in providing measured data as a resource for people to 

construct their own consumption practices in an environmentally 

conscious fashion. For systems to be able to play this role, 

consumption feedback needs to be weaved into our complex daily 

lives, and consider the particularities of individuals in accounting for 

consumption.  
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My dissertation is an attempt to widen the scope in SID research, and 

a contribution to developing a better understanding of consumption 

feedback in relation to everyday practices. The research presented 

here has been guided by two overall questions: 

1. How the entanglement of consumption feedback technology 

and practices constitutes in practice, by asking not only how 

feedback affects the people, but also what people do with the 

feedback in their daily life? 

 

2. How interactive consumption feedback should be designed 

from a practice-theoretic stance going beyond simply treating 

energy consumption as a physical entity that just have to be 

visualized. 

To explore these questions, my work applies an 

ethnomethodologically informed research perspective on the 

appropriation of consumption feedback technology in the context of a 

living lab setting. Answering these questions is of importance not only 

to further develop knowledge around feedback systems, but also to 

inform the design of future consumption feedback systems. In this 

sense, this work represents a contribution to the higher goal of 

encouraging more sustainable life styles and a responsible energy 

consumption in our society. The next section outlines the research 

approach and the practice-centered research perspective taken to 

approach the field of consumption feedback.  
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4. Research Outline 

In the following section, I will describe the applied research 

perspective and present details of the methodology of my dissertation. 

4.1 Research Perspective 

This dissertation aims at providing a detailed perspective on energy 

consumption and the related use of consumption feedback technology 

from a practice centered perspective. 

My approach to this field was highly influenced by Garfinkel’s 

[Garfinkel 1967] phenomenologically influenced ethnomethodology 

and his concept of accountability, which refers to people as part of 

situated practices of looking and telling through which phenomena 

becomes observable-and–reportable. In particular, accounting 

practices are not external to phenomena but essential and reveal its 

ordering structure.  

The notion of an ethnomethodological lens refers to putting the focus 

on the ordinary flow of action governed by structures that are taken 

for granted by the actors. An important element to consider is that 

intentional qualities and structures are not directly accessible. 

Empirically, we can only study the way people report a phenomenon 

to uncover the mundane configuration of the phenomenon, as it 

manifests itself to specific people in specific settings. Garfinkel 

[Garfinkel 1994] used the term ‘ethno-methods’ to characterize the 

ordinary methods with which members of a certain practice establish 

and make an orderly world accountable. He argued that these 

ordering principles are not a prerequisite, but an outcome of making 

the actual setting ‘detectable, countable, recordable, reportable, tell-a-

story-about-able, analyzable - in short, accountable’ [Garfinkel 1994].  

To study these structures empirically, we adopted Crabtree’s 

technomethodological operationalization of Garfinkel’s [Garfinkel 

1967] concept of breaching experiments as practice intervention 
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through technical artifacts [Crabtree 2003; Crabtree 2004; Crabtree 

2004]. 

The basic element of this approach was the introduction of 

experimental technological elements and prototypes meant to 

purposely disturb the system of already embodied practices [Crabtree 

2004]. This type of intervention is not aimed at providing prototypical 

solutions for a particular problem. Instead, the goal is to gain insight 

into how these practices emerge, how people adapt to technologies 

and how unforeseen breakdowns can emerge from the use of 

technology. 

In our case, ethnomethodology provides a frame to understand and 

explore the question of energy consumption feedback systems. A 

detailed investigation of the intentional qualities and ordering 

structures of consumption feedback use from such a 

ethnomethodological informed practice centered perspective enables 

us to contribute to the discussion on how consumption feedback 

transforms everyday life [van Dam, et al. 2010] and give rise to new 

opportunities for energy end consumers [Hargreaves, et al. 2010; 

Hargreaves, et al. 2012]. Moreover, such a ethnomethodological 

stance makes it possible for us to make energy consumption and 

habits accountable and to make these accounts in to a resource for the 

design of future interactive feedback systems (especially with regards 

to the identified structure of the phenomenon of energy consumption 

and related accounting strategies as identified in section 7 and support 

for new emerging practices over time as described in section 8 and 9)  

Garfinkel’s ethnomethodological ideas were introduced to HCI by 

Lucy Suchman’s [Suchman 2006] work on situated action. The 

ethnomethodological position in HCI was further elaborated by 

Button and Dourish [Button et al. 1996], who introduced the concept 

of technomethodology, explicitly building on the ethnomethodological 

tradition. This concept was later further developed by Crabtree 

[Crabtree 2003; Crabtree 2004; Crabtree 2004] as a way of 

approaching the design of interactive systems. In particular, Crabtree 
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recognized the non-neutrality of technology, by treating it not as an 

external element that is used in ethno-methods, but as an integral 

element in the constitution of ethno-methods.  

Ethnomethodology has been used very often as a form of inquiry in 

design research and as a method for analyzing interactive systems 

[Dourish, et al. 1998; Randall et al. 2007].  
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4.2 Methodology 

“To understand technologies ethnographically, it is required that we 

locate artifacts within the sites and the relations of their everyday use.”   

[Suchman et al. 1999] 

 

The research presented in this dissertation is based on an interest in 

investigating practices of energy end-consumers to manage their 

resources and the related use of consumption feedback technology in 

such practices. 

My research on consumption feedback started early in 2009 and 

consists of several activities. The main parts with relevance to my 

dissertation were conducted within a 3-year research project called 

Social Media (No. 280411902), focusing on the research and 

development of new concepts and strategies of in-house information 

systems, including consumption feedback.  

I was involved in this activity in the role of project manager, equally 

responsible for the overall progress of the project as well as for the 

design and evaluation of an interactive consumption feedback system. 

At the same time, I pursued my research interest on consumption 

feedback. Consequently, in this context I had to face two challenges. 

First, as an active project member, I had to take care of management 

and software development tasks. Second, as a researcher, I was 

interested in gaining knowledge on the scientific discussions 

surrounding consumption feedback in SID. 

As shown in the previous section, for interactive systems in the field of 

consumption feedback, it is important to consider situated practices of 

energy use [Strengers 2011]. In order to do so, it is valuable that they 

are explored in the framework they are going to be deployed in 

[Suchman, et al. 1999]. To methodically approach the field and to 

take the complexity and situatedness of consumption feedback in real-

life environments into account, I applied the concept of living labs 

[Bernhaupt et al. 2008; Eriksson et al. 2005; Følstad 2008]. 
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Living labs allow us to bring users and technology together in an open 

design process in a real life environments [Følstad 2008]. The concept 

supports long-term cooperation, co-creative research and 

development by involving, at an early stage, the user in the design 

process for ‘sensing, prototyping, validating and refining complex 

solutions in multiple and evolving real life contexts’ [Bernhaupt, et al. 

2008]. The long-term cooperation between researchers, users and 

other relevant stakeholders distinguish this concept from other 

approaches. Living labs offer the possibility to continuously study user 

experiences and make ethnography available for research and design 

[Hess et al. 2010; Ogonowski et al. 2013]. We applied the concept of 

the living lab in a number of cases. Over a period of 4 years, we 

implemented three living labs to approach the field, in which we 

established the structures of consumption feedback on site, at people’s 

premises. This includes both, work environments and private 

households. A temporal overview of the conducted living labs is given 

in table 1. The five sections of Part II, have already been published in 

a related journal and as conference paper, each of them describing a 

specific level of implementation of the different living labs in a 

corresponding section. 

At this point, I would like to provide an overview of my research 

process as a whole and the progress I have made in terms to the 

conducted living labs. 

At the beginning of my research, my main interest was to understand 

how people can possibly be supported in reducing their personal 

energy consumption if consumption data is played back to consumers. 

Doing so, I learned what types of technology are available and how 

one can make use of it. I started with a living lab in work 

environments as a first approach to exploring the technical feasibility 

of consumption feedback and its practical impact. 

 Section 5 will provide insights into the introduction of 

consumption feedback technology in a large German 

organization. It turned out that detailed information on 
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energy consumption in the workplace has an impact on 

sustainable energy practices, resulting in a measurable 

reduction of energy consumption. At the same time, our 

study indicates that making energy consumption transparent 

in a workplace context stresses the social dimension and can 

be an issue that can lead to conflicts.  

Further explorations on consumption feedback in work environments 

can also be found in [Betz et al. 2010; Jahn et al. 2011; Schwartz et al. 

2011]. However, after conducting the first living lab at the work place, 

I became more aware of the importance of emerging practices and the 

social aspects that are related to the use of consumption feedback 

technology. At this point, I was encouraged to further research how 

consumption feedback impacts routines and practices of energy end 

consumers in their application context.  

After discussing this with my colleagues and thinking about a suitable 

research perspective, we identified the concept of ethnomethodology 

[Garfinkel 1994] as a promising framework for the analysis of  these 

aspects, especially with regard to the questions of what are the inner 

logic and the ordering structures in people’s life when using 

consumption feedback to manage their resources.  

 Section 6 will provide a methodical reflection on our 

research perspective of ethnomethodology. It discusses how 

the ethnomethodological lens can contribute to research on 

consumption feedback by making energy use and practices 

accountable and to incorporate this into the design of future 

interactive feedback systems. 

With this idea in mind, to investigate the practices of using 

consumption feedback in real life environments as a useful resource 

for future system design and by applying key concepts from 

ethnomehtodology to do so, I conducted a further living lab in the 

context of domestic energy use. 
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 Section 7 investigates the multiplicity of forms in which 

individuals or collectives actually consume energy. We 

studied how people made their energy consumption 

accountable by using off-the-shelf consumption-feedback 

systems. We focused on the question of how people organize 

their energy practices and what are strategies and methods 

used by people to give meaning to their energy consumption 

based on feedback data.  

After gaining a deeper insight into the structure of the phenomena of 

energy consumption and the connected accounting strategies of 

people, we established yet another living lab in the domestic context. 

This step was meant to advance my research by including the design 

and exploration of a feedback system developed by myself that 

addressed the empirically uncovered needs in energy management of 

energy end-consumers from previous work as well as from long-term 

exploration. 

In the beginning of 2010, therefore, our methodical focus changed 

from explorative ethnography, in which we mainly used out-of-the-box 

consumption feedback system to explore the impact in practice, 

towards a more design oriented research approach. In this major field 

test, we focused on the development and embeddedness of our own 

system within the routines and dynamics of energy management in 

daily life and the emergence of new practices and issues with relevance 

for the design of systems. Work takes place in an open ended 

participative development process.  

To approach this with a coherent methodical framework, I followed a 

Research-through-Design approach [Koskinen et al. 2011; Ludvigsen 

2006; Stevens 2009]. Research-through-design is characterized as a 

research activity in which a design approach is employed by the 

researcher with the objective of addressing a research question or 

theme [Dalsgaard 2009; Ludvigsen 2006]. In research-through-design, 

the design process becomes a tool of inquiry, given the interest of the 

researcher in a particular matter while engaging in a design process. 
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This focus on a subject that is different from the product itself makes 

it possible to come up with new theories in this setting in relation to 

the subject matter [Ramirez 2012]. 

 Section 8 describes current results on the appropriation of 

our self developed consumption feedback system in a living 

lab setting with seven households over period of 13 months. 

The system allowed householders to monitor their energy 

consumption, both in real-time and retrospectively, on the 

TV and on mobile devices. Our study reveals that, by using 

the system, participants became increasingly literate in 

understanding domestic electricity consumption. Section 8 

describes the role our feedback technology played in this 

process and how the acquired literacy changed energy 

consumption patterns. We will then further discuss how 

consumption feedback system designs can benefit from this 

understanding. 

The issue of energy literacy, however, was not the only issue that 

emerged during the long term exploration of our consumption 

feedback system, further aspects of long-term usage and appropriation 

emerged. 

 Section 9 describes nine themes that emerged during the co-

design and usage process of our consumption feedback 

system. We gained a deeper knowledge of how our feedback 

systems were appropriated and put our focus on what kind of 

new practices emerged and how newly developed practices 

could become a resource for future technology design. 

 Date Domain 

Living Lab I 2009.03-2009.06 Work place environment 

Living Lab II 2009.05-2009.11 Private household 

Living Lab III 2010.06–2012.12 Private household 

Table 1: Overview of conducted living lab studies 
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II. Findings 

Part Two 
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5. Sustainable Energy Practices at Work: 

Understanding the Role of Workers in 

Energy Conservation1 

Energy conservation has become a very relevant social issue. There is 

a growing body of knowledge in the literature focused on supporting 

consumers in reducing their personal carbon footprint in their 

domestic context. In the workplace, however, most of the research 

focuses on optimizing formalized production processes and investing 

in energy efficient equipment. This leaves the question open of the 

role of workers in energy conservation. To explore this question, and 

overcome this bias, we conducted a series of participatory action 

research studies in which we introduced new smart metering 

technologies in a large organization and observed their contribution in 

supporting sustainable energy practices at work. In the paper we 

discuss the opportunity and risks posed by using this technology to 

make energy practices more transparent. 

                                                           
1This section has been published as full paper in the proceedings of the ACM 6th 

Nordic Conference on Human-Computer Interaction: Extending Boundaries 2010 

Schwartz, T., Betz, M., Ramirez, L. and Stevens, G. 2010. Sustainable Energy Practices 

at Work: Understanding the Role of Workers in Energy Conservation. In Proceedings 

of the 6th Nordic Conference on Human-Computer Interaction: Extending Boundaries 

ACM, New York, NY, USA, 452-462. Reprinted, with permission from Tobias 

Schwartz, Matthias Betz, Leonardo Ramirez and Gunnar Stevens in proceedings of the 

6th Nordic Conference on Human-Computer Interaction: Extending Boundaries. New 

York, NY, USA: ACM, 2010, 452-462.  
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5.1 Introduction 

In the last years, energy consumption has become an important social 

issue, leading to a growing awareness of personal responsibility in 

preventing environmental pollution, minimize the waste of energy and 

reduce the carbon footprint. 

Workplaces are no strange to this development. The accelerated grow 

of IT and electronic devices usage in the last 20 years has changed 

office work dramatically. There are virtually no chances of having a 

productive workplace without the support of electrical appliances such 

as computers, printers, or telephones. With the exception of the 

manufacturing sector, almost 30% of the total energy consumption of 

a company is produced by the office equipment. 

If we take into account the fact that in the last 50 years in Germany, 

the proportion of office workplaces in the overall amount of consume 

points has risen from about 10 percent to about 50 percent [Hall 

2007], it becomes clear that supporting energy conservation in the 

office represents a key challenge for post-industrial societies.  

Many efforts in research have addressed this challenged, building 

technologies to support energy conservation and sustainable 

development. Smart grid technologies, for example, should stimulate 

the efficiency in consuming electrical resources by using a 

combination of advanced communications, sensors, and distributed 

computer-based controllers that support network management. 

Sensor technologies that keep a digital record of the energy 

consumption of individual devices or complete households should 

support the personal awareness of energy consumption. 

All these new digital metering solutions provide tools for measuring, 

structuring, transferring, storing and visualizing consumption data, 

creating a promising new field of applications for the HCI community 

[DiSalvo, et al. 2010], which has consequently focused on building 

better and more intelligent monitoring and visualizing technologies 

with aimed at increasing awareness for consumers and producers, and 
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at providing control mechanisms to empower consumers to make 

more informed energy choices. 

In the workplace, energy conservation has been mostly studied from 

the perspective of organizational strategies, and only few studies take a 

situated, self-organized understanding of work practices into their 

conceptual and constructional considerations. 

At this point, this research falls behind the insights reached by the 

CSCW and Participatory Design communities, both of which argue 

that situated work practices cannot reduce to formalized work 

processes. Hence, the worker should be included in the conservation 

strategies as an active participant for normative as well as analytical 

reasons. In order to overcome that bias in research and to explore the 

development of energy conservation practices in the workplace, we 

conducted a participatory action research study in a German 

organization, focused on the interplay between personal behavior, the 

surrounding conditions and supportive technologies.  

To provide a frame encompassing our need for a perspective taking 

both normative definitions as well as individual action, we use 

methods taken from the Business Ethnography approach [Nett et al. 

2007]. This approach provided us with an analytical as well as a 

normative lens, both providing categories to understand the process as 

well as directions to organize our research. 

In the study, we recorded the energy consumption of two bureau 

offices and fed the data back to the workers. The data was then used 

to discuss existing energy practices and options to change them. This 

work produced then a collection of qualitative results that was used to 

prepare and conduct an organization-wide survey. The survey also 

included question addressing organizational issues using energy 

monitoring technologies on the workplace.  

The paper is structured as follows. First we describe the framework 

used to foster emancipative practice at work. We then describe our 
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field of application and our findings. At the end we discuss the case 

regarding to the opportunities of Participatory Design approaches in 

the context of sustainable development and implications for designing 

supportive tools. 

5.2 The Dialectics of Energy Conservation 

5.2.1 Organizational Strategies for Energy Conservation 

Organizational strategies aim at reducing consumption through the 

creation of energy-efficient production processes by leveraging energy-

saving equipment and centralized energy management. 

The role of IT in this process is double-folded. On one side, IT 

represents a large focus of energy consumption and hence, it becomes 

a target for energy saving measures. On the other side, IT provides 

valuable resources for the analysis and management of sustainability. 

The concept of Green IT, which has become popular in the last years, 

addresses both roles of IT in providing a frame to manage 

sustainability. Green IT refers to activities concerning sustainable IT 

resource management from an ecological perspective, covering the 

whole life cycle of “designing, manufacturing, using, and disposing of 

personal computers, servers, and associated subsystems such as 

monitors, printers, storage devices, and networking and 

communications systems” [Murugesan 2008]. 

In general, there is a high expectation to save energy through 

organizational measures. Studies conducted by the German Energy 

Agency dena highlight that investments in the infrastructure has a high 

saving potential. Workplaces equipped with energy-efficient 

infrastructure could save up to 75 percent of electricity costs 

compared to inefficient equipped workplace. Yet the majority of 

companies still haven't found organizational strategies to materialize 

this existing potential. 

A study reveals that the main barriers for companies were the lack of 

financial resources as well as of knowledge [dena 2007]. 36 percent of 
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companies, who haven't initiated energy conservation strategies, say 

that financing of energy efficiency measures are the greatest challenge 

for them. Additionally, 32 percent of companies noted that they do 

not have enough information to make competent decisions in the 

area. 

One shortcoming of approaches taking an organizational strategy is 

that they often focus on the management level only, disregarding the 

ability of situated work practices to produce tactics that might need 

less capital investment, but have a bigger impact in energy 

consumption savings. Typically organizational approaches observe the 

problem at a granularity that leverage the organizational equipment 

and processes from a top-down perspective. 

Pettersen and Boks note, however, that to allow sustainable 

development means that “consumption patterns must be 

changed”[Pettersen et al. 2008]. A strategy aligned with this form of 

thinking calls for changing the situated work practices within the given 

organizational conditions at the level of each and every worker. 

5.2.2 Situated Work Practices  

Support for behavior change in energy efficiency has been researched 

extensively in the domestic field. Feedback for better awareness or 

control of energy usage is studied in several surveys [Blevis 2007; 

Darby 2006]. In the last decades a variety of activities with focus of 

feedback on electricity consumption were conducted [DiSalvo, et al. 

2010; Mankoff, et al. 2007]. Darby for example gives an overview of 

papers and researches related to the topic metering, billing and direct 

displays. She concludes in her report that clear feedback is a necessary 

element in learning and allows energy users to teach themselves 

through experimentation. Energy saving potentials between 15%-20% 

could observe through the usage of feedback infrastructure [Darby 

2006]. She argued that especially a higher transparency and individual 

feedback can influence energy consumption essential in a positive way 

and increases the potential of energy savings [Darby 2001; Darby 

2006]. 
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The results of Chetty et al. [Chetty, et al. 2009; Chetty, et al. 2008] 

support this statements. She fed energy consumption measurements 

in households to the consumers to support ongoing self-learning 

processes. The results report modifications of behavior in households 

equipped with home infrastructure for resource conservation. 

Contrasting with the situation on the field of domestic consumption, 

there are only few studies focused on the opportunities of the new 

metering technologies to support the energy consumption awareness 

and change of behavior in the workplace. One of the few exception is 

the study of Siero et al. [Siero et al. 1996]. They focus especially on 

the changing of organizationally energy consumption behavior through 

the instrument of cooperative feedback. They conduct a study where 

they provided feedback to two different organization units with the 

different that one unit only gets information about their own energy 

consumption and the second unit additionally gets information about 

the saving from the other unit. The results clearly showed that 

employees in the comparative feedback condition saved more energy 

than employees who only received information about their own 

performance, even half a year after the intervention. A remarkable 

finding was that behavioral change took place with hardly any changes 

in attitudes or intentions.  

The work of Siero show the relevance that situated approaches can 

have for energy conservation systems, although his effort remains at a 

collective level, leaving the question open, of getting closer to the 

practice of each situated worker. 

5.2.3 Emancipatory Practices for Energy Conservation 

Fogg [Fogg 2003] has suggested the concept of persuasive 

technologies, which focuses on the goal of changes of behavior by 

means of using pervasive computing. Persuasive technologies are 

concerned “with how behavior modification can be induced by 

intervening in moments of local decision-making and by providing 

people with new rewards and new motivations for desirable behaviors” 

[Foth et al. 2009]. 
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The merit of approaches such as persuasive technologies is that they 

emphasize the question of practice development in evaluating 

technology, beyond criteria such as usability or ease of use. Although 

interesting, the concept faces the danger of reducing action to a single-

sided personal decision-making, neglecting the dialectic quality of 

practices as both medium and outcome, shaped by the dominating 

socio-historical conditions. 

It is not just a coincidence that the concept of persuasive technologies 

is applied only in areas dominated by individual decision making, 

such as personal health, but that it remains less explored from areas 

dominated by alienation, which is the case of the workplace. 

In the Participatory Design Tradition, the development of artifacts 

and work practices are constituents of a dialectical unity that deals 

“with the contradiction between tradition and transcendence” [Ehn 

1990]. The ambition of PD to include users in the design process is 

not limited to requirements elicitation. Instead, in the process of 

evolutionary growth of users and artifacts, the broader goal of PD is to 

empower users both cognitive as well as materially. 

This goal provides us guiding principle to design and evaluate 

technology, serving as a tool for emancipation. However going back to 

the roots of the Age of Enlightenment, empowerment as “man's 

emergence from his self-imposed immaturity” [Kant 1983] means 

more than just to increase the opportunities for a self-determined life. 

Empowerment is also the obligation of making use of opportunities to 

act responsibly. The result of this dialectic unity to having power and 

taking the responsibility of the own life presents emancipatory 

practices in a truth sense [Ehn 1990]. 

In our research we adopted the considerations of Ehn of emancipator 

practices. Although the core can be kept, some new issues have to 

take into account applying the concept to the topic of sustainable 

energy practices at work. The original intention of PD was to design 

artifacts having the democratization of work in mind. Hence the goal 
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was to increase the autonomy of the worker and decrease the 

alienation resulted from capitalistic work conditions. Our intention is 

slightly different.  

What we want to argue here is that energy consumption must be 

understood only as a symptom resulting from personal habits shaped 

by socio-historical conditions, and that supporting sustainable energy 

practices is much more about introducing changes in these habits and 

in the related socio-historical conditions of life. We want to pinpoint 

that both the role of normative organizational actions as well as 

individual action are just parts of the whole challenge of fostering 

behavior change into the direction of sustainable energy practices. 

The normative stance of supporting workers in reducing the carbon 

footprint at work rest on the strong assumption that workers can and 

will take the responsibility of their energy consumption. To investigate 

if this assumption holds empirically and evaluate opportunities to 

change work practices reducing the energy consumption, we took an 

action research approach to study the energy practices of office 

workers and look for opportunities to change them. 

This study follows the principle of Business Ethnography (BE), which 

we outline in the next section. 

5.3 Research Design 

5.3.1 Business Ethnography 

Business Ethnography is a participatory action research approach, 

with the goal of understanding everyday work practices in a particular 

context and supporting the development of these practices into more 

desired ones [Nett, et al. 2007; Nett et al. 2008]. 

The process of a Business Ethnography is mainly based on a set of 

decision and reflection workshops conducted both by researchers and 

organization members, and focused on analyzing and defining 

requirements or on discussing design alternatives [Rohde 2007]. 

These workshops are complemented by ethnographic studies based 
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on interviews as well as field observations, conceptualized as a visible 

intervention into the field established by the cooperation of the project 

partners and framed by the action research-oriented context. 

An integral part of the BE is the collection and confrontation of 

comments from project partners with the analyses of the interviews 

conducted with them. The reason for this is two-folded. First this is a 

common method in action research to validate the analyses, which is 

adopted in BE. Second, this strategy is used to allow for the 

emergence of self-organized learning processes. The feedback 

confronts the interviewees with a perception of their situation that has 

undergone a methodological interpretation by the ethnographers that 

is made visible to the interviewees. 

Presenting the participants their own practices from such a foreign 

angle creates a Brechtian distancing effect [Carney 2006], leading to an 

alienation of the own experience that they expressed. This work of 

alienating the familiar allows the project to evaluate perceptions and 

expectations of the project partners from a distant position. This 

supports the discursive re-appropriation of the own activities given by 

the dialectic of tradition and transcendence. 

BE also produces data for the analysis of learning processes. The 

alienation of the own experience is combined with common 

discussions of the interviewed partners about the validity of the 

interpretation and its impact for the understanding of the given 

situation and for the common project. This social process increases 

the distancing effect of the alienation/re-appropriation loop of BE in 

regard of the experiences of the interviewees in fostering knowledge 

development. 
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As a compound of action research and ethnography, the 

ethnographers cooperate with the project partners to achieve common 

project aims. Organizing an alienation/ re-appropriation loop of 

related knowledge with the project partners helps them to reflect on 

their local expertise and develop new strategies. 

5.3.2 Field of Application 

The organizational units which took part in our study are members of 

a large international institute for applied research. At the place where 

the study was conducted more than 950 workers are employed in 4 

different organizational units. The organization is structured 

hierarchically. Every unit is managed by a business segment 

department leader followed by group leaders who are responsible for 

smaller work teams. A strategic realignment or instruction has to pass 

these stations in the hierarchy. In the observed organizational unit a 

weekly team meeting is conducted in a room for discussions of actual 

topics, feedback and suggestions from the employees to organizational 

tasks. 

 

Figure 4: Provided device-based metering infrastructure handed out to the 

participants 
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Most of the employees on the operational layer are knowledge 

workers in different domains with a strong scientific background. 

They are sitting in single- and shared offices with a maximum of up to 

5 or 6 persons. The predominant workplaces are single office.  

5.3.3 Applied Methods 

Our research activities can be split into four stages. In the first stage we 

established cooperation with 8 employees of two multi-bureau offices. 

We ask them for permission to monitor their energy consumption 

using off-the-shelf smart metering products and with their agreement, 

the campus janitor installed smart metering sensors in the fuse box for 

the two offices. The sensors logged the energy consumption of the two 

offices and sent this data to a PC (cf. Figure 7). With the help of this 

equipment we logged the energy consumption for 5 months between 

March and July of 2009. 

In the second stage we carried out a “reflection workshop” with six 

participating employees; four of them were working in the offices 

which were subject to the metering activities in the last three weeks 

before the workshop took place. The other two were not involved in 

metering. In the workshop we fed the observed energy practices back 

to the participants and moderated a group discussion. In opposite to 

other BE projects [Nett, et al. 2007] in this case we didn’t use 

interviews but the logged data as the element for the alienated/re-

appropriation loop. 

In the workshop we asked participants to give comments and fostered 

a collective discussion among them following a two-folded research 

agenda. The first point we wanted to address with the workshop was to 

evaluate if the provided smart metering data was useful to identify 

saving potential and if the participants would react or change their 

behaviour in relation to the new transparency of their energy usage. 

The second element we observed during the workshop was the 

emergence of critical incidents showing hints to opportunities for a 

proper smart metering infrastructure in environmental context. 
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In the third stage we used the installed smart metering technology to 

study the effects of the reflection around captured data on the daily 

energy conservation practices. The participants asked in the 

workshops for additional options to measure energy consumption in a 

more detailed level. We followed this request and equipped the two 

offices with additionally smart metering infrastructure that could be 

used independent by the employees to measure energy consumption 

on a device level. 

In the third stage we study the effects of reflection workshop on the 

daily energy practice. Therefore we monitor for two months the total 

energy consumption. In addition we observed device usage and 

interviewed the owners of the devices to capture any possible change 

in uses and behaviour. 

In the fourth stage we conducted a mixed-method approach [Kelle 

2001], were we complemented our qualitative study with a quantitative 

oriented online survey. The aim was to explore the significance of 

phenomena observed during the qualitative part of the study at whole 

organization level. We distributed an online-questionnaire consisting 

of 27 statements related to the topics of energy usage and the 

imagined usage of smart metering infrastructure in work environment. 

We sent a list of question motivated by the experiences we made 

during the qualitative investigation. Additional space was given to the 

participants to add their own statements and suggestions. The online 

 

Figure 5: Distribution of self assessment on energy expertise on a 

scale of 1 to 10 in the organization 
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questionnaire was send to all workers of the institute composed of 

more than 950 people with a response rate of 17,5 %. 76% of the 

persons who participated at the survey added personal comments or 

suggestions. The information obtained was very useful for creating a 

better understanding of the organizational context and triangulated 

with our qualitative results. 

5.4 Findings 

In the following we present the main findings of the conducted 

research. The findings from the qualitative group interview are 

discussed and compared with the results of the quantitative results 

from the online survey. With this, we intend to deal with the objection 

against qualitative action research accusing it of focusing only on exotic 

cases. In particular the survey helps to validate our impression that 

energy practices as well as the energy expertise of the participants in 

the qualitative studies are quite representative of the whole 

organization. 

5.4.1 An Ordinary Office Constellation 

Concerning equipment, the survey shows that bureaus are similar and 

match the needed appliances for office work. Desktop PC, Monitor 

and Laptop were mentioned as the mostly used devices in the survey. 

This was confirmed by the central IT management for the rest of the 

campus. Samples show that often exactly the same appliances were 

used (same brand and type). Variations were present but not frequent 

and in the observed cases related to special tasks and roles. 

The survey shows that currently no activities focusing on energy 

monitoring and control are established at workplace level. The self 

assessed energy expertise of the employees was relative high. In 

average they self-assessed their expertise on a level of 6,5 on a scale of 

1 to 10 (1= very low, 10 = very high) (c.f. Figure 5). 47% of the 

participants know the average price of one kWh of electric power for 

private households. The answer “I don’t know what kWh means.” was 

not selected by any of the participants. This result was in line with our 

qualitative results. E.g. in our interviews every participant was able to 
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interpret the unit kWh and to interpret energy plots like in figure 8. 

We only observed problems in breaking down the kWh unit to a 5 

minute scale. (We converted the presentation of kWh to 60 minutes 

intervals which made the presented consumption easier to compare 

with private power consumptions known from bills, tariffs etc)  

Based on the survey, and considering equipment, energy expertise 

and energy conservation practices, the results show that the 

participants of the qualitative study are on a similar level as the average 

member of the organization. 

5.4.2 Workshop on Consumption Reflection 

To further understand and analyze the participants’ perception of 

their personal and common energy consumption we confronted the 

participants with their own energy practices in the workshop described 

above. After a short introduction and description of the setting, the 

workshop moderator presented a graphical representation (c.f. Figure 

8) of the energy consumption based on measurements made during 

three weeks right before the workshop to foster the group discussion. 

Based on the presentation the moderator explained the granularity of 

the measurements in relation to time. The presentation allowed 

zooming into the graph up to a resolution of consumed kWhs in 5 

minutes slots. This feature of the presented visualization enabled all 

workshop participants to look deeper into details if necessary. 

Recognition of Patterns 

After clarifying questions about units and granularity of the 

measurement in the shown visualization, the participants started with 

an interpretation of the ascertained consumption. Early in the 

beginning of the group discussion, one of the participants recognized 

patterns in the consumption: 
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A: “Isn’t there a huge base load [Break] 50% of our consumption is 

on a base load level! [Break] But that also means our real 

consumption is not that high [laughing]. You know what I mean? 

That’s somehow good!” 

Then, the other participants picked up the point and started a 

discussion about the composition of the base load. They listed AC 

adapters, PCs which are switched off in the evening, battery chargers, a 

shared stereo, a locally installed test-server (an old desktop PC), a 

large interactive display, etc. The participants recognized that the base 

load on weekends is lower than during the week. They explained this 

by relating it to the switching off of some of the devices on Fridays, 

like the stereo and the desktop PC. However, during this workshop it 

was not possible to clarify which devices caused which amount of base 

load because the installed metering solution does not log the data in 

such granularity.  

Even considering that there are no economic consequences for the 

participants they experience devices unnecessarily running as a waste. 

This was the subject of several statements in the conversation, e.g. 

 

 

Figure 6: The most used electronic equipment used in the offices 
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A: “The stereo… When I arrive in the morning and I see that the stereo 

is still switched on I feel bad about it. Because we did not switch it 

off. [Break ] Well, I switch it off, usually. Consciously. Because I sit 

there next to it.” 

B: “I also always switch the stereo off. Well, if I am the last one here in 

the evening. Then I switch the stereo off. 

C: “I do not care about it. Is not on my personal space… behind the 

desk. On the other side.” 

B: “You do not use it, also.” 

Based on this conversation we also included a question in the online 

survey regarding the usage of devices which probably cause base load 

and consumption. As illustrated in Figure 6 the used equipment and 

devices in offices can be very diverse and manifold. 

Mapping to real world events 

In progress of the discussion the participants tried to identify the 

consumption they caused personally. Usually every one of them starts 

working areound 9:00am but on a certain day participant A started 

earlier at 7:00am. After checking the personal and the group calendar 

and after some searching and zooming into the graph participant A 

identified a peak in the early morning. Doing so he mentioned: 

A: “There it is! The peak that I caused! This morning I used all the stuff 

I always use. The peak is my contribution to the big peak we cause 

together. [Break] Yes, that’s me.!” 

Further on, the participants continued to identify additional patterns. 

They recognized a lower load on the second weekend than on each of 

the others. They tried to identify which device could be switched off 

on that weekend. Participant B states: 

B: “Probably I shut down my desktop PC on that weekend, but I am not 

sure. I think it is impossible to say something about it. There is no 

way of deriving something only from this small bit if information. It’s 

all speculative in the end.” 
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The discussion then develops into the interpretation of the 

consumption in terms of the behavior of the group and also of each 

individual. After a long period of remaining quiet, participant C asks 

in a provoking but friendly way: 

C: “ When do we start talking about who is guilty for the whole 

thing? I think ‘B’ is guilty. He really do not care about it, about 

the electricity.? 

Interviewer: “Why do you think so? 

C: “Because he plugs everything in. And if it’s plugged, it will never 

be unplugged again. That’s the rule.” 

A: ”We have already talked about it. There was a situation when you 

or I said: ‘Come on ‘B’ what about shutting down your computer 

over the weekend?’ 

B: “I use it sometimes from home. To log onto the remote desktop. 

That’s a server for me.” 

A: “If you had a button ‘Switch in server now’, that would be ok, 

too.” 

B: “That would be perfect, yes.” 

A: “Then, you could switch it off. Always. 

C: “That’s something I can accept. That would be a good idea.” 

In the following discourse, the participants go step by step through a 

list of all devices plugged in the office, created by the moderator 

before the workshop. The list contains metadata collected from the 

 

 

Figure 7: The structure of the device-wise smart metering 

infrastructure to log the energy consumption deployed in the offices 
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rating plates about the nominal energy consumption of the devices. 

Based on the list it was much easier to get a feeling of how many 

devices each individual person uses and how much energy they need. 

During this discussion everybody argues that each device is necessary 

for their work.  

Analyzing and Interpreting the Represented Consumption 

The discussion ends up in a very controversial dispute about the 

question, how the smart metering data could be used to implement 

adequate measures for energy saving in the organization. Within the 

group of participants there were obviously different positions about 

the comparison of each employee’s energy consumption patterns. 

Interviewer: “The leader of the unit appeals to you all, as responsible 

employees, with your competencies to contribute to the energy saving 

activities here in the organization.” 

A: “Sorry, but this is naïve and infantile. [Break] Because there is no 

analys behind it.” 

B: “We have already seen it here in this workshop. We have lots of data 

here. But the data makes no sense without information about the 

underlying behavior.” 

The statement of participant B point out to the complexity and 

difficulty of interpreting smart metering data by the employees in their 

work context. Additionally the need of connecting measured values to 

activities and uses becomes more important in the discussion. 

Referring to that, one participant suggested using the existing group 

calendar to reconstruct activities and use that information to rate the 

smart metering information. The other participants agree to use the 

office group calendar to improve the semantic information of the 

given metering values. Simultaneously, they commented this 

information as not being enough to estimate all opportunities for 

energy saving potentials.  

Later on, the participants discussed collaborative how they could 

improve energy saving activities in their office. One idea suggested by 
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a participant was to provide energy consumption information on a 

device level: 

B: “For me this is not helpful [Break]. I need something like a signal 

light [Break], then I can consider the usage appliance by 

appliance.” 

Without any influence of the moderator on the decision making 

process within the group, the participants asked for technical support 

to measure the energy consumption on device level. As an outcome of 

the reflection workshop, we made simple “smart plug adapters” (cf. 

Figure 4) showing energy usage in watts available to the employees 

without further instructions of usage. The smart plug adapters were 

used independently by the employees in their offices. 

5.4.3 Effects of the Reflection 

The same setting of metering under changed conditions (smart plugs 

made available to the participants and the knowledge collected from 

the workshop) was conducted during the three weeks directly after the 

reflection workshop. As shown in Figure 9 especially the base load 

outside the main working time decreased evidently. By using the 

provided “smart plug adapters” the employees started to identify 

appliances with a high stand-by energy consumption, and started to 

turn them off. 

In particular, the participants changed their behavior related to 

appliances less commonly used, such a special desktop PC used for 

video editing or a large interactive display with high base loads, both 

rarely used in the daily work activities. As a consequence of the 

reflection workshop the large interactive display was completely cut off 

from the electrical grid. The video editing PC was configured to shuts 

down automatically after 30 minutes of being idle. Additionally, the 

participants of the workshop came to the commitment of cutting down 

the shared stereo amplifier from the grid at evenings and during 

weekends. 
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Contrasting the power consumption of the three weeks before the 

workshop and three weeks after the workshop, the consumption 

outside the main working time (7:30pm- 7:30am) was reduced from 

0.288kWh per hour to 0.217 kWh per hour in average. This means a 

saving of 24,9%. 

To make the long-term effect visible, the measurement of energy 

consumption in the relevant offices continued for 5 weeks after the 

reflection workshop. Taking the consumptions outside the main 

working times into consideration the participants caused an average 

consumption of 0.264 kWh per hour during the last 5 weeks of the 

study. The measurements showed that the saving effects decreased 

over time. But still, this value is 8.4% less compared with the data 

before the workshop. 

Figure 9 illustrates this phenomenon with the help of a trend line: The 

left interval represents the base data collected before the workshop; 

the interval in the middle shows the significant reduction right after the 

workshop. When consumption feedback was removed in the last 

phase, the interval on the right illustrates the rising consumption 

outside main working times. The result shows an interesting trend that 

might be characteristic for such constellations: All goals settled during 

 

Figure 8: Load gear of a three person's office three weeks before the reflection 

workshop 
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the workshop are enforced directly after the workshops, but their 

effect tends to disappear on the long run, if feedback is removed. 

Without any further support, old habits come back which leads into 

an increment in consumption. 

5.4.4 Organizational Issues 

In the reflection workshop the participants often pointed out the 

special interdependences of the shown smart metering information in 

the organizational context. 

Based on this connection, we formulated questions in the survey 

addressing the issue of providing smart metering information in work 

context. In the following we present a triangulation of insight from the 

workshop, the survey and observational findings. 

Good to Control -- Bad to Evaluate 

One problem of the usage of smart metering is that the activities of 

employees could be tracked very precisely, which probably causes 

privacy problems. 

One participant compared his consumption profile to a time clock 

logging his presence in the office. The only pattern he could identify 

was activity versus non activity. He explained that how easy it would be 

for him to have a pretty good image of the times that an employee 

works or is at home. 

Energy consumption could be used to control the activities of 

employees easily. The participants observed however, that drawing a 

conclusion between their energy consumption and their performance 

in the job is very difficult. Monitoring energy consumption is not the 

right instrument for assesing work performance, but there is a latent 

fear that it can be misused for this purpose.  
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One participant of the workshop pointed out that the energy 

consumption is not the central point. And that there is an different 

between energy consumption and energy waste. The argument was 

that the goal should be to bring the consumed energy together with the 

output in the job to calculate a performance. 

Smart Metering Information is Personal Information 

The survey pointed out that in some cases people are very strict in 

showing their personal consumption to colleges or other parts of the 

organization. They were afraid of the interpretation of the smart 

metering information from colleagues outside their immediate vicinity. 

As reasons, the participants mentioned misinterpretations and the 

implicit evaluation of work performance. Also the uncertainty about of 

how this information could be used in organizational context was 

mentioned as a reason for an adverse position of employees. The 

empirical material showed that for some reason metering information 

was classified as a personal good, and the fact of loosing data 

ownership always comes with fears of misinterpretations. 

 

Figure 9: Trend of power consumption out of main working times over all 

three phases of investigation: three weeks before the workshop, three weeks 

right after the workshop and several weeks after 
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In a more positive way of thinking, we observed the phenomena that 

the comparisons of individual consumption information are an 

innovative way to identify energy saving potentials. The approach of 

providing metering information only for selected colleges and not for 

the whole institution were proposed by the participants and showed 

up also in the survey results. The agreement with sharing this kind of 

information was bounded to the existence of a personal bond to the 

corresponding colleges. The participants pointed out, that they are 

interested in talking and discussing this information collective. But 

again, the own involvement in the interpretation process was an 

important factor from a participant point of view to prevent 

misinterpretation. 

In other cases persons were very happy about the new opportunity of 

smart metering information and understood this information as an 

instrument to contribute to the aim of energy saving and climate 

protection. For this group, the aspect of privacy did not play a role or 

is deemed less important. 

Collective Problem Understanding and Collective Solution 

In the organizational context there are several collective used 

appliances like printers, data projectors, fax, coffee machines, etc. 

This motivated the question of how the energy consumption of such 

collective goods can be optimized by providing metering information 

to the collective. This question implies the complexity arising from 

individual energy practices coming into conflict with each other or 

from responsibilities not being clarified.  

In our study, we observed several cases for such collective use of 

appliances. In most of the cases the arrangement of collective 

appliance usage worked very well. However, we noticed that 

awareness about the energy consumption of collective or public goods 

was relative low compared to appliances in the area of personal 

responsibility. This low awareness had the effect that saving potential 

goes unnoticed. An example in our study was the practice of not 

switching off the large interactive display and stereo amplifier when 
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not in use. This was not caused by an individual decision, but more a 

consequence of the absence of a collective planned action. 

In the workshop the participants also negotiated and discussed 

possible solutions for collective used artifacts, such as cutting off the 

appliances from the supply grid to prevent the increase of base load. 

Another collective solution approach was posed by the office workers 

controlling each other regarding switching off the stereo amplifier 

before leaving their office. This practice proved to be substantial in 

reducing the base load during off- time. Our data demonstrates, 

however, that this was not a sustainable practice. 

5.5 Design Issues 

The reflection workshop and its impact have demonstrated that the 

carbon footprint of an organization can be reduced by changing 

energy practices. In particular, the results emerging from our studies 

clearly showed that the interplay between energy consumption data 

and personal habits was the key for stimulating energy efficient 

behavior. 

In design sessions held after the studies, we discussed the findings in 

terms of design supporting the change of energy practices. We present 

here two contrasting design concepts that address the challenge of 

supporting sustainable energy practices.  

5.5.1 Improving the Capture of Behavior  

One option to support change of habits is to capture and track the 

personal activities and integrate this information with energy 

consumption data. Unfortunately, modeling and tracking energy 

consumption habits is very complex and it is always in danger of 

misinterpreting the intention of the user (in particular in the case of 

collective goods). This is one of the reasons why ambitious smart 

home solutions fail in practice. However, weak structured approaches 

could support users reconstructing their behavior in the past for an ex 

post reflection and analysis of their energy consumption.  
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To support individual energy practices, one design option is to 

introduce a tool to capture and document personal carbon footprint 

in daily life (like a sensecam for energy monitoring [Sellen et al. 

2007]). Such a solution could record a photo streams that can be 

synchronized with energy consumption information. This will help 

users to recall certain situations and reflect on their in-situ decision 

process. Such an approach would allow the construction of histories 

which could form the basis for an ex-post analysis to stimulate learning 

and reflection and motivate change of habits in the future [Chalmers 

2004]. 

5.5.2 Provide Energy Consumption Information in Situ 

Reconstructing context is very difficult. A complementary approach 

could be to provide information of energy during use. The situation is 

then enriched by direct feedback of current consumption. Energy use 

produces a breakdown in the activities of the users which motivates a 

reflection and has the potential of triggering a learning process. A 

possible implementation of this approach is the use of haptic or 

acoustic feedback responding to current consumption, or to changes 

in patterns of consumption. 

5.6 Conclusion 

Organizational studies on energy conservation have mainly focused on 

formal process changes, neglecting the situated energy practices of the 

office worker. In this paper we showed how this bias can be overcome 

by using PD approaches and take workers not just as objects of 

organizational change, but as change agents in the organization. In 

particular, our study showed that workers do have and do take the 

responsibility for sustainable energy practices if they get the adequate 

support. Generalizing these results, we can conclude that even small 

capital investment can leads carbon footprint of an organization, if we 

take the potential of changing the situated work into the direction of 

sustainable energy practices more seriously. 

The reflection workshop supported participants to put their personal 

view in relation to a collective view, creating new insights and 
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discussing new practices using collectively owned electrical equipment. 

An important issue here was the negotiation and collective 

interpretation process that happened in the workshop, which leaded 

to a collective awareness of the use of electrical equipment in the 

workplace. Such processes create a collective double-loop learning in 

the sense of Argyris [Argyris 1982], resulting in a measurable 

reduction in energy consumption.  Here our approach of reflection 

workshops proved useful in raising latent motivation and potential 

through the process of alienation and re-appropriation of the own 

energy practices. 

Stressing the social dimension doesn’t mean that technology cannot 

provide valuable contributions. Quite on the contrary, the use of off-

the-shelf digital metering technology to record the energy 

consumption was an important tool to foster the reflection processes.  

However it was not the installed technology alone what saved the 

energy. It was the employees who reduced the energy consumption by 

changing their practices. The novel opportunities of smart metering 

served as a tool for emancipation, helping users to be aware of their 

own behavior and the (non-)indented consequences in terms of energy 

wasting. This means that technology cannot replace the needed social 

learning process, but the recorded data helps users to underpin their 

impression with “objective” facts, to identify saving potentials, and 

becoming a part of energy competence development. 

The detailed information on energy consumption in the workplace 

contributes to a better understanding of the use of electricity. The 

provided information is a key resource for energy reflection and for 

the identification of potential savings. However, in order to support 

the reflection processes, the information must be represented in a way 

that users can make sense of, and draw connections from it to their 

own practices using electrical equipment.  

Supporting sustainable energy practices at work by making energy 

consumption more transparent is still at an early stage of 

development. If we want to make use of new opportunities, we also 
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have to take possible side effects into account. Our study indicated 

how, making the energy consumption transparent in a workplace 

context can be an issue that leads to conflicts. Hence, the diverse 

stakeholders affected by new technology should be included in 

explorative design research. It is essential for employees to remain 

owners of their energy consumption information and to be made able 

to govern the flow of this information, as its interpretation can be very 

ambiguous and motivate misuse. 

In summary we can conclude that there are emerging opportunities to 

make the energy consumption of workplace transparent with the help 

of digital measuring technology. Moreover, metering hardware will 

become cheaper in the coming years, making it ready for the mass 

market and our research indicates that creating transparency by new 

technical means and providing feedback systems are not just helpful 

for the domestic domain [Betz, et al. 2010]. They can also play a very 

relevant role on supporting energy conservation on the work place.
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6. Making Energy Practices Accountable: 

Framing the Design of Systems to Support 

Sustainability Using an 

Ethnomethodological Lens2 

For HCI, supporting sustainable energy practices has become a 

relevant topic in the last years. A manifestation of this interest is the 

emergence of interactive technology that provides current energy 

consumption metrics as a form of feedback to support reductions on 

energy usage. The relationship between feedback availability and 

actual reductions in consumption has proven to be very intricate at 

least. We argue here for the need of a widening in the scope from 

making energy accountable to making energy practices accountable. 

Taking an ethnomethodological stance, we propose the use of 

methods to make energy consumption uses and habits accountable 

and to make these accounts into a resource for the design of 

supportive interactive systems. In this position paper we outline the 

ethnomethodological stance taken on understanding energy practice 

theoretically and illustrate our approach with an example taken from 

an ongoing research about electricity consumption information at 

appliance level in private households. 

  

                                                           
2This section has been publishes as a workshop paper in the proceedings of ACM 

SIGCHI Conference on Human Factors in Computing Systems 2011 Schwartz, T., 

Ramirez, L., Betz, M., Stevens, G. and Wulf, V. 2011. Making energy practices 

accountable: Framing the design of systems to support sustainability using an 

ethnomethodological lens. In Workshop 'Everyday practice and sustainable HCI:' 

Extended Abstracts of the ACM CHI Conference 2011, Vancouver, 1-7. Reprinted, 

with permission from Tobias Schwartz, Leonardo Ramirez, Matthias Betz, Gunnar 

Stevens and Volker Wulf in Workshop 'Everyday practice and sustainable HCI, In 

Proc. CHI 2011, ACM Press (2011), May 7–12, 2011, Vancouver, BC, Canada, ACM 

978-1-4503-0268-5/11/05. 
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6.1 Introduction 

Environmentally conscious behavior has become an important issue, 

motivated by the rising global energy demands and the growing 

awareness of the limited natural resources [EIA 2011]. In the whole 

picture, the area of domestic resource consumption plays a central 

role and increasing emphasis has been put on the investigation of 

technology enabling people to have an active role in saving energy at 

home [Chetty, et al. 2009; DiSalvo, et al. 2010]. HCI is a very 

important player in these research, taking different perspectives 

ranging from sustainability of interactive technologies to supporting 

technology to empower sustainable practices [DiSalvo, et al. 2010; 

Pierce et al. 2008; Woodruff et al. 2008]. For example, in the field of 

Ubicomp several projects using sensors or embedded components to 

monitor and report environmental conditions with the goal to uses 

these information to modify behavior (e.g. [Betz, et al. 2010; Patel, et 

al. 2010]). Other work engages in the social aspects of HCI with focus 

of sustainability by studying users’ attitudes to the environment or to 

new designs, mostly focusing on how users think and understand new 

support technologies (e.g. [Davidoff, et al. 2010; He, et al. 2010]).  

Within research it is established that feedback systems about energy 

consumption have a positive effect of saving resources [Darby 2001]. 

Thereby technology enabled feedback is often used as an adequate 

instrument to reduce energy waste by giving the energy consumer the 

opportunity for a more in-depth analyses of the used resources to 

identify and initiate energy savings potentials [Fitzpatrick, et al. 2009]. 

Feedback for better awareness or control of energy usage is studied in 

several surveys [Davidoff, et al. 2010; Pierce, et al. 2010] and studies 

[DiSalvo, et al. 2010; Mankoff, et al. 2007]. Darby provides an 

overview of research related to the topics of metering, billing and 

direct displays. She concludes in her report that clear feedback is a 

necessary element in learning. It allows energy users to teach 

themselves through experimentation. Energy saving potentials 

between 15%-20% could observe through the usage of feedback 

infrastructure [Darby 2006]. She argued that especially a higher 
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transparency and individual feedback can influence energy 

consumption essential in a positive way and increases the potential of 

energy savings [Darby 2001; Darby 2006]. The results of Chetty et al.  

[Chetty, et al. 2009; Chetty, et al. 2008] support this statements. She 

fed energy consumption measurements in households to the 

consumers to support ongoing selflearning processes. The results 

report modifications of behavior in households equipped with home 

infrastructure for resource conservation.  

Building on the importance of feedback, Pierce et al. stress the fact 

that sustainable interaction design needs to work on understanding 

what energy is, how we use energy, and how we relate to and live with 

energy [Pierce, et al. 2010]. Their strategy for framing the problem 

takes a naturalistic view, rising from the fact that energy presents an 

entity that is imperceptible for our senses, and thus support must be 

provided to make it perceptible. The challenge for Peirce lies on how 

to materialize energy as something with which people can relate. 

These results are, however, not only interesting because they ratify the 

importance of feedback systems, but more importantly because they 

motivate the need of creating a deeper understanding of how people 

interact with such feedback systems. In effect, framing the problem 

from a phenomenological view leads to a slightly different challenge. 

The primary focus is then not to materialize energy, but –

metaphorically spoken – to materialize energy practices. Or more 

precisely: the design challenge lies on how to support people in 

making their energy practices accountable. In such a stance, usage of 

feedback systems should therefore not be seen as a goal, but as a 

resource being a part of energy practices.  

In this work we want to argue for using an ethnomethological lens on 

digital technology to meter and control energy, widening the focus to 

include not only materialization of energy, but materialization of 

energy practices. From this stance, it becomes a highly relevant, yet 

under investigated topic, the ways how people make their energy 

consumption accountable. In the rest of the paper, we want to outline 

our position providing a theoretical foundation and illustrating it by an 



66 

example of how we work analyzing the social construction of energy 

consumption practices and its accountability.  

6.2 Energy Accounts in Theory 

The notion of an ethnomethodological lens for research refers to 

placing the focus on the ordinary flow of action governed by structures 

that are taken for granted by the actors. Ethnomethodology has been 

used very often as a form of inquiry in design research as well as a 

method for analyzing interactive systems (for a detailed overview see 

[Dourish, et al. 1998; Randall, et al. 2007]). In our case, it provides a 

frame to understand and reframe the question of energy consumption 

feedback systems.  

Pierce et al. [Pierce, et al. 2010] remark that different language games 

exist to talk about energy. For example, when a physicist talks about 

energy, she talks about mass that can neither be created nor 

destroyed. In ordinary language instead we speak about energy as 

something that can be “produced” and “consumed”; “used”, “saved” 

and “wasted”. Saying “energy could not be produced, because 

physically it could not be created” is therefore a confusion of language 

games. In addition, the meaning of energy is not only expressed by the 

usage of words but is also expressed by actions to which we refer using 

terms like “energy”, “consumption” and others. Language and 

practices are therefore not independent, but constitute a dialectic 

unity. 

The primary interest of an ethnomethodological analysis would be to 

reconstruct what is it that sentences like “Yesterday I saved a lot of 

energy” means in the language games that come specifically into play 

in the situations studied. In this context, we understand energy 

practices as the everyday affairs people refer to when talking about 

energy and under making energy practice accountable as the 

procedures organizing these affairs in ordinary life.  
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6.2.1 Building Accounts of Energy Practices  

Our methodological approach to the study of energy practices is 

double-folded. First, we attempt to reconstruct them from records of 

conversations with people (as competent member of the studied 

context), where they make their practices accountable. This assumes 

that the analyst has the ability to make sense of the given accounts. 

Second, the energy practices themselves are recorded (e.g. using 

video), so that the in-situ processes could be analyzed with the help of 

these records (e.g. using video analysis).  

A limitation in this approach could be seen in the fact that only 

existing practices can be analyzed, while design is in itself directed to 

the future, to realizing the not-yet-existing. Although this argument is 

valid, it does not contradict the approach, but just points to a general 

limitation of any form of empirical research. Consequently, our 

ethnomethodological lens breach current practices by bringing new 

digital technology to meter and control energy into use, forcing the 

social practice to create not-yet existing rules, intentions and norms. 

Putting new technologies in practice are grounded on the concept of 

breaching experiments used by Garfinkel [Garfinkel 1967] to raise 

awareness on the fact that social practices are not static, but 

evolutionary in response to new situations. In these experiments the 

disruption of common practices leads to open situations that compel 

the creation of not-yet-existing rules: “The [breaching] motivated new 

possibilities which the parties then sought to bring under the 

jurisdiction of an agreement that they had never specifically 

mentioned and that indeed did not previously exist.” [Garfinkel 1967].  

6.3 Energy Accounts in Praxis 

In the following, we illustrate the theoretical considerations using an 

on-going research project, where we breach current practices by giving 

people energy meter products and where we focus on exploring how 

people talk about their energy practices based on the introduced 

feedback mechanisms.  
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6.3.1 Context Description 

As a part of a large study, we introduced smart metering devices to 16 

households between June and October 2009. Our aim was to 

understand how users make use of the provided smart metering 

information coming from their electricity consumption overall and 

from specific household appliances, for issues such as electricity 

management and analyses, home electricity practices and preferences.  

To select our participants, we promoted the study by email lists, and 

through word of mouth. The composition of the households varied 

widely in demographics (age, gender) and living arrangements (home 

owner, apartments). The participants were allocated along different 

social groups. There were students, unemployed persons, graduates 

and doctors, making for a total of 33 participants. The age of the 

participants ranged between 20 an 56 years. A main part lived in 

rented flats or single rooms. Others were house owners. We 

conducted the in-home study in three phases:  

(i) initial semi-structured interviews with each participant, to 

uncover motivations, state of knowledge and mental 

models of consumers using smart metering technology 

in everyday life situation  

(ii) up to 10 days trials in which the participants used and 

lives with the smart metering infrastructure whereby they 

could chose the measured appliances and  

(iii) a post-trial evaluation workshop where the graphically 

prepared measured values were presented and evaluated 

collaborative with the participants and a researcher.  

Finally, we compared the data with the consumption of the whole 

household by noticing the values from the electricity meter. We took 

photos of all the selected electronic equipment and draw simple 

ground plans afterwards. The interview questions were focused on 

how householders manage electrical consumption and on their 

attitudes towards resource consumption. The interviews were all 

audio-taped and in part video-taped and afterwards analyzed with 

qualitative methods of social sciences. 
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6.4 Reconstructing Energy Practice 

In the following we present an excerpt out of the conducted 

interviews. The only selection criterion was that energy should be a 

topic in the conversation. This criterion emerged as a consequence of 

our ethnomethodological lens.  

The context of the sequence is that the father (F), the mother (M) and 

the Interviewer (I) are sitting together and analyzing the graphical 

illustrations of their energy usage: 

M: On a single day: it always depends who is in the House; who is there 

and who is making something before one leaves and after one gets 

home; thats’s the point. Then [when nobody is in the house] the TV 

is for example not used, of course my computer not, the 

dishwasher…what else do we have? The other devices just.  

F: Yes, exactly!  

M: Oh yes, now you have worked this week for example so then we had 

no coffee.  

F: Exactly, let me see sensor three, where we could see this. I’m 

interested in it.  

M: I would say this is the reason why sensor three [which shows the 

energy consumption information of the coffee machine and microwave] 

shows different values as before, in comparison to now that we have 

breakfast together in the morning.  

The peculiar phenomenon in this sequence is the way in which the 

married couple reflects on their energy consumption habits. The 

mother states in the beginning that their energy consumptions depend 

on their presence at home. They organize their understanding of 

energy consumption by a reflection of their daily habits. The woman 

goes ahead and recalls the concrete events that she remembers (Oh 

yes, now you have worked this week for example so then we had no 

coffee) which might be a valid explanations of the oscillations in 

energy consume of the graphics at hand. Her husband confirms her 

interpretation again and she reformulates it, this time in a strongly 

causal sequence (I would say this is the reason why sensor three 

[which shows the energy consumption information of the coffee 

machine and microwave] shows different values as before, in 
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comparison to now that we have breakfast together in the morning). 

Thus, their energy consumption is no longer an abstract number in 

KWh, but linked to their individual daily habits. This showed up that 

the abstract measured values were filled with meaning only in relation 

to something concrete or known.  

Generalizing, the excerpt represents a type of ethno-method, where 

the consumer’s link their energy consumption to their individual daily 

habits. In this way energy consumption is no longer an abstract 

number in KWh, but rather obtains an individual significance.  

We can conclude that it is important for technology to provide 

mechanisms to support the peoples’ attempts of making consumption 

processes accountable.  These mechanisms should help people to 

contextualize information, supporting the construction of connections 

between energy measurements and events in the life of people. From 

a consumer perspective, these connections increase understanding 

and identify actions that present saving potentials. 

6.5 Conclusion 

We have argued here that energy consumption in ordinary life is not a 

physical entity, but mainly a construction in relation to social reference 

systems (e.g. activity rhythms, events, memories). Understanding the 

way people make their energy consumption accountable is essential in 

creating supportive technology to help introducing changes in uses 

about energy. From a design perspective, this means that, beyond 

different levels of granularity in feedback systems, we need to find 

methods to support the reconstruction of activities related to energy 

consumption.  
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7. Uncovering Practices of Making Energy 

Consumption Accountable. 

A Phenomenological Inquiry 

Reacting to the discussion on global warming, the HCI community has 

started to explore the design of tools to support responsible energy 

consumption. An important part of this research focuses on 

motivating energy savings by providing feedback tools which present 

consumption metrics interactively. In this line of work, the 

configuration of feedback has been mainly discussed using cognitive 

or behavioral factors. This narrow focus, however, misses a highly 

relevant perspective for the design of technology that supports 

sustainable lifestyles: to investigate into the multiplicity of forms in 

which individuals or collectives actually consume energy. In this 

paper, we broaden this focus, by taking a phenomenological lens to 

study how people use off-the-shelf eco-feedback systems in private 

households to make energy consumption accountable and 

explainable. By reconstructing accounting practices, we delineate 

several constitutive elements of the phenomenon of energy usage in 

daily life. We complement these elements with a description of the 

sophisticated methods used by people to organize their energy 

practices and to give a meaning to their energy consumption. We 

describe these elements and methods, providing examples coming 

from the fieldwork and uncovering observed strategies to account for 

consumption. Based on our results, we provide a critical perspective 

on existing eco-feedback mechanisms and describe several elements 

for a design rationale for designing support for responsible energy 

consumption. We argue that interactive feedback systems should not 

simply be an end, but rather a resource for the construction of the 

artful practice of making energy consumption accountable
3

. 

                                                           
3This section has been has been published as full paper in the Journal ACM 

Transactions on Computer-Human Interaction (Volume 20, Issue 2, May 

2013), ToCHI 2013. Reprinted, with permission from Tobias Schwartz, Gunnar 

Stevens, Leonardo Ramirez and Volker Wulf in ACM Transactions on Computer-

Human Interaction (Volume 20, Issue 2, May 2013). 
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7.1 Introduction 

Motivated by rising global energy demands and a growing awareness 

of the scarcity of natural resources [EIA 2011], the design of 

environment-friendly technology has become an important issue at the 

intersection of different disciplines. Design-oriented research ranges 

from promoting an overall sustainable product life cycle [Blevis 2007] 

to technologies supporting ‘green’ lifestyles or environmentally 

friendly behavior [DiSalvo, et al. 2010; Dourish 2010; Woodruff, et 

al. 2008]. When looking at the big picture in energy consumption, 

domestic resource consumption makes up for more than one fifth of 

the overall usage of energy, and with a growing trend in terms of the 

absolute consumption rates [EIA 2011]. This trend can be explained 

by rising incomes, higher living standards, a shift towards smaller 

households and larger dwellings and a growing demand for electrical 

appliances [EEA 2011]. Hence, an increasing emphasis has been put 

on the research of technologies that enable people to take on an active 

role in reducing power consumption at home [Chetty, et al. 2008; 

Fischer 2008; Pierce, et al. 2010]. 

Studies have repeatedly pointed out the positive effects of feedback 

mechanisms in enabling consumers to gain a better understanding of 

their use of resources and to identify and depict energy savings 

potentials [Darby 2001; DiSalvo, et al. 2010; Fitzpatrick, et al. 2009; 

Mankoff et al. 2007]. Over the past 20 years, feedback mechanisms 

have been widely studied in environmental psychology, mostly taking 

positivistic stances, such as rational choice models or norm-activation 

models [Froehlich, et al. 2010; Stern 1992]. Using these approaches, 

Darby showed, for example, that feedback mechanisms can influence 

energy consumption in a positive way and can increase the potential of 

energy savings by 10%-15% [Darby 2001; Darby 2006]. The 

positivistic stance of these approaches have been criticized, however, 

for overemphasizing the importance of deliberate and individual 

choices and disregarding the fact that individual consumption takes 

place in a larger socio-technical context [Gram-Hanssen 2009; Shove 

2003; Wilhite, et al. 2000]. Existing positivistic models take the 
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research subject for granted, without actually looking into the 

phenomenon of energy as it is constructed by the people themselves 

[Kempton 1982]. 

By contrast, Pierce and Paulos [Pierce et al. 2010; Pierce, et al. 2011] 

take a phenomenological stance to describe the relationship between 

humans and energy. The authors argue that energy is an imperceptible 

entity that has disappeared from our consciousness. Hence, design 

should render it perceptible again, in order to make it a visible part of 

our everyday lives, so that we can develop an emotional connection to 

it. A crucial foundation for the design of technology lies, therefore, in 

gaining an understanding of energy as an entity within our world, and 

in understanding how we use it, how we relate to it and how we live 

with it. Pierce’ phenomenological turn provides an interesting change 

in the research on energy feedback mechanisms because it reveals 

how the positivistic studies on this subject take for granted precisely 

what has to be actually uncovered by empirical research, namely what 

we are talking about when we talk about energy. 

Methodologically, our work is grounded in Garfinkel’s [1967] 

phenomenologically oriented Ethnomethodology and his concept of 

“accountability”, which refers to members as situated practices of 

looking and telling by which phenomena become observable-and–

reportable. In particular, accounting practices are not external to 

phenomena but constitutive by expressing its ordering structures. To 

study these structures empirically, we adopt Crabtree’s 

technomethodological operationalization of Garfinkel’s [1967] 

concept of breaching experiment as short-term practice intervention 

through technical artifacts [Crabtree 2003; Crabtree 2004; Crabtree 

2004]. 

In our case, we studied the world of energy consumption as perceived 

by people. To do so, we provided 16 households (46 participants) 

with electricity usage monitors and took the collected data as a starting 

point. We then discussed with the participants how they interpreted 
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their energy consumption and made it accountable.
4

 Based on these 

accounts, we elaborated on the household members’ categories and 

methods, which turned energy consumption into a meaningful object 

for them. 

We provide here a description of the revealed structure of the 

phenomenon of private energy consumption, as reconstructed from 

the accounts given by participants of the study, and list several 

implications that this structure has for the design of interactive 

technology to support sustainable life styles. 

7.2 On a Phenomenology of Energy Consumption 

“Instead of resorting to armchair theorizing and speculation, we must 

consult ‘the things themselves’, or that which ‘manifests itself’ or ‘gives 

itself’” [Overgaard et al. 2009] 

In simple terms, phenomenology refers to the study of ‘phenomena’ 

as they appear in our lifeworld  [Sokolowski 2000]. The concept of 

lifeworld (from the German word ‘Lebenswelt’), introduced by 

Husserl in [2008], refers to the world that we experience in our 

ordinary life, the world that we perceive as opposed to what we think 

are the causes of our perceptions[Fällman 2003]. Phenomenological 

investigation aims to study the nature of the phenomena in question 

by analyzing, from a first-person perspective, the constitutive structures 

of the conscious experience. As researchers, however, we have no 

direct access to someone else’s first-person perspective. A 

fundamental claim of phenomenology (like pragmatism) is that 

something like direct experience does not exist. Every sensation is 

                                                           
4 We refer here to ‘energy consumption’ instead of ‘electricity consumption’, 

as our participants did not strictly distinguish between energy and 

electricity. Our participants typically talked about their energy 

consumption when referring to the consumption of their electrical 

appliances. This does not deny the fact that other types of energy exist, so 

it might be more accurate, from physical perspective, to use the term 

‘electricity’. However, such a terminology would not pay justice to people’s 

ordinary practice, so from a phenomenological stance the notion of energy 

consumption seems to be more appropriate. 
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always linguistically mediated, embedded in the horizon of a mundane 

world of disclosure. The aim of empirical phenomenology studies is 

to recover the phenomenon from the various traces and expressions 

of social interaction left by people, so the foreign perspective is made 

accountable [Garfinkel 1994; Oevermann 1993; Titscher et al. 2000]. 

A defining element of phenomenology is the transformation of the 

false subject-object dualism into a correlation between what is 

experienced and the mode of experiencing it [Ihde 1986]. This 

transformation creates what Ihde [Ihde 1978] calls the instrumental 

character of the constitution of objects: what is given depends on how 

it is given, including the involved technical instruments by which it is 

given. By changing the mode of experiences through the design of 

technical instruments, we as designers contribute to the constitution of 

the lifeworld of people. A central implication of this non-neutrality of 

technology [Fallman 2011; Ihde 1978] is that the matter of design 

should not be the artifact in isolation, but the co-evolution of the 

artifacts and the social practices in which they are embedded. It is not 

enough for design inquiry to just uncover the configuration 

phenomena of someone else’s lifeworld. It also needed to explore the 

ordering principles, methods and technologies that are part of the 

configuration process.  

The insights of phenomenology hint to an incompleteness of the 

rationalistic environmental research paradigm [Strengers 2011] 

regarding the design of interactive technologies to support responsible 

energy usage based on feedback mechanisms. In particular, energy 

consumption does not exist in itself, but is always energy consumption 

for someone. The energy of flashes, volcanoes or windstorms is 

usually not perceived as energy consumption, but as natural 

phenomena. This highlights that energy and energy consumption are 

different concepts. This is not to say that energy consumption is a 

purely imagined category, but to stress that the inquiry into energy 

loses its subject matter if reduced only to the language of natural 

science (e.g. by reducing normative categories like wasting trough the 

use of definitions based on the physical categories like kW). In other 
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words, energy as a part of our lifeworld has an essential normative 

character which could not be reduced to any physical concept of 

energy which is by definition descriptive [Statistisches Bundesamt 

2011; Winch 1958]. Therefore, the focus of study for the design of 

sustainable interactive technology should not just be materialized 

energy as an entity of the natural world (e.g. measured in physical 

terms like ‘kW’), but rather, energy as part of an intentional world, 

where it carries a meaning (e.g. given and judged in normative terms 

like ‘wasting’ or ‘sparing’). 

In their work, Pierce and Paulos have been following a 

phenomenological approach towards sustainable interaction design, 

emphasizing the intentional constitution of energy consumption 

[Pierce, et al. 2011]. To approach the phenomenon of energy, the 

authors use a post-phenomenological framework, proposed by Ihde, 

[Ihde 1978] to  differentiate and understand current design 

approaches. Using several categories of human-machine relations 

described in the work of Ihde, such as background, embodiment, 

hermeneutics, or alterity, Pierce and Paulos outline the diverse 

human-electricity relations. Based on this characterization, they draw a 

useful theoretical foundation to explain the diversity of approaches in 

HCI and to open new paths for the design of sustainable technology. 

The arguments and categorization of Pierce and Paulos provide an 

interesting twist to the theoretical discussion around feedback systems. 

The phenomenological approach raises not only the question of what 

a relationship between humans and energy looks like, but also the 

question of energy as a socio-technical phenomenon and the 

accountability of the human-energy relationship. The work of Pierce 

and Paulos centers on human-technology and human-electricity 

relations [Pierce, et al. 2011; Pierce, et al. 2010], uncovering an 

important element for the design of supporting technology, namely 

the question of what the mundane human-energy relationship looks 

like in practice.  
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An important element to consider when addressing this question is 

that intentional qualities are not directly accessible. Empirically, we 

can only study the way people report a phenomenon. Approaching 

energy consumption calls, therefore, for empirically uncovering the 

mundane configuration of the phenomenon as it manifests itself to 

particular people in particular settings. Garfinkel [Garfinkel 1994] 

used the term ethno-methods to characterize the ordinary methods 

with which members of a certain practice constitute and make an 

orderly world accountable. He argued that these ordering principles 

are not a prerequisite, but an outcome of making the actual setting 

‘detectable, countable, recordable, reportable, tell-a-story-about-able, 

analyzable - in short, accountable’ [Garfinkel 1994].  

Garfinkel’s ethnomethodological ideas were introduced to HCI by 

Lucy Suchman’s [Suchman 2006] work on situated action. The 

ethnomethodological stance in HCI was further elaborated by Button 

and Dourish [Button, et al. 1996], who introduced the concept of 

technomethodology, explicitly building on the ethnomethodological 

tradition. This concept was later further developed by Crabtree 

[Crabtree 2003; Crabtree 2004; Crabtree 2004] as a way of 

approaching the design of interactive systems. In particular, Crabtree 

recognized the non-neutrality of technology, by treating it not as an 

external element that is used in ethno-methods, but as an integral 

element in the constitution of ethno-methods. 

In this tradition of technomethodology, we here argue for the need of 

an inquiry centered not only around the phenomenon of energy, but 

also on the mundane methods and technical instruments involved in 

energy consumption. Complementary to the theoretical 

phenomenology focused on the human-electricity relation [Pierce, et 

al. 2011], we need an empirical phenomenology focused on revealing 

what is taken for granted, such as the ordering principles used by 

people to constitute and make energy consumption accountable. In 

other words, together with what people make accountable, we propose 

to examine how this is made accountable. To address this need, we 

have been following a research agenda defined by three elements:  
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 Reconstruction of the elements used by the people to make 

energy consumption describable, 

 Analyzing of the reconstructed methods in relation to 

accountability, 

 Envisioning technology to support or improve existing 

methods or to explore alternatives. 

In the following sections, we present the results of the outlined 

research agenda. First, we uncover the phenomenological structure of 

energy consumption and the ways people make them accountable. By 

interpreting these results, we have derived relevant implications for the 

design of technologies that support sustainable practices of energy 

consumption. 

7.3 Accounting for Energy Consumption Practices 

To uncover the phenomenological structure of energy consumption 

practices, we conducted an empirical study with a total of 46 

participants from 16 households between June and October 2009. 

We used an experimental and explorative approach based on a 

reinterpretation of the ethno-methodological concept of breaching 

experiment [Crabtree 2003; Garfinkel 1967]. The basic element of 

this approach was the introduction of experimental technological 

elements and prototypes meant to purposely disturb the system of 

already embodied practices [Crabtree 2004]. This type of intervention 

is not aimed at providing prototypical solutions for a particular 

problem. Instead, we hoped gain insight into how these practices 

emerge, how people adapt to technologies and how unforeseen 

breakdowns can emerge from the use of technology. 

To explore practices of energy consumption, we introduced a simple, 

off-the-shelf metering device with Kilowatt/hour feedback in each 

household. In all cases the technical intervention constituted a 

disturbing element in the sense of Crabtree’s concept of breaching 

experiments, as the introduced technology had not been used before 

in any of the households. We did not install more advanced devices, 

such as ambient eco-feedback or game-oriented solutions, as 
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promoted in HCI, because these systems are solely studied for their 

motivational effects, but not in regards to the way in which people use 

them to reflect on their consumption. Hence we could not directly 

make use of other studies, but had to conduct our own inquiry using 

simple feedback mechanisms. 

We used a snowball recruiting method [Flick 2007] to get in contact 

with the participating households. Participation was voluntary and no 

financial compensation was offered. To create a qualitative sample 

[Flick 2007], we selected households that varied widely in 

demographics (age, gender), living arrangements (home owners, 

apartments), and  social as well as professional background. There 

were a total of 46 participants; some were students, others were 

unemployed or professionals and academics. The age of the 

participants ranged from 9 to 61 years. All households were located 

near the city of Bonn, Germany and had a similar cultural 

background, representing a typical sample for a German urban region 

[Federal Statistical Office Germany 2011]. 
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 No. Type of 

flat 

m² Type of 

household 

Permales 

H1 AP 45 single  P1, male, 29, designer 

H2 AP 56 single  P2, female, 21, pharmacist 

H3 AP 45 single P3, male, 29, electrician 

H4 AP 50 single P4, female, 28, trainee 

H5 AP 78 couple P5, male, 28 unemployed 

P6, female, 26, student 

H6 SP 130 family  P7, male, 56, physician 

P8, female, 52, secretary 

P9, male, 21, student 

P10, male, 19, student 

H7 AP 28 single P11, female, 17, student 

H8 SP 168 family P12, male, 61, Teacher 

P13, female, 60, teacher 

P14, male, 28, carpenter 

H9 SP 123 family  P15, male, 36, CEO in a large 

company  

P16, female, 35, housewife 

P17, female, 12, student 

P18, female, 9, student 

H10 SP 130 family P19, male, 49, soldier 

P20, female, 44, housewife 

P21, male, 19, student 

P22, female, 17, student 

H11 SP 112 family  P23, male, 42, self-employed 

engineer 

P24, female, 42, part-time 

marketing expert 

P25, male, 11, student 

P26, female, 9, student 

H12 SP 250 family P27, male, 57, civil servant 

P28, female, 53, housewife 

P29, female, 18, student 

P30, male, 15, student 

H13 AP 72 couple  P31, male, 25, shopkeeper,  

P32, female, 22, student 

H14 SP 190 family  P33, male, 48, manager 

P34, female, 44, nurse 

P35, female, 19, student  

P36, female, 17, student 

P37, male, 14, student 

H15 SP 129 family P38, male, 44, Technical 

designer 

P39, female, 44, housewife 

P40, male, 16, student 

P42, male, 15, student 

H16 SP 135 family P43, male, 42, mechanic in a 

large industry 

P44, female, housewife 

P45, male, 21, student 

P46, male, 19, student 

Table 2: List of Households (AP = rented apartment, SP = separate home) 
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This means, our sample was quite diverse in regards to aspects such as 

demographics and gender, for example. When considering issues like 

electricity prices (about 24 EUR cent/kWh), billing practices (monthly 

or quarterly billing based on estimated consumption with a yearly 

adjustment to the real consumption), weather conditions (moderate 

summers and winters) and general cultural background (urban, 

western lifestyle), then our sample was quite homogeneous. An 

overview of some of the characteristics of the households and of the 

participating people is provided in table 2 (cf. Table 2). The breaching 

experiments happened in three phases: 

(1) Getting familiar with the context 

As a first step, we conducted one semi-structured interview in each 

household, with one or two participants, to get to know the people 

and to uncover attitudes and motivations that affect their energy 

consumption. The questions in the initial interviews mainly focused 

on attitudes towards resource consumption and on how participants 

managed electrical consumption. 

(2) Implementing smart metering  

On the same visit as the interview was conducted, we installed basic 

smart metering infrastructure that measured energy consumption on 

an appliance level in the entire household over a period of 7 to 10 

days. The duration of exploration slightly differ because of availability 

of participants. The installed infrastructure consisted of 7 wall socket 

sensors that measured energy consumption and a PowerMeterClock 

(Figure10). The PowerMeterClock acted as a buffer that stored 

consumption information and simultaneously provided rudimentary 

real time information, such as the current electrical power usage und 

accumulated consumption of each appliance. Additionally, the 

consumption data of the entire household was recorded by recording 

the meter reading manually at beginning and the end of the study. To 

take each particular housing situation and the different preferences 

into account, the sensors were installed with the help of the 

participants. During the trial, the participants continued with their 
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daily life, while the smart metering infrastructure measured the 

selected appliances. 

 
Figure 10:  A PowerMeterClock and PowerMeter installed in one of the 

households (left). Some of the appliances measured by the power meter 

(right)  

(3) Post-trial interviews to uncover individual household 

practices 

After the first week, we started collecting data from the households. 

The collected measurement data provided the basis for the 

preparation of post-trial workshops. The data was taken from the 

sensors on each appliance and from the measurements of the entire 

household. The overall consumption data was derived from power 

meters provided by the local energy provider that were generally 

installed in the basement (Figure 10). 
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We again visited each household shortly after the data collection visit, 

and this visit was used for post-trial workshops. The aim of these 

workshops was to obtain an insight into how the phenomenon of 

energy consumption manifested itself in the different private 

households. We used paper-based and computer-based dynamical 

graphic representations, that provided visualizations of the consumed 

electricity in units of power (Watt) and energy (kWh). These 

representations were then discussed with the participants in regards to 

their consumption behavior (Figure 11). 

 
Figure 11: A researcher conducting a post-trial interview. The graphic on top 

was one of the visualizations used to indicate electricity consumption. 

All interviews were recorded and several parts were also captured on 

video. This resulted in more than 20 hours of audio data being 

analyzed, combining open coding methods [Strauss et al. 1990] to 

structure the observed phenomena, and sequence analysis methods 

[Pilz 2007; Titscher, et al. 2000] to produce a verbatim analysis of the 

expressions of the phenomena in their natural orderliness. This 

analysis provided the foundation to uncover and support the 

categories and methods presented in the next sections. 

7.4 The configuration of Energy Consumption 

The analysis of the data collected in the interviews and workshops 

provided insight into the different ways in which people perceive 

energy consumption as a meaningful part of their life’s. This section 
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will present the most relevant of our observations, illustrated with 

extracts from the collected body of data. 

7.4.1 The Nature of Wasting Energy  

As mentioned before, energy consumption is always energy 

consumption for someone. This constitutive feature of energy has a 

specific meaning, which emerges from the fact that people have to pay 

and are made responsible for their energy consumption. Therefore 

one might expect, that people reflect on their consumption in 

economic terms. As we will show below in section 7.5, the category 

money does play an important role as an accounting unit to compare 

consumption. A more precise inquiry revealed, however, that 

participants primarily thought about energy in terms of wasting and 

not in terms of absolute costs. The first element that we would like to 

present in our account is, consequently, the phenomenological 

structure of wasting, and in particular how and when energy is 

considered wasted and how wasting is attributed to someone. 

Wasting energy: An expression of a careless lifestyle 

In an early work on sustainable interaction design, Woodruff et al. 

[Woodruff, et al. 2008] conducted a study on supporting what they 

call ‘green’ lifestyles. They showed that living green represents a value-

system focused on the reasonable administration of the resources 

available. In green ethics, it is considered wrong to drive a luxious car 

just for fun; it is deemed a bad lifestyle choice because of the 

resources wasted. Taken to an extreme, these green-value systems 

provide fixed definitions of what wasting is. In our fieldwork, however, 

we observed that the value-systems of our subjects were more subtle, 

as the following interview sequence shows: 

Interviewer: What do you think are the top five most used appliances? 

John (P7, 56, physician and father of two adult sons, living with his wife 

in a separate home): Well, first the TV and my desktop computer, 

then my wife’s laptop [laughing], then the washing machine and then 

my office downstairs in the basement. Which is not used 

regularly…but in regards to energy consumption, it’s in the top 

five…also the lights and [...] I actually changed our lights to low 
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current and energy-saving bulbs […] I would add them to the top 

five or top ten. 

Interviewer: Did you determine this through consumption […] the top 

five? Because I thought […] as a first step, more like, what is used, 

no matter how much it consumes… just that… 

John: No, actually […] I would prefer to categorize it, like, by saying 

[…] this is media energy,  which is like leisure energy  and the other, 

that is for example […] yes, well, working energy. For example the 

fridge [...] it is easy to ignore, because […] the fridge is always on 

[…] when you think of it, but you never really realize how much it 

consumes. 

Interviewer: And how would you picture media energy and working 

energy […] eh leisure energy and working energy? 

John: So […] Usage that happen in my free time, like media energy […] 

so to say, the computer (desktop PC on a desk) is running, if I am 

currently not working, for fun, then the TV is on as well, and there’s 

also another computer connected […] and […] my wife for example 

goes online as well (with her laptop) 

Interviewer: Yes. 

John: Basically there are three workspaces that are occupied only for 

media […] where I’m only doing media stuff and […] perhaps the 

washing machine downstairs, that is work energy on the other hand 

[…]I mean, I need that somehow […] yes […] that is the way I 

categorize it. I have to do the laundry but I do not have to watch TV. 

So I have the opportunity to say […] OK […] I leave the TV off and 

go on the Internet […] but then again I would like to see a movie 

[…] and my PC [on the desk] is still running even if there is another 

PC [used to watched movies] with the same functions. 

While explaining the consumption of the diverse appliances, John 

refers to his energy consumption using two categories he calls ‘leisure 

energy’ and ‘working energy’. He further elaborates this by describing 

the characteristics of these categories. In his example of ‘leisure 

energy’, he discusses the energy consumption by questioning its 

validity, in this particular case by ‘leaving the computer on without 

using it’. For him, ‘not working’ with the computer, but having it 

turned on, is not necessarily a reasonable way to use energy. The 

characteristics of what John means by ‘working energy’ emerge when 

he talks about the ‘need’ of having a washing machine. John separates 
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them ‘simply’ by comparing the need ‘of doing laundry’ with the non-

existing requisites ‘of watching TV’. 

‘Wasting’ emerged as a common category, appearing in almost all 

cases of our analysis. However, the following discussion about 

reasonable use, between the interviewer and between Hans, a father 

from one of the households, shows how the interpretation of ‘wasting’ 

is quite random and depends on the personal way of life: 

Hans (P43, 42, mechanic and father of two grown up sons): […] and 

things like leaving the computer on for three days because you’re 

downloading huge files from the internet, you know […] and you 

benefit from this, and if you benefit from it, you should pay for 

electricity. [Interviewer: Yes] The minute that you download a large 

file, you are using the computer. That’s simply your usage time. 

Interviewer: Yes, but that is not necessarily reasonable use. Doing your 

homework on the computer, it makes more sense than watching a 

movie you’ve downloaded from the Internet. 

Hans: Well, but then [name of feedback system] needs to be able to 

distinguish between useful and non-useful energy consumption. […] 

If I were a movie fan, and if I wanted to see a movie, then what?[…] 

Well, as soon as these things [the computers]are needed, no matter 

for what, then you should pay for electricity. The crucial point is how 

to deal with these things [computers] when they are not needed. 

While giving an account of his consumption, the father refers to what 

he calls ‘beneficial use’. He legitimizes the consumed energy by 

valuing the intention of ‘downloading files’. The interviewer 

introduces the idea of reasonable use. While considering the opinions 

of the interviewer might appear as a methodological flaw for an 

ethnographic study, at this point the interviewer is speaking of his own 

experience with computers, so we decided to use the dialogue. For the 

interviewer, downloading files is not necessarily ‘reasonable use’. In 

doing this, he shows that, for him, purposes are not neutral, but they 

are matter of subjective values. The father acknowledges the argument 

of the interviewer, but concludes that a distinction between right and 

wrong should be made by the system. For the father, the judgment of 

a purpose is crucial to legitimize the usage of energy and ‘useful’ and 
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‘non-useful’ energy are the relevant criteria to describe energy 

consumption as ‘wasting’. Again, in this argument, the father expresses 

that the perception of such purposes is subjective: ‘If I were a movie 

fan […]’.This reveals a seminal difference with dogmatic green-value 

positions which assume the existence of an objective vantage point to 

judge purposes. In the presented episode, the father identified a 

consumption purpose as a basic category to make consumption 

accountable. For him it is important to distinguish between right and 

wrong purposes. However, how these distinctions are made is a matter 

of subjective consideration, and consequently, they cannot be 

delegated to any externally defined algorithm. 

Wasting energy: Inefficient use of resources 

The link between energy consumption and purpose represents a first 

basic element in defining wasting. This attribution allows the judging 

of energy consumption as wasteful, by connecting it to a careless 

lifestyle. A second element in the definition of wasting arises from the 

form that consumption takes on in relation to the use of resources. 

The following discussion about data presentation illustrates this point: 

Interviewer: OK, so if you have information like the one displayed, is 

this one interesting for you?  

Martha (P4, 28, trainee and single, living in a rented apartment): Yes. I 

think it is interesting, but only if I have a reference to compare it to. 

For example, if I knew that my washing machine uses this much and 

a washing machine should normally consumes that much. I can’t 

really apply that information right now […] I mean, I am aware that 

a washing machine consumes more energy than a fridge. I just 

thought that [with the system] I would be able to see if you can 

somehow save electricity or if you can identify a black sheepin the 

apartment. 

Interviewer: Well, you have a display here […] the information that you 

are missing is a comparative value […] is there something else? 

Martha: Well, for example, I would find that interesting with regards to 

the fridge. The energy consumption is rather stable […] but it would 

be interesting, to see what the comparative value of a newer 

standard model would be. And a new washing machine that runs on 

a 40 degree program, how much energy that would use. 
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In this sequence, Martha states that for her the ‘reference to compare’ 

‘how much’ energy her washing machine uses in relation to a ‘very 

modern washing machine’ is the relevant question whether she ‘can 

somehow save some electricity’ in her apartment. The same concern 

later came up again when Martha mentions her wish of being able to 

compare the ‘usage’ of her refrigerator with a comparable one. In 

Martha’s account, the significant elements are the used resources and 

a comparison with the consumption of alternative appliances. In her 

case, the purpose of energy consumption is already settled and 

accepted as necessary. So wasting becomes defined by the amount of 

used resources. Avoiding waste and saving energy can be achieved by 

replacing devices that are less energy efficient. The purpose itself 

(cooling, washing) remains out of the question and, hence, non-

negotiable [Strengers 2011]. 

Wasting energy: Connecting purpose and used resources 

The above mentioned elements defining the waste of energy, used 

resources and purpose, are not independent and their interaction 

constitutes a third element in defining waste. The following vignette 

illustrates this connection. Here, one interviewee imagines how a 

feedback system should present continuous energy consumption: 

Interviewer: Do you think, with such visualizations, if you had the option 

of following and checking your energy consumption continuously, do 

you think you would be able to control your consumption better? 

Simone (P20, 44, housewife, living with her husband and two children in 

a separate house): Yes, I think that if I had those data in mind, I 

would pay more attention to what I turn on, I mean, of course not to 

how long [they remain on]. I would try now and then to not have all 

appliances running. If I knew my usage, or [if I knew] how many 

kilowatts I’m using […] I would turn off the TV and then I would go 

on the Internet or maybe I wouldn’t turn music on while I’m surfing 

the Internet to save some electricity. Maybe it would be interesting 

or more intriguing for me, at least. Actually it would stop me if I 

knew how expensive it was. 

The initial reflection of Simone articulates the link between purpose 

and use of energy resources. Her strategy of turning the TV off when 
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it is not being used does not question the benefit of watching television 

in general. Just as in Martha’s case, here, wasting represents an 

expression of a sub-optimal use of resources. Simone’s strategy to 

avoid waste, however, is not to replace the device with a more efficient 

one, but to cut back in electricity consumption by changing the activity 

and reformulating the activity’s purpose from watching television to 

entertainment, and hence, moving to something cheaper in terms of 

energy consumption. This linkage is clarified in the last statement of 

Simone: ‘actually it would stop me if I knew how expensive it is’. A 

similar account was often expressed in the post-trial interviews. In 

most of the cases, energy waste is not completely subordinated under 

the purpose or the used resources. Waste in these cases can only be 

judged by the proportionality making the connection of purpose and 

used resources to the subject of reflection. 

7.4.2 Energy Consumption and the Present Self 

A further observed element in consumption accounts is the 

construction of a relationship between the subjects and their energy 

consumption. This construction is where feedback plays an important 

role because it can create a connection between agency and 

consumption. Previous work in environmental psychology has shown 

that monthly energy bills are too detached from the consumption 

context to be useful in fostering environmentally friendly practices 

[Kempton et al. 1994]. To solve this problem, immediate feedback 

has become one of the most important design options [Darby 2006; 

DiSalvo, et al. 2010; Froehlich, et al. 2010]. In our daily life,  we do 

not perceive energy itself as being consumed but services that 

consume energy [Wilhite, et al. 2000]. Consequently, we should not 

only consider the detachment of feedback information from the 

context of consumption, but also the detachment humans perceive 

when using the energy consuming aspect of technology. 

In the following sections, we will reconstruct the relationship between 

people, services and consumption starting empirically with the 

perspective of people and their accounting practices, as defined in our 

phenomenological agenda. We have observed people talking about 
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consumption and have found categories that fit into the 

phenomenological notions of background and embodied services 

[Ihde 1978]. An embodied service is a service that stems from an 

activity actually performed by an individual, while a background 

service is part of our domestic environment, makes our lives possible, 

and has become an integral part of our daily practices. 

Background services as baseload 

In our interviews, background services manifested themselves in what 

Bob, one of our participants, called baseload. In his perception, a 

specific amount of energy must be used to cover basic needs. In the 

following sequence, Bob explains: 

Bob (P23, 42, engineer, living with his wife, son and daughter in a 

separate house): So I'd find it good, if there were a certain baseload 

that is necessary for the house. That would include all devices that 

you cannot switch off such as the router, a fridge, a freezer and so 

on. 

Interviewer: Telephone and so on. 

Bob:  If you knew this baseload and could compare it with the energy 

consumption of all the devices that you could but should not turn off, 

standby units, so to speak. 

 Interviewer: Yes. 

Bob: And then, of course, the devices that are turned on whenever 

needed. If you had this separation, then you could probably manage 

your energy usage better. The heating, the fridge or the freezer; you 

cannot change anyway. You can replace them, and you just know 

that there is a certain baseload used in a household. 

What Bob describes is an aspect of how always-on devices become 

permanent habitants of the electrified household. The interesting 

point, however, is that always-on devices are seen as background 

services which are attributed to the house (‘that is necessary for the 

house’). For example, Bob mentions his router, refrigerator or freezer 

as appliances that need to be continuously running, compared to 

other devices that should consume energy only when actually needed. 

When becoming a background service, detached from an ongoing 

activity, the human relationship with the device changes, and 
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consequently, the ways of how consumption is made accountable 

changes. The central aspect observed for background services is that 

they create a baseload that, in the eyes of the consumers, cannot 

possibly be changed because it is essential. Hence, this consumption is 

not considered wasteful. In contrast, consumption created by 

embodied services running without any concrete, present need are 

deemed as a waste of energy, as for example Simone states in section 

7.4.1: 

“I would then turn off the TV and I would go on the Internet or maybe I 

wouldn’t put music on at the same time that I’m surfing the Internet, 

to save some electricity […] it would stop me if I knew how 

expensive it is.” 

Feedback, action and interpretation 

A further element in the construction of one’s own energy 

consumption is the relevance of context. The following sequence 

taken from an interview with George explains this aspect. The 

interviewer asks George if a physical display of his consumption would 

be interesting, while agreeing, he mentions a fundamental problem 

with such a display: 

George (P1, 29, designer, living alone in a rented apartment): I want to 

have the facts, because… that's why I said that there are devices 

which I cannot turn off and if the fridge is on, it’s on. And if a flower 

wilts or whatever turns red… I don’t care, because I cannot change 

it anyway. 

For George, the relevant element is not absolute energy consumption 

but rather energy waste. Immediate feedback makes sense for George 

only if energy consumption is caused by the immediate acts of an 

individual, i.e. when there is space for a corrective action. This does 

not necessarily imply that feedback on consumption is irrelevant. 

Rather it shows a need for additional mechanisms that indicate paths 

of action. In George’s case, for example, alternative options could be 

changing the position of the refrigerator to a cooler space or to 

provide options for buying an environmentally friendlier one. 
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The argument underlying the comment of George additionally shows 

a more subtle problem with traditional feedback mechanisms. George 

points out how they fail to create a link to a certain activity or to a 

certain class of consumptions. In the case of embodied services, the 

activity creating the consumption is present, and can be used to 

construct meaning for feedback information. In contrast, the 

background service provided by the refrigerator is not present to 

George. The perceivable hook for this consumption is not available, 

and consequently, George cannot semantically interpret the provided 

feedback. 

7.5 Methods of Making Energy Accountable 

In the previous section we discussed what energy consumption means 

for the participants. In this section, we will move our focus towards 

how the participants made energy consumption accountable. This 

change of focus is very important, because the ways in which people 

account for their consumption can have a significant impact on energy 

consumption and waste. As discussed previously, we refer to these 

mundane practices as methods in the tradition of ethnomethodology. 

We will here present four methods we observed. The first refers to 

the direct comparison of energy consumers. The second refers to 

money as an universal instrument to make consumption comparable. 

The third refers to the mapping of consumption to the accounts of 

others. The fourth and last method presented, refers to the mapping 

of consumption to reconstructing routines. 

7.5.1 Consuming Appliances of the Same Type 

One of the methods used by people to give a meaning to 

consumption, which was observed often, was the use of comparisons 

to other appliances regarded as being of the same type. The following 

excerpt illustrates this method: 

Interviewer: Would it also interest you, in that respect, how others look? 

Meaning, that if you now measure your own use, that we’ll look at in 

minute, we can look at it now [...] does that correspond to your 

expectations of how a refrigerator behaves? 
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Mike (P12, 61, teacher, living with his wife and son in a separate 

house): Yeah, that is what I expect from a refrigerator. When it 

comes to the household, checking how much electricity I consume 

and how much a four-person-household consumes? That actually 

wouldn’t really motivate me. I probably would have a look at where 

and how I use what amount of energy. How much electricity it is, 

what that amounts to in terms of money and where I could change 

something. And if I say that’s ok, I’ll allow myself that comfort, then 

I have to pay for it too. So, in regards to that, what others 

households consume, isn’t that interesting to me. 

Interviewer: That means [that you would] a comparison between 

various types of equipment, within the same device type. You know 

that a refrigerator of a certain brand uses a certain amount of 

energy. So then you know how much your model should consume, but 

you can see that it actually consumes much more. Would that be 

useful? 

Mike: Right. That would be interesting. Actually, only for the same type 

of devices. If I’m going to buy a refrigerator, I am doing it because I 

need one and it is also clear to me that it consumes electricity. And 

then, when making a purchase, I would look for one that does not 

consume too much energy. I can compare old devices with newer 

models and can then calculate if it would be profitable to exchange 

my old one for a newer one. Then, maybe I would think about buying 

a new one […] and not wait until the one I have is broken. 

The interviewer brings up the possibility of comparing the 

consumption with the values measured by other consuming groups of 

people. Instead of following the suggestion of the interviewer, Mike 

rejects the idea of comparing himself to a statistical conception of 

expected consumption of a similar type of consumer (a four-person 

household), stating that for him it, would be more helpful to think on 

the device-level, comparing the energy consumption of devices of the 

same type. Instead of identifying wasteful activities, it seems that the 

primary concern of Mike was in making the wasting of resources 

detectable (‘I can then calculate if it would be profitable to exchange 

my old one for a newer model’). This form of comparison can often 

be found in our results, and it is mostly used to make inefficient 

consumption visible and accountable. We observed this comparison 

being made to detect wasting for both embodied services (like 
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watching TV) as well as background services (as provided e.g. by a 

refrigerator). They were more common, however, when describing 

wasting by background services. A possible explanation for the 

preference expressed by Mark is the structural limitation, created by 

the need of categories to allow comparisons. When talking about the 

background service of cooling, it is easy to compare two sorts of 

refrigerators. Often, however, the reasons for energy consumption 

(watching football or driving to work) have their own qualities, which 

are not directly comparable. In the following section we will present 

an observed method that people used to deal pragmatically with the 

problem of comparing disparate categories of consumption. 

7.5.2 Money as an Universal Accounting Instrument 

A phenomenon observed many times during our data collection was 

the use of money as a reference system to make energy consumption 

accountable. The following sequence illustrates this. It is taken from a 

discussion, where a couple and their son analyze their consumption 

during a reflection workshop. The couple is completely astounded by 

the high consumption resulting from the computer activities of their 

son. Their request for an explanation from him leads to the following 

discussion: 

Daniel (P27, 57, civil servant, living with his wife and two sons in a 

separate house): You won’t be getting any allowance for some time. 

Do you know how much electricity your computer uses? 

Jacob (P30, 15, student): Nope! 

Daniel: It's absolutely outrageous! 

Jacob: What? 

Daniel: It used 77 kilowatts this week. 

Interviewer: Since last Saturday. 

Daniel: In the kitchen, the dishwasher uses eight kilowatts and it runs 

every day, sometimes twice a day. 

Jacob: How much is that? 

Daniel: Yes- that’s fourteen cents a kilowatt hour times 77, do the math, 

fifty-two weeks. Imagine what your computer costs!  

Jacob: Should I do that now or what? 

Emma (P28, 53, female, housewife): No, you don’t need to calculate that 

now. I just wanted to say that the cost of your computer is about the 
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same amount of your weekly allowance. 

[Jacob leaves the discussion rather annoyed and confused] 

This sequence shows very nicely how energy consumption accounts 

can jump between several different reference systems. In a first 

attempt to articulate his frustration about the energy consumption of 

the computer of his son, the father uses a physical unit (kWh) as a 

reference system. He further extends his explanation by 

contextualizing the consumption of the computer with a comparison 

to an appliance, with a well-defined role: the dishwasher and its 

comparatively low consumption in a week (8kWh compared to the 

77kWh). As implied in his conversion, the father attempts to provide 

some measure of the efforts that 1 tenth of the energy consumed by 

the son can cover: the cleaning of the dishes for a whole week. None 

of these reference systems seem to impress Jacob. To make himself 

clear, the father moves to a monetary reference, proposing an 

approach to go from the consumption of the computer to monetary 

value. The father does not make things much clearer to Jacob and his 

use of big numbers points to an attempt to bring his son to empathize 

with the feelings of both parents. Jacob begins to understand, as his 

rather confused answer shows. The mother makes a final conversion 

to a reference system that belongs almost completely to the world of 

Jacob. She shows her son that the energy consumed by his computer 

accounts for almost as much as his weekly allowance. 

The sequence shows how the physical units, like kWh can fall short in 

supporting the accountability of consumption in social settings. The 

majority of people, like the son and the mother, are not very familiar 

with the meaning and use of kWh. The ability to understand and 

convert kWh into other units, as shown by the father, represents an 

exceptional skill. In this context, the use of money as a common 

ground for making sense of consumption, proves to be useful to 

bridge the different worlds involved in this interaction [Kempton 

1982]. At first glance, the appeal of money as an accounting 

instrument might lie in the mentioned lack of skills to correctly 

interpret kWh. A more in depth look at the many changes of 
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reference systems in the sequence reveals, however, that it is not just a 

matter of knowledge that can be overcome for example, by learning 

how to use kWh readings. As an accounting instrument, the physical 

reference system provided by kWh has a fundamental structural 

limitation: although it allows abstracting from specific appliances like 

computers or dishwaters into consumed electricity, the abstraction 

ends there, and it only allows comparing consumption in absolute 

amounts. In contrast, ‘money’ represents a universal accounting 

instrument that can be used to compare and exchange any disparate 

couple of qualities [Karjalainen 2011]. In particular, it allows 

comparing between any type of consumption, such as playing 

computer games, buying new trousers or washing the dishes. The 

mother uses this quality of money, to convey the extent of 

consumption represented by the computer usage as a quality that can 

be understood by her son. 

It is important to note that our observation refers to money as an 

instrument to make a comparison. In our study the focus was not on 

the motivational effects of money, as a price signal to urge energy 

savings, as often discussed in rational choice-oriented approaches in 

environmental research. For us, money was a universal instrument 

that could be used to abstract a specific quality in every situation to 

appraise the value of something. This major advantage is also at the 

same its major drawback, namely in that it detaches compared 

qualities from their concrete value within the actual context [Fraser 

1998]. This connection, however, plays a very important role for 

consumption accounts, as observed before in our outline of the strong 

connection between the definition of waste of energy and the personal 

perceptions of purposes and goals. So the property of universality that 

accounting instruments, like money (as a universal economic unit) or 

kWh (as a universal physical unit), provide, at some point needs to be 

contextualized and embedded into the lifeworld of people using this 

category. In this sense, the pattern observed in the sequence, of 

reaching for universal reference systems and then moving to a 

contextualized reference system is not just another strategy, but it 

represents a necessity when accounting for consumption. 
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Contextualizing references require the actors to have a shared 

definition of the situation. This definition is at the same time 

established and negotiated during the actual social interaction [Shove 

2003]. This negotiation is visible in the presented sequence. In his 

attempt of contextualization, the father establishes a relation between 

‘running the dishwasher’ and ‘using the computer’. His sentence 

implies a rhetorical question: ‘Do you realize that playing with your 

computer consumes ten times more than the dishwasher?’ The 

mother goes one step further in the negotiation of a reference system 

that would allow her to convey her frustration. She moves from the 

universal frame of money into the lifeworld of her son, comparing the 

consumption of the computer to the weekly allowance. In essence, she 

asks rhetorically ‘Do you realize that playing with your computer costs 

just as much as all the things you buy with your weekly allowance?’. 

The central point that we want make here is that accounting methods 

are biased instruments. They shape the space in which agency is 

negotiated. In this context, smart metering technology alters the 

domestic ecology by changing the ways in which consumption 

becomes detectable. In their presence, the son needs reasons to 

explain his own consumption not as an absolute, but compared to 

other subjective reference systems. 

7.5.3 Using Others’ Consumption as a Reference 

Comparison of consumption has a long and persistent presence in 

environmental psychology as well as in sustainable interaction design, 

under the concepts of ‘comparative feedback’ and ‘social comparison’ 

respectively. One important motivation for eco-feedback technologies 

can be traced back to the theory of social comparison [Brynjarsdottir, 

et al. 2012; Jacucci, et al. 2009]. Following this theory, social 

comparison can motivate the adjusting of behavior in two ways: first, 

comparison can signal failure to comply with accepted social norms. 

Second, comparison can increase the motivation to contribute by 

being informed that others are also contributing. 
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An interesting use of applying social comparison based on feedback 

technology appears at a latter point in the discussion between Daniel 

and Emma, presented before. The situation takes place at the end of 

the field trial and refers to the energy usage of their sons Jacob and 

Paddy. The participants were asked if they would like to continue with 

the trial and what would they like to do with the equipment in the 

future. 

Interviewer: So what else?  

Daniel (P27, 57, civil servant): Now, if we had the equipment for 

another week, we would give Paddy (P29,18, student)  another one 

[…] placed there somewhere, and see what is better. This would be 

interesting. Perhaps it really is because of the old monitor. And then 

we could in comparison, measure at Jacob’s (P30, 15, student) 

Emma (P28, 53, female, housewife): Yes, that would be an option. 

Although he does not sit there [at the computer] so often […] 

Daniel: Yes, but we would have a reference value, to see if something is 

wrong with Paddy’s or Jacob’s and then we’d know where the 

problem is […] 

Emma: Yes, but then it would be easier if you would measure each 

device separately, then you would see immediately which device 

would is consuming way too much. 

Daniel: [interrupting] Yes, I agree, yes, if we measure at Paddy’s and 

his consumes half as much energy, then something must be fishy with 

Jacob’s stuff. 

Emma: Yes, but then he would have to leave it on as often as Paddy and 

that’s not the case. That’s why it is easier[..] 

Interviewer: - One could, one could indeed extrapolate. One could say 

yes ok now Paddy is using it, he has used it for two hours now […]. 

In the sequence we again see a comparison used to account for energy 

consumption. Contrasting to the previous portion of the discussion, 

this part refers to the comparison between individuals consuming 

energy. In this case, knowing consumption behavior does represent an 

end, but it serves rather as a means to make problems with energy 

services accountable. The primary concern of the comparison is not 

to figure out if Jacob’s lifestyle is wasteful, but to find out if something 

is wrong with the consumption of Jacob, which was initially blamed on 

a faulty monitor. The strategy points towards using comparative social 
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feedback as an inquiry instrument to discover opportunities to save 

energy. For the father, comparing the information coming from both 

of his sons represents a good additional strategy to discover problems. 

The mother, however, relativises the usefulness of this strategy, 

pointing out that the use of this strategy has to consider the differences 

in the habits of both of their sons. The transcript presents two issues 

that are central in comparisons: the need for dimensions to make 

consumption comparable and the relevance of the social context to be 

able to draw a usable conclusion form comparative social feedback. 

7.5.4  Habits and Situated Actions as Resources for 

Accounting  

Reflecting on routines and habits is a very important component of 

accounting for energy consumption. The following sequence provides 

a good example of this type of reflection. It comes from an interview 

where Hendrik uses the provided computer visualization to evaluate 

the data collected in the week prior to the interview together with the 

interviewer: 

Interviewer: That’s 10 minutes intervals 

Hendrik (P31, 25, shopkeeper): The day in 10 minutes […] make it half 

an hour [I:ok] so now one can see that from the computer. 

Interviewer: I’ll also add the total […] so […] here you have the 

consumption  

Hendrik: The computer is still on[…] 

Interviewer: Yes… around one o’clock you play around....somewhere 

around 1:30 or so… you turn it off […] Then it is in standby or 

probably there is something running. 

Hendrik: But that’s not possible because the multi-socket has a switch. 

[I: was it off?]  It was off. I turn it off when I turn the computer off. 

That’s why I wonder why it keeps using energy. You cannot attribute 

it to the computer… there are a couple of devices there…but they are 

actually all off…except for the phone… it could be the phone.   

In the sequence, both participants are trying to make sense of the 

data. The interviewer guesses that Hendrik left the computer on 

standby. Hendrik, however, adds information from his own habits to 

correct the assumptions of the interviewer. He knows that, because of 
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his habit of switching of the entire muilt-socket, the computer can’t be 

using energy, so he looks for alternatives. Based on the readings and 

his knowledge of the configuration of the outlets and devices, he 

identifies the phone as a possible candidate. This example reveals an 

interesting relationship between energy consumption records and 

habits. In a previous section, we showed how energy data can serve as 

a tool to asses habits in terms of energy consumption. In this case, 

however, this is reversed, and the habits are used as a foundation to 

make sense of the energy consumption data. 

Our second example also comes from the evaluation interview with 

Hendrik. This time, he reflects on an exception to his routines as a 

basis to build an account: 

Interviewer [looking at the screen]: What catches my attention in the 

configuration is… that you for example […] that in the sensor 5… 

you have peeks in there... quite a few. Also quite regularly in the 

evenings.  Around 9pm… could we… other mode… could we take a 

closer look at that? 

Hendrik (P31, 25, shopkeeper): That is […] that’s actually because on 

those days I had no satellite reception… and I listened to internet 

radio the whole night, so I didn’t turn the computer off… it only went 

into standby mode. Correspondingly, those peeks are probably from 

evening to morning.  

Again, it is the interviewer who tries to make sense of an interesting 

pattern appearing in the data. Hendrik tries to correlate the pattern 

with his past activities. He quickly finds an explanation and provides 

an account of the exceptional pattern of consumption (“on those days 

I had no satellite reception”’). Here, a particular exception to 

Hendrik’s normal routine provides the foundation to give a meaning 

to the observed peaks in the measurements. 

The two presented examples show the use of one’s knowledge of 

routine actions and situated exceptions as an accounting instrument. 

The third sequence describes an example, where the exception is 

taken as a rule. The sequence again is taken from the interview with 

Emma and her husband, presented before: 
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Interviewer: And now you had this watch...did you think during the week 

that maybe you could have seen things better, in a different 

way?...That I can show when what happened when… 

Daniel (P27, 57, civil servant): Only the daily accumulation […] one 

can’t see much. 

Emma (P28, 53, female, housewife): Well, on which days was it the 

highest? [Daniel: only accumulation?] but that’s not interesting. 

What’s interesting is the final result. I thought, if I look at the 

accumulation for seven days, then you add it up and then you’d also 

have previous values. For each day […] It depends on who is at the 

house, who is there and what they plan to do. And it changes 

afterwards… it fluctuates. Then no one uses the television, obviously 

no one uses the computer. The dishwasher is regularly in use. What 

else do we have? Of course…the other devices. Oh yeah, you worked 

this week, for example, so we didn’t have any coffee in the morning, 

those things add up, so for me it was only the final results that were 

important not the daily routine. 

Emma states that the energy consumed by the family depends on their 

presence in the house. She recalls specific events (not having coffee 

with her husband) which, from her perspective, provide a valid 

explanation for the oscillations in energy consumption shown in the 

graphics. However, because of contingencies of the daily situations, 

Emma was not interested in the energy consumption of the particular 

events, but what the effect of all these events in the end was (‘what’s 

interesting is the final result’). 

Overall, the presented examples give an insight into how reflection on 

past activities provides a foundation to account consumption readings. 

These recollections primarily serve as a basis to contextualize the data 

provided by the energy monitors. The measured values, by means of 

these recollections, are no longer an abstract number of KWh, but 

rather the meaningful results of specific activities. 

7.6 Discussion 

In the literature, providing direct feedback is one of the most 

discussed instruments to influence energy consumption behavior. The 

design of energy feedback systems is dominat by a rationalistic 

paradigm, where principles of efficiency and rationality are applied on 
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a household level [Froehlich, et al. 2010]. Most of the intervention 

studies building on this paradigm [Abrahamse, et al. 2005] show 

positive effects of saving energy. Paradoxically, at a macro level, 

examples like the large-scale deployment of smart meters in Germany, 

show that the expected effects of feedback mechanisms are not 

necessarily visible [Mazé et al. 2008] and that the average energy 

consumption is still growing [van Dam, et al. 2010]. 

This misalignment between both levels is related to a shortcoming on 

a micro level. Qualitative in-depth studies of feedback systems in the 

wild show that energy practices are far more complicated than the 

simple cause-effect or linear models used by rationalist paradigms: 

‘there is little information available on what kind of feedback 

households prefer and what kind of feedback works most effectively 

in reducing household energy consumption’ [Karjalainen 2011]. 

Addressing the blind spot of rationalistic paradigms, research has 

focused on consumption practices in daily life and has made 

important progress in the last years to understand, what kind of 

feedback users prefer [Bonino, et al. 2012; Karjalainen 2011; Roberts, 

et al. 2004] and how eco-feedback works in the situated context 

[Hargreaves, et al. 2010; Pierce, et al. 2010; Strengers 2011]. Strengers 

[Strengers 2011], for example, shows how people have difficulties 

making sense of the information provided by eco-feedback systems. 

The topic of the situated use of energy feedback remains by large, 

however, an open issue. 

Contributing to this research, our results show that a 

phenomenological stance provides an appropriate analytic lens to 

understand how eco-feedback works, by revealing how people use it to 

make energy consumption accountable and explainable. Following the 

phenomenological agenda described in section 7.2, we obtained  in-

depth insights about the configuration of energy consumption as a 

meaningful element in the lifeworld of people (cf. section 7.4) and 

how this configuration is created by people’s use of diverse accounting 

methods (cf. section 7.5). In this section, we want to summarize these 

findings, delineate a critical perspective on existing eco-feedback 
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mechanisms, and discuss design implications and guidelines for 

sustainable HCI resulting from our fieldwork. 

7.6.1 Energy Consumption as Phenomenon 

The first step in the proposed phenomenological agenda called for a 

description of the elements defining the configuration of energy 

consumption. Our observation shows that people primarily reflect on 

their energy consumption in terms of wasting. By deconstructing it as 

an objective quantity and analyzing its configuration, we observed 

three basic elements characterizing Waste: 

 To define consumption as waste, people connect energy 

consumption to a purpose. This purpose can be linked with 

a judgment about being ‘useful or ‘non-useful’, a judgment 

that is strongly related to a personal view and that is not 

necessary ascribed to a universal value system. We observed 

that valuing the intentions behind consumption define 

whether energy is considered wasted or not.  

 A further structuring element of the perception of Waste is 

the efficiency of use of invested resources. Sometimes, 

wasting becomes defined by the amount of used resources 

and the purpose itself remains irrelevant. 

 In most of the cases, energy wasting cannot be subordinated 

completely to the purpose or to the used resources. We 

showed that in many cases, waste can only be judged by 

proportionality mediating between these two elements, as 

presented in section 7.4.1 

Our study shows that energy consumption does not exist by itself, but 

is always an attribute of other meaningful categories. A similar 

observation was made by Wilhite et al. [Wilhite, et al. 2000], who 

pointed out that people do not consume energy, but use services that 

consume energy (e.g. by using the Internet in an assembly of devices 

and appliances like PC, Monitor, Router, Data Centers etc., that 

consume energy). We further observed that in attributing energy 

consumption, people differentiate between background and 
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embodied services. This observation connects the results of Wilhite et 

al. [Wilhite, et al. 2000] with the thoughts of Pierce and Paulos 

[Pierce, et al. 2011] on the human-electricity relationship. Synthesizing 

these ideas with our own observations, we can define two modes of 

energy consumption: 

 Embodied services are those forms of energy consumption 

originating from the actual, present agency of the subject. 

 Background services are those forms of energy consumption 

that make the lifeworld of the subject possible, but without an 

explicit involvement of the subject. 

Our relationship with energy depends on the kind of service causing 

consumption. Consumption as an embodied service creates a feeling 

of direct responsibility in case of waste. In contrast, background 

services are often perceived as constituting a necessary foundation, 

belonging to a world external to the individual’s agency, and hence, 

these services are perceived as not being subject of one’s 

responsibility. The kind of service attributed to energy consumption 

also affects the definition of waste (e.g. the standby consumption of 

the TV used as an embodied service is wasteful, yet the always-on 

consumption of the router used as background service is necessary, 

and hence, not wasteful). Consequently, the use of feedback 

mechanisms must take into account the kind of service being 

monitored. Direct feedback is more suitable for embodied services, 

whereas total cost of ownership can be more suitable for background 

services.  

The qualities of a phenomenon cannot exist in a vacuum. They 

emerge if when we make the phenomenon accountable, so a further 

step in our phenomenological agenda called for a reconstruction of 

the methods used by people to make energy consumption 

accountable. In our study we could identify four common methods: 

Comparing appliances of the same kind: This first method was based 

on comparing consumption among appliances of the same kind. This 
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was typically used as way to detect wasteful resources. This strategy 

was used both for embodied and for background services, but it was 

more common for background services, which can be explained by 

the fact that they are often based on appliances that are easily 

comparable (such as comparing two refrigerators), whereas embodied 

services are constituted by several appliances, of which some might 

even be unknown (e.g. watching football). 

Using Money as a universal reference system:  A second method 

observed was the use of money as an universal reference system to 

make consumption accountable. This confirms previous findings of 

Kempton and Montgomery [Kempton 1982] about money as a 

popular method for expressing energy consumption. In contrast to 

physical energy units, the skill of using money as an accounting 

method is already part of the cultural knowledge that we acquire 

during our lives. We can easily understand ‘10 dollars’ but, unless we 

are trained specifically for that, it is not easy to understand the 

meaning of ‚10 Kwh‘. The use of money as an accounting method 

emerges from its quality of expressing an exchange value capable of 

making the unequal equal [Fraser 1998]. By virtue of this quality, 

energy consumption can be brought into relation to any other kind of 

consumption. This advantage is at the same time, however, a major 

drawback. It detaches the compared elements from their concrete 

value within an actual context [Fraser 1998], which is central to 

establishing a richer relationship between the compared categories. As 

an observable expression of this drawback, we observed that 

accounting with money was typically embedded in a web of other 

accounting methods, which were used to re-contextualize the abstract 

meaning of money with regard to the particular context. 

Referring to someone else’s consumption: A further observed 

method, was the use of someone else’s consumption as a reference for 

measuring one’s own consumption. People used this method as an 

inquiry instrument to detect anomalies in consumption, and to trace 

wasteful appliances or behavior. To be able to use and interpret this 

sort of reference, people required sufficient understanding of the 
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context of the used data. People didn’t expressed any problems when 

using data from their own household, but were not interested in using 

other statistically similar households, as they had problems assigning 

their households to a certain category.  

Providing social comparison on a household level is quite popular 

[Mankoff, et al. 2007; Stapel et al. 2004]. However, our study 

confirms previous findings showing reservations against this kind 

feedback [Følstad 2008]. As expressed by one participant in a study 

conducted by Roberts et al. [Roberts, et al. 2004], ‘each individual 

house is a different one’. Our findings indicate that comparative 

feedback would be perceived as useful, if the social context of the 

comparative data is provided as a complement to allow people to draw 

usable conclusions from it.  

Habits and past actions as a resource for accounting: The last 

observed method consisted of the use of knowledge on local habits 

and past actions to provide a meaning to energy consumption. In 

literature, routines and habits have become a key element of the latest 

research in theories of practice (cf. [Davis 1989; Hassenzahl 2006]). 

Practices are understood as the routinized, embodied action, not only 

encompassed by mental and physical forms of activity, but also 

imprinted by artifacts and closely linked with perceptions of the world, 

common language and shared identities. In our study we observed 

that routines and habits provided practical knowledge about life 

history, which was effectively used to give visualized data a meaning. 

Habits were used to establish a relationship between energy 

consumption and specific situations and activities in the past. The 

reference systems provided by habits are highly personal and bound 

to a specific context. In this sense, the use of personal habits is 

complementary to the use of money. Accounting with money helps to 

decontextualize categories from a specific situation. Accounting by 

means of routines and habits helps recontextualize consumption in a 

specific situation, giving energy consumption a meaning in the 

personal lifeworld, which, as we observed, can change the perception 

of consumption. 
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Figure 12: Structure of the phenomenon of private energy consumption as 

reconstructed from the accounts given by participants of the study. 

Figure 12 provides a visualization of the results of our exploration of 

the phenomenon of consumption. Energy consumption represents a 

phenomenon that is configured by elements such as the ones 

presented in this paper: wasting energy and modes of consumption. 

These constitutive elements appear in concrete forms. For wasting 

energy, the observed forms were comsumption purposes and 

efficiency, as well as the relationship between these two forms (see 

Section 7.4.1). It also appears in different modes of consumption: as 

embodied or as background services (see Section 7.4.2). The inquiry 

into how these forms came into existence lead us to identify four 

accounting methods: accounting with appliances (see Section 7.5.1), 

accounting with money (see Section 7.5.2), accounting with other (see 

Section 7.5.3) and accounting with habits (see Section 7.5.4). These 

accounting methods are not used alone. Instead, they constitute a 

toolbox where the diverse items are composed fluidly by our 

participants to deal with the complexity and dynamics of their 

everyday energy consumption, as the lines connecting the different 

elements show. The connections in the diagram are not exhaustive 

however, and only represent connections that were observable in our 

empirical work. 
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7.6.2 Implications for Design 

Button and Dourish [Button, et al. 1996] pointed out three forms of 

learning from fieldwork investigation: 

 Learning from critique, fieldwork helps to uncover a false 

assumption in framing the problem;  

 Learning from fieldwork accounts, fieldwork helps to inform 

design around specifically features;  

 Learning from technomethodological design, fieldwork helps 

to adopt foundational ethnomethodological principles to the 

general design concept.  

Although there is no clearly defined demarcation between these 

forms, we still find them useful as guiding principles to structure the 

lessons learned from our study. 

As pointed out by Dourish and by Gaver, there isn’t necessarily a 

causal link between observation and design implications [Dourish 

2006; Gaver et al. 2003], and in that sense, we cannot show a direct 

link between fieldwork observations and our guidelines. 

Consequently, what we want to provide in this section is rather a series 

of design interpretations that show forms in which designers can use 

our results as a form of scaffolding to explain design decisions. This 

form of interpretation leaves space for inspiration as a whole and not 

resulting just from empirical work. 

In the rest of this section, we use our results to delineate a critique to 

the existing paradigm in sustainable interaction design. We then 

provide aspects of a design rationale for sustainable interaction, and 

we close the section with foundational principles to further work in 

sustainability in HCI. 

Critique on the dominated eco-feedback design paradigm 

There is a growing amount of research in HCI stressing the need for 

adequate technologies when approaching sustainability. A specific 

application from this research is the before mentioned progressive 
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introduction of smart metering in Germany. While studies in 

controlled setups show benefits in using smart metering systems, the 

German experience shows a lack of user confidence and market 

acceptance, which might point to a failure of the existing design 

concepts [Bundesververband Verbraucherzentrale 2010; Paetz et al. 

2011]. Using our study as a foundation, we can identify two false 

assumptions in the framing of the problem, which could explain this 

contradiction: 

Physicalism in eco-feedback design 

Because energy is a physical entity, there is the false assumption that 

this also applies to the consumption of energy and hence, the design 

has to center around the physical entity. Our study demonstrates, 

however, that although energy consumption has a physical substrate, it 

is primarily an entity residing in the lifeworld of people. In 

environmental research, this physicalism has been already criticized by 

Stern [Hassenzahl 2007], who argued that ‘blind spots’ within this 

paradigm lead to ignoring aspects of ’social organization of energy 

consumption’. A consequence of this false physicalism is that 

feedback systems often fail to provide energy consumption 

information with a meaning emerging from people’s daily life. Sengers 

[Strengers 2011] identifies this problem, pointing out a: ‘[…] need to 

rethink the role and design of eco-feedback, rather than simply 

improving feedback within existing paradigms’. 

Rationalism in eco-feedback design 

An important consequence of the results of environmental psychology 

is the dominance of a rationalistic paradigm that stresses [Strengers 

2011] the importance of principles of efficient and rational decision-

making [Strengers 2011]. Within this paradigm, energy saving is 

mainly a matter of making the correct, deliberate and rational 

decisions. The purpose of technology is to persuade the user to make 

the right decision and to provide the needed information to support 

that decision. This kind of rationalism is visible, for example, in the 

false assumption that wasting can be an objective, measurable quantity. 

Our study shows that wasting is socially constructed. To be 
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accountable, waste depends on socio-technically shaped practices. 

Further examples of this false rationalism are the presumption that 

social comparison works only by means of motivation or that money is 

just an economic factor. Our study shows that both serve as a 

foundation for people to give a meaning to energy feedback data. 

We want to argue here that the design of supporting systems should 

drop these false assumptions and focus design on the reconstruction 

of consumption as it appears in the lifeworld of people. This should 

not suggest dropping the idea of eco-feedback just because it is no 

silver bullet or because the relationship between energy, technology 

and practice is too complex and multi-facetted to be addressed by 

design. Both arguments are true, but eco-feedback, nevertheless, plays 

an important role in providing measured data as a resource for people 

to construct their own consumption practices in an environmentally 

conscious fashion. For systems to be able to play this role, eco-

feedback needs to be weaved into our complex daily lives, and 

consider the particularities of individuals in accounting for 

consumption. 

Designing basic features 

The observation of the phenomenon of energy consumption provides 

insights into defining relevant features for technology that supports 

sustainable lifestyles. Here we use the observed elements and methods 

to derive aspects for constructing a rationale for the design of 

sustainable interaction. 

Wasting Energy: The first element presented in our results is the fact 

that people primarily think about energy consumption in terms of 

wasting. Even though wasting - in the form of money - is also a key 

category in rationalistic paradigms, the majority of existing eco-

feedback systems are mainly based on visualizing absolute values like 

kWh, CO2, EUR or USD [Froehlich, et al. 2010; Hassenzahl et al. 

2003]. Our study showed, however, that feedback should also inform 

us about the relationship of waste with the purpose of consumption 

and with the source of consumption, and furthermore, with the 
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interplay of these two aspects. Approaches that move in this direction 

are for example the work of (cf. [Bonino, et al. 2012]) on visualizing 

energy in the form of traffic light with specific categories of 

consumption in terms of waste. 

Consumption and the present self: A further argument in our work, 

which is rarely addressed in literature, is the form of relationship that 

people develop with the consumed energy. One of the few works that 

goes in this direction, is the research of  Pierce and Paulos  [Pierce, et 

al. 2011]. However, the primary research interest there lies on 

supporting the creation of an emotional bond with energy. Our study 

shows that there are differences in how people develop their 

relationship with services consuming energy, and the perceived mode 

of consuming service defines the constructed relationship depending 

on the mode of the services. In the case of embodied services, people 

can take direct influence on energy consumption and therefore, it 

makes sense to use direct feedback mechanisms that respond to 

specific actions of the user. In the case of background services, on the 

contrary, consumption is not perceived as part of any actual agency, so 

in these cases the system should rather support users in thinking about 

the total cost created by the consumption of the background service, 

including economical as well as environmental aspects. 

Comparing consuming appliances of the same type: Eco-feedback 

systems should provide basic means to support the practice of 

comparing the consumption of appliances. In particular, the system 

should allow the comparing of appliances both locally as well as with 

others of the same type available on the market. 

Accounting with money: our findings show that money is an essential 

element in existing accounting practices. It worked due to being a 

learned universal system, used by people to understand and explain 

consumption and by using their ability to judge it in terms of a familiar 

unit. In this sense, the use of money as a unit in current eco-feedback 

systems represents a useful feature. However, the existing design 

approaches reduce money to just an external, economical motivation 
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for saving energy. In doing this, they miss the potential of money 

being used as a method for connecting, contextualizing and creating 

meaning for consumption in the lifeworld. 

Accounting with others’ consumption: Eco-feedback systems should 

provide appropriate means for comparative feedback. As noted 

before, existing systems address this issue only on a household level 

and use values based on statistic information externally imposed. The 

lack of transparency regarding the social context of data and the 

reasons motivating its aggregation, however, undermine the 

confidence of people and make the extraction of useful conclusions 

difficult. Design should, consequently, explore new strategies to 

include social context of consumption and to improve the 

explainability of the parameters defining comparisons. 

Accounting with habits and situated actions: As we observed, energy 

becomes explainable by means of actions causing consumption. 

Existing eco-feedback systems, however, provide only limited support 

for connecting the provided data to individual actions. Several systems 

provide a timeline or other historical perspectives of consumption, but 

they often lack elements to correlate temporally structured activities 

with the temporally structured energy consumption. The design of 

sustainable interaction should take into account the need for 

establishing this connection, providing features to support the 

discovery of patterns and exceptions based on uses and habits. 

Designing for accountability 

Addressing the third form of learning discussed by Button and 

Dourish [Button, et al. 1996], in this section we want to extract 

foundational design principles that underlie the critique and the 

concrete features presented in the previous sections. All the elements 

and accounting methods that we observed, are not isolated, but are 

part of a complex network of situated practices of de-

contextualization, translation and re-contextualization, which provide 

the basis for making sense out of energy consumption. This work 

manifested itself in the fluid movement of reference systems to 
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express consumption, for instance in forms like ‘weekly allowance’, 

‘two lunches’ or ‘five wash cycles’. In these movements, an important 

factor was the ability to make consumption data transparent and 

explainable. These observed characteristics in accounting for 

consumption hint to a need for supporting systems, which take into  

consideration, the situatedness and subjective character of 

consumption and allow users to move easily between reference 

systems to explain consumption.  We here adopt the 

technomethodological concept of designing for accountability, in the 

form of two different but closely connected design principles that 

should help in getting systems that expose the described qualities. 

Providing contextualization for interpretation: As discussed, 

contextualization plays a significant role in making sense of the energy 

consumption data. Our findings show that the interplay between 

energy consumption and a rich context for interpretation, helps in 

understanding consumption and in building competence to account 

for it. In our studies, people used speculative assumptions and 

personal memories to give a meaning to the presented data, which in 

many cases proved to be to insufficient to reconstruct the context for a 

particular dataset. Existing solutions fell short of providing additional 

elements to help in this contextualization. An explanation for this 

shortcoming is the need for mediating between two disparate 

categories: physical energy measurements and intentional context as 

part of the lifeworld. The first one is easy to digitally measure, model 

and mediate, whereas the second is a construction that cannot be 

captured [Dourish 2004].  An approach to bridge this gap lies on 

shifting the focus from data visualization to the idea of 

contextualization support. To enrich energy consumption 

measurements, eco-feedback systems should adapt technologies for 

capturing and tracking personal activities [Chalmers 2004; Flick 2006] 

and integrate this information into the energy consumption data, to 

foster learning and reflection on personal consumption patterns. In 

this context, privacy issues emerge, which are out of the scope of this 

work, but which needs to be weighed against the benefits of context 

tracking. 
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An option for capturing personal activities is to use collecting 

mechanisms to feed retrospective analysis. An example of this 

approach is the research on the SenseCam [Sellen, et al. 2007], which 

provided a mechanism to capture time-lapse recordings for future 

analysis. This sort of systems could be used to create a corpus of 

contextual information to support users in case of the need for putting 

a particular situation in context and draw connections with energy 

consumption data. 

A further method is the enrichment of the environment with cues that 

help users build a richer context for the interpretation of consumption 

measurements. This could, for example, be implemented by using 

sensors on an appliance level and tagging mechanisms to create 

individually tailored categorization based on dimensions such as 

device, individual or group-activities, situations, names of persons, 

rooms, etc. These categories can be particularly useful in the context 

of embodied energy services, because they provide different 

perspectives to better understand the particular conditions of current 

consumption. 

Making computational support adaptable: We showed that 

consumption is highly individual and that feedback needs to consider 

this in order to be understandable. People have their own value-

systems which define, among other things, when consumption is 

viewed as wasteful. These values systems can be highly dynamic and 

change from situation to situation. A good example of this dynamic 

can be observed in Section 7.5.2, which shows in a short sequence 

several shifts between different references systems to account for the 

same consumption. 

A way to address these issues is to make systems open to adaptations 

by the users. An important foundation for moving in this direction can 

be found in the results of the End User Development (EUD) 

community [Egan 1995], which has been working in the creation of 

tools and techniques to allow users to re-define the behavior of the 

system and to tailor it to their needs. In the context of sustainable 
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HCI, these methods could be used on several different levels. In the 

case of comparisons, for example, adaptability could make it possible 

to include individually defined metrics or to redefine comparable 

groups and classes. A further form of adaptability can be seen in the 

tagging idea presented in the previous section. With the help of user-

defined tags, users could progressively create a feedback system that 

displays consumption in a language that is more meaningful, and that 

captures the different reference systems in use for a certain situation 

better. This would allow users to analyze consumption based on 

personal patterns and filters, to detect individually defined forms of 

wasting. 

7.7 Conclusion 

In our work, we have introduced a phenomenological approach to 

understand energy consumption practices. Existing research on 

sustainable interaction design has mainly focused on unmediated 

feedback of consumed energy units [Froehlich, et al. 2010]. Although 

these efforts provide a useful foundation, they miss the relevance of 

the embodied quality of energy consumption. Building on the work of 

Pierce and Paulos [Pierce, et al. 2010; Pierce, et al. 2011], we 

constructed a theoretical background that focuses on the importance 

of energy consumption as a practice embedded in people’s daily lives. 

To inform our framework, we conducted fieldwork to observe existing 

accounting practices and to explore the potential of technology to 

create new practices. Our empirical investigation revealed diverse 

elements of energy consumption understood as an intentional, 

embodied entity. 

To explore accounting practices, we introduced basic metering devices 

in 16 households, to observe and discuss the practices emerging 

around them. A central issue observed in our results is the importance 

of mechanisms used by people in making their own consumption 

processes accountable and explainable. This issue showed the need 

for technology to provide a foundation for these mechanisms. For 

future designs, this implies a change for the intended use of eco-

feedback artifacts.  Following our results, these artifacts should 
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provide feedback mechanisms to support people in creating mundane 

methods to configure their energy consumption. In this sense, 

feedback is no longer a goal, but rather a resource that becomes part 

of a more complex system of energy consumption practices. 

Technology should help people contextualize information and 

support the construction of connections between consumed energy 

units and events in life. We believe that these connections will help 

people to reconcile their energy practices with their intended lifestyle, 

creating an important opportunity for HCI to contribute to an 

environmentally friendly life. 

Our study indicates that supportive technologies should include, but 

are not limited to persuasive feedback devices. In particular, our study 

reveals that people need more than sheer motivation. They need rich 

feedback technologies that help them create meaning in regards to the 

measured energy data. We do not claim that our study describes the 

phenomena in its entirety, nor do we expect that the provided list of 

elements and methods is complete. In particular, our study is limited 

in several dimensions. First, while our short-term intervention presents 

a suitable breaching experiment to illuminate how people use existing 

methods to structure the new situation introduced by technology, a 

more long-term study is needed in order to study the transformational 

character of new technology in everyday practice. Secondly, our study 

is also limited in the sense that we only have first indicators that, e.g. 

smart meters, do not just give feedback on the objective reality, but 

intervene in the complex network of relationships within domestic life. 

Making the individual consumption accountable through more fine-

grained monitors, for example, also increases the pressure to justify 

‘wasteful’ lifestyles (as indicated in section 7.5.2). As a third point, our 

study was conducted in a specific urban region with a dominant 

western culture, so to generalize the findings and to convey them to 

other cultures and socio-technical conditions might not be straight 

forward. Finally, the design of appliances is a complex process 

involving several stakeholders: providers, utilities, product 

manufactures, all of which have their own characteristic sense-making 



117 

processes and play a part in designing the resulting concepts. A multi-

stakeholder perspective was out of the scope of this paper, but it 

remains an important question for future work. 

Our study provides a conceptual framework, which is empirically 

grounded in the mundane accounting methods of people. Future 

studies could further investigate the relationship between practices, 

performance and reflection, a topic often disregarded in approaches 

informed by practice theory. We did, for instance, not investigate the 

very interesting question of the relationship between our results and 

the findings of the motivationally-oriented HCI research on energy 

behavior [DiSalvo, et al. 2010]. In particular our study prompts the 

question, to which extent does the perception of something as a 

background service affect energy saving motivations, without regard to 

pro-environmental attitudes [He, et al. 2010]. In addition, our study 

also prompts the question of the correlation between accounting 

practices and pro-environmental attitudes. These are intriguing 

questions which we would like to help uncover, but at this moment 

still remain to be answered. 

Thus, our observed elements and structures should be read as an 

empirically motivated hypothesis that is open for further exploration. 

Our inquiry represents a next step towards providing a practice-

centered understanding of energy consumption. We empirically show 

that an environmentally friendly lifestyle is not only a motivational, but 

also a practical question of how to make energy consumption 

accountable.  
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8. Cultivating Energy Literacy—Results from a 

Longitudinal Living Lab Study of a Home 

Energy Management System. 

This section presents results of a three-year research project focused 

on the emplacement of Home Energy Management Systems (HEMS) 

in a living lab setting with seven households. The HEMS used in this 

study allowed householders to monitor energy consumption both in 

real-time and in retrospective on the TV and on mobile devices. 

Contrasting with existing research focused on how technology 

persuades people to consume less energy, our study uses a grounded 

approach to analyze HEMS emplacement. As an important result, we 

present here the issue of ‘energy literacy’. Our study reveals that, by 

using HEMS, participants became increasingly literate in 

understanding domestic electricity consumption. We discuss the role 

HEMS played in that process and how the acquired literacy changed 

energy consumption patterns. We conclude that literacy in energy 

consumption has value on its own and explain how eco feedback 

system designs can benefit from this understanding
5

. 

                                                           
5This section has been published  in proceedings of the 31st international conference on 

Human Factors in Computing Systems, CHI 2013, ACM Press (2013), April 27 - May 

02 2013, Paris, France, ACM 978-1-4503-1899-0/13/04. Reprinted, with permission 

from Tobias Schwartz, Sebastian Denef, Leonardo Ramirez, Gunnar Stevens and 

Volker Wulf in proceedings of the 31st international conference on Human Factors in 

Computing Systems, CHI 2013, ACM Press (2013), April 27 - May 02 2013, Paris, 

France, ACM 978-1-4503-1899-0/13/04 
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8.1 Introduction 

In recent years, we have witnessed growing research efforts to design 

and understand the role of interactive eco feedback systems [Chetty, et 

al. 2009; Darby 2001; DiSalvo, et al. 2010; Froehlich, et al. 2010] and 

support the larger goal of enhancing modern society’s energy 

efficiency. For the field of sustainable HCI, a central problem to 

address is the immateriality of energy [Pierce, et al. 2010] and how to 

make it a visible entity [Darby 2001]. Electricity is an invisible and 

abstract force, entering the household via hidden wires. It has been 

described as being ‘doubly invisible’ [Burgess, et al. 2008]. On the one 

hand, electricity is conceptualized as a commodity, a social necessity 

or a strategic material [Sheldrick, et al. 1988]. On the other hand, 

energy consumption is part of inconspicuous daily routines and habits 

[Shove 2003] that makes difficult for people to connect concrete 

behavior or actions to the energy consumption patterns. 

Against this background, interactive feedback systems are ascribed a 

high value, given their potential to motivate behavioral change and 

support learning processes [Darby 2001; DiSalvo, et al. 2010; 

Fitzpatrick, et al. 2009; Schwartz, et al. 2010]. Darby, for instance, 

shows that feedback causes energy savings between 5%-15% [Darby 

2001; Darby 2006]. 

In sustainable HCI, to this day, most research is framed by persuasion 

theory [Brynjarsdottir, et al. 2012; DiSalvo, et al. 2010; Froehlich, et 

al. 2010]. Even though they acknowledge the achievements of this 

approach, Brynjarsdóttir et al. [Brynjarsdottir, et al. 2012; Strengers 

2011], have also shown that this perspective alone limits our 

understanding and our visions for eco-feedback systems. Studying only 

‘what systems do to people’, i.e. how eco-feedback systems reduce 

energy consumption, cannot account for ‘what people do with 

systems’, i.e. how people in daily life appropriate eco feedback 

systems and the practices that emerge from this appropriation process. 

In our research, we therefore want to explore and apply a grounded 

approach [Glaser et al. 1967] to the appropriation of eco feedback 

systems. 
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As one of the very early attempts to qualitatively study the usage of 

HEMS in the long term, this research builds on a 6 months pre-study 

and the development of a custom Home Energy Management System 

(HEMS), which we rolled out in a living lab setting to seven 

households over a period of 13 months. Through TVs, PCs, smart 

phones and tablets based interfaces, the system provided feedback on 

real-time and past electricity consumption, both on a household and 

an appliances level. We captured users’ experiences with the system 

through on-site interviews and workshops, and we analyzed the data 

using an open-coding process, as suggested by grounded theory 

[Glaser, et al. 1967]. 

In this paper we focus on a theme that emerged from our analysis, 

which we phrase energy literacy. We explain here what is meant by 

this term, how the introduction of HEMS creates energy literacy and 

how the construction of energy literacy is a personal endeavor that 

empowers people to reflect and act on their energy consumption. We 

conclude that energy literacy has value in its own and make 

suggestions on how HCI designs could take into account and benefit 

from this perspective on eco-feedback systems.
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8.2 Related Work 

Over the past 20 years, feedback mechanisms have been widely 

studied in environmental psychology, where the positive effect of 

feedback has already been demonstrated since the time of paper-

based electricity bills [Egan 1995; Wilhite, et al. 2000]. The 

explanation of the positive effects has been typically based on rational 

choice models or norm-activation models [Abrahamse, et al. 2005; 

Stern 1992]. 

In relation to the long history of environmental research, the history of 

Sustainable Interaction Design (SID) is comparatively short, but 

extremely active [Blevis 2007]. In recent years, several studies 

investigated home energy consumption [Chetty, et al. 2008; Pierce, et 

al. 2010; Riche, et al. 2010; Strengers 2011] and effects of interactive 

eco feedback [Froehlich, et al. 2010; Jacucci, et al. 2009; Mankoff, et 

al. 2007]. The spectrum of eco feedback approaches and systems 

promoting a sustainable life style became very wide, reaching from 

artistic solutions like the PowerAware Cord [Gustafsson et al. 2005], 

over pragmatic ones like the Kill-A-Watt and Watt-Lite [Jönsson et al. 

2010] to HEMS that integrate multiple features in a home-oriented 

system of appliances.  

Conceptually, most SID approaches adopt the dominating stance of 

environmental psychology, explaining energy consumption by means 

of the individual, rational behavior [DiSalvo, et al. 2010; Froehlich, et 

al. 2010; Stern 1992]. Translating from the theoretical models into 

design, these approaches usually make use of Fogg’s concept of 

persuasive technologies, concerned with ‘how behavior modification 

can be induced by intervening in moments of local decision-making 

and by providing people with new rewards and new motivations for 

desirable behaviors’ [Fogg 2003]. The merit of this research thread is 

that it outlines the challenge of behavioral change, which goes beyond 

the design of usable and easy-to-use systems. Initial design concepts of 

persuasive feedback systems had yet to recognize the diversity of 

individual motivations and the fact that behavior change takes place in 

a series of stages. Motivational feedback needs to appeal to the 
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specific stage of behavioral change of people [He, et al. 2010]. 

Authors like Wilhite et al. [Wilhite, et al. 2000] even point out that 

energy consumption is not an objective reality. To deal with changes 

in consumption patterns, we need to understand the phenomenon of 

energy as it is constructed by the people themselves [Kempton 1982].  

In terms of studying sustainable HCI in the field, an important 

shortcoming of current research is that most studies focus on short-

term engagement in lab environments, but rarely studied real life 

deployments of high-fidelity prototypes in long-term studies [21]. A 

few studies coming from disciplines other than HCI have approached 

the emplacement and impact of HEMS, aiming to understand how 

reductions of energy consumption work in the wild [Hargreaves, et al. 

2010; Hargreaves, et al. 2012; van Dam, et al. 2010]. Their findings 

show that there is no simple cause-effect relationship between 

feedback and behavioral change as persuasion models propose, and 

that the emplacement of such systems is a subtle and complex 

process, which is difficult to anticipate and simulate in lab settings. 

These results clearly show an inmediate need for HCI research for 

contextual, longitudinal approaches to explore the emplacement and 

effects of HEMS  on the knowledge, habits and routines of people 

[Strengers 2011]. There is a need for ethnographically oriented 

studies, to approach long-term appropriation processes that emerge in 

the wild through the deployment of eco feedback systems.  

One major consequence we should draw in SID, is that we should ask 

not only how feedback affects the people, but also what people do 

with the feedback in daily life. In our research we addressed this need 

and apply for that a grounded theory approach [Glaser, et al. 1967] to 

the phenomenon of HEMS emplacement in the context of a living lab 

setting. 
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8.3 Research Design 

8.3.1 Setup and Methods 

The work described in this paper was conducted as part of a 3-year 

project focusing on the research and development of concepts and 

strategies of in-house information systems, including the development 

of HEMS. Froehlich stated that for high fidelity prototypes in context 

of energy monitor systems, field deployments are more appropriate 

than laboratory settings, especially for testing and evaluating in the 

long run [Froehlich, et al. 2010]. Motivated by this, and to address the 

complexity and situatedness of HEMS deployment in real-life 

environments, we applied a living lab approach [Bernhaupt, et al. 

2008; Følstad 2008; Hess, et al. 2010]. 

Living labs involve users at an early stage in the design process for 

‘sensing, prototyping, validating and refining complex solutions in 

multiple and evolving real life contexts’ [Bernhaupt, et al. 2008]. The 

long-term cooperation between researchers, users and other relevant 

stakeholders allow to bring users and technology into an open design 

process in real life environments [Følstad 2008], supporting long-term 

cooperation, co-creative research and a continuous, long-hauled study 

of user experiences.  

Starting off from a pilot study we developed a HEMS, conducted user 

research and, in collaboration with the users, further explored the 

HEMS design and appropriation. As shown in figure 13, the entire 

process included a number of different activities: 

The pilot study was conducted between November 2009 and May 

2010 with an independent set of households with 46 participants in 16 

homes. We provided an out-of-the box smart meter infrastructure that 

measured the energy consumption on an appliance level over a period 

from 10 to 15 days. Participation was voluntary and the selected 

households varied widely in demographics (age, gender), living 

arrangements (home owner, apartments) and in terms of social groups 

and different professional backgrounds. Following the tests with the 

devices, we used the collected consumption information to run 
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workshops at the households with the goal to uncover individual 

practices. The workshops were entirely audio- and partly videotaped. 

We analyzed the data using media annotation tools in an open coding 

fashion, to find common patterns and categories that bring about 

understanding how people make use of eco feedback and how they 

relate to and live with such system. We reconstructed existing energy 

practices and strategies of sense making and accounting for 

consumption based on the collected metering information. 

For household selection, to prepare the next, longitudinal living lab 

study, we started a comprehensive selection process. Information 

about the study was spread in the local newspaper and via radio 

stations. Prospects were asked to submit an online questionnaire with 

basic information. Telephone and on-site interviews were conducted 

to gather additional information about the households. Also taking 

into account technical constraints and prerequisites, such as the 

availability of Wifi and the possibility to install both smart meters and 

device level meters, we finally selected 7 homes with 16 participants. 

All households were located near the city of Siegen, Germany, 

representing a typical sample for this region [Federal Statistical Office 

Germany 2011]. This sample size, while providing a range of different 

household settings, allowed us, within the project’s resource 

limitations, to distribute entire HEMS systems including a set of 

interactive devices. With an overall planned period of 24 months, the 

 

Figure 13: Study Design 
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sample also was expected to produce a large body of data that would 

allow for an in-depth analysis. 

For our initial HEMS development, we based the design on the 

empirical analysis within the pilot. The technical setup for the HEMS 

comprised a number of different components:  

First, capturing the households’ overall power consumption required 

the replacement of the existing mechanical power meters by digital 

SmartPowerMeters that allow capturing overall energy consumption of 

the respective households. Once installed, we were able to receive 

measurements by an optical communication module of the 

SmartPowerMeters. We used Ethernet gateways as a coupling element 

and in-house PowerLine communication to make meter readings 

accessible throughout the home network. During operation, the 

meters continuously send out consumption data using 

SmartMessageLanguage (SML) protocol via message push.  

Second, to capture power consumption on appliance level, SmartPlug 

sensors were used to provide finer grained measurements. The 

SmartPlugs can easily be installed by plugging them between the 

power socket and the appliance plug. Through an autonomous 

ZigBee network, the SmartPlugs provide information about current 

power consumption. They also store historical energy consumption of 

the connected appliances. Additionally, the hardware allows switching 

appliances on and off.  

Third, HEMS comprises a Media Center PC, which we connected to 

the households’ main TV. This PC acts as a SmartEnergyServer 

managing, storing and processing measured energy data. The server 

also runs the HEMS’ EnergyMonitor software to provide a graphical 

user interface to visualize the collected information. The software was 

designed in a way that allowed straightforward interaction and 

required no prior knowledge or special training. It has been 

continuously developed throughout the project following participants’ 

feedback and our observations. In its current version, the energy 
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monitor includes seven screens that show readings from the 

SmartPowerMeter, real-time power consumption information, 

historical energy consumption and a comparative tag cloud. The latter 

allows users to freely assign tags to SmartPlugs and thus grouping them 

according to personal preferences. Selected views of the 

EnergyMonitor are shown in Figure 14. 

Fourth, to interact with the EnergyMonitor, users were able to access 

the feedback on a common interface when calling the EnergyMonitor 

from their TV, PC, tablet devices or smartphones. TVs and 

smartphones were provided to the households if not already available. 

Once selected, the preparation of households, was a major effort, too, 

as the technical conditions and premises varied considerably among 

the different households and we needed to standardize the 

infrastructure in order to create basic conditions for our HEMS 

throughout the entire project period and throughout the participating 

households. To install the SmartPowerMeter, the support of 

respective electricity providers was required. In advance, we analyzed 

several types of electricity meters and their technical details to ponder 

implementation costs of communication protocols and facilities for 

our HEMS. The deployment of the SmartPlugs was carried out 

during collaborative workshops with householders and our project 

team.  

Additionally we implemented a second, stationary control test bed in 

our lab. This test bed was equipped similarly to the participants’ 

households in terms of technology, so that we could run tests under 

similar technical conditions before rolling out a new HEMS version 

and thereby eliminate technical problems. 

After the households were chosen and equipped with the required 

technology, we started the continuous investigation of HEMS 

appropriation. We began by conducting semi-structured interviews 

with all participating households, to uncover existing knowledge, 

attitudes and motivations affecting energy consumption. The questions 
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of the initial interviews focused on how participants managed 

electricity consumption at home. To this day, numerous activities 

within the participating households were conducted. This includes in-

depth interviews, prototype explorations, user workshops and 

participatory observations of the usage of the EnergyMonitor. We 

frequently visited the households, supported them with technical 

problems and provided new versions of the HEMS when available.  

For data collection, our research followed a triangulation strategy 

looking at the phenomena from different angles [Flick 2006] to 

understand the subtleties of HEMS emplacement. 

First, to unobtrusively collect data in real-life settings, we studied the 

integration of HEMS into the local context and the usage over time by 

evaluating usage statistics. For this, we used the log files of the 

SmartEnergyServer. 

Second, to study the overall user acceptance, we conducted an 

AttrakDiff survey to learn about the perceived usefulness and easy of 

use  as well as hedonic qualities  of our HEMS [Davis 1989; 

Hassenzahl 2006]. The results of this survey will be described in 

another publication but generally show the high level of acceptance of 

the system.
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Meter information: The landing page of the feedback tool shows a graph 

comparing the factual energy consumption of the household with an 

anticipated prognosis on basis of consumption of the last years. Additionally, 

it shows the meter counter. 

 
Real-Time Power Information: This screen provides real-time visualization of 

the current power usage, measured by the SmartPlugs and the 

SmartPowerMeter. The visualization can be filtered according to tag groups. 

 
Comparative Tag Cloud: The tag cloud shows sums of consumption of 

SmartPlugs grouped by user-generated tags. 
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Contract Information: This screen shows the estimated consumption for the 

current year, based on last years’ consumption, the utility providers’ name, the 

price per kilowatt hour, and the composition of the energy mix. 

 
Historical Energy Consumption: This screen shows the historical energy 

consumption data of chosen tag groups or data from the SmartPowerMeter. 

Figure 14: Interaction Concept of HEMS 

Third, to understand households’ dynamics [Hargreaves, et al. 2010; 

Hargreaves, et al. 2012; Wallenborn et al. 2011], we studied emerging 

practices and critical incidents [Stevens et al. 2010]. Here we relied on 

qualitative data captured during interviews, informal talks and 

observations from on-site visits. Overall, we audiotaped 63 interviews 

and 32 workshops with a total length of over 200 hours. Several 

million datasets on energy consumption of households and appliances 

were gathered over a time span of 13 months. Furthermore, 

households increasingly accepted remote access to the 

SmartEnergyServer even in absence, which was helpful to install new 

releases or prepare follow-up visits and to observe the usage of new 

features. 

For analysis of the collected data we followed an open coding process 

and the constant comparative method as suggested by grounded 

theory [Glaser, et al. 1967]. With our project team we conducted 
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coding workshops and used the results as input for theoretical 

sampling in further investigations. While this analysis is an ongoing 

process and we plan to present additional aspects from this research in 

forthcoming articles we present in the following a first theme that 

evolved early in this work. 

8.4 Results: Energy Literacy 

The analysis of the corpus of data collected in our work revealed 

several aspects of the appropriation process around HEMS. An 

important element that was particularly visible was a continuous 

process of learning as the natural result of the problem solving 

activities, a process which led to a growth of knowledge and 

competence. We framed this observed issue with the concept of 

‘energy literacy’. In the following we describe, illustrating with extracts 

from transcripts, the different categories related to this new form of 

literacy promoted by the use of HEMS. We detail what is it that our 

participants learned, how they acquired this knowledge and what the 

impact is of this new competence in existing practices. 

8.4.1 What People Learned 

Appliance Level Consumption 

As became apparent by the stark contrast in the interviews before 

HEMS installation and after, HEMS allowed people to learn about 

electricity consumption for their home appliances and ascribe 

meaning to information presented by HEMS. They became literate 

and thereby much more specific and expressive in talking about their 

home energy use. 

We use the following two parts, taken from interviews with the same 

person of household 2, as an example for the growth of knowledge 

and capabilities of householders regarding their individual energy 

literacy. The first excerpt is taken from the initial visit of the project, 

where we wanted to learn more about their individual housing context 

as well as their understanding of their energy consumption. Here, the 

person explains his energy consumption. 
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I don’t really know how much the receiver consumes. The TV, because 

it’s a plasma TV, consumes quite a lot. Other than that … the 

refrigerator, I don’t know how much that consumes, I don’t think it’s 

that much. […] I’d also say the stove, I’ve never really paid attention 

to its consumption. I would also guess, the TV consumes the most 

and in the kitchen, the stove. But I’m not that sure about that. 

The second excerpt is taken from an interview with the same 

participant after a HEMS deployment of 94 days during which the 

system was accessed on 41 days (Figure 15). 

 [it was beneficial] seeing how much each device consumes and then to 

think about it […] Alarming how much we use in the evening. […] 

The TV consumes quite a lot, I have to say, almost 600 Watt [...] and 

when the oven rockets up to 3000 Watt […] And the dryer, I would 

have said it needs quite a bit, but the consumption actually was not 

that high. I thought it goes up to 2000 Watt or so […] if it does full 

heat. But then it was only 400 Watt. 

Here, the participant is able to de-aggregate his individual 

consumption on appliances level. He uses ‘Watt’ as a unit to explain 

and compare electricity consumption and to make value statements. 

His explanations are from memory, showing that the knowledge about 

electricity consumption has been deeply internalized and his 

competences to assess his own ‘energy system’ grew by using HEMS. 

For individual appliances, participants were also able to identify stand-

by consumption, as described in the following example. 

We also recognized that the water kettle […] yes, that it even consumes 

electricity if it is at zero. That means, if it is only plugged-in, not 

being used. Then it already has 40 Watt or so, or I think even 60 

Watt. That is unbelievable.
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Figure 15: HEMS usage for all households 

These examples are typical for all participating households. 

Throughout the study, householders were growingly able to draw a 

detailed picture of their local energy system after using HEMS. 

Participants were able to specifically name consumption data of their 

appliances by using units of consumption and comparatively relate 

consumption information of different appliances. 

Idle Current Consumption 

Beyond consumption on an appliance level, we observed that 

participants over time developed an understanding of their entire 

household power consumption. HEMS provided overall consumption 

information on the screen ‘real time power in formation’ that became 

most popular (Figure 16). Participants commonly used the 

information as a reference value by comparing the current 

consumption with previous values they knew about and considered 

legitimate. 

Interviewer: Does the displayed information mean anything to you? 

What kind of relevance does it have?  

P1: […] 300 Watt, currently, for mid-day is not so much. Usually we 

have 500 Watt … I memorized this. 

When speaking about idle current, five of seven households 

differentiated between day and nighttime. Here, nighttime referred to 

the time when everybody was in bed and only always-on appliances 

were switched on, as the following extract shows: 

I am interested, of course, to know in the evening, now everybody is in 

bed, now I quickly spy [using HEMS’ live monitor] […] I was eager 

to do this. We usually then had about 300 Watt. 
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Basic Knowledge 

In addition, beyond consumption information on appliance and 

household levels, we observed that through HEMS people gained 

basic knowledge of issued related to domestic electricity consumption. 

This includes the price of one Kilowatt hour (KWh), costs on past 

electricity bills, consumption on past accounting periods, name and 

contract duration of the current energy provider and the share of 

renewable energies in the electricity mix. Householders could easily 

access this information on the screen ‘contract information’. This 

screen was least frequently accessed, but nevertheless gained the users’ 

attention. For some years, German law regulations require this 

information on the energy paper bills, yet only availability through 

HEMS supported a sustained and aware knowledge in our 

households. 

8.4.2 How People Learned 

Learning in Retrospective 

In our study we observed that participants reflected their energy 

consumption in retrospective, by data displayed by HEMS. 

Participants’ contextual knowledge of routines and habits helped them 

to ascribe meaning to visualized data. Thereby, they could establish 

relations between energy consumption and specific activities in the 

past, as the following example shows in which the participant analyses 

his historical energy consumption: 

What date was this? That is October 9
th
. There the curve goes up. I 

guess that I made the apple juice then. […] You can read this off the 

graph. And also now with the recording [off individual appliances] 

even more […]. And I am of course shocked that I, by boiling down 

the apple juice, [caught up] with the anticipated consumption. 

[laughs] First you have all the work. Starting with the picking [of the 

apples] and the process and we use all this time. And if you go to the 

shop instead, you buy a liter of apple juice for 99 cents. 

As shown in the excerpt with HEMS’ support, using electricity can be 

reflected in retrospective and suddenly become a value laden activity. 
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Learning in Situ 

Besides the retrospective interpretation of electricity consumption, as 

described in the previous section, participants also used real-time 

feedback to analyze their energy consumption, as in the following 

example. 

Yes, I mean, now things are switched on. Let’s turn off the light then 

we’ll be able to see a reaction [turns off the light, the display of the 

energy monitor goes down by 100 Watt]. There, it’s at 600 Watt. But 

that does surprise me […] we’ll see [Turns the light back on. The 

curve goes up again]. It really does. Yes, that’s 100 Watt. That’s a 

lot. So let’s turn it off! 

In consequence of HEMS introduction, people developed abilities to 

make more informed decisions on their energy consumption. 

Learning by Comparison 

Once participants learned about electricity consumption of one 

appliance, they started comparing the appliance with other appliances. 

Also, they tried to understand the share in consumption that one 

appliance has within the group of devices in the same category. One 

participant, for example, wanted to know how much electricity all 

lightning consumes after he measured the ceiling light in the living 

room. 

Learning by Service 

Aiming for understanding their electricity consumption, participants 

additionally grouped a number of appliances to understand 

consumption as a service that enables activities. The service, ‘watching 

TV’, for instance, can comprise the appliances TV, stereo amplifier, 

receiver and DVD player. ‘Being in the living room’ is another service 

that participants wanted to understand. In the following, such services 

became a reference to further analyze and estimate the household’s 

consumption. 
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Learning from the Expert 

In the households with multiple people, the person who was our first 

contact person and the main user of the system became the energy 

expert, whom other householders talked to about electricity 

consumption. Here the usage of HEMS triggered communication 

among family members about energy consumption. We learned, for 

instance, that in some cases not all family members used HEMS 

independently, but instead asked their ‘energy expert’ questions 

concerning consumption. The expert then either gave advice or 

supported the use of HEMS. 

She asks me and then I said: Here you see how much the laundry 

machine consumes or how much the dryer consumes, or so. 

  
Figure 16:  HEMS page impressions (left); HEMS usage by devices (right) 

Also, in some cases, the ‘energy expert’ became the controller, or 

teacher who enforces rules for domestic energy consumption. 

Yes, now that I know that my daughter used the PC and listened to music 

at the same time and then she also was on the phone and went 

outside to the balcony for the call. And then I just say: Hey, there are 

already 100 Watt from your room alone. Either you switch off the 

devices or you stop the phone call. That’s a thing: Phone calls with 

the teenagers these days go on for half an hour or an hour and the 

devices run anyways. 
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Learning in Collaboration 

As we witnessed during our on-site studies and as we learned from 

interviews, householders developed mutual practices to understand 

their energy use. Householders discussed energy consumption and 

mutually developed strategies for optimization. Here, for instance, one 

person would monitor HEMS on the TV, while the other person 

would walk around the house to turn appliances on and off.  

When I had the TV on, or, I also looked at it in between, and then I 

also checked with my wife when we for instance turned on the coffee 

machine, how that shows up on the curve. Or when she intentionally 

went downstairs and then turned on the laundry machine, we could 

track the impact. 

Sustained Learning 

In the households, learning about energy consumption became part of 

daily routines and was a sustained activity throughout the year. The 

TV became the main device to access HEMS as it allowed for a 

seamless integration with existing practice.  Householders used 

HEMS when watching TV. They, for instance, checked their current 

energy consumption before or after watching TV or during 

commercial breaks (Figure 16). 

Interviewer: And did you have special occasions to check [HEMS]? 

P2: No, just spontaneously when I watched TV. If the TV was on 

anyways, then I turned on the system [switched to EnergyMonitor] in 

the background. So, not always, but especially then. 

8.4.3 Impact from Learning 

Change of Routines 

The newly acquired skills impacted householders’ energy 

consumption behavior. They changed practices and routines, which 

are part of habitual domestic life. They would, for instance, explain: 

Yes, well, we did consciously leave the light switched off here in the 

hallway. Usually we fully let the light burn in the evenings here in 

the hallway; and we were upstairs and our son wasn’t here yet. Yes, 
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why should we have the light turned on? 

This indicates that HEMS impacted the way people use electricity 

and, as in the case above, identify and change wasteful practice. Also, 

as in the following example, they considered alternative practice that 

does not require electricity:  

My wife is very conscientious. We already talked about drying as much 

as possible in the basement [by hanging clothes]. We just checked 

again what impact that [the dryer] has. 

Rearrangement of Existing Devices 

Another common observation was that once householders had 

established an understanding of their local energy system through 

HEMS they conducted energy conservation activities that optimized 

the rearrangement of appliances. The following case taken from an 

evaluation workshop illustrates this effect: 

P1: Especially upstairs in the area, as I said before, I don’t let the TV in 

standby [...] but that I really switch it off. For this I put the remote 

control where I switch it off completely. 

We also observed that participants used power strips to merge devices 

and to be able to switch them off together. Participants also changed 

their configuration to achieve previously identified saving potentials. 

Here, not only appliances, which are immediately accessible for 

domestic use, came in focus. We observed that people also took into 

account constituent elements of the household, like heating: 

I’ve separated the heater downstairs, because the circulation pump is 

always working and it consumes about 70 watt, so I installed a timer. 

Only if the timer is on, then the pump will also turn itself on. 

Choice of Appliances 

Beyond the change of routines or the changes in using existing 

devices, HEMS also increased the awareness and the knowledge 

about how much energy could be saved by replacing an appliance with 

a more energy efficient one. As the following example about a vacuum 

cleaner illustrates, the new skills influence future buying decisions. 
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It’s not like we’re going to vacuum less now [laughing], but I would say 

that the next choice of vacuum cleaner will be influenced by its 

[electricity] consumption. And not necessarily, like, it runs at 1200 

watt, [means that] it must be good, but instead that you might say, this 

vacuum cleaner running at 700 or 800 watt might actually be more 

effective, because technology also evolves. 

8.5 Discussion 

Our study confirmed previous statements about the knowledge deficit 

concerning energy usage within the home [Darby 2001; Stern 1992]. 

As we described in the related work, sustainable interaction design has 

mostly applied persuasion theory [Brynjarsdottir, et al. 2012; DiSalvo, 

et al. 2010; Froehlich, et al. 2010] as a theoretical lens. Our results 

further provided empirical confirmation for the relevance of learning 

in eco feedback [Froehlich, et al. 2010] and hence, for the importance 

of applying learning theories to frame the problem of sustainable 

interaction design. Learning and feedback closely relate [Houwelingen 

et al. 1989]. Feedback can provide new information for the learning 

process [Froehlich, et al. 2010], and it allows people to learn about the 

connection between invested resources and consumption and is 

therefore essential [Darby 2001]. This connection represents an 

important precondition for an informed reflection about the actions 

that may lead to significant reductions in energy consumption. 

Compared to the previous feedback through paper based energy bills, 

the HEMS was steadily used and played a major role in cultivating 

what we termed energy literacy, understood as the development of a 

competence to deal with and make sense of energy in relation to a 

local, personal frame of reference. As we have shown above, the usage 

of HEMS enabled householders to develop a better understanding of 

their electricity consumption. This covers both improving general and 

theoretical knowledge about energy as well as promoting the accurate 

understanding skills concerning the own energy consumption. In our 

study, participants developed an increased competence to trace back 

energy flows and use it for overall energy management.  
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The growth of energy literacy could be described as a co-evolving 

process of mutual influences between accurate and trustworthy 

information about the own energy system provided by HEMS and the 

reflection and contextualization of this information. In that sense, we 

can frame our studies as an instance of case-based learning. As 

outlined by Dewey [Dewey 1938], case-based learning has the 

structure of an inquiry where the starting point for learning is a 

personal problem, a puzzle, or a doubtful situation that to one wishes 

to solve. The progress of inquiry is twofold: On the one hand, one 

acquires better understanding of the context and, on the other hand, 

one acquires better understanding of the general and theoretical 

knowledge by living an experience. In our case, participants 

progressively made a connection between general energy consumption 

information and the context of their daily life. Dewey explains that 

learning, to be meaningful, requires a fulfilling experience where 

action and perception are connected and not fragmented. In acting 

around energy consumption, this fragmentation can easily take place, 

for instance, if one becomes aware of wasteful consumption, but could 

not act upon it or if one is forced to make a decision, yet does not 

have the right tools to inquiry the situation and connect it with 

previous experiences.  

Beyond personal consumption, energy literacy can potentially play an 

important role in empowering people, making them informed citizens 

that have the knowledge to participate in the societal dialogue on 

managing energy resources. Here, the idea of encouraging energy 

literacy responds to the repeated calls by the sustainable research HCI 

community to allow users to take part and understand the values that 

are hidden in energy saving technologies. 

The living lab approach created several challenges for the project, due 

to the high expenses for technical supervision and support of 

participants. Fostering social contact with households to maintain 

engagement over study period required significant efforts from both 

sides. Additional resources were needed to ensure ongoing system 

stability. In spite of these challenges, the use of a living lab approach 
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proved to be extremely useful to explore the complex interplay of 

HEMS with practices of daily life as well as to uncover aesthetics and 

feelings towards the system. 

8.5.1 Implication for Design 

In our study, HEMS played an important role in providing measured 

data as a resource for people to develop energy literacy. For systems, 

to be able to play this role, HEMS needs to be weaved into daily life 

and consider the particularities of competence development. Based 

on our experience, we propose six principles to inform the design of 

future HEMS: 

1. Allow for Horizontal Comparison: HEMS should provide views 

that show appliances of the same type of category. Thereby, the 

user could, for instance, compare the lighting in the living room 

with that in the sleeping room. 

2. Allow for Vertical Comparison: HEMS should provide 

functionality to connect a specific device belonging to one or more 

specific activities to other devices that also belong to these 

activities. Thereby, users could track energy consumption related 

to activities that include multiple appliances. 

3. Provide Real-Time Feedback: HEMS should link immediate 

feedback about current energy consumption with energy 

management actions so that users can learn in-situ and take 

immediate response. Learning would occur instantly and action 

and perception would not be fragmented. 

4. Provide Retrospective Feedback: HEMS should provide users 

information about past consumption. In this way, HEMS increases 

the awareness and the knowledge of energy consumption in 

relation to routines, habits or special events. Such feedback 

supports making future informed energy-related decisions. 

5. Support the Construction of Personal Consumption Language: 

HEMS should provide personal reference values in order to create 

a connection between general knowledge and the people’s 

contexts. The system, for example, could include individually 

defined metrics or allow redefining comparable groups and 
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classes. This would allow people to analyze energy consumption in 

their personal language. 

6. Take the Energy Literacy Levels into Account: HEMS should take 

into account that the people’s energy literacy might vary. HEMS 

could provide different entry points ranging from novice to expert 

users or, following the idea that literacy develops from the use of 

the system, change over time. Additionally, the system could 

support different modes of interaction depending on the literacy 

level. 

8.6 Conclusion & Future Work 

In this paper, we have presented results from a longitudinal qualitative 

study of the emplacement of a home energy management system that 

has been rolled out for 13 months in a living lab setting in 7 

households. 

In HCI, a central research focus was to explore, how technology could 

persuade people to consume less energy. Our focus, ‘what people do 

with technology’, allowed us to uncover appropriation of HEMS from 

a different angle. We followed a grounded approach and empirically 

identified the issue of energy literacy as an important issue for eco 

feedback systems. This aspect, while mentioned in previous research, 

had before not been empirically studied in a long-term field inquiry. 

Based on our findings, we have proposed implications for the design 

of future HEMS. 

Our own future work will include further analysis and development of 

our HEMS installation and also describe other aspects of HEMS 

appropriation beyond the theme of energy literacy. In general, we 

strongly believe that a closer look into existing learning theories might 

beneficially support the design of HEMS and other eco feedback 

systems. Recent work by He et. al [He, et al. 2010], for example, 

argued that motivational feedback needs to appeal to the specific stage 

of behavioral change. An interesting extension to this view, following 

our study, would be to study stages of energy literacy and specifically 

investigate how energy literacy develops. Thereby, we would be able to 

address the specific needs and current energy literacy level of people. 
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In the longer term, along with the increasing prevalence of HEMS, it 

is an open question how and if society’s average level of energy literacy 

might change and what this evolution means for the design of eco 

feedback systems. 
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9. What People Do with Consumption 

Feedback: A Long-Term Living Lab Study 

of a Home Energy Management System 

 

One of the great challenges that we face today is to change direction, away 

from an increasingly energy thirsty, towards a less consumptive, more 

sustainable society. For this ‘energy turnaround’, the reduction of the 

residential energy consumption goes beyond using energy efficient devices, 

towards a more sustainable behavior and lifestyle, is essential. 

Addressing this issue from an HCI perspective, this paper presents the results 

of a three-year research project of the co-design and appropriation of a home 

energy management system (HEMS) that has been rolled out in a living lab 

setting with seven households for a period of 18 months. Our HEMS is 

inspired by feedback systems in Sustainable Interaction Design (SID) and 

allows monitoring energy consumption in real-time. Different from the 

existing research with its focus on how technology can persuade people to 

consume less energy (‘what technology does to people’), our study focuses on 

the appropriation of energy feedback systems (‘what people do with 

technology’) and how newly developed practices can become a resource for 

future technology design. Therefore, we deliberately followed an open 

research design.  

As a result of this approach, our study uncovers various responses, practices 

and obstacles of HEMS use. We show that HEMS use is characterized by a 

number of different aspects. Recognizing the distinctive patterns of technology 

use in the different households and the evolutionary character within the 

households, we conclude with a discussion of this pattern in relation to 

existing research and the meaning for the design of future HEMS
6

.

                                                           
6 This section is under revision in Interacting with Computers, Oxford 

Journals with permission from Tobias Schwartz, Sebastian Denef, Gunnar 

Stevens, Timo Jakobi, Volker Wulf and Leonardo Ramirez 
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9.1 Introduction 

In March 2011 the European Commission (EC) adopted a new 

edition of the Energy Efficiency Action Plan (EEAP) with the global 

objective of counteracting climate change by improving energy end-use 

efficiency as a means to reduce primary energy consumption and, 

consequently, the mitigation of CO
2

 and other greenhouse gas 

emissions [European Commission 2011]. In the plan, a special 

emphasis is put on residential energy consumption, as it accounts for 

more than 20% of the overall usage of energy, and as it follows a 

growing trend in terms of absolute consumption [EIA 2011]. One 

measure chosen by the EC to promote energy reduction is the 

enforcement of ‘smart metering’, the electronic measuring of 

electricity consumption. The aim here is to provide end-users with 

individual meters that accurately reflect real-time energy consumption. 

Smart metering makes energy consumption visible and thereby 

addresses a central problem of modern energy use [Darby 2001]. 

Indeed, energy is considered ‘doubly invisible’ to householders 

[Burgess, et al. 2008]: on the one hand, energy is conceptualized as a 

commodity, a social necessity or a strategic material [Sheldrick, et al. 

1988]. Electricity, in particular, is an invisible and abstract entity, often 

entering the household via hidden wires. On the other hand, energy 

consumption is part of inconspicuous daily routines and habits [Shove 

2003], making it difficult for people to connect specific behaviors to 

the energy they consume. 

To make consumption visible, interactive feedback systems are 

considered highly valuable, as they increase energy awareness, 

motivate behavioral change and support learning processes [Darby 

2001; DiSalvo, et al. 2010; Fitzpatrick, et al. 2009; Mankoff, et al. 

2007]. Increased feedback raises awareness and creates knowledge 

that brings about change in energy-use behavior and a decrease in 

consumption [Wilhite, et al. 1995]. Feedback mechanisms influence 

energy consumption in a positive way and can increase the potential of 

energy savings by up to 5%-15% [Darby 2001; Darby 2006]. Following 

several simple feedback solutions such as ‘Kill-A-Watt’ [Jönsson, et al. 
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2010], a range of Home Energy Management Systems or HEMS have 

emerged, which provide users several options how to present the 

feedback information [Rossello-Busquet et al. 2012].  

To this day and despite such positive results from feedback systems in 

academic studies, the dissemination of smart meters that provide such 

feedback, remains a challenge on the concrete level of 

implementation. Public funded pilot studies, as well as those 

conducted by large energy suppliers, show that smart meters lack 

market acceptance [VDE 2010]. One of the identified reasons is that 

existing initiatives pay too little attention to the desires and needs of 

the users [Bundesververband Verbraucherzentrale 2010; Franz 2006; 

VDE 2010]. Indeed, a scan of publications on smart grid and Home 

Energy Management System (HEMS) technologies [Massoud Amin et 

al. 2005; Rossello-Busquet, et al. 2012] shows that user issues are only 

marginally discussed. The German Association for Electrical, 

Electronic & Information Technologies or VDE summarizes the 

problem as follows: 

"So far, the discussion about the use of smart grids in private 

households gives priority to privacy issues. Ergonomic aspects, 

however, have to be considered with an equally high priority, since the 

usability and the market acceptance depends on it. Only a few 

consumers have experience with smart grids. Accordingly, there is 

currently almost no knowledge available about ergonomics and 

accessibility." [VDE 2010] (translated by the authors) 

In their work, Brynjarsdottir et al. argue that existing research on 

energy feedback is primarily concerned with persuading people to 

consume less energy [Brynjarsdottir, et al. 2012]. Conceptually, this 

focus on persuasion creates a direct link between technological 

interventions and behavioral change, leading to the adoption of legacy 

patterns of technology determinism that fail to recognize the 

situatedness of practice and the agency of people [Dourish 2001; 

Suchman 2006]. This determinism tends to isolate issues in order to 

operationalize the ‘persuasion effect’ and thus separates the 
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phenomenon of energy consumption from its context in everyday life. 

To avoid the resulting narrowing of focus, it is important to ask ‘what 

people do with consumption feedback systems’, and in particular, how 

people appropriate such systems into their daily lives and how such 

systems shape patterns of consumption and social practices of 

consumers.  

In answer to the exposed concerns, in this paper we present the 

results of a qualitative research approach [Strauss, et al. 1990] to 

investigate the question of how consumption feedback is appropriated 

and weaved into the complexity of people’s daily life. Our research is 

based on a 6 months pre-study, followed by the development of a 

custom Home Energy Management System (HEMS), which we rolled 

out in a living lab setting to seven households over a period of 18 

months. Through TV, PC, smart phone and tablet based interfaces, 

our system provides feedback on real-time and past electricity 

consumption, both on a household and an appliances level. To 

explore the impacts of our HEMS on domestic life, we analyzed the 

data from on-site interviews and workshops using an open-coding 

process, as suggested by grounded theory [Strauss, et al. 1990]. To 

obtain additional insights, we made a qualitative analysis of the 

hardware and software adaptation made by the users of the systems 

and we reviewed system usage based on log file analyses.  

The rest of this paper is structured as follows: in section 9.2, we 

present previous work that helped in framing our study. We then, in 

section 9.3, delineate our approach and methods. Section 9.4 presents 

the main results of our study, followed by section 9.5, where will 

discuss these results and their implications for the design of interactive 

consumption feedback systems. 

9.2 Related Work 

Over the past 20 years, feedback mechanisms have been widely 

studied in environmental psychology, where their positive effect in 

energy savings has already been demonstrated since the time of paper-

based electricity bills [Egan 1995; Wilhite, et al. 2000]. The 
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explanation of the positive effect has been typically based on the use 

of rational choice models and norm-activation models [Abrahamse, et 

al. 2005; Stern 1992]. Notable studies on the diverse theoretic stances 

in the research of feedback for energy consumption include Jackson 

[Jackson 2005], with a particular focus on consumer behavior and 

behavioral change; Wilson and Dowlatabadi [Wilson, et al. 2007], 

with a focus on consumption-related decision making, Hinton [Hinton 

2010] with a special focus on comfort practices and their evolution, 

and Darby [Darby 2010] who put an emphasis on theories of how 

feedback works. 

In Human Computer Interaction, the research on feedback 

mechanisms for environment-friendly is an important part of the field 

of Sustainable Interaction Design (SID). Compared to the long history 

of environmental research, the history of SID is relatively short, but 

extremely active [Blevis 2007]. Several studies have explored home 

energy consumption [Chetty, et al. 2008; Pierce, et al. 2010; Riche, et 

al. 2010; Strengers 2011] and the effects of interactive consumption 

feedback mechanisms [Froehlich, et al. 2010; Jacucci, et al. 2009; 

Mankoff, et al. 2007]. Taking a design perspective, further work 

investigate aspects of visualization and design of consumption 

feedback systems [Froehlich, et al. 2010; Rodgers et al. 2010]. Pierce 

[Pierce et al. 2008] identify artistic and pragmatic visualizations as 

being important. Pragmatic visualizations focus on highly accurate and 

informative feedback, leaving the aesthetics of the system in a 

secondary level. Artistic visualizations primarily aim at 

“communicating a concern, rather than to showing data” [Kosara 

2007]. Examples for pragmatic solutions are designs such as ‘Kill-A-

Watt’ and ‘Watt-Lite’ [Jönsson, et al. 2010]. Examples for artistic 

solutions are, for example, the ‘PowerAware Cord’ [Gustafsson, et al. 

2005].  

The spectrum of research in SID has been complemented by other 

related disciplines. In the field of ubiquitous computing, several 

projects make use of sensors or embedded components to monitor 

and report environmental conditions, and use this information to 
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modify behavior (e.g. [Betz, et al. 2010; Patel, et al. 2010]). Other 

works look at the social aspects, mostly focusing on how users think 

and understand new assistive technologies (e.g. [Davidoff, et al. 2010; 

He, et al. 2010]). HEMS has also been focus of research in SID. 

Described as systems that combine multiple aspects and features in a 

home-oriented system of appliances [van Dam, et al. 2010], HEMS 

include arguably all necessary elements to achieve reduction of 

electricity consumption in home environments by being able to 

communicate and manage home appliances and offers to users’ tools 

to reduce their consumption [Rossello-Busquet, et al. 2012]. 

An important part of the approaches in SID adopt the dominating 

stance in environmental psychology, explaining energy consumption 

by means of the individual, rational behavior [DiSalvo, et al. 2010; 

Froehlich, et al. 2010; He, et al. 2010; Stern 1992]. Translating the 

theoretical models into design, these approaches make use of Fogg’s 

concept of persuasive technologies, concerned with ‘how behavior 

modification can be induced by intervening in moments of local 

decision-making and by providing people with new rewards and new 

motivators for desirable behaviors’ [Fogg 2003]. The merit of this 

research thread is that it outlines the challenge of behavioral change, 

which goes beyond the design of usable and easy-to-use systems. 

Persuasive feedback systems, however, fail to recognize the diversity of 

individual motivation and the fact that behavior changes happen in a 

series of stages [He, et al. 2010]. To deal with changes in consumption 

patterns, it is important to understand the phenomenon of energy as it 

is constructed by the people themselves [Kempton 1982]. In 

particular, how feedback mechanisms actually impact and change 

practices. 
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A few studies coming from disciplines outside of HCI, have 

approached the emplacement of feedback systems in the wild, aiming 

at understanding how the reduction of energy consumption works in 

real life [Hargreaves, et al. 2010; Hargreaves, et al. 2012; van Dam, et 

al. 2010]. Their findings show that there is no simple cause-effect 

relationship between feedback and behavioral change as persuasion 

models propose, and that the emplacement of such systems is a subtle 

and complex process, which is difficult to anticipate and simulate in a 

lab setting. These results clearly show an immediate need in HCI for 

contextual, longitudinal research exploring the appropriation of 

consumption feedback systems and their effects on the knowledge, 

habits, and routines of people. We need to widen the scope in SID 

from looking at the immediate effects of feedback, into understanding 

what people do with consumption feedback in daily life. Our work 

addresses this need by applying a grounded theory approach [Glaser, 

et al. 1967] to study the appropriation of a energy monitor in the 

context of a living lab setting. 

9.3 Research Design 

The work described in this paper was conducted as part of a 3-year 

project focusing on the research and development of concepts and 

strategies of in-house information systems, including HEMS. To 

address the complexity and situatedness of HEMS use in real-life 

 

Figure 17: Research Design 
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environments, we applied a living lab approach [Bernhaupt, et al. 

2008; Eriksson, et al. 2005; Følstad 2008]. Living labs make possible 

to bring users and technology together in an open ended design 

process, in real life environments [Følstad 2008]. They specifically 

support long-term cooperation, co-design and collaborative 

exploration among researchers, users and other relevant stakeholders. 

Involving users in the design process from the very beginning for 

‘sensing, prototyping, validating and refining complex solutions in 

multiple and evolving real life contexts’ allows a continuous formative 

evaluation of the designed artifacts and uncover appropriation 

phenomena at early stages of the technology life cycle [Bernhaupt, et 

al. 2008]. 

At the beginning of our living lab setup (cf. Figure 17), we conducted a 

pilot study, between November 2009 and May 2010, with an 

independent set of households with 46 participants in 16 homes. We 

provided an out-of-the box smart meter infrastructure that measured 

the energy consumption on an appliance level over a period of 10 to 

15 days. Participation was voluntary and the selected households 

varied widely in demographics (age, gender), living arrangements 

(home owner, apartments) and in terms of social and professional 

backgrounds. Following the tests with the devices, we used the 

collected consumption information to run workshops at the 

households and to discuss individual practices. The workshops were 

entirely recorded on audio and most of them were also videotaped. 

We analyzed the data using media annotation tools in an open coding 

fashion, to look for common patterns and categories related to the 

ways how people make use of consumption feedback and how they 

relate to and live with such a system. We reconstructed existing energy 

practices and strategies of sensemaking and accounting for 

consumption based on the collected metering information. 

In the next step conducted a longitudinal living lab study. We started 

with a comprehensive process to select a qualitative sample of 

households. Information about the study was published in the local 

press and via radio stations. Interested people were asked to submit an 
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online questionnaire with basic information. Telephone and on-site 

interviews were conducted to gather additional information about the 

households, including technical constraints and prerequisites, such as 

the availability of Wifi and the possibility to install smart meters and 

device-level meters. We finally selected 7 homes with 16 participants. 

An overview of the selected households and of the participating 

people is provided in Table 3. All households were located near the 

city of Siegen, Germany, representing a typical sample for this region 

[Federal Statistical Office Germany 2011]. This sample size allowed 

us to include a range of different household settings and, within the 

project’s resource limitations, to distribute an entire HEMS system 

including a set of interactive devices. With a planned overall period of 

24 months, the sample was expected to produce a large body of data 

that would allow for an in-depth analysis. 
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No. Type 

of flat 

m² Type of 

househo

ld 

Participants Sensors Equipment 

provided 

within the 

project 

H1  RA  69  Couple  female, 27, Teacher 

male, 26, Office Clerk  

SmartPlugs  Flatscreen 

TV, 

smartphone, 

Media Center 

PC 

H2  RA  80  Couple  female, 28, Marketing 

Specialist 

male, 31, PhD Student  

SmartPlugs Flatscreen 

TV, 

smartphone, 

Media Center 

PC,   

H3  OFH  140  Family  female, 37, Office 

Assistant 

male, 39, IT Specialist  

SmartPower

Meter , 

SmartPlugs 

Flatscreen 

TV, 

smartphone, 

Media Center 

PC  

H4  OFH  120  Single  male, 44, Banker SmartPower

Meter, 

SmartPlugs 

Flatscreen 

TV, 

smartphone, 

Media Center 

PC  

H5  OFH  145  Family  female, 60, Office Clerk 

(part-time)  

male, 66, Retiree 

male, 28, College 

Student  

SmartPower

Meter, 

SmartPlugs 

Flatscreen 

TV, 

smartphone, 

Media Center 

PC  

H6  OFH  140  Family  female, 45, Housewife 

male, 47, Mechanic 

female, 10, Student 

female, 7, Student 

female, 5, Student  

SmartPower

Meter, 

SmartPlugs 

Flatscreen 

TV, 

smartphone, 

Media Center 

PC  

H7  RA  55  Single  female , 29, PhD 

Student 

SmartPower

Meter, 

SmartPlugs 

Flatscreen 

TV, 

smartphone, 

PC, Media 

Center  

Table 3: List of Households (RA = rented apartment, OFH = one family 

house) 

For our initial HEMS development, we based the design on the 

empirical analysis within the pilot and existing knowledge from 

consumption feedback design from literature. The technical setup for 

the HEMS consisted of a number of different components. 

First, capturing the households’ overall power consumption required 

the replacement of the existing mechanical power meters with digital 

SmartPowerMeters that allow capturing the overall energy 

consumption of the respective household. Once installed, we were 
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able to receive measurements by an optical communication module of 

the SmartPowerMeters. We used Ethernet gateways as a coupling 

element and in-house PowerLine communication to make meter 

readings accessible throughout the home network. During the 

operation, the meters continuously send out consumption data using 

SmartMessageLanguage (SML) protocol via message push [VDE 

2010]. 

Second, to capture power consumption on an appliance level, 

SmartPlug sensors were used to provide us with finer grained 

measurements. The SmartPlugs can easily be installed by plugging 

them between the power socket and the appliance plug. Through an 

autonomous ZigBee network, the SmartPlugs provide information 

about current power consumption. They also keep a history log of the 

energy consumption of the connected appliances. Additionally, the 

hardware allows turning the appliances on and off. 

Third, HEMS included a Media Center PC, which we connected to 

the households’ main TV. This computer acts as a 

SmartEnergyServer, managing, storing and processing measured 

energy data. The server also runs the HEMS’ EnergyMonitor software 

to provide a graphical user interface that visualizes the collected 

information (Figure 18). The software was designed in a way that 

allowed for a straightforward interaction and required no prior 

knowledge or special training. It has been continuously developed 

throughout the project, following participants’ feedback and our 

observations. In its current version, the EnergyMonitor includes seven 

screens that show readings from the SmartPowerMeter, real-time 

power consumption information, an energy consumption history log 

and a comparative tag cloud. The latter allows users to freely assign 

tags to SmartPlugs, thus grouping them according to personal 

preferences. Selected views of the EnergyMonitor are shown in Figure 

20. 
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Fourth, to interact with the EnergyMonitor, users were able to access 

the feedback from a common interface when calling the 

EnergyMonitor from their TV, computer, tablet device or 

smartphone. TVs and smartphones were provided to the households 

if there were none there.  

Once selected, the preparation of households, was a major effort too, 

as the technical conditions and premises varied considerably between 

the different households and we needed to standardize the 

infrastructure in order to create the same basic conditions for our 

HEMS throughout the entire project period in each participating 

households. To install the SmartPowerMeter, the support of 

respective electricity providers was required. In advance, we analyzed 

several types of electricity meters and their technical details, to get an 

idea of the implementation costs of communication protocols and 

facilities for our HEMS. The deployment of the SmartPlugs was 

carried out during collaborative workshops with householders and our 

project team. We conducted a deployment workshop with each 

household, during which they distributed the SmartPlugs. 

Householders were free to position the SmartPlugs, only limited by 

technical constraint of wireless network connectivity. Within each 

 

Figure 18: Exploring Home Energy Management System 
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household about 10 SmartPlugs were deployed (Overall, 72 

SmartPlugs in 7 households). Every deployment of a SmartPlug was 

documented in terms of type of appliance and usage context, position 

in the house, person who wanted to have it there and a short 

indication of reason. Figure 19 illustrates how people deployed the 

SmartPlugs within their homes. 

Additionally we implemented a second, stationary control test bed in 

our lab. This test bed was similarly equipped to the participants’ 

households in terms of technology, so that we could run tests under 

similar conditions, before rolling out a new HEMS version and 

thereby eliminate technical problems. 

After the households were chosen and equipped with the required 

technology, we started the continuous investigation of HEMS 

appropriation. We began by conducting semi-structured interviews 

with all participating households, to uncover existing knowledge, 

attitudes and motivation affecting the energy consumption. The 

questions of the initial interviews focused on how participants 

managed electricity consumption at home. To this day, numerous 

activities within the participating households were conducted. This 

includes in-depth interviews, prototype explorations, user workshops 

and participatory observations of the use of the EnergyMonitor. We 

frequently visited the households, supported them with technical 

problems and provided new versions of the HEMS when available.  

 

Figure 19: Deployment and documentation of SmartPlugs within collaborative 

workshops 
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For data collection, our research followed a triangulation strategy 

looking at the phenomena from different angles [Flick 2006] to 

understand the subtleties of HEMS emplacement. 

First, to unobtrusively collect data in real-life settings, we studied the 

integration of HEMS into the local context and the use over time by 

evaluating usage statistics. For this, we used the log files of the 

SmartEnergyServer.  

Second, to validate usability and assess the level of acceptance of our 

HEMS design, we conducted an AttrakDiff survey [Hassenzahl, et al. 

2003] to learn about the perceived usefulness and easy use, as well as 

hedonic and pragmatic qualities [Davis 1989; Hassenzahl 2006]. The 

conducted survey showed the level of acceptance and pointing out that 

the system was perceived both usable and attractive. 

Third, to understand the households’ dynamics[Hargreaves, et al. 

2010; Hargreaves, et al. 2012; Wallenborn, et al. 2011], we studied 

emerging practices and critical incidents [Stevens 2009]. Here we 

relied on qualitative data captured during interviews, informal talks 

and observations from on-site visits. Overall, we audiotaped 70 

interviews and 34 workshops, with a total length of over 200 hours. 

Several million datasets on the energy consumption of households 

and appliances were gathered over a time span of 18 months. 

Furthermore, households increasingly accepted remote access to the 

SmartEnergyServer even in absence, which was helpful to install new 

releases or prepare follow-up visits and to observe the usage of new 

features. For an analysis of the collected data, we followed an open 

coding process and the constant comparative method as suggested by 

grounded theory [Strauss, et al. 1990]. With our project team we 

conducted coding workshops and used the results as input for 

theoretical sampling in further investigations.  
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Meter information: The landing page of the feedback tool shows a graph 

comparing the factual energy consumption of the household with an 

anticipated prognosis on basis of consumption of the last years. Additionally, 

it shows the meter counter 

 

  
Real-Time Power Information: This screen provides a real-time visualization 

of the current power usage, measured by the SmartPlugs and the 

SmartPowerMeter. The visualization can be filtered according to tag groups 
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Comparative Tag Cloud: The tag cloud shows sums of consumption of 

SmartPlugs grouped by user-generated tags 

  
Contract Information: This screen shows the estimated consumption for the 

current year, based on last years’ consumption, the utility providers’ name, the 

price per kilowatt hour, and the composition of the energy mix 
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Historical Energy Consumption: This screen shows the historical energy 

consumption data of chosen tag groups or data from the SmartPowerMeter 

Figure 20: Interaction concept of HEMS 
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9.4 Impacts of HEMS on Domestic Life 

In this section, we will present the results of the open-coding process 

of the collected data. Our analysis resulted in nine categories, which 

we will describe in the following. Each category begins with a title that 

we defined to describe the core aspect of the category. We will then 

summarize the category in a short paragraph, before we describe each 

category in more detail, supported by empirical results. 

9.4.1 We are Curious 

People are highly interested to investigate their domestic energy use 

with HEMS. Once they discover the new opportunities and monitor 

their domestic energy use, people are stimulated and curious to 

investigate their consumption. Participants named real-time local 

information of energy consumption as the most important benefit. 

The new possibility provided by HEMS starkly contrasts their past 

situation without HEMS where consumption was invisible. 

Our study shows the value for people to have a controlling instrument 

at hand, that monitors their consumption and enhances energy 

awareness. People rank the hedonic quality stimulation (HQ-S) within 

the conducted AttrakDiff questionnaire high (mean: 1.6), which 

addresses the human need for excitement (novelty/change) and refers 

to quality aspects such as ‘innovative’, ‘exciting’ and ‘exclusive’ 

[Hassenzahl 2006] (Figure 21). 
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Figure 21: Results of the AttrakDiff questionnaire 

The following examples show how, in different situations, participants 

mentioned that they were interested in using the system to observe 

their energy consumption and get a detailed picture of their local 

energy system: 

Example 1 

Interviewer: So, if you could say again, on a general level, what was 

good and what wasn’t. Can you give us feedback? 

P1: I thought it was really good, that you could measure every 

appliance. Even if I was charging my mobile phone or something 

else, I could measure that. That’s also interesting in regards to 

something being on stand-by, let’s just say, using 100 watt. How is it 

used? I have an overview over all of the electricity I use. Before I 

would have had to do that manually and now I can see it on the 

display. I like that. That is very useful, because I can see where 

electricity is being used and how much is being used. 

 

Example 2 

Interviewer: What are your experiences with the smart metering system 

that we installed? How did you use the system? […] 

P2: Yes, I have to say, the whole thing interested me from the start […] 

so I did look at it, I was really curious […] my wife was vacuuming 

and I took a look to see how much [electricity] the vacuum cleaner 
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uses. 

 

Example 3 

P3: So, it was always interesting [using the system], I turned on the TV 

and then I saw how much energy the different appliances consume by 

comparing it to what it was before. That was pretty interesting—

‘guys, tell me what you’ve switched on’—so that I can keep track of 

what they’re using [...] and that’s how it was, then you can compare 

the days, my wife was doing the laundry, so the usage is higher and 

so on. That’s pretty interesting. 

 

Example 4 

P4: Well, I said: I thought maybe you switched on a device or your 

laptop, because the curve is up to 200 Watt, but I don’t know why. 

Then I thought, maybe it’s the fridge because it cools now and then 

but then it showed 100 Watt before and I don’t know which device 

needs 60 Watt, that means the 40 Watt that the PC uses plus the 60 

Watt […] I have to check this again, that’s very interesting, clearly! 

The ability to get immediate consumption information was the most 

attractive aspect of using HEMS in the participating households and 

was mentioned as “most beneficial” and a “quick win” by people. The 

system log files show that ‘real time power information’ was used the 

most. People were also interested in getting the current count of the 

meter (‘meter information’, cf. Figure 22). 
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Figure 22: Overview of HEMS component usage. 

People immediately connected the option to inquire and monitor 

consumption to the way of measuring consumption by deploying the 

sensing infrastructure. They reflected on how to deploy smart plugs in 

order to get the most interesting information from their local energy 

system. 

This includes both, the aspect of coverage of consumption 

information from single devices and the aspect of granularity for a 

detailed view on domestic consumption. During the initial phase of 

HEMS deployment, people mentioned that it was important to them 

to include all major appliances, so that the overall energy picture was 

as complete as possible, despite the limited amount of SmartPlugs. 

Householders consciously positioned the SmartPlugs within their 

homes according to their own preferences and needs. We noted some 

reoccurring decision-making criterions across households. Participants 

repeatedly reflected on their most used appliances and devices with 

the highest conceived consumption. Figure 23 gives an overview of the 

devices distributed within the homes, summarized per device category 

and the coverage of the total household consumption. In nearly every 

household the initial deployment of SmartPlugs was changed during 
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the time of our study to improve the coverage and to accommodate 

individual preferences in monitoring consumption (Figure 23). 

 
Figure 23: Overview of device categories covered by Smart Plugs and coverage 

by Smart Plugs from total in % 
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9.4.2 I or We 

Using HEMS influences social relations and interaction between 

household members. There are two different cases of HEMS use: 

Either one person is the prevailing and independent HEMS user or 

HEMS is used in a more social, collective fashion. 

From our data, we identified two different types of HEMS use. On the 

one hand the local single energy expert, on the other hand 

householders use HEMS collaboratively and mutually influence each 

other. 

With the first type, the prevailing user takes on the role of the local 

energy expert, who is in charge of the topic of domestic energy usage 

for the entire household. In the households with multiple people, this 

person was our first contact and simultaneously the energy expert in 

the home, as the following excerpt shows: 

Interviewer: And did you check it together with your wife? 

P5: Yes, sometimes, but I am the one [who uses the system]. She of 

course found that interesting, too, but technical stuff is my business, 

she probably wouldn’t even know how to boot it [HEMS] up.  

Here, we also observed in some cases, that family members asked 

their ‘energy expert’ questions concerning consumption. The expert 

then either gave advice or supported the use of HEMS. 

She asks me and then I said: ‘Here you can see how much the washing 

machine consumes or how much the dryer consumes, or so’. 

Also, in some cases, the ‘energy expert’ became the controller, or 

‘teacher’ who enforced the rules for domestic energy consumption. 

P6: Yes, now that I know that my daughter used the computer and 

listened to music at the same time and she also was on the phone and 

went outside to the balcony for a phone call. And then I just said: 

Hey, there are already 100 Watt from your room alone. Either you 

switch off the devices or you hang up. That’s a thing: phone calls 

with the teenagers these days go on for half an hour or an hour and 

the devices are on anyways. 
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Here the social interaction between household members is about 

advice and restrictions of the local energy expert to avoid an inefficient 

use of resources. Both, the energy expert as well as the family 

members, initiated a discussion on energy consumption. 

In the second type of use, householders develop mutual practices to 

understand their energy use. Householders use HEMS collaboratively 

and mutually develop strategies for optimization. Here, for instance, 

one person would monitor HEMS on the TV, while the other person 

would walk around the house to turn appliances on and off. 

P7: When I had the TV on, or, I also looked at it in between, and then I 

also checked with my wife when we, for instance, turned on the 

coffee machine, how that shows up on the curve. Or when she 

intentionally went downstairs and then turned on the washing 

machine, we could track the impact. 

We observed that a collaborative use of HEMS influenced social 

relations and interaction between household members. Especially in 

the case of multi-person households, the use of HEMS triggered 

communication among members. This included an increase in 

decision-making and coordination processes among the members of 

the household concerning their energy usage. We observed recurring 

forms of communication where sharing experiences and joint 

optimization played an important part. This form of exchange mostly 

aims at the promotion of collective efforts to optimize and control the 

current state of energy use within the homes. The following quote is 

an example where a husband mentioned how he communicated 

spontaneously at work with his wife by phone in order to clarify 

energy use at home: 

P8: When we did this I could not understand one thing, and that’s when 

I remotely logged in [from work], when I logged in it was by about 

100 Watt. Well, I thought, that’s the computer itself, but wait, that is 

only 40 Watt. So I thought, OK, maybe there are some other 

appliances running. But then the curve goes up to 200 Watt—and I 

think ‘what?’ there’s nothing else switched on at home. Then I called 

my wife at work or on her cell and asked: “Did you just come home? 
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Because she goes home at lunch time”. She says: “No, I’m at work”.  

In these cases where HEMS is used collectively, forms of 

communication are shaped by the goal to develop a common 

understanding of energy usage within the homes to achieve energy 

consumption optimization through joint efforts. 

9.4.3 Energetically Literate
7

 

HEMS allows people to learn about electricity consumption and 

ascribe a meaning to the information presented by HEMS. They 

become literate and thereby much more specific and expressive in 

talking about their home energy usage. 

The theme became visible in the stark contrast between the interviews 

before HEMS installation and after. We will use the following two 

parts, taken from interviews with the same person from household 2, 

as an example for the growth of knowledge and the capabilities of 

householders regarding their individual energy literacy. The first 

excerpt is taken from the first visit in the project, where we wanted to 

learn more about their individual housing context, as well as their 

understanding of their energy consumption. Here, the person explains 

his energy consumption. 

P9: I don’t really know how much the receiver consumes. The TV, 

because it’s a plasma TV, consumes quite a lot. Other than that … 

the refrigerator, I don’t know how much that consumes, I don’t think 

it’s that much. […] I’d also say the stove, I’ve never really paid 

attention to its consumption. I would also guess, the TV consumes the 

most and in the kitchen, the stove. But I’m not that sure about that. 

                                                           
7

A detailed report of this category can be found in SCHWARTZ, T., 

DENEF, S., RAMIREZ, L., STEVENS, G. AND WULF, V. 2013. 

Cultivating Energy Literacy— Results from a Longitudinal Living Lab 

Study of a Home Energy Management System. In Proceedings of the 

Proceedings of the 31st international conference on Human factors in 

computing systems - CHI '13, Paris, France2013 ACM Press. 
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The second excerpt is taken from an interview with the same 

participant after a HEMS deployment of 94 days, during which the 

system was accessed on 41 days (cf. Figure 24). 

P10: [it was beneficial] seeing how much each device consumes and 

then to think about it […] Alarming how much we use in the evening. 

[…] The TV consumes quite a lot, I have to say, almost 600 Watt [...] 

and when the oven rockets up to 3000 Watt […] And the dryer, I 

would have said it needs quite a bit, but the consumption actually 

was not that high. I thought it goes up to 2000 Watt or so […] if it 

does full heat. But then it was only 400 Watt. 

Here, the participant is able to de-aggregate his individual 

consumption on an appliance level. He uses ‘watt’ as a unit to explain 

and compare electricity consumption and to make value statements. 

His explanations are from memory, showing that the knowledge about 

electricity consumption has been deeply internalized and his 

competence to assess his own ‘energy system’ has grown by using 

HEMS. 

This was a common observation in all participating households. 

Throughout the study, householders were increasingly more able to 

draw a detailed picture of their local energy system after using HEMS. 

Participants were able to specifically name the consumption data of 

their appliances by using units of consumption and comparatively 

relate consumption information to different appliances. 

We observed that Energy Literacy presents a value by itself. It has a 

significant influence on covering and improving both the general and 

theoretical knowledge about energy, as well as promoting the skills 

necessary to understand one’s own energy consumption. In our study, 

participants developed an increased competence to trace back energy 

flows and use it for overall energy management.  

The growth of energy literacy that we observed was an evolving 

process with mutual influences from accurate and trustworthy 

information on energy consumption and from the reflection and 

contextualization of this information. Participants progressively made 
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a connection between energy consumption information and the 

context of their daily life. This connection represented an important 

precondition for an informed reflection about the actions that may 

lead to significant changes in consumption patterns. 

9.4.4 We are Proud 

Householders identify with the system. They proudly present HEMS 

to their friends when they visit and also remotely from work to their 

colleagues. 

As reflected in the peak value of the AttrakDiff evaluation, HEMS 

users think that the system is highly ‘presentable’ (Mean: 1.7). This is 

related to the system’s hedonic quality identity, which refers to human 

needs like pride, social power or status [Hassenzahl 2006]. 

Our users expressed that they liked and could identify themselves with 

the system. They present the HEMS system to others, as the following 

examples show: 

Example 1:  

Interviewer: You said that you used HEMS a number of times. How did 

you like it? What did you do with it?  

P11: Also, if friends came over, I say: “Look here [and they would say]. 

What did you have here? That’s cool.” Then I said: “Hold on. Then I 

turned on the heater and when it jumped to 3000 Watt […] you see 

it’s going up and down.” 

Interviewer: So you showed it to other people? 

P11: Yes, of course also from home. Or I dialed in and then showed a 

colleague: “Here Look at this! You can see the current power 

consumption.” “Oh yeah, that’s cool!” And then he would say: “Oh, 

I would have liked that too …” 

Example 2: 

Interviewer: And did you sit together and look at it [you and your wife]? 

P12: Yes, […] also when there were visitors, we showed it. 

Given these viral effects, we received requests from other people if 

they could become participants of our study too and we currently 

keep a list of users to take part in a future project.
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9.4.5 Maintaining the Overview 

HEMS allows participants to make their energy consumption visible, a 

fact that they consider very beneficial. Beyond an initial curiosity (4.1), 

there is a sustained need for maintaining an overall picture and the 

possibility of an accurate control of energy usage at home. 

The need for maintaining an overview increases with time, as HEMS 

use changes from a ‘single point investigation tool’ to a control system, 

which continuously relates information in a broader context.  

We observed that people continuously used HEMS to maintain an 

overview by checking plausibility of their energy use from time to 

time, as the following example shows: 

Interviewer: That means you sit here and check it from time to time? 

P13: Yes, yes, exactly. It is the interesting to see it again. You know in 

princinple everything is alright. If then suddenly it goes up to 2000 

Watt … well maybe someone is stealing  power or there’s a 

malfunction in the house or so. 

At an early stage in the project, a recurring pattern of maintaining an 

overview was that people roughly estimated their consumption based 

on verifiable values and plausible reference scenario (as shown in the 

above quote). Given that householders were more and more able to 

draw a detailed picture of their energy system, this allowed them to 

maintain an overview of the consumption. In relation to that 

development, people continuously used HEMS to check the 

plausibility of consumption. The practices of the estimated 

consumption steadily developed. Previous values and more detailed 

reference scenarios become increasingly relevant as in the following 

example. 

Interviewer: Does the displayed information mean anything to you? 

What kind of relevance does it have?  

P14: […] 300 Watt, currently, for mid-day is not so much. Usually we 

have 500 Watt …I memorized this because I check continuously. 

The aspect of keeping energy use under control is also visible in the 

log files. Users frequently accessed the system right from the beginning 
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and sustained their usage behavior over time throughout the 18-month 

period of our study. 

Figure 24: Usage statistic based on log file analyze of the HEMS system 

Overall, the analysis of the log files show that users accessed HEMS 

on average every 5.9 days (range: 2.43 to 12.64) to check their 

domestic energy consumption.  Small peaks in use became apparent 

after conducting the major project workshops (WS1: deploying 

SmartPlugs; WS2: Software Release Version 2; WS3: Software 

Release version 3; WS4: Evaluation). Use, however, also continued in 

the times without any project-related interventions. This sustained use 
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points to the wish of users to maintain an overview of the energy 

consumption and therefore use the system beyond the initial interest. 

9.4.6 Individual Accounting 

People use individual ways to explain their energy consumption. The 

adaptability of our HEMS made it possible to include individually 

defined metrics and to define comparable groups and classes. With 

this support in adaptability, users could progressively create a 

feedback system that displays consumption in a language that is 

meaningful to them, and that better captures different reference 

systems for specific situations. 

Our study shows that people always attempt to attribute energy 

consumption to meaningful categories. People use different 

mechanisms that relate to their individual context to make their own 

energy use accountable and explainable, as exemplified below. 

Interviewer: What is electricity for you? 

P15: Electricity to me is what I use. When I drink a cup of coffee, I know 

that I’ll spend so and so much for that. Electricity to me is also not 

measurable. That’s the problem I have with it. I can’t really explain 

that to my kids: ‚Look, you’re using electricity now.’ They’ll just say 

‚Why? I’m just listening to music, I’m not using electricity.’ Those 

are things that are really hard to explain. 

With this in mind we designed HEMS to have the potential for 

flexibility and adaptation to fit people’s individual needs to make 

consumption accountable. As we identified this issue already in our 

pre-study, we integrated a tagging mechanism that allowed people to 

adapt HEMS to their local context by structuring and categorizing 

measured values. This mechanism allows them to generate preferred 

views and makes it possible to include individually defined metrics or 

to redefine comparable groups and classes. With the help of user-

defined tags, users could progressively create a feedback system that 

displayed consumption in their own language. This customization 

affects the form of visualization of the measured data on the screens 
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Comparative Tag Cloud and Real-Time Power Information (e.g. 

Figure 25).  

 

Figure 25: Consumption data structured by ‘rooms’ (top), consumption data 

structured by category ‘always on’ (below) 

We observed that people found this feature very helpful and 

especially used it to make comparative estimations. 

Interviewer: Looking back, what went good, what went bad? Is there 

anything special that you recognized? 

P16: Yes, well, yes. What I especially noticed is these customization 

options […] that was really useful. That’s where you could put 

things next to each other and you can concentrate on what you’re 

interested in, especially in the live view, but also in the other views. 
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Most of this adaptation took place at the beginning of the HEMS 

exploration phase. Here, people defined clusters of devices as services 

that they consume. ‘Being in the living room’, for instance, was a 

service that participants wanted to understand and which often 

became a reference to further analyze and estimate the household’s 

consumption. It also became apparent that the emerging skills (cf. 4.3) 

influenced the type of creating groups. Over time, people suggested to 

redefine clustering which they mentioned as more advanced such as 

‘always on’ devices versus ‘activity based consumption’ and 

consumption data structured by ‘persons’ or ‘activity’. The service, 

‘watching TV’, for instance, could include the appliances TV, stereo 

amplifier, receiver and DVD player. 

The wish to grouping domestic energy consumption by the categories 

‘persons’ was expressed in 4 cases. But the households found it 

difficult to clearly assign consumption to a person and therefore 

discarded the idea. Overall we see the grouping of devices and 

consumption into meaningful, individual categories, as a key 

requirement for HEMS design.
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9.4.7 Embedded in Daily Life 

HEMS usage becomes part of daily routines and was a sustained 

activity throughout the study. The TV became the main device to 

access HEMS as it allows for a seamless integration with existing 

practice. 

In our study, users had the option to access HEMS from a variety of 

home media devices, including TV, smartphones and (in two 

households) via tablet computer (Figure 26). 

 

Figure 26: Providing Energy Feedback on multiple devices within the home 

If smart phones were present in the households, we found that 

accessing HEMS via smart phone accounted only for a 2% of the 

accesses. In households where a tablet PC was at hand, it was used 

only for 6 % of the HEMS accesses. 

Analyzing how people accessed consumption information throughout 

the study showed that the access of HEMS by TV prevails. Users 

frequently checked their current energy consumption before or after 

watching TV or during commercial breaks.  

Interviewer: And did you have special occasions to check [HEMS]? 

P17: No, just spontaneously, when I watched TV. If the TV was on 

anyways, then I’d turn on the system [switched to EnergyMonitor] in 

the background. So, not always, but especially then. 

The sustained use of HEMS that we described before was clearly 

linked to the already existing practice of watching TV and the available 

free time during commercial breaks. The integration of HEMS into 

daily routines, thus, is an important factor for a sustainable use. 
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9.4.8 Losing Trust  

Misleading or misinterpreted data provided to householders opens 

room for speculation and lets users put the system in question. We 

observed that regardless of the underlying reason, information that is 

not immediately plausible makes people question the entire system 

and any kind of additional and further information. 

Once people were skeptical about the information provided by 

HEMS (which in most cases was caused by a lack of personal 

knowledge on how to analyze a specific situation) people generalized 

and applied their doubt to the system overall. For people the 

plausibility of the presented data is a matter of high priority, as shown 

in the following example. 

Interviewer: How did it go, with the system? Do you remember when 

you used it for the last time? 

P18: […] Sometimes, values for me were not immediately evident […] 

and somehow, I believe they were not always displayed correctly 

[…] so I really rather kept my hands off it. It did not make sense for 

me anymore […] consequently, I have waited for you.   

We observed that people lost trust in the monitoring of their energy 

usage, in situations when they were confronted with information that 

did not match the actual and desired situation. Such perceived 

impairment of consistency effected the general attitude of people 

towards the entire system. This aspect underlines the importance of 

direct and easy access and of usable systems.  

P19: Well, we now we watched on the 15
th
 […] there, I watched soccer 

on TV in the evening, I remember that. It would be interesting to see 

how much energy that requires. 

Interviewer: Well, than we have to check the 15. […] you can now select 

8 pm on the 15
th
 in the selection menu of HEMS. 

P19: Indeed, it would be interesting to do that […] I am able to 

understand that exactly [...] that was just the TV and the computer I 

used to watch soccer. The TV has 400 Watts, we know that, and the 

PC 200. [Seeing the information on the screen] Strange, is that 

really possible? 4.2 KWh in the whole periode from 8am to 11am. 

Definitely, that should be less […] well … if this is all correct? 
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Maybe, you only get to see a tendency. [laughing] Now I understand 

why I was so surprised about my consumption elsewhere. Now, 

nothing surprises me anymore …  

In this case, the provided information displayed was correct, but a 

setting that would group the information in the desired way was not 

properly configured. Our study shows that the trust in the system is 

especially important for the introduction of HEMS given that this is a 

new class of device and that electricity consumption is not well known. 

9.4.9 Impact on Domestic Ecology 

HEMS impacts the domestic ecology within the participating 

households. Participants identify appliances that are wasting energy 

and use them less or make plans to replace them. They also exchange 

less efficient behaviors for new sustainable routines in their daily lives, 

which results in a reduction of energy consumption. 

HEMS impacted householders’ energy consumption behavior. They 

changed practices and routines, which are part of habitual domestic 

life. They would, for instance, explain: 

P20: Yes, well, we did consciously leave the light turned off here in the 

hallway. Usually we let the light burn in the evenings here in the 

hallway; and we were upstairs and our son wasn’t here yet. Yes, why 

should we have the light turned on? 

This indicates that HEMS impacted the way people use electricity 

and, as in the case above, identify and change a wasteful practice. 

Also, as in the following example, they considered an alternative 

practice that does not require electricity: 

P21: My wife is very conscientious. We already talked about drying as 

much as possible in the basement [by hanging clothes]. We just 

checked again what impact that [the dryer] has. 

Another common observation was that once householders had 

established an understanding of their local energy system through 

HEMS, they conducted energy conservation activities that optimized 
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the rearrangement of appliances. The following case taken from an 

evaluation workshop illustrates this effect: 

P22: Especially upstairs in the area, as I said before, I don’t leave the 

TV on standby [...] I really turn it off. 

We also observed that participants used multi socket outlets to merge 

 

 
Figure 27: Overview of annual consumption of householders (*household 1 

residents moved to a new apartment, information could only tracked partly) 
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devices and to be able to turn them off together. Participants also 

changed their configuration to achieve the previously identified saving 

potentials. Here, not only appliances, which are immediately 

accessible for domestic use, came into focus. We observed that 

people also took into account constituent elements of the household, 

like heating: 

P23: I’ve separated the heater downstairs, because the circulation pump 

is always working and it consumes about 70 watt, so I installed a 

timer. Only if the timer is on, he pump will also turn itself on. 

Beyond the change of routines or the changes in using existing 

devices, HEMS also increased the awareness and the knowledge 

about how much energy could be saved by replacing an appliance with 

a more energy efficient one. As the following example about a vacuum 

cleaner illustrates, the new skills influence future buying decisions. 

P24: It’s not like we’re going to vacuum less now [laughing], but I 

would say that the next choice of vacuum cleaner will be influenced 

by its [electricity] consumption. And not necessarily, like, it runs at 

1200 watt, [means that] it must be good, but instead that you might 

say, this vacuum cleaner running at 700 or 800 watt might actually 

be more effective, because technology also evolves. 

These new insights into domestic energy consumption provided by 

HEMS also effect energy consumption extends over the period of the 

field trail and shows up as a noticeable effect when comparing pre- 

and post- HEMS phase.  

Overall, for the seven households, we see an average electricity 

reduction of 7.8 % during a period of 18 months when compared to 

the consumption in the year before the HEMS deployment. Here, as 

shown in Figure 27 and Figure 28, an analysis of household 1 was not 

possible, because participants moved to a new apartment making a 

collection and evaluation of relevant data impossible.  

For the other households, only one household showed a significant 

increase in consumption (H5). In this household, however, 

remodeling took place during the study that increased the living space 
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significantly. Also, worth noting is that in another household (H3) a 

person temporally moved out, which, independently of HEMS, is 

likely to have caused a reduction in energy consumption. 

While our sample size here is too small to generalize the impact of 

our HEMS and identify the exact impact of other factors in detail, it is 

worth noting that our results are within the findings of other studies 

[Darby 2001; Darby 2006]. 

 

Figure 28: Effect on domestic energy consumption (*household 1 residents 

moved to a new apartment making a comparison impossible) 
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9.5 Discussion 

Following the tradition of grounded research, we, in the following, 

review for each theme its relation to previous work and also discuss 

aspects for the design of future HEMS. 

We are Curious 

Aspects of our first theme “We are curios” have been discussed in 

other research, too. That people are Curious enough to monitor their 

consumption and that immediate feedback is beneficial, is partly 

described in [Darby 2001; Fischer 2008]. Karjalainen [Karjalainen 

2011] also showed that people are interested in consumption 

information on an appliance level to track their use of energy. 

Motivational aspects in relation to energy feedback devices are 

described in recent literature, e.g. work by He et. al [He, et al. 2010], 

who argued that feedback devices should be designed for the specific 

stage of behavioral change a person is in, rather than use a 'one-size-

fits-all' approach. At different stages of appropriation, different things 

motivate people. 

The presented theme underlines that people are stimulated by the 

new ability of monitoring their energy use and that real-time 

information is the preferred type of information. New in our work is 

that people also reflect on and change the way of deploying sensing 

infrastructure to gain a deeper understanding of their energy 

consumption. For the design of future systems, the question of the 

correlation between motivational aspects to use HEMS and pro-

environmental attitudes is an important issue that also requires future 

research. 

I or We 

The existence of consumption feedback technology has an impact on 

household practices and domestic social life. The fact that different 

forms of using such systems emerged around them has been 

mentioned in [Schwartz, et al. 2010; van Dam, et al. 2010]. 

Hargreaves et al., for instance, pointed out that for their out-of-the-box 
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energy monitor, men were the dominant users [Hargreaves, et al. 

2010]. The authors mentioned that if usage of energy monitors 

changes to broader household ‘communities of practice‘, this pattern 

might change and further longitudinal and ethnographic research is 

necessary to explore in greater depth how energy monitors are 

embedded into daily practice [Hargreaves, et al. 2010]. 

Our category also shows how participants mutually influence each 

other and what their underlining rational forms of communication 

about energy practices are. Thereby, we observed less strong and 

some stronger forms of how people try to convince other people in 

their homes that they should change their energy use. Also, we 

identified the broader goal of developing a common understanding of 

energy issues in collaborative efforts. 

For the design of future HEMS systems, opportunities to support such 

forms of communication should be taken into account to better bridge 

the gap from the mere presentation of consumption data to an actual 

behavior change. 

Energetically Literacy 

Compared with the previous themes, the theme Energetically Literacy 

is not as present in SID literature as others. Studies only discuss 

learning aspects due to the provision of energy monitors as a marginal 

issue [Hargreaves, et al. 2010].  

We understand energy literacy as the development of a competence 

to deal with and make sense of energy in relation to a local, personal 

frame of reference. This competence is an important precondition for 

an informed reflection on the actions that may lead to significant 

reductions in energy consumption. Beyond personal consumption, 

energy literacy also plays an important role in empowering people to 

become informed citizens that have the knowledge to part-take in the 

societal dialogue on shrinking energy resources. Here, the idea of 

energy literacy responds to the repeated calls from the sustainable 

research HCI community to allow users to take part and understand 
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the values that are hidden in energy saving technologies [Schwartz, et 

al. 2013]. 

We therefore argue, that the design of HEMS, should take people’s 

level of energy literacy into account. HEMS could provide different 

entry points, ranging from novice to expert users or, following the idea 

that literacy develops through the use of the system, change over time. 

Additionally, the system could support different modes of interaction 

depending on the literacy level. 

Being Proud 

As with the previous theme, the category is not well investigated in the 

field of SID. As we explained before, within HCI, Hassenzahl 

[Hassenzahl 2006] investigated the attractiveness and perceived 

usefulness of interactive systems, including the dimension of hedonic 

quality, with its attributes ‘presentable’, ‘status’ which addresses human 

needs. 

We observed that people accepted the system as part of their daily 

life, identified with the system in a way that they were proud, also 

showing it to friends. For HEMS design, such an aspect can be an 

impulse for new features. Special modes for presentation and the 

ability to share personal energy consumption information appear 

especially relevant when considering the rapid growth of social media 

in recent years. Both, local and remote sharing can contribute greatly 

to the overall user experience and value of HEMS. Yet, future 

research has to show, if the observed proudness is a result of the 

novelty or is based on specific features of the technology (like support 

in becoming an informed consumer or providing ‘hard’ facts to show 

others that one has a green life style). 

Maintaining the overview 

We know from SID literature that after an initial period of use, the 

usage of energy monitors will be reduces significantly over time 

[Hargreaves, et al. 2010]. As a possible explanation for this, Van Dam 

et al. pointed out that the monitors themselves just became part of the 

‘background’ within households routines [van Dam, et al. 2010], 
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which is in line with findings from Hargreaves et al, who pointed out 

that their users had developed new patterns of energy use due to their 

increased awareness, thus no longer needing to check the monitor 

[Hargreaves, et al. 2010]. Other research, identified issues related to 

the appearance, as well as aesthetical and design issues of such devices 

[Karjalainen 2011] that may limit long term user experience. 

Generally, long term effects of energy feedback systems are not 

investigated enough [Froehlich, et al. 2010]. 

For our HEMS, and in contrast to some of the findings from above, 

we observed that people indeed make a sustained use of the provided 

HEMS system to maintain an overview of their energy use. The aspect 

of energy literacy further comes into play concerning the practice of 

controlling. Here, further research will be needed to investigate factors 

that influence sustained HEMS use. 

Individual Accounting  

According to Darby feedback needs to be clear, immediate and user 

specific to be understandable [Darby 2001]. The theme individual 

accounting confirms these findings, but also points to a common 

problem: many people have problems with understanding abstract 

units and, for instance, do not understand the difference between watt 

and kWh [Karjalainen 2011]. In particular, our study shows how 

users, in their lives, make sense of individual consumption and how 

such sense-making processes creates new meanings for abstract units. 

In order to design energy monitors it seems that units like kWh are 

the optimal solution as they measure the objective, physical reality of 

energy consumption most clearly. However the phenomena of 

individual accounting reveals that energy consumption is fist of all an 

entity of the lifeworld that is connected with, but not reducible to the 

psychical world [Pierce, et al. 2010; Pierce, et al. 2011; Schwartz, et al. 

2013]. A similar observation was made by Wilhite et al. [Wilhite, et al. 

2000], who pointed out that people do not consume energy, but use 

services that consume energy (e.g. by using the Internet in an assembly 

of devices and appliances like PC, Monitor, Router, Data Centers etc., 



187 

that consume energy). Taking under consideration that providing clear 

feedback does not mean to materialize an invisible physical reality 

[Pierce, et al. 2010], but must consider social construction of energy 

consumption supporting the individual sense-making practices. 

Our tagging and grouping mechanisms proved to be highly supportive 

as it allows users to build up their own vocabulary. Designers for 

HEMS can create features that specifically support these individual 

accounting strategies and thereby allow users to customize the systems 

according to their personal evolving energy accounting practices. 

Embedded in Daily Life 

Far from being a neutral technology, our findings suggest that HEMS 

be embedded in social practices at home. We observe that the 

appropriation of HEMS was particularly intensive in cases where the 

use of HEMS fits into a familiar pattern and established routines of 

using technology. It seems therefore beneficial to integrate HEMS and 

interaction with the system into existing practices, instead of asking 

users to do something entirely new. Hargreaves et al. pointed out the 

importance of putting the energy monitor where it would be seen 

regularly [Hargreaves, et al. 2012]. 

Our study suggests that such embedded design is a key issue for 

sustained use, as described before. Connecting the HEMS system to 

existing media devices and established routine has caused people to 

use HEMS for a long period. For our participants, watching TV was 

an established routine and using HEMS became an activity 

incorporated into watching TV. HEMS system design thus always 

should consider integrating systems in the existing media infrastructure 

and media usage patterns at home. In addition, the design of the 

(routinely) interaction with devices and the design of consumption 

feedback should be thinking together to support long-term feedback 

usage. Hence, research on consumption-feedback and research on 

smart home should not be divided in two separated sub-communities, 

but should learn from each other. 
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Losing Trust 

In relation to the category Losing Trust there has not been any 

systematic research in the field of SID. Research in other domains, 

however, has already addressed questions concerning the attitudes of 

users towards interactive technologies based on critical incidents when 

using them or software failures overall [Feng et al. 2008; Lippert et al. 

2006]. 

In case of HEMS, the factor of misinterpreting data increased critical 

attitudes towards the entire system. This may be affected by the 

circumstance that there is no additional control or tracking 

opportunity besides HEMS and people have no other choice to track 

their consumption. That emphasizes the role of HEMS as a unique 

resource within the home from which perceived malfunctions and 

failures will not be accepted. This also underlines the challenge to 

deliver feedback on energy consumption in a proper way, as 

formulated in other research. As known from literature, energy is 

perceived as being invisible by consumers and (technical) support is 

indispensable in facing the challenge of monitoring and controlling. 

Problems using these tools could not only lead to failing to 

understanding, which would have a neutral impact on energy 

consumption, but rather implies unanticipated and negative impacts in 

practice. 

For the design of future HEMS it would be important to avoid 

possible misinterpreting of consumption data, which may negatively 

influence a sustained use of HEMS as an important tool to realize 

reduction in energy use. In addition, the systems should allow the user 

to trace the aggregated consumption data back to the row data of the 

digital measuring in order to increase trust and traceability of the 

processed data. 
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Doing It 

A key theme of studies in the field of human computer interaction is 

the difficulty to change a householder’s behavior to reduce energy 

consumption. A large number of studies investigated the effects on 

energy consumption by enabling energy consumers to better 

understand the usage of resources and to identify and enact energy 

savings potentials by providing interactive supportive technology 

[Darby 2001; DiSalvo, et al. 2010; Fitzpatrick, et al. 2009; Mankoff, et 

al. 2007]. 

In general, energy feedback systems are considered to influence 

consumers by providing feedback and increasing the awareness of 

energy consumption with the goal of realizing the potential for saving 

energy. Darby showed, for example, that feedback mechanisms can 

influence energy consumption in a positive way and can increase the 

potential of energy savings by 5%-15% [Darby 2001; Darby 2006]. 

Our study confirms these findings. 

Our interviewees also reported using feedback from the monitors in 

order to plan new routines or change lifestyle practices, as a means of 

cutting back on domestic energy consumption, as e.g. [Hargreaves, et 

al. 2010] already reported. 

Important for us is that saving energy, while an initial driver and 

overarching goal, cannot be achieved directly. Instead, other factors, as 

described in the other themes, constitute pre-conditions before energy 

can be saved in a sustainable manner. 
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9.6 Conclusion & Future Work 

In this paper, we have presented results from a longitudinal qualitative 

study of HEMS that has been rolled out in a living lab setting in seven 

households for a duration of 18 months. In SID, an important 

research focus has been to explore how technology could persuade 

people to consume less energy. In our work, we used the slightly 

different focus of ‘what people do with technology’, which allowed us 

to uncover the appropriation of HEMS from a different perspective. 

We followed a grounded approach to empirically gain new insights 

into peoples' practices of using HEMS within the home in daily life. 

Our goal was to provide a rich description of relevant and meaningful 

issues emerging from the use HEMS, in order to understand how 

feedback works in the wild. Based on our findings, we presented nine 

themes and discussed them in relation to existing research in the field 

of SID. 

A great challenge for designing solutions for the mass market is that 

energy consumption is not just a physical entity, but rather an entity in 

people’s life that can have many individual meanings. Despite this 

"subjective" character, people are curious and expect to be informed in 

an objective, reliable manner about their consumption. In this, the 

perception of the quality of the measuring system influences important 

values such as trust and identification, which can achieve a long term 

impact and goes hand in hand with changes in consumption patterns. 

To satisfy this need for objective information, design should support 

the energy accounting practices by which people construct a reliable 

interpretation for their local context and their local needs. Supporting 

systems should render visible the “sense making” processes, by 

allowing users to trace back from feedback into measured raw data. 

The appropriation of feedback systems creates in the users a forms of 

literacy that should be supported by the HEMS system. This means 

that design of HEMS should take into account and adapt to the 

dynamical change of the  skills and needs of its users. HEMS should 

be designed to co-evolve with the changing competences of its users. 



191 

As we showed above, HEMS usage can be connected to the use of 

other existing media (like watching TV or using smart phones), which 

raises several opportunities to embed feedback on consumption in 

daily life. Our study uncovered some of these opportunities 

[Redström 2008], such as the use of regular commercial interruptions 

as a slot where users switched to the energy monitor app running on 

the iTV. We observed a challenge in the need for smart metering 

technology to be always on to measure continuously, but at the same 

time to be as energy efficient as possible. An answer to this  challenge 

lies precisely in integrating HEMS functionality into other existing 

home devices like WiFi routers. These issues show clearly that 

consumption feedback design should be constructed upon a holistic 

understanding of the home device ecology, since the ways in which 

HEMS are integrated into daily life decisively impacts their 

attractiveness of the system and their sustainable use.  

A fundamental issue observed in our work is the range of different 

interests involved in the design of HEMS systems. Against the 

backdrop of global environmental problems, there is an 

understandable demand by the society to move to more environment-

friendly ways of life. This need makes the primary concern of 

environmental politics to find ways to persuade people to change their 

lifestyle. On the other hand, we observed that participants in our study 

were primarily concerned with getting informed and perceived certain 

consumption practices as non-negotiable, an issue already observed by 

Strengers in [33]. These and other potentially conflicting objectives 

raise the questions of the ultimate goal of HEMS systems.  Designers 

could primarily design from the standpoint of the users as proposed 

by user-centered design [Lieberman et al. 2006] and participatory 

design [Ehn 1990],or could center on the change of ‘wasteful’ 

lifestyles, which is often implicit the case in persuasive design 

approaches [Ehn 1990]. Here, the concept of value-sensitive design 

[Friedman 2004] can prove helpful to deal with the diversity of interest 

by making them explicit and subjects of a rational discourse. 
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With the growing needs for a change of direction in our energy 

consumption practices, interactive technology will increasingly play an 

important role in supporting people to manage their energy footprint. 

Our research has shown that there is a high potential for interactive 

technology, but the impact of these technology in the daily life is non-

trivial. In understanding this impact, further long-haul longitudinal will 

be of central importance. 
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III. Conclusion 

Part Three. 
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10.  Major findings 

The challenge of understanding energy consumption feedback 

becomes visible in existing research and the limited benefit of 

proposed systems. In the last four years I conducted intensive 

empirical field studies in the residential sector as well as in workplace 

environments to explore in-depth interactive consumption feedback 

technologies. Following the critical stance in current SID research 

tending to disregard the situated perspective of energy consumption 

within everyday life and the larger socio-technical context of using 

interactive feedback technology (as proposed in section 3), I applied a 

practice centered research approach to take this into account. 

Thereby, I have paid special attention to the social configuration of 

energy consumption and meaningful existing practices.  

As a result, we have shown that supporting consumption through 

interactive systems affects various aspects of people’s lives. In this 

section I will conclude the results of my work in order to address the 

questions related to the research aim as outlined at the beginning of 

the thesis: 

3. How the entanglement of consumption feedback technology 

and practices constitutes in practice, by asking not only how 

feedback affects the people, but also what people do with the 

feedback in their daily life? 

4. What can we learn by that for the design of future interactive 

consumption feedback systems? 

10.1 Summary of Findings  

The starting point of my research was in 2009, addressing the question 

of novel opportunities to support sustainable energy practices at work 

through the introduction of smart metering technologies. This takes 

place by means of an ethnographic study in a large international 
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research institute with more than 950 workers over a period of 5 

month. Within a series of participatory action research studies 

combined with an online survey we explore in greater depth the role 

of workers in energy conservation. As presented in section 5, the 

results of this approach show that detailed information on energy 

consumption based on digital measuring technology contributes to a 

better understanding of the use of electricity in the workplace, which 

led to measurable reduction in energy consumption throughout the 

study period. At the same time, the results show that strong 

interdependencies between the provided technology and social 

practices of workers exist. It became apparent that not the installed 

technology alone contributes to reduction in energy, but rather 

workers start changing their practices and do have and do take 

responsibility for sustainable energy practices if they get adequate 

support. In our study the provision of consumption feedback at the 

workplace concerns in particular the following matters: 

Reflecting on Consumption  Section 

Recognition of consumption patterns  5.4.2 

Mapping consumption data to real world events 5.4.2 

Analyzing the represented consumption data   5.4.2 

Organizational Issues  Section 

Consumption data is good to control, but bad to 

evaluate in the work place 

5.4.4 

Consumption information is personal information   5.4.4 

Collective understanding of the problem and 

collective searching for solution 

5.4.4 

Table 4: Overview of relevant categories concerning energy consumption in 

work environments; Categories are discussed in detail in the mentioned 

sections 

Up to this point of my research, I identified the entanglement of social 

practices and the provision of interactive feedback systems as a 
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beneficial and important for further research on interactive 

consumption feedback. Within further reflections on this matter and 

as discussed in section 6, I adopt a practice-centered research 

perspective as a promising one to explore the socio-technical aspects 

of consumption feedback technologies. In particular, I have been 

encouraged to apply the concept of ethnomethodology as a practice 

centered research approach that is well established in HCI and 

CSCW [Crabtree 2003; Crabtree 2004; Crabtree 2004]. The main 

criterion for selecting the concept of ethnomethodology was the 

interest to gain knowledge about the ordering principles that affects 

peoples in using interactive consumption feedback systems and to 

consider the situatedness of practice and the agency of the people.  

Doing so, I started to explore the inner logic of energy consumption 

and related use of interactive feedback system in further field work. 

By conducting an empirical study with a total of 46 participants from 

16 households we installed basic out-of-the-shelf smart metering 

technology that measured energy consumption on appliance level and 

in the entire household. This provides important foundations for my 

work. In order to answer the question how consumption feedback 

technologies transform everyday life, we revealed how people make 

their consumption accountable and explainable with the help of 

interactive feedback system. By applying phenomenologically oriented 

ethnomethodology we obtained in-depth insights about the 

configuration of energy consumption as a meaningful element in the 

lifeworld of people and reveal how this configuration is created by 

people’s use of diverse accounting methods to make their energy 

consumption accountable and explainable.  

Our observations show that people primarily make use of 

consumption feedback to reflect on their energy use in terms of 

wasting. Based on the conducted field work we observed three basic 

elements characterizing waste from the people’s point of view: 
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Characterizing element of waste  Section 

To define consumption as waste, people connect 

energy consumption to a purpose. 

7.4.1.1 

People attribute waste to the efficiency of use of 

invested resources. 

7.4.1.2 

Waste, in the most cases, cannot be subordinated 

completely to the purpose or to the used resources. 

We uncovered that in many cases, waste is judged by 

proportionality mediating between the both above 

mentioned elements.  

7.4.1.3 

Table 5: Summary of characterizing issues of waste as uncovered based on the 

conducted field work in this dissertation 

A further interesting result of the study was that energy consumption 

does not exist by itself, but is always an attribute of people’s 

meaningful categories. A similar observation was made by Wilhite et 

al. [Wilhite, et al. 2000], who pointed out that people do not consume 

energy, but use services that consume energy (e.g. by using the 

Internet in an assembly of devices and appliances like PC, Monitor, 

Router, Data Centers etc., that consume energy). We observed that in 

attributing energy consumption, people differentiate between 

background and embodied services. This observation connects the 

results of Wilhite et al. [Wilhite, et al. 2000] with the thoughts of 

Pierce and Paulos [Pierce, et al. 2011] on the human-electricity 

relationship. Synthesizing these ideas with our own observations, we 

can define two modes of energy consumption: 
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Modes of energy consumption Section 

Embodied services are those forms of energy 

consumption originating from the actual, present 

agency of the subject. 

 

7.4.2.1 

Background services are those forms of energy 

consumption that make the lifeworld of the subject 

possible, but without an explicit involvement of the 

subject. 

 

7.4.2.2 

Table 6: Summary of different modes of consumption uncovered during field 

work in this dissertation 

As an outcome of this investigation on how energy consumption is 

configured as a meaningful object we uncovered that people make use 

of individual methods by explaining and accounting their 

consumption. By reconstructing these methods empirically we could 

identify four common strategies:  

Methods of making energy accountable Section 

Comparing appliances of the same kind 7.5.1 

Using Money as a universal reference system 7.5.2 

Referring to someone else’s consumption 7.5.3 

Habits and past actions as a resource for accounting 7.5.4 

Table 7: Summary of methods resulting from field work conducted in this 

dissertation 

Based on these results and addressing the question how interactive 

consumption feedback system is embedded in daily life and shape 

social practices and consumption patterns, we start a process of co-

design and appropriation research of an own consumption feedback  

system. This research was done within a living lab setting with seven 

households for a period of 18 month. The deployed feedback system 

in this study allowed householders to monitor energy consumption 
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both in real-time and in retrospective on the TV and on mobile 

devices.  

Analyzing this process, we revealed several aspects of the 

appropriation of the designed feedback system in everyday life. As an 

important result that becomes particularly visible at the beginning, the 

growth of knowledge and competence of the householders regarding 

their individual energy system becomes apparent. We framed this 

observed issue with the concept of “energy literacy”.  

We observed that what we term energy literacy is an important 

precondition for an informed reflection about the actions that may 

lead to significant reductions in energy consumption. Beyond personal 

consumption, energy literacy plays also an important role in 

empowering people to become informed citizens that have the 

knowledge to part-take in the societal dialogue on shrinking energy 

resources. Te aspect of energy literacy also responds to the repeated 

calls by SID community to allow users to take part and understand the 

values that are hidden in energy saving technologies. 

As presented in section 8, major outcomes from the investigation of 

this continuous process of learning and an analysis on how the 

acquired literacy changed energy consumption patterns covers the 

following elements:
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What people learn  Section 

Growth of knowledge regarding appliance level 

consumption 

8.4.1 

Growth of knowledge regarding idle current 

consumption  

8.4.1 

Growth of basis Knowledge  8.4.1 

How people learn  Section 

Learning in retrospective  8.4.2 

Learning in situ 8.4.2 

Learning by Comparison 8.4.2 

Learning by Service 8.4.2 

Learning from the Expert  8.4.2 

Learning in Collaboration  8.4.2 

Sustained Learning  8.4.2 

Impact from learning Section 

Change of routines  8.4.3 

Rearrangements of existing Devices  8.4.3 

Choice of Appliances 8.4.3 

Table 8: Summary of elements with regards to Energy Literacy 

The observation of the self developed consumption feedback system 

within a living lab setting allowed bringing users and technology into 

an open design process in real life environments, supporting long-term 

cooperation, co-creative research and a continuous, long-hauled study 

of user experiences. 

This led to further observed aspects of appropriating the system which 

we described in nine categories named with different terms:  
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Categories of appropriation  Section 

We are Curious 9.4.1 

I or We 9.4.2 

Energetically Literate 9.4.3 

We are Proud 9.4.4 

Maintaining the Overview 9.4.5 

Individual Accounting 9.4.6 

Embedded in Daily Life  9.4.7 

Losing Trust  9.4.8 

Doing It 9.4.9 

Table 9: Overview of relevant themes of appropriating consumption feedback 

in the long run 
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10.2 Implication for Design 

This dissertation shows that information technology has the capability 

to support and enact consumption practices. At the same time, results 

reveal that information technology use to manage energy consumption 

has embedded qualities that concern various aspects in people’s daily 

lives with regard to what we have worked out in the previous section. 

In order to design meaningful systems for energy end consumer’s to 

manage their resources, it is important to take these qualities in 

consideration for the design of future systems. To this end, in my 

work I applied a research approach that gets insights in how 

consumption feedback is weaved into complexity of daily lives and 

enabled us to uncover relevant meaningful and important socio-

technical qualities of technology supported energy consumption.  

From a design perspective it provides important foundations to take 

into account how interactive consumption feedback is appropriated in 

daily life and how such systems shaped social practices and patterns of 

consumption.  

Based on the uncovered practices and methods of consumption and 

the related use of technology summarized in the previous section, in 

the following I will summarize what these insights mean for the design 

of future interactive systems. Implications for design are discussed in 

detail in the corresponding section of part II of this dissertation. 

A first important step was to explore the phenomenon of energy 

consumption as presented in section 7. Based on our findings we 

define important features for technology that considers particularities 

of individuals in constructing their own consumption practices. We 

derive the following list of concrete design principles based on 

observed practices during field work (a more detailed discussion on 

design issues could be found in section 7.6.2): 
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 Wasting Energy: People primarily think about energy 

consumption in terms of wasting. Besides using values like kWh, 

CO2, EUR or USD, as the majority of consumption-feedback 

systems do, for the design of interactive feedback systems, it is 

important, to inform people about the relationship of waste with 

the purpose of consumption and with the source of consumption, 

and furthermore, with the interplay of these two aspects. 

 Consumption and the present self:  It becomes apparent that 

people do not consume energy, but use services that consume 

energy (e.g. by using the Internet in an assembly of devices and 

appliances like PC, Monitor, Router, Data Centers etc., that 

consume energy). We uncovered that there are differences in 

how people develop their relationship with services consuming 

energy, and the perceived mode of consuming service defines the 

constructed relationship. In the case of embodied services, 

people can take direct influence on energy consumption and 

therefore, it makes sense to use direct feedback mechanisms that 

respond to specific actions of the user. In the case of background 

services, on the contrary, consumption is not perceived as part of 

any actual agency, so in these cases the system should rather 

support users in thinking about the total cost created by the 

consumption of the background service, including economical as 

well as environmental aspects. 

 Comparing consuming appliances of the same type: 

Consumption-feedback systems should provide basic means to 

support the practice of comparing the consumption of appliances. 

In particular, the system should allow the comparing of 

appliances both locally as well as with others of the same type 

available on the market. 

 Accounting with money: our findings show that money is an 

essential element in existing accounting practices. It worked due 

to being a learned universal system, used by people to understand 

and explain consumption and by using their ability to judge it in 
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terms of a familiar unit. In this sense, the use of money as a unit 

in current consumption-feedback systems represents a useful 

feature. However, the existing design approaches reduce money 

to just an external, economical motivation for saving energy. In 

doing this, they miss the potential of money being used as a 

method for connecting, contextualizing and creating meaning for 

consumption in the lifeworld. 

 Accounting with others’ consumption: Consumption-feedback 

systems should provide appropriate means for comparative 

feedback. Existing systems address this issue only on a household 

level and use values based on statistic information externally 

imposed. The lack of transparency regarding the social context of 

data and the reasons motivating its aggregation, however, 

undermine the confidence of people and make the extraction of 

useful conclusions difficult. Design should, consequently, explore 

new strategies to include social context of consumption and to 

improve the explainability of the parameters defining 

comparisons. 

 Accounting with habits and situated actions: As we observed, 

energy becomes explainable by means of actions causing 

consumption. Existing consumption-feedback systems, however, 

provide only limited support for connecting the provided data to 

individual actions. Several systems provide a timeline or other 

historical perspectives of consumption, but they often lack 

elements to correlate temporally structured activities with the 

temporally structured energy consumption. The design of 

sustainable interaction should take into account the need for 

establishing this connection, providing features to support the 

discovery of patterns and exceptions based on uses and habits. 

All the elements and strategies we observed, are not isolated, but are 

part of a complex network of situated practices of de-

contextualization, translation and re-contextualization, which provide 



206 

the basis for people to make sense out provided consumption 

feedback. These observed characteristics hint to a need for supporting 

systems, which take into consideration, the situatedness and subjective 

character of consumption.  Besides design rationales based on concert 

observed practices as shown above we identify further foundational 

design principles: 

 Providing contextualization for interpretation: Contextualization 

plays a significant role in making sense of energy consumption 

data. Our findings show, that the interplay between energy 

consumption and a rich context for interpretation, helps in 

understanding consumption and in building competence to 

account for it. We observe, that people use speculative 

assumptions and personal memories to give a meaning to the 

presented data, which in many cases proved to be to insufficient 

to reconstruct the context for a particular dataset. To enrich 

energy consumption measurements, feedback systems should 

adapt technologies for capturing and tracking personal activities 

[Chalmers 2004; Flick 2006] and integrate this information into 

the energy consumption data, to foster learning and reflection on 

personal consumption patterns. In this context, privacy issues 

emerge, which are out of the scope of this work, but which needs 

to be weighed against the benefits of context tracking. 

 

 Making computational support adaptable: We revealed that 

consumption is highly individual and that feedback needs to 

consider this in order to support consumption practices. People 

have their own value-systems which define, among other things, 

when consumption is viewed as wasteful. These values systems 

can be highly dynamic and change from situation to situation. A 

way to address these issues is to make systems open to 

adaptations by the users. An important foundation for moving in 

this direction can be found in the results of the End User 
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Development (EUD) community [Lieberman, et al. 2006], which 

has been working in the creation of tools and techniques to allow 

users to re-define the behavior of the system and to tailor it to 

their needs. In the context of interactive consumption feedback, 

these methods could be used on several different levels. In the 

case of comparisons, for example, adaptability could make it 

possible to include individually defined metrics or to redefine 

comparable groups and classes. A further form of adaptability can 

be seen in the idea of tagging. This could be implemented by 

using sensors on an appliance level and tagging mechanisms to 

create individually tailored categorization based on dimensions 

such as device, individual or group-activities, situations, names of 

persons, rooms, etc. With the help of user-defined tags, users 

could progressively create a feedback system that displays 

consumption in a language that is more meaningful, and that 

captures the different reference systems in use for a certain 

situation better. This would allow users to analyze consumption 

based on personal patterns and filters, to detect individually 

defined forms of energy consumption.  

As we have shown in our study (Section 8), through the deployment of 

consumption feedback people became increasingly literate in 

understanding domestic electricity consumption. Based on our 

experience with particularities of competence development through 

feedback technology, we propose six principles to inform the design 

of future systems: 

 Allow for Horizontal Comparison: Interactive consumption 

feedback should provide views that show appliances of the same 

type of category. Thereby, the user could, for instance, compare 

the lighting in the living room with that in the sleeping room. 
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 Allow for Vertical Comparison:  Feedback systems should 

provide functionality to connect a specific device belonging to one 

or more specific activities to other devices that also belong to 

these activities. Thereby, users could track energy consumption 

related to activities that include multiple appliances. 

 Provide Real-Time Feedback: Feedback systems should link 

immediate feedback about current energy consumption with 

energy management actions so that users can learn in-situ and 

take immediate response. Learning would occur instantly and 

action and perception would not be fragmented. 

 Provide Retrospective Feedback: Feedback systems should 

provide users information about past consumption. In this way, 

consumption feedback increases the awareness and the 

knowledge of energy consumption in relation to routines, habits 

or special events. Such feedback supports making future 

informed energy-related decisions. 

 Support the Construction of Personal Consumption Language: 

Consumption feedback systems should provide personal 

reference values in order to create a connection between general 

knowledge and the people’s contexts. The system, for example, 

could include individually defined metrics or allow redefining 

comparable groups and classes. This would allow people to 

analyze energy consumption in their personal language. 

 Take the Energy Literacy Levels into Account: Interactive 

feedback systems should take into account that the people’s 

energy literacy might vary. Systems could provide different entry 

points ranging from novice to expert users or, following the idea 

that literacy develops from the use of the system, change over 

time. Additionally, the system could support different modes of 

interaction depending on the literacy level.
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11. Closing Remarks and Outlook 

This dissertation has provided in-depth insights in practices of using 

interactive consumption feedback in households as well as in the 

workplace. I have presented results from a series of longitudinal 

qualitative studies using a living lab approach that explores 

consumption feedback in everyday life. 

In SID, an important research focus has been to explore how 

technology could persuade people to consume less energy. In my 

dissertation, I used the slightly different focus of ‘what people do with 

technology’, which allowed me to uncover the appropriation of 

consumption feedback technology from a different perspective.  

I applied a practice-centered [Reckwitz 2002; Wulf, et al. 2011], 

ethnomethodologically informed research perspective [Crabtree 2004; 

Garfinkel 1994] to empirically gain new insights into peoples' practices 

of using consumption feedback. My goal was to provide a rich 

description of relevant and meaningful issues emerging from the use 

of interactive consumption feedback, in order to understand how 

feedback works in the wild and to inform the design of future systems. 

A great challenge for designing solutions for the mass market is that 

energy consumption is not just a physical entity, but rather an entity in 

people’s life that can have many individual meanings. In this work I 

examined this particular point and uncovered that energy 

consumption does not exist by itself, but is always an attribute of 

people’s meaningful categories. Based on these findings, I revealed 

how people make their consumption accountable and explainable 

with the help of interactive feedback system. By reconstructing 

embedded qualities of using consumption feedback I provide new 

insights in the configuration of energy consumption as a meaningful 
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element in everyday life (Especially for the perception of energy as 

“waste” and “as a service”). 

Based on these results I define important features for technology that 

considers particularities of individuals in constructing their own 

consumption practices. Consumption feedback systems should not, 

however, be understood as a rigid system, but address the issue to 

make systems open to adaptations by the users. An important 

foundation for moving in this direction can be found in the results of 

the End User Development (EUD) community [Lieberman, et al. 

2006], which has been working in the creation of tools and techniques 

to allow users to re-define the behavior of the system and to tailor it to 

their needs. In the context of interactive consumption feedback, these 

methods could be used to allow users to analyze consumption based 

on personal patterns and filters, to detect individually defined forms of 

energy consumption or to progressively create a feedback system that 

displays consumption in their own language 

Despite this "subjective" character of energy, the results show that 

people are curious and expect to be informed in an objective, reliable 

manner about their consumption. In this, the perception of the quality 

of the measuring system influences important values such as trust and 

identification, which can achieve a long term impact and goes hand in 

hand with changes in consumption patterns. 

To satisfy this need for objective information, design should support 

the energy accounting practices by which people construct a reliable 

interpretation for their local context and their local needs. Supporting 

systems should render visible the “sense making” processes, by 

allowing users to trace back from feedback into measured raw data. 

The appropriation of feedback systems creates in the user a form of 

literacy that should be supported by the feedback system. This means 

that design of consumption feedback should take into account and 

adapt to the dynamical change of the skills and needs of its user. 
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Consumption feedback should be designed to co-evolve with the 

changing competences of its user. 

As the results show, consumption feedback usage can be connected to 

the use of other existing media (like watching TV or using smart 

phones), which raises several opportunities to embed feedback on 

consumption in daily life. My work uncovered some of these 

opportunities (such as the use of regular commercial interruptions as a 

slot where users switched to the energy monitor app running on the 

iTV). I observed a challenge in the need for smart metering 

technology to be always on to measure continuously, but at the same 

time to be as energy efficient as possible. An answer to this challenge 

lies precisely in integrating consumption feedback functionality into 

other existing home devices like WiFi routers. These issues show 

clearly that consumption feedback design should be constructed upon 

a holistic understanding of the home device ecology, since the way in 

which consumption is integrated into daily life decisively impacts their 

attractiveness of the system and their sustainable use.  

A fundamental issue observed in my work is the range of different 

interests involved in the design of feedback systems. On the one hand, 

and against the backdrop of global environmental problems, there is 

an understandable demand by the society to move to more 

environment-friendly ways of life. This need makes the primary 

concern of environmental politics to find ways to persuade people to 

change their lifestyle. On the other hand, I observed that participants 

in my study were primarily concerned with getting informed and 

perceived certain consumption practices as non-negotiable, an issue 

already observed by Strengers [Strengers 2011]. These and other 

potentially conflicting objectives raise the questions of the ultimate 

goal of consumption feedback systems. Designers could primarily 

design from the standpoint of the users as proposed by user-centered 

design [Norman et al. 1986] and participatory design [Ehn 1990], or 

could center on the change of “wasteful” lifestyles, which is often 



212 

implicit the case in persuasive design approaches [Fogg 2003]. Here, 

the concept of value-sensitive design [Friedman 2004] can prove 

helpful to deal with the diversity of interest by making them explicit 

and subject of a rational discourse. 

With the growing needs for a change of direction in our energy 

consumption practices, interactive technology will increasingly play an 

important role in supporting people to manage their energy usage. My 

research has shown that there is a high potential for interactive 

technology, but the impact of this technology in the daily life is non-

trivial. In understanding this impact, further long-haul studies will be 

of central importance. 
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